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EYXAPIZTIEZ

MeTa TNV oAokANpwaon TNG dIaTpIBAC HoU, VIOBW TNV UNOXPEWON VA €UXApIOTAOW Bgpud 0Aoug
000UG HE BonBnoav va Cuvexiow TIG ONoUdEG HOU Kdl va OAOKANPWOw Tov MeTanTuxiakd KUKAO
onoudwv, oTn =XoAn Mewnovik®v EnioTipwy Tou MavenioTnuiou ©sooaliac.

MpwTIOTWG guxapioTw TNV sniBAénouca kadnyntpia Ka ZakeAAapiou - Makpavtwvakn yia Tnv
noAUTIUN BonBesia Tng. Tov AékTopa Tou epyaocTtnpiou udpaulikng Kwv HpakArn XaAkidn yia Tnv
apépioTn Bondeia Tou TOOO EMIOTNUOVIKA 000 Kal NBIKA Kal €V YEVEI OAOKANPN Tnv MavenioTnuiakn
KoivoTnTa Tng ZX0oANG Mewnovikwv Znoudwv.

TENOC BEAW va suxapioTnow Pe Oon aydann €xw Touc dikoUC Pou avBpwnouc. Thv pnTépa Hou
nou sival apwyoc ano Tnv npwtn HEpa TNG {WNG Hou Ot OAEC TIC nNpoondabeieg pou deixvovTag
anespIopIoTN UMOMOVH, CUNNApAacTacn Kdl Katavonon kdl gpuaolkd Tnv yuvaika Jou Mou unspayan®
Kdl TNV TEOOApWV PNV®V KopoUAQ HOU Mou unepayan® kKdl AaTpelw Kal ol onoieg divouv vonua kai
okono otn {wn kal oTa Ovelpa Hou.
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1 EIZAIQrH

1.1 [TEPINHWH

AVTIKEIMEVO TNG Napoloac HEAETNC €ival N NPOCOPOIWaN €VOG (PUCIKOU UdPOPOpPEA UE AOYIOHIKO
HOVTEAOMOINONG UNoyeiwv UdATWV. SUYKEKPIMEVA XPNOIMOMNOINBNKE TO UMOAOYIOTIKO Npoypaupa
Visual Modflow 4.2 yia Tnv digpelvnon Tou undyeiou udpopopéa Tou A.A. NMalaiogovaoTnpou GTO
N. TpikdAwv. H nepioxf HEAETNG KAAUNTE! pia ékTaon nepinou 10km? Kai NPoCopoI®VEl d1odIdoTaTn
MN Hoviun pon. Ta BrAuaTa nou akoAouBnBnkav yia TNV npayPartonoinon TG Npooopoiwong ival n
gloaywyrn Twv OsdOUEVWV OTO HOVTEAO, O OPIOUOC TWV OPIaK®V Cuvelnkwv, n digpslvnon Twv
Baoikwv udpoAoyik®wv napapéTpwy  (Udpaulikn aywyiudoTnTa-K kal anoBnkeutikdTNTA-S), n
OTATIOTIKNA €nsfepyacnia kKal n avaiuon TWV anoTEAEOUATWV KaBwg kal n enaAndeguon Touc. STnv
nepioxn MEAETNG unapyouv 19 yewTpnosic kal duo nie(OPETPA NAPATAPNONG TAG UNOYEIAS oTadunc
TOUu vepouU. STNV sl0aywyn Twv 3edopévwy, Xpnoidonoinénkav ol Ynviaieg napartnpnosic (popTiou
TN¢ nepiddou 2005-2006, Twv dUo auTwv MIECopETpwY. O TINEC Twv dUO (2) UDPOYEWAOYIKWDV
NapapeTpWV NpoadiopioTnkav Kata Tn pudbuIon Tou PovTéAoU. MeTd ano diepelvnon TIHWV eNAABE o
dlaxwpliopdg TNG KabBe napapéTpou ot {wVeG OIAPOPETIKAG TIUAG. H udpaulikn aywyiuoTnTa
xwpioTnke o€ Tpei¢ (3) Lwveg evw n anoBnkeuTikoTNTa o€ dUo (2) {wves. To HovTéAD a&loAoyndnke
ME MoooTIKkA Kal MoloTIKka OTaTIoTIKA KpITRAPId, N avaAuon suaiobnoiag £0€1Ee OTI ol NPAyHATIKEG HE
TIG unoAoyIZOHEVEG TIMEG TNG undyelag oTabung Twv dUo NMIECONETPWY GUYKAIVOUV Kal OTI TO HOVTEAO
NMPOCOWOIWVEI 1KAVOMOINTIKA TN A£ITOoUpyia Tou QUOIKOU CuoThAuaTtoG. And Tnv e€naindeucn Tou
MOVTEAOU Kal yia To deUTEPO £TOC eMBeRaiwBnkav Ta cupnepdopaTa Tng puBKIoNG Kal TG avaiuong
guaigbnaiac.

1.2 [Ipoaoro:z

To vepd anoTteAei Tn Baon TG {wNG Kal TNG €EEAIENG Tou NAAvnTN Kag kai Tautdéxpova 1o KUpIo
OTOIXEIO TNG AVANTUENG TWV KOIVWVIWV Kal Tou MOAITIOHoU Tou avBpwnou. =Tn @UoNn To vepO eival
agbovo apou Ta 2/3 Tng eM@Aveiag TnG yng kaAuntovTal and wkeavoug kal 6aAacoec. To unoAoino
1/3 KaTExouv ol ANEIPOI, Ol OMOoIEC PIAOEEVOUV TOUC NOTAPOUG Kal TIG AidVEG oTnV €MmpAvela Toug Kal
TOUG UNoyeioug udpogopeic aTo Baboc.

O1 udaTikoi ndpol PEOow TwV dlEpydaci®Vv ToU UdPOoAOYIKOU KUKAOU anoTeAOUV avaveE®OIHOUG
ndPouUC Tou NAAVATN HAg Kai yia Tov Adyo auTto divouv Tn duvartoTnTa Tng asipopidac.

H a@Bovia Tou vepoU kal n asipopia OPwG, neplopiovral and Tn XWPIKA Kal XPOVIKA
aviooKaTavoun Toug oTnv enmgaveia Twv nneipwv. O1 nepiopioyoi autoi emBAilouv TN ANWn HETPWV
dlaxeipiong kai d1aTpnong Tou noAuTIHou auToU ayaBouU, oxI HOvo ot €ninedo KpATWV Kal NReipwv
aAAa kal og naykoopio ninedo.

H xwpa pag €xel onuavTtikd uddaTtikd duvapikd davioa KaTavepnuévo OTo XWPOo. HE nAouoia
udaTika diapepiopaTa ortn AuTikn EAAGSA, pTwxOTEPa UdATIKA diauepiopaTa ortn AvaTtoAikn EAAGda
Kal nevixpd udaTikd diagepiopaTa ora vnoid TnG. Aoyw Tou MegoyeiakoU TnG KAIJaToc, To udaTiko
auTo duvapikod €ival eniong dvioa KaTavepnuevo aTo Xpovo, a@oU ol BPoxEG ekdnAwvovTal KaTd T
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XEIMEPIVI] NEPIODO PE TIG HIKPOTEPEC AVAYKEC O VEPO, ev® N Enpacia ekdnNAwVeTal KaTa Tn Bepivi
nepiodo Pe TIC HeyaAUTEPEG aVAYKEG OE VEPO.

Eival avaykaio enopévwg va undpel otn EAAGda noAiTikn diaxeipiong Twv uddaTivwv nopwv, €Tol
WOTE va IkavonoinBouv ol avaykeg os apdeuacn, Udpeuaon, Blounxavia kai eveépyela Kal Tautoxpova
va OiatnpnBei n noodtnTa TWV UdATIKWOV MNOpWV Kal Tou QUOIKOU NePIBAANOVTOGC O KAAR
Kartaoraaon.

Ta TeAeuTaia xpovia oTn Xwpd napoucidleTal €vTovo To NpOBANuUa TNG Kakng dIaxeipiong Twv
UNOYEIWV UdPOPOPEWY. H UnePAvVTANCON €K PEPOG TWV NAPAYWY®V XWPIC va AapBavouv unown
HEANOVTIKEG KATAOTAOEIG, €NEPEPE OUOCHEVEIC EMIMTWOEIG OTOUC UMOYEIOUG uddaTikoUg nopouc. 'ETol
dnuioupynénkav gaivopeva onwe n UPAAPUpwaon NapdkTIwV UNOYEIWV UdPOPOPEWY KABWCE Kal N
€favTAnon aAwv, e avenavopdwTteg BAABEc via To nepIBAANOV  Kal yia TNV HEAAOVTIKN
napaywyikoTnTa TwV NEPIOX®V aUTOV.

H avnouxia yia Touc udaTikoUg NndPouc Tou NAAVNTN HaAg, NapoOTPUVE Toug USPOAOYOUC Kal TOUG
EMIOTAMOVEC Mou aoyoAoUvTdl e TNV YOpaulikf va peAeTrioouv o BABoc Ta npoPARuUATa TwV
udPOPOPEWY Kal TNG dlaxeipiong Toug.

H HEAETN TwV unoyeiwv UdPOPOPEWY NEPIAAUBAVEI OUCIACTIKA TNV Kivnaon TOU UMNOYEIOU VEPOU N
ornoia NeplypageTal anod YePIKEG dIAPOpPIKEG EICWOEIG NApaBoAIKNG HOPPNG.

AlQQOpPOoI EPEUVNTEC, EXOUV KATA KaIpoUG aoyxoAnBei pe Tnv €€aywyrn avaAuTik®v AUCEWV TwV
anAonoinuevwy dIapopikwV eElI0WOEwY, Ue agioAoya anoteAéopaTa (Polubarinova - Kochina, 1962),
(Bear, Hydraulicofgroundwater, 1979) K.q..

H duokoAia woT600 €Eaywyng YEVIKAC EQAPHOYAC avaAuTIKwV AUCEWY, 0dryNos GTNV €papuoyn
apiounTikwv HEBOdwV yia TNV AUON autwv TV Ee€glowoewv. Me Tnv paydaia €EEMEN Twv
UNOAOYIOTWV, TO &vOIAQEPOV OTPAPNKE aKOUN MEPICCOTEPO MPOG TIC APIBUNTIKEG AUOeIG. 'ETOI
apxioav va avantuooovTal JadnuaTikd JovTEAd, Ta onoia kKavovTag Xprnon apibunTikwv PeBOdwV,
npooopoimwvav JIAQOPEG (QUOIKEG KATAoTAOEIG. ApXIKG Xpnoihonoinénke n  TEXVIKN TwV
NENEPACHEVWV O1APOPWYV KAl akoAoUBNoe N HEBODOC TWV NENEPACHEVWY OTOIXEIWV.

Oi1(Gambolati, Gatto, &Freeze, 1974), €niXelpoUv HE &va OXNMA MNENEPACHEVWV OTOIXEIWV, va
MEAETAOOUV TNV €nidpacn TwV avTANOEwV oTa Paivopeva kabidnong Twv €3apwyv, TNG NOAEWC TNG
BeveTiac.

O1 (Konikow&Bredehoeft, 1974), avantuooouv £va OXNUA NENEPACUEVWV diaQopwV, yid vda
NPOCONOINCOUV TIG SIAKUPAVOEIG TNG CUYKEVTPWONG TwV JIGAUHEVWV OTEPEWV, OE HId MEPIOXN MOU
apdeleTal and £€va noTtaul kai Tov udpo@opéa, otnv nepioxn Arkansas Tou Colorado, und Tnv
enidpaon nui&npou kKAiparoc.

O1 (Towner&Wilson, 1976), avantuooouv €va JUVAWIKO HadnuaTikd HOVTEAO, NEMEPACHEVWV
OTOIXEIWV, YIa Kivnon UNOoYEIwV VEPWV.

O (Tzimopoulos, 1978), avanTuooesl &va PadnuaTikd HOVTEAO TETPAYWVIKWV MNEMNEPACHEVWV
OTOIXEiWV, Yyia Kivnon UMNoyeiwv VEPWV O @PEATIKOUG USPOPOPEIC Kal XPNoIJonolel Tov
METAOXNMATIONO Q yia TV oUVOEoN TwV XWPIKOV KAl TOMIK®V OUVTETAYMEVWV TWV KOUBIK®V
ONUEIWV Tou KABe oToIXEIOU.

Oi(SadaCosta, WilsonJ., 1979), ME €&va MHaBNUATIKO HOVTEAO MNEMEPACHEVWV OTOIXEIWY,
NPOCOPOIMVOUV TNV avanTuén BaAdooiag oprvag, g€ NapakTIoug udPoPOpEIC.
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O (Kapapoulng, 1980), avantuocel Tn PEBODO TWV MNENEPACUEVWV COTOIXEIWV Yia aoTadn
d10dIaaTaTn Kivnon Tou vepoU o eAsUBepa udpoPoOpaA OTPWHATA.

O1 (TQuonoulog & dwTIAdNG, 1983), yia Tov TeEXVNTO EUNAOUTIONO €VOG UdpoPopEd epapuolouV
£va PabnuaTiko HOVTEAO NENEPACUEVWV dla@Op®V (XPNOINONOIOVTAC TNV HEBODO £VAAAACOOUEVWV
KaTeuBUvoswv ADI).

O1 (Teplidng, Mnaunatduonoulog, & Kapapoulng, 1983), napouciacav pia €pyacia PE TITAO
"KpITIK| @ewpnon AvaAuTIKoV Kal Apiunmikwv AUcewv oe npofAnuata Ynoyeiwv Nepwv Kal

>Tpayyiong".

>To EpyaoTnpio Mevikng kal MewpylkAg YOpaulikng kal Eyyeiwv BeATiooswv, €xel avanTuxOei
anod Toug Teplidn kal MnapnaTtdiponouio (1987) €va paBnuatikd HOVTENO MENEPACHEVWY SIAPOPwLV
(xpnoiponoigi TNV HEBODO evaAAacoopévwy kaTeuBuvoswv ADI) kal €xel EpapPoOBsi EMNITUXWG OTNV
nediada Tng Miepiac.

H KaAaitgidou - MNaikou (1989), napouciacs £€va HadNUATIKO HOVTEAO MENEPACUEVWY OTOIXEIWY,
yia TNV gniAuon Tng actadoulc 310dIA0TATNG KiVNONC TOU UNOYEIOU VEPOU, O KEKAINEVO UDPOPOpPEQ.

O (Walton, AnalyticalGroundwaterModeling, 1989)kai (Walton, 1995), o onoiog, npoypappartilel
o€ YAwooa BASIC kal FORTRAN avaAuTIkEG kal apiBuNnTIKEG AUCEIG (XPNOINOMNOIWVTAG NENEPACHEVEG
dlapopeg), Kivnong kalr punavong Unoyeiwv vepwv, evw avanTtuoosl BondnTika npoypdupaTa
XEIPIOPOU, NAapOUoIWV KATAOTACGEWVY Kal o€ NepiBaAlov Windows.

O (Aral, 1990), xpnoidonolei Tn HEBOOO TWV NENEPACHEVWV OTOIXEIWV Kal MPOCOMHOIMVEI TN
oTabepry kal aorabr] kataocTacn o oUOTNUA UDPOPOPEWY, NApEXOvTag Tn duvartdTnTa ypagIikng
aneikoviong TWV AnoTEAECHATWYV.

O1 (Anderson & Woessnher, 1992), nepliypd@ouv oToixeia and Ta Mo yvwoTd pabnuarika
MOVTEAG nMEMNEPACHEVWY JlAPOPWV KAl NEMNEPACHEVWYV OTOIXEIWY, TA Ornoid MNPOCONOIMVOUV
KATaoTAgeI§ Kivnong fj HETagopdg kal punavong unoyeiov udaTtwy.

H napoloa epyacia £xel 600ei and Tnv Kabnyntpia Tng ZXoANnG Mewnovikwv EnioTnuov Tou
MavenioTnuiou G©ggoaAiag ka Mapia ZakeAAapiou — Makpavtwvakn, OTo NAdiCIO TNG HETANTUXIAKNAG
d1aTtpIBA¢ Tou AlaTunuaTikoU Mpoypdupatog MeTanTuxXiak®v 2noudwv TNG ZXOANG MEwnovikwv
EnioTnuov Tou MavenioTnuiou Gsooaliag kai oTnv €1dikeuon TnG MFewpyikng YOPAuAIKnG.

2Tnv €pyacia nou akoAouBei, digpeuvaral o NpaypaTikog udpo@opeag TNG aypoTiKnG NEPIOXNG
Tou A.A. MaAaiopgovaoTtnpou ato Nopd TpikaAwv. Me To npoypaupa VisualModflow v.4.2 To onoio
xpnoigonolei Tn HEBodO unoAoyiopoU Twv nenepacpevwv diagopwv (full implicit) emiTuyxaverar n
NPOCOWOIWaN ToUu udpoopeEd. Ta anOTEAEONATA TNG NPOCOHO0IWONG TEKHINPIWVOVTAl JE TV avaAuon
guaiobnoiag MPeTa&l TWV MNPAYMATIKOV KAl TWV  UMOAOYIOOEVTWV TIMWV OTIG OTABUEG TwV
nIEOUETPWV.

H 81apBpwan auTng TnG epyaociac £xel yivel o €81 ke@aAaid, Twv onoiwv n dopr, ouvonTIKd, £XEl
WG €&NG:

>TO NPWTO KePAAAIo, YiVETAl avapopd OTO avTIKEIYEVO TNG napouaacg diaTpIBng, oTtn diaxeipion
TWV UNOYEIWV USATIK®V NOpWV KAl oTd Jadnuatikd JovTEAQ.

370 OeUTEPO KEPAAQIO NEPIYPAPETAl N HEBODOC TWV NENEPACHEVWY O1APOPWV NOU XPpNOIJonoIEi
To npdypappa Modflow.
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3TO TPITO KEPAAAIO Napoucialetal To AOYIOHIKO MOU XPNOIMOMOINBNKE yia TV avantuén Tou
MOVTEAOU UNOYEIWV VEPWY TNG NEPIOXNC HEAETNG.

STO TETAPTO KEPAAQIO YiVETAI N NEPIYPAPN TNG NEPIOXNG HEAETNG.

STO NEYNTO KePAAaio napoucialetal n diadikaocia e10aywyng Twv dedopEvwY, o KABe oTadio Tou
HOVTEAOU WOTE VA eNITEUXOEi N Npooopoiwan Tou udpoPopEd.

TENOG oTO £KTO KEPAAAIo NapoucialovTdl Ta AnOoTEAEONATA TNG EPAPHUOYAG KAl Ta CUPNEPACUATA
nou €EayovTtal and auTnVv Thv epyaocia.

1.3 Z2kornoz KATI ME©OOAOAOriIA

SKOMoOg Kal gToxoC TNG napouaag diatpIBNg ival n avaAuon kai diepelivnon OAwv Twv oTadiwv
Tn¢ d1adikaaiag KaTapTiong Kal EpAapuoynsG VoG HadnuaTtikoU YOVTEAOU UMOYEIWV VEPWY, WOTE vda
EMITEUXOEI N NPOOOPOIWON EVOC NpayuaTikou udpopopsa. MEPOC AUTAC TG avAAUoNG anoTeAEl Kal o
EVTOMNIONOC KAl N avTIMETWMNION oPaApdTwy. H diepelivnon npayudaTonolsiTal JEow TNG KaTapTiong Ki
£QapPoyng evog HoVTEAOU yia Ta unoyelia vepd Tou A.A. MaAaiopovactnpou Tou Nopou TpikaAwv.

270 nAaioio Tng dIaTpIBNG avaAudnkav:
1. H nepiypagn, ol diadikaagieg kal Ta oradia avanTtugng Tou BePeAInOOUG HOVTEAOU.
2. H neprypagn Tng NePIOXNG HEAETNG.
3. H e@appoyn pubuIong Tou HOVTEAOU Yid TNV NMPOCOH0IwoN ToU UdPoPOPOU POpPE.
4. H eEaywyn TwV anoTeAeoPATWV Kal n enaAfBguon Tng pebddou.

To povTéAo nou avantluxdnke kaAunTel pia ékTaon nepinou 10 km? kal NpOCOMOIMVEI
d1001a0TaTn PN MOviun por. Ma Tnv katdpTion Tou Xpnoidonoindnke To unoAoyioTikd npdypappa
Visual MODFLOW v.4.2., aTo onoio akoAouBnbnkav Ta €&Ng BAMATA, yid TNV NEPIYPAPn Kal Tnv
NPOCOWOoIWaN ToUu Und HEAETN UOPOPOPEQ:

1) Anpioupyia Tou HOVTEAOU LIE:

a) Eioaywyn Towv xaptov kal Twv oxediov TNG neploXne HEAETNG, yIA TNV Yewava@opd Twv
onoiwv Xpnoipgonoifénke To cUCTNUA CUVTETAYHEVWY EMZA’ 87.

b) Anuioupyia Tou nA&yparog (grid), anoTeAoUdevo and evepyd Kai Un evepyda keAid.
c) Opiopou Twv eninedwv (layers), ora onoia diaxwpileTal To uNEdagoc.

d) EmiAoyn Tou TUNOU TNG PONG TOU POVTEAOU.

e) EnmiAoyn Tng pnxavrg unoAoyiogpou Tng pong (Flow Engine) Tou Modflow.

f) OplopoU TNG XPOVIKNG SIAPKEIAC TNG NPOCOUOIWONG KAl TWV XPOVIK®V BNHATWV.

2) Eilcaywyn TOV NpayHatik®v SeSOHEVWV TNG NePIOXNG MEAETNG, TA onoia NPoEkuywav ano Ta
ogToixeia TnG A/vong YdaTtwv Tng Mepipépeiac Oeooaiiag (Mepipépeia Osooaliag, 2005-2006).
Ta dedopéva auTd a@opolV TIG YEWTPNOEIC, Ta MeldPeTpa, Tov MopTdikd NoTaud kal To UWog
NG BpoxdnTwaong yia Ta £€rm 2005-2006.

3) Opiouog OpIak®V ZUVONK®V TOU OVTEAOU HAG.
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4) Aigpsivnon Twv Baocik@v Y3poAoyik®v MapadéTpmv nou Xapaktnpilouv £vav udpo@opéd,
dnAadn, n udpaulikn aywyiuorTnta (K) Kai n anobnkeutikotnta (S).

5) EnaAR®guon Tou PovTEAOU.

>Tnv nepioxr MEAETNG undpxouv 19 yewTpnoeig, and TIC TOMEG TwV onoiwv NpokUNTel n doun
TOoUu UnNedagouc KabBwc Kal ol Napoxec kaBe piac EexwpioTrd. Eniong unapyouv dUo melOUETPA
napaTtnpnong TN unoyeiag otadung Tou vepoU. MNa Tnv sicaywyrn Twv dedopévwyv oTo Modflow,
Xpnolgonoinénkav ol Pnvidie¢ napartnprosi¢ gpopTiou TN nepiodou 2005-2006, Twv dUO aAUTWV
nNIefOUETPWV.

MNa Tnv dnuioupyia Tou POVTEAOU BEcaPE OpPIaKEC CUVBNKEC, anapaiTnTEG yia TV NPOCOUoiwan
Tou unodyeiou udpogopea Tou A.A. MaAaiopgovdoTnpou. 3TN VOTIA MAEUPA TNC MEPIOXNG MEAETNG
OMOU E£XOUME TOV OPEIVO OYKO TNG €UpPUTEPNG MNEPIOXNG, OV EXOUME Kivnon unoyesiou UdaToc
OUVENWG Ol OPIOKEG OUVONKEG Tou Udpo@opéa opicdnkav ¢ MNdeviKAG napoxnc (zero flux
boundaries conditions). STn OUTIKI NAEUPA TNC NEPIOXNG HEAETNG TNV onoia diacyilel o MopTaikog
noTapoc, BEoape opiakn ouverkn peTaBAnToU popTiou, CUPPWVA KE TN OTABUN TOU VEPOU UECGA OTO
noTdpl. ZTnV voTioavaToAlkr NAgupd otnv onoia BpiokeTal NoAU kovTd To meldueTpo D47, Béoape
0pIaKEG OUVONKEG aTaBepoU popTiou, TIG OMNOIEC PETABAAOUNE ava pnva cupgwva Pe Ta dedopeva
Tou MIECOUETPOU TwV MOPPWV Kal TEAOG yia To UnNoAoINo TUAKA TNG avaToAlkng NAeupdc, éneiTa anod
OOKINEG BewpnBnke pNdevikng pong (zero flux boundaries conditions). MNa Tnv oploBeTnon Tou
nubueva, eAneonoav unoywn Ta BAbN Twv YEWTPACEWV ONwWG aneikovifovTal oTIG TOUEG Touc. Kal pe
Tn d1adikacia Tou Kriging €NeTeUxBn N XwWPIKA KATAVOWN auThg TNG CNHEIOKAS NAnpogopiac.

O1 TIHEC Twv OUO (2) USPOYEWAOYIKWV NAPAPETPWY MNpoodiopioTnkav Kata Tn pubuion Tou
MovTEAOU. MeTa ano diepelivnon TIHWV, Ol OMoigg ixav oav Baon Tnv BiBAloypagia, anoTtunwbnke n
XWPIKA 00U TwV USPOYEWAOYIKWV MNAPAUETPWYV TOU UdPOPOpEd, MHE dlAXWPIOHO TnNG KaBe
napapeTpou os {WVEG dIAPOPETIKNG TIMNAG. H udpaulAikh aywyigoTnTa Xwpiotnke o Tpeig (3) lwveg
€V anoBnkeuTikdTNTA 0 dUO (2) {WVEC.

To povTéEAO a&oAoynBnke HE MOCOTIKA KAl MOIOTIKA KpITApia (OTATIOTIKEG NAPAPETPOI Kal
YPAPIKEG NAPACTACEIG TWV ANOTEAEOPATWY). Me Tnv avaiuon guaiocdnaiag eAéyxOnke kKaTa noco ol
NPAYHATIKEG ME TIG UNOAOYIJOMEVEG TIMEG TNG UMOYEIAC OTABUNG Twv dU0 MElOPETPWYV CUYKAIVOUV.
Ano Tnv a&oAdynon npogkuwe OTI TO HOVTEAO MPOCOMOIWVEl IKAvVOMoINTIKA Tn AsIToupyia Tou
(PUOIKOU CUCTAMATOG.

H enaAnBeucon Tou PHOVTEAOU MPOEKUWE Anod TO YEYOVOC OTI N MPOCON0IwaN Tou udpopopEéa sival
IKQVOMoINTIKN Kal OTo MpwTo Kal oTo JeUTepo €ToC. Me Tnv enaAnbesuon enmBeBaiwbnkav Ta
oupnepdaopaTta Tng pUBKIONG Kal TNG avaAuong euaiobnaoiac.

levikd npénel va onuelwdei 0TI To NARBOG Kai n noloTNTa TwV JIaBEdIpwy dedONEVWV YId TNV
nepioxn MEAETNG €ival KaBopIoTIKNG oONUaAciac yia TNV KAtapTion €vog JabnuartikoU HovTEAoU
UNOYEIWV VEPWYV Kal TNV AMOTEAECHUATIKN MPOCoUoiwan TNG AsIToupyiag Tou QuaoikoU CUGTNHATOG.
Ma Tn pubuion evog HOVTEAOU WN HOVIKMNG PONG NpENel va Xpnoidonoinbei apkeTd YeyaAog apiBpog
napaTnpnoswy, KE IKAvonoInTiKN yia TI¢ 3IaoTACEIC TOU NMPOBANHATOG XWPIKN KAl XPOVIKI KATAVOWn,
nMou va avTinpoownelUouv TNV avTidpaon Tou OUCTAKATOC KATW anod dIapOopeTIKEC OUVONKEG. 'ETOl
au&averal n aflonioTia TwV NPOBAEYEWV TOU HOVTEAOU.

'Onwg QAavnke ano Tnv availuon oAwv Twv oTadiwv, KAaTtd TNV KATAPTION HOVTEAWV UNOyEIwv
vepwV HE Tn Bondeia cUyxpovwy NAKETWY AOYIOHIKOU, OAEG ol d1adikaoieg nou yivovTal autouara
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(n.X. NapePBOAEG O PETPROEIC) Kal OAEG Ol MPOEMAOYEG TOU AoyiouIkKoU KaTdpTiong npeEnel va
g€AEyXOVTal Kal 0 XpPAOTNG va yvwpilel Tov TPONo AsIToupyiag Toug Kal To BewpnTikd Toug unopabpo.
O xpnoTng dev NpEnel va apkeital oTnv anAn s@apuoyn Tou Mpoypaupatog BacilOPEVOC OTIC
NPOEMIAEYHEVEG TIHEC TWV NAPAPETPWV TNG HEBOSOU BeATioTonoinong. O1 KaTAAANAEC TIHEG AUT®V
TWV NAPAPETPWY, YIA KABE CUYKEKPINEVO HOVTEAO, NPOKUNTOUV YETA and digpsuvnon.

1.4 E1zArerH

H noAITikn Biwoiung diaxeipiong Tou NepIBAANOVTOC £XEI NAYKOOMIa XapakTnpioTikd. H diaxeipion
TWV UdATIKWV NOPWV, TOU CNUAVTIKOTEPOU i0w¢ pualkoU ndpou, Ba npensl va avTigeTwnileTal o
autd TOo OUVvOAIKO mAaiolo. O1 udaTikoi nopol anoTeAoUv Pacdikr NAPAPETPO TNG aAvanTulakng
diadikaciac kal Tng 1oopponiag Twv olkoouoTnUATwv. [aykoopiwg evTtonilovral OnUavTika
npoBAnuaTa yupw anod Tnv sndpkeia kai tn diaxeipion Toug. Baoikoi napayovTec auThG TNG £vVTAong
gival n av&non TNg Katavaiwong, Aoyw TnG nAnBuopiakng avu&nonc kai TnG BeATIwWoNG Tou BioTikoU
€MINESOU, Kal N UI0BETNON NAPAywyIKoV Kal avanTuEiak®v HovTEAwV adid@opwV yia Toug puaikoUc
nopoug.

>1nv Eupwnaikf ‘Evwon, avayvwpileTal n avaykn dpacng yia Tnv ano@uyn HakponpoBeoung
emdeivwong TnG noldTNToG Kal TnG noooTnTag TwV YAUK®WV UuddTwyv, kal Tn Olaudéppwaon uiag
OUVOAIKAG MOAITIKAG yia TNV npooTacia Toug. Miag noAITIKAG Nou oToxeuel oTn 81aThpnon kai Tn
BeATiwon Tou uddTivou nepIBAAAOVTOG. H udaTikn MOAITIKR, nou diapoppwbnke pe Tnv Odnyia
2000/60/EK Tng 23-10-2000, Beswpeital 6T npenel va anoBAenel atnv OAokAnpwpévn Alaxeipion
Twv Yoamkwv Moépwv. H noAimkn TnGg Eupwnaikng '‘Evwong oTov Topéa Tou nepIBAAAOVTOC
OUMBAAAel otnv €nmidiwEn Twv oTOXWV "dlaTnpnong, npooraaciag kai BeATiwmong TnG noidTnTag Tou
nepIBAAAOVTOG, KaBwG Kal OUVETNG Kal opBoAOYIKAG XPNOIKMONoinong Twv QuUaIKwV nopwyv, He Bacn
TIG ApPXEC TNG NPOQUAAENG Kal TNG npoAnnTikng Opdong, TNV apxn Tng enavopbwong Twv
KATaoTpoPwV Tou NepIBAAAOVTOG, KaTd NpoTepaldTATA, OTNV NNy Kabwg kal Tnv apxn "o punaivov
nAnpwvel"". ZTnv Eupwnaikn ‘Evwaon undpyxel noikiAia ouvlnkwv Kadl avaykwv, ol ornoie¢ anaiTouv
OlapOpPETIKEG €IdIKEG AUOeIG. H noikiAopopgia auth AauBaverar unown uioBsTwvTag Tn Aekdvn
Anoppong MotapoU w¢ nAaiolo oxedlaopoU Kal EKTEAEONG METPWV NPOOTACIiAc Kal BIOGIKNG XPNONG
Tou UdaToc.

>Tnv EAAGOa, o1 JIaQOpeTIKEG avd nepioxr] UDPOAOYIKEG KAl YEWHOPPOAOYIKEG OUVONKEG o€
ouvoudopd Pe TNV AvVION KATAVOMN TWV uddTIK®V NOpwV KAl Tou NMANBUGHOoU Kal TNV €noxIKOTNTa
NG ZATNong, dev guvoouv TNV KAAUWN TV avaykwv yia TIG OIAPopeC XPNOEIC Tou vepou. H
dlaxeipion Twv udaTikwv nNopwv  YiVETAI anoonacuartika, and noAAoUG  Qopeig, ME
aAAnAenikaAunTopeveg appodidTnTeG. =To nAaicio Tou N. 1739/87 kaBopioTnkav Ta uddaTiKA
dlapepiopaTa TG Xwpac Kabwg kal ol BAcIKEC AapxXEC Npoypaupartioyou, diaxeipiong, agonoinong,
XPNONG Kal NpoaTaciag Twv udaTikwv nopwv. Me oToXo TNV evapuovion Tou EBvikoU Aikaiou Pe Tnv
Odnyia 2000/60/EK yia Ta vepd, dlapoppwbnke To VEo Beopikd MNAdiclo yia Tnv npooTacia Kai
diaxeipion Twv udatwyv (N. 3199/2003) pe TIC akOAOUBEG BAOIKEG APXEG:

e OAokAnpwuevn kai Biwaiun diaxeipion Twv uddaTIKWV NOpwv.

e AvAKTNON TOU KOOTOUGC VYId TIC MNAPEXOMEVEC uUMNnpeocie¢ uddTwv Kabw¢ Kkal Tou
nepIBaAlovTikoU Kal KolvwvikoU KOOTouG Me Bacn Tnv apxn "o pundivwv nAnpwvel", agou
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OUVEKTINNBOUV Kal Ta KOIVWVIKA, NePIBAANOVTIKA Kal OIKOVOMIKA anoTeAéopata Tng avdakTnong,
KaBwg Kal ol YEWYPAPIKEG Kal KAIJATOAOYIKEG CUVONKEC TNG KABE NePIOXNG.

e SupueToXn otn dlaxeipion Tou vepoU OAWV TwV eviIAQEPOUEVWV HeEpwV. 'EvTagn,
EVEPYONOINON Kal GUUUETOXN OTN ANWN TWV danoQpacswVv OAWV TV POPEWV TNC TOMIKNAC KoIVWVIag

Kdl TWV XpNOTWV TOU VEPOU.

H vewpyia anoteAei yia Tnv EAAGda To onuavTikOTEPO XPNOTN vEPOU, ONWG (aiveTal Kal anod Tov
Mivaka 1-1(MnaATtag & Migikou, 2005), Aoyw TNG au&nong Twv apdsUOUEVWV EKTACEWV Kal TNG
XPAONG dUVAPIK®OV KAAANIEPYEIOV HE AUENHEVEG AVAYKEG O VEPO.

Mivakag 1-1: Xpnoeig vepou arnv EAAada

AcTtikr | Ayporikn Bvopn)'gawm Evepysiaxi ZOvoAo
(x1g‘) (X10° m’ | (X10°)m’ (X10°m’ | (x10°) m’
m
870 7428 128 122 8548
AcTtikry | Ayporikry | Biounxaviky | Evepyeiakn Z0voAo
% % % % %
10.7 86.3 1.6 1.5 100

2e NOAAEC neploxec TNG EAAGdag, n nARpng kdAuywn Twv avaykwv Tng apdsuong anod
EMIPAveIako vepd dev gival EPIKTR, yIATi N aixun TG ¢NTNONG CupninTel e TNV &npn nepiodo, kaTa
TNV ornoia ol Napoxec TwV EM@AVEIGK®V VEPWV AATTWVOVTAl 1 Pndevifovtal. Autd odnynoe oTnv
KAAuyn HEPOUG 1 TOU GUVOAOU TwVv apdsuTIKwV avaykwv and Ta unoyeia vepd. H paydaia augnon
TWV avTANoewv, Xwpic Tnv unap&n oxediwv Biwoiung Odlaxeipiong Twv USPOPOPEWY, EIXE WG
ouvenela TNV €EAvVTANON Kal TNV MoloTikr unoBAabuion Tou unoyeiou udaTikoU duvapikoU MoAAwWV
neploxwv. Ma napddsiypa, nocooTd 85% Twv NAPAKTIWV UDPOPOPEWY EXEl UMOOTEI UPAAPUPWON N
onoia ogeileTal atnv avBpwnivn dpactnpiotTnTa (BoudoUpng, AookaAodkn, & Scheidleder, 2005).

1.4.1 Aiaxeipion unoysiwv udaTtik®v nopwv

Ta unoyela vepa anoTeAolv onpavTiko TUAKA Twv udaTikwv nopwv. H diaxeipion Twv unoysiwv
VEPWV €XEI WG OTOXO TNV loopponnuévn kal opBoAoyikr ekheTAAAEuon Toug, 6gov agopd Tnv
noocdTNTA KAl TV noldTNTA TOUG, KaBwg kal Tnv aAAnAenidpacn Toug Pe Ta enipaveiaka vepd. Ol
OUVENEIEC TNG aAdYIOTNG EKUETAAAEUONC YivovTal avTIANATEG and Toug Ppopeic diaxeipiong Kal Toug
XPNOTEC OTAV NAPOUCIACTEl PEiwon TNG anddoonG TWV YEWTPAOEWVY ) KAl unoBaduion Tng noioTnTag
TOU avTAOUHEVOU vepoU. Av OUVEXIOTEI N unepavTAnon pnopei va npokAnBei cofaprn NTWON TNG
oTAalunc Tou unodyeiou vepou, dieioduon aApupou vepoU av o udpoopEac BpioKeTal o ena@n HE TN
B8ailacoa, akdua kal kabidnon €dapwv. Eival oucindoug onuaciac va avayvwploTei 0TI n diaxeipion
Tou unoyeiou vepoU agopd To6go Tn diaxeipion Tng INTnong (XPNOoTEC Tou vepou) 600 Kal Tn
dlaxeipion Tou UJpPOPOPEA: N KOIVWVIKOOIKOVOUIKN didoTaon eival €€ioou onuavTtikn HE TNV
udpoyewAoyikn diaoTaaon.

To undyeio vepd XPNOIMOMOIEITAl OTN Yewpyida, oTn Blognxavia kalr Tnv napaywyrn noocigou
vepoU. EEao@alilel eniong Tn HOVIUN pon Twv EM@AVEIAK®OV UdATwV. Xepoaia kal uddaTiva
olkoouaTnaTa ennpeadovral aueoa f EgPeca ano Tn S1abeciudTNTA Kal TNV NoloTNTd ToU Undyeiou

vepoU. H diaxeipion Twv UnNoyelwv VEPWYV, WG KOUHATI TNG dlaxeipiong Twv uddTikwv nopwv, 6a
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npénel va emITuyxavel Tnv €€loopponnon Tou KOOTOUG KAl TOU OMEAOUG Mou npokUMToUV ano TIG
JlaxelpIOTIKEG Opdoelc. Oa npénel dnAadn va e€aopalilel, kata To duvdaTo, TIGC AVAYKEG TWV
d1apopwyv XpnoT®V (CUUNEPIAAUBAVOPEVWV TWV OIKOOUCTNUATWY NMou duecda ) EPeoa EapTwvTal
and auTd), anoTpENovTag TNV UMoBAadpion Tou UJPOYEWAOYIKOU OCUCTAUATOG and To onoio
KaAUnOTovTal ol avaykeg auTéc. Ano Tnv udpoyewAoyikr okonid, 6a npénel va kartavonbei n
AsiToupyia kaBe udpoopEa | CUOTANATOC UdPOPOPEWV Kal n duvaTtoTnTa avtanokpiong Tou
OUVYKEKPIUMEVOU UBpOMOPEA 1 OUCTAHATOC Ot dIAPopPeTIKA enineda {ATnONg, Kabwc sniong kal n
aAAnAenidpacn Tou HE sniPaveiaka vepo (QOpTIon- ekPOpTIon). Ta aAnoTEAEOUATA  TNG
UNEPAvVTANGCNC WNOPEi va eival BpaxunpoBeopa Kal avaoTpEWIUa | HakponpoBeopua Kal oxedov un
avaoTpEwipa. =T1o IxnUa 1 napouaialovTal Ta didgopa oradia avanTtu&ng evog udpopopEa Kal ol
avTioToIxeg avaykeg diaxeipiong (Tuinhof, Dumars, Foster, Kemper, Gardufio, &Nanni). Z€ NpakTIKO
eninedo, OdisukoAUvel n diakpion €mnNEdwv avanTtuéng Twv undysiwv udaTik®wv nopwv Kdal
avTioToIXwV €pyaAsinv kal dpdoewv dlaxeipiong, We oTdxo navra Tnv nNpoAnwn TnG unoBaduiong
TOUG Kdl TNV NpoOTacia Toug, NPoG OPEAOC TWV GNUEPIVOV AAAG Kal TwV HEAAOVTIK®V avaykwv. Ta
TeXVIKG €pyaAsia Ta onoia sival anapaitnto va avantuxBouv yia Tn diaxeipion evog udpopopea
efeliooovTal oTadiakd, Eekivovtag and Tn Bacikh KAtavonon kKdl yvwon Tou UudpogopEd, Tn
dlapoppwaon evog BewpnTikoU PovTéAou Baoilopevou oe dedopeva nediou (conceptual model), Tnv
KaTapTion PabnuartikoU JOVTEAOU yid TNV Npogopoiwaon dlapopwy oevapinv avrAnong kal TEAoG Tn
ouUvOEDN TOU HOVTEAOU AUTOU HE HOVTEAA ANWng andé@aaong xpnoiponoloUPeva yki Tn diaxEipion Tou
unoyeliou vepou (decision support models). MapdAAnAa eEeAicoovTal kal Ta TeEXVIKA gpyaAeia nou
agopolv TNV MoIOTNTA TOU UNOYEIOU VepoU, KABwG kal To OiKTUO MNOCOTIKAG Kal MOIOTIKAG
napakoAouBnong Tou udpoPopéa.

Peoonn avanmsgn ndpou
(e ATTOBEXTES I 1IG THOROGOLS — Ze el _
§ OUVEKEC ETRITOEK)
W w
=g
5%
g g / |
. .
§.g — l <
B % //,,~// !
ao P [ |
'_—.’cc':‘_::_'_’— | | |
| A 1 |
| 4 1 == l 4 +
Xpovog
0: Baoixn 1: apyxopevn 2; onpavTikn 3A: aorabng 3B: orabepomra-
Karaoraon micon igon avamruén uynAn avarmrun
1 SaBeopdnmra undyoou  ainon aviAfoty porySaia il nom EXeNnEVT) UNERAVIANGY)  UPNAGS pUBRGE dviARong
vEPOU KoM Tyt PPt TomstG avIANOTLY pE 190 avao THégur) aA\d ebooppoTInGgn) Mg
unEpfaives xord TTOAD T ouykpodong jeTofy  ETITIACEE 010 ETIOEIVLION TOU LATOONG YR OVITYWWIOTIKEG
L 1 mmm QUOKD CUOTILIG KNI W KO EVIOVEC Kmﬂ[( KO TV Crvonysuw
GITaIEITal N XATOYPapd  ppapgioyh arAuN Evyown EEGpINaT Ty OUYPOGOUG HETOED Twy 10U OROQUKIOLINC
YELTDAOEWY Kl TRV epypaikeiuoy Suayeiprong  XONQTUN N0 YOV TIG0O XO0OTN OAGxAngGN T Beayeipion
KON 1) XOPTOYPAPNOT Tuv (1. Opaopds OTGPGITTT 1} UITapEsn CTIEHOVOT VYK VX1 TIOROU  cBThovTRT
GoBimpuy TPOG XPAon  andaTaong PUBEOTIOU TIARGIOU PSR noTXG TIAGKNO OUPPODPLXIT XPNOTEN
opUY yewTphoruw) emPold) 20gopdc 1 and  Sayeipaon mg dimong xaBodyoupeT) and
UROAGYNaaTIOTNGT RO ETOVOTTANDWOT  OVTEAO xee BiKTUO
rapakoAouénong
10U WpOPopta

Zxnua 1: 2tadia avantuéng evog udpoPopea Kair avTioToixeG avaykes diaxeipiong. MpoeAeuon: Tuinhofet
al. (-) uera ano npooapuoyn
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1.4.2 MaOnuarika HovTéAa kai d1axeipion UNOYEI®V USATIK®WV NOpwv

Ta padnuaTika POVTEAD UMOYEIWV VEPWV MNPOCOMOIMVOUV TNV Kivnon Tou vepoU EUPEDd,
XPNOILHOMNOI®VTAG HId €Ei0wON avTINPOOWNEUTIKN TWV PUOIK®WV dIadikaociwv ToOU CUOTHKATOC, Hag]
He €€loWaeIC Nou NePIypAPoOUV To POPTIO N TNV Napoxn ota Opid Tou PHOVTEAOU (OPIAKEG CUVONKEC).
Av To npoBAnua csivar €EapTwhevo kal anod To XpoOvo, Xpnoigonolisital kal pia e€iowon nou
nepIypA@el TNV apXIKn KATavoun Tou gopTiou oTo cuoTnua (apxikr ouvenkn). To npoBANUa pnopei
va AuBei, ouvnBw¢ Pe TN XPNON NAEKTPOVIKOU UMOAOYIOTH, €iTe avaAuTika (avaAuTikd JovTéAa) siTe
HE XPNon HIag apiBunTmikng peBodou (aplBunTika HOvTEAd). H XpRAon avaAuTIK@V HOVTEAWV
npoUnoB<Tel To va 1oxUouv Kanoleg napadoxXeC nou anAonoloUv To NPOBANUA Kal yia To AGyo auTo
gpappolovral ouvhABwe oec npoBARNATa MOAU WHIKPAC KAipgakac. Ma npoBAnuata peyaAlTepng
KAipakac kal nepiocOTepo oUvBeTa XpnolgonoloUvTal Ta apiBunTika HovTéEAa. H xphnon Twv
apiBunTIKOV HOVTEAWV dapxloe Tn dekastia Tou 1960, enskTdBnke Tn dekaetia Tou 1980 pe Tnv
au&non TNG UNOAOYICTIKAG 10XUOC Kal PVAMUNG TWV UMOAOYIOTWV KAl OTNV €MoXN Hac €xel NA£ov
YEVIKEUBEI.

To OUVOAO TWV EVTOA®V MOU XPNnoIPonolouvTal yia TV €niAucn evOc JOVTEAOU HE UMOAOYIOTR
anoteholv To npoypapua [ Kwdika. To npoypapua eivar yevikng Xpnong evw €va VEO HOVTEAO
oxediadeTal yia kAabe epappoyrn kal nepIAAPBAvel TIG aPXIKEG KAl OPIAKEG OUVONKEC TO OIiKTUO
UNOAOYIOU®WYV Kal TIG TIMEC TWV MNAPAPETPWY TOU MNPOYPAMHATOC OCUYKEKPIYEVA Yia TNV nNepPIoXn
€QApPOYNG Kal TIG UOPOAOYIKEG NMIECEIC MOU AOKOUVTAl 0TO UNO PEAETN oUOTNUA.

Ta padnuatikd HPOVTEAG UMOYEIWV VEPWV XpnolgonoloUvTtal w¢ NAdiolo epyaciag yia Tnv
opyavwon O0edopevwyv nediou, KABWG KAl w¢ epyaleia yia Tov npoodiopioud TnG B€ong kal Twv
XApakTNPIOTIKOV TWV 0piwv TOU, TNV danoTignon Tng OuvapikdéTnTag TOU. 2TIC NEPICOOTEPEG
NEPINTWOEIG OTOXOC TNG KATAPTIONG €VOG HOVTEAOU UNOYEIwV VEPWV E€ival n npoBAswn Twv
OUVENEIWV MHIAg NPOTEIVOPEVNG dpdAcong Kal Je auTr Tnv €vvold Td HOVTEAA unodyeiwv VEPWV €ival
avanoonaoTto Kal 191aiTepng onuaciag KoppdT onoloudrnoTte oxediou dlaxegipiong udATIKWV NOPWV.
AuTO eniBeBaiwveTal kal ond Tn cUyxpovn digbvr) Taon ol anoPdaeig Nou apopouv Tn dlaxeipion va
otnpifovTal og anoTeAéopaTa HOVTEAWY NpoBAewnc. EidikdTepa yia Ta kpdaTtn PEAN TNG Eupwnaikng
‘Evwong n 0dnyia 2000/60/EK anaitei Ta ox&dia diaxeipiong Twv udaTik@®V NOpwV Kal Ol OXETIKEG
ano@aceic nou AaufdvovTal oto nAdiolo auTwv, va oTnpifovTal o PHOVTEAA TWV UdATIKWV NOpwvV
(em@aveiakwv kal unoyeiwv) (Wasson, etal., 2003),(Irvin, etal., 2004)&(KapaAiepaTtou, 2007).

TauToxpova, undpxel dIEBV™G Kal Jia Taon ag@ioBnTNoNnG TnG aglonmaTtiag Twv PHOVTEAWV Kal TNG
XPNOIHOTNTAG TOUC WG epyaleia unooTApiENG anopdacswyv, YevikoTepa(Scholten&UdinktenCate,
1996), aAAd kal €IdIkOTEpa 0G0 agopd TA HOVTEAA UNOYEIWV VEPWV. YMNAPXOUV APKETA
napadeiypara oeaiPdaTwy, €iTE OTNV KATAPTION TOU HOVTEAOU €iTE OTNV £pappoyn Tou, aduvapiag
UNOOTNPIENG TOU HOVTEAOU KAl TWV AMOTEAEOUATWV Tou, adia@aveiag 6cov agopd Ta evdldueoa
oradla kartapTiong kal Ta Jdedopéva oTa onoia oTnpixtnke autn  (Anderson&Woessner,
AppliedGroundwaterModeling, 1992), (Middlemis, 2000), (Refsgaard&Henriksen, 2002)(Ardito,
Jordan, Lavenue, &Ruskauff, 2004). Suxva To JOVTEAA XPNOIMOMOIOUVTAl XWPIG va €ival yvwaoTr] €K
TWV NPOTEPWV N a&ioniaTia Twv NPoBAEWewWV TOug ) napafialovrag TiG NapadoXEC Kal TIC OPIaKEG
OUVBNKeG nNou evundpxouv ¢' autd (AmericanSocietyforTestingandMaterials (ASTM), 1992). 'OAa
auTa €XOoUV WC anOoTEAEOUA TNV EAAEIWN e€PMIOTOOUVNG OTA HOVTEAd WG €pyaAsia unooTnpiEng
ano@acswv. AuTd eival nepIoodTEPO €vrTovo Oxl TOOO OTNV EMICTNUOVIKA KOIVOTNTA, AAAd OTOUC
Qopeic nou eival unelBuvol yia TNV Xapa&n kar epapuoyn Tng dIaxelpIoTIKAG NOAITIKNAG Kal 10iwg OTo
€UpUTEPO KOIVO, NMOU KAAEITAl va anodexTei kal va unootnpi&el Tnv NOAITIKA auTh.
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O1 dUo npoavagpepBeiosg avTiBeTeg peTall TouC TACEIG, and Tn Wia n €nekTEIVOUEVN XPHON TV
HMOVTEAWV Kal ano TNV aAAn n €AAsIpn ggnioTooUvnG 0Ta anoTeEAEOUATA TOUG, KaBIOTOUV EMITAKTIKN
TNV avdaykn yid UloBETNOn KaTeuBUVTAPIWV YpauPwv Kal diadikaciwv YIo TNV KATApTion Kdal
€QApUoyn TwV HOVTEAWV UNOYEIWV VEPWY, AAAA Kal yia Tov EAeyX0o Kal Tnv agloAdynon Toug.

H avaykn yia odnyiec katdpTiong HOVTEAWV UMOYEIWV VEP®V dlaPEpEl anod Xwpa O Xwpda,
KUpiwg yiaTi 8 BpiokovTal OAEC a XWpPeC oTo id10 oTAdIo avanTtuéng 6oov agopd Tn dnuioupyia Kol
TN XpPAon HOVvTEAWV unoysiwv vepwv. MNa napadeiypa, o HMAA rATav onod TIC NPpwTONOPEC 4T
ouvTa&n odnyiwv, ano TIG apXeg TG dekasTtiag Tou 1990, yiaTti N NPAKTIKN EPAPHOYR TWV HOVTEAWV
UNOYEIWV VEPWV €iXe Ndn npoodecUosl eKei MNEPICCOTEPO anod OTI Ot onoladAnoTe AAAn xwpa.
SUCTNUATIKA ava@opd oTIC AlYeEC undapxXouosC OnNMOCIEUMEVEG odnyiec nou spapudlovtal oTa
diagopa kpdTn, yiveral ano Tov (Middlemis, 2000)kal Toug (Refsgaard&Henriksen, 2002).

>Tic HMA o1 oxeTikég odnyiec €xouv oxediaoTei and Tnv American Society for Testing and
Materials (ASTM), ot pia nepiodo and To 1993 wg To 1997 Kal NePIEXOVTAl OE CUVOAIKA O&ka
EMIPJEPOUC 0dnYieC Mou agopouv dlaPopeTIKa oTadia Tng diadikaciag KaTapTiong €vOC HOVTEAOU
UNOYEIWV VEPWV:

e ASTM D5447-93 Standard Guide for Application of a Ground-Water Flow Model to a
Site-Specific Problem.

e ASTM D5490-93 Standard Guide for Comparing Ground-Water Flow Model Simulations
to Site Specific Information

e ASTM D5610-94 Standard Guide for Defining Initial Conditions in Ground-Water Flow
Modeling

e ASTM D5611-94 Standard Guide for Conducting a Sensitivity Analysis for a Ground-
Water Flow Model Application

e ASTM D5718-95 Standard Guide for Documenting a Ground-Water Flow Model
Application ASTM D5880-95 Standard Guide for Subsurface Flow and Transport
Modeling

e ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Ground-
Water Systems

e ASTM D5981-96 Standard Guide for Calibrating a Ground-Water Flow Model Application

e ASTM D6025-96 Standard Guide for Developing and Evaluating Ground-Water Modeling
Codes

e ASTM D6171-97 Standard Guide for Documenting a Ground-Water Modelling Code

Eniong, pia €1dikn €kdoon Tng ASTM, "Subsurface fluid flow (ground-water and vadose zone)
modeling" (1996), nepiéxel 24 epyaciec anod éva ocupnooio oto Denver Tou Colorado, o1 onoieg
avagEpovTal oTa Tunika otddia Tng diadikaciag KaTapTiong €vOC HOVTEAOU UMOYEIWV VEP®V Kdl
oTnNV €Qapuoyn Twv npoava@epBeiowv odnyiwv Tng ASTM.

3710 Evwuévo Baoidelo n katdpTion YOVTEAWV UMOYEIWV VEPWV YIVETAlI oMo ISIWTIKEG ETAIPEIEC.
>Tnv AyyAia kai Tnv OuaAia o €AeyxoG Twv POVTEAWV YiveTal ano Tnv Environment Agency (EA),
EV® OTNV ZKOTia ano Tnv Scottish Environment Protection Agency (SEPA) (Packman, 2002). H EA
£xel kaBopioesl Ta oTddia nou NpEnel va akoAouBoUvTal Kai Ta KPITAPIA Nou npEnesl va nAnpolv Ta
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MOVTEAQ, TOOO KATA TNV KATAPTION OCO0 Kal KATA Tov £Aeyxo autwv (Modelling Guidance Notes -
Groundwater, Template Project Brief -Groundwater modelling, 1999), (KaBaAigpdtou, 2007).

O1 oAAaVvdIKEG odnyieg (VanWaveren, etal., 1999) sival yevikng Hoppng avanTtuxénkav he Tn
ouvepyaoia OAWV TV evOIAPEPOUEVWV HEpWV (MAVEMIOTAMIA, EPEUVNTIKA IVOTITOUTd, OUUBOUAOI Kal
TeAIKOI XPNOTEC) Kal a@opoUv &va YevikO nAaiolo, nou nepIAapBavel PHovTEAa BpoxnNG-anoppong
udPOdUVANIKA, UMNOYEIWV VEPWYV, NOIOTNTAG VEPOU KAM.

>Tnv AucTpalia, ol odnyieg (Middlemis, 2000) dounénkav navw oTn diadikacia KaTapTiong evog
HOVTEAOU UNOYEIWV VEP®V KAl KAAUNTOUV PE apKETA AenTopépeia kGBe oTAdIio auTnc.

Ma Tn Aavia a odnyieg ouvioTavrar ano €va eyxelpidio kaAng npakTikng (Good modelling
practice handbook), (Henriksen, 2001), To onoio nepiAapBavel AENTOUEPEIC TEXVIKEG CUHUBOUAEG yia
d1apopa BEpaTa OXETIKA JE TV KATAPTION TWV HOVTEAWY UMNOYEIWV VEPWV.

'‘Ocgov agopd Ta KPATn TNG KEVTPIKAG Kal avaToAlkng Eupwnng kar Tnv EAAGda, dev undapxouv
avTioToIXEC 0dnyiec nMou va agopoUv &iTe TNV KATAPTION HOVTEAWV UNOYEIWV VEPWV €iTE KAMolid
npoBAsenopevn diadikacia EAEyXoU auTwVv ano apuodiouc PopEic.

Ano Tnv Eupwnaikn ‘Evwon xpnuatodoTninke To epeuvnTikd €pyo e TiTAO "Harmonising Quality
Assurance in model based catchment and river basin management” (HarmoniQuA, 2002-2005),
avagopd ano (KaBaAiepaTtou, 2007), oto onoio cuppeTeixav opeic and 10 xwpeg (OAAavdia,
Aavia, EANGOa, Evwpevo Baailelo, FaAAia, Meppavia, Zoundia, Ouyyapia, MopTtoyaAia kar Toegyxia),
ME OTOXO TNV avanTtugn Yevikwv odnylwv, Mou va kaAuntouv OAa Ta nedia nou nepiAapBavovTal
otnv Odnyia 2000/60/EK, MeTa&U auTwv Kkal Ta unoyela vepd. AMNOTEAEOPA autoU Tou
npoypdappartog nTav n onuioupyia yvwolakng Bdaong (knowledge base) kar AoyiopikoU(Modeling
Supporting Tool - MoST) wg epyaleia yia Tnv unooTnpPIEN TNG KATApPTIONG HOVTEAWV BlaXEipiong TwV
udaTIKWV NOpwV O< €ninedo UdPOAOYIKNG AekAvNG.

MoAU onuavTikn oUupBoAn oTn olvBeon Tng d1adikaciag KATAPTIONG €VOG HMOVTEAOU UMOYEIWV
VEPWV, UMNPEE TO NPpWTOKOAADO Twv (Anderson & Woessner, 1992), avagopd and (KapBaAiepaTou,
2007), TO OMnoio €VENVEUCE TIG NEPICOOTEPEG ANO TIC HETAYEVEDTEPEG 00NYieC. TO NPWTOKOAAO AUTO
napoucialetal oTo Xxnua 1-1. Nepiypdgel Ta kUpia onueia piag pebodoAoyiag yia oAa Ta oTddia
dnuioupyiag evog HOVTEAOU.
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Sxnua 1-1:MpwTOKoAAO KATAPTIONG EVOG HOVTEAOU UNOYEIwV vepwV. lNpoéAeuon: Anderson andWoessner
(1992) uera ano npooapoyn

Tnv idla nepinou doury akoAouBouUv kai ol npoavagepBeioeg 0dnyieg, ol onoieg £xouv &va

enmnAgov Baoikd KoIVO XapakTnpIoTIKO, To OTI npoBAénouv-anaitolv KUKAOUG enavainyng KAanoiwv

otadiowv pe Baon Ta anoTteAéopaTta Twv endpevwyv (feedback) r kar Tn ouAhoyr VEwV OedOPEVWV.
AuToi o1 kUkAol avadpaong MPeTa&lu Twv oTadiwv KATdpTiIong €vOg MOVTEAOU E€ival gugaveic oro
diaypappa pong nou napouacidletal oto xnUa 1-2HarmoniQuA(OIld, Packman, & Schlolten, 2005).
H dnuioupyia kal n xprion evog povteAlou dev eival pia nopeia eubuypapun. Kabe povréAo, yia va
napapeével €va Xpnoigo epyaleio, Ba npenel va eunAouTileTal ouvex®wG PE véa OedopeEva Kal, av
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anaiTeital, va Tpononolgital ge Baon autd. Eivar mBavo, va xpeiaoTtei aAAayn oto oXedlaouo Tou
ap1BunTikoU PovTEAOU, OTOV K®JIKA Nou €Xel eMAeXBei | akOPa Kal oTo BewPNTIKO HOVTEAO NAvw
OTO OMoio OTNPIXTNKE TO apiBuNTIKO HOVTEAO, KABWC n yvwon via TNV nepIoxn HEAETNG
gunAouTileTal and Ta veéa dedopéva nediou (Sun, 1994), (Hill M. , 1998)&(Bredehoeft, 2005).

H dnuioupyia POVTEAWV CUVOEETAI APECA PE TNV £@aApuoyn Kanoiou AoyiopikoU. To Aoylodiko
auTo YevIKA Pnopei va diakpiBei o€ TpeIG KAaTNyopieg: peuvnTikO, KoIViG KTRong (public domain) kai
EUNOPIKO. TO €PEUVNTIKA AOYIOUIKO dlapop@®VETAl And Toug idIoUG TOUG €PEUVNTEC Kal €ival nio
€€eIOIKEUPEVO. ' QUTRV TNV NEPINTWON, TS dnUIoupyiag Tou K®AIKA Nou XPNOIUOMOIEl £va HOVTEAO,
gival noAU onuavTikn n diadikacia eA&yXou Tnc a&ionioTiac Tou K®wdika, npiv auTog XpnolJonoinbei
o< onolodnnoTe spapuoyn. To AOYIOHIKO KOIVAG KTAONG ouvhBwc dev eival 131aiTepa PIAIKO Npog To
XPAOTN, 0 NOAAEC NEPINTWOEIC OPWC diveTal oTo XPNaoTn n duvardTnTa Tpononoinong Tou Kwdika,
WOTE VA NPOCAPHOCTEl OTIC AVAYKEG HIAG CUYKEKPIYEVNG EPApPPOYNC. SuvhBwe n Xprion Tou anaitei
€EEIOIKEUPUEVEC YVWOEIC. STO EUMOPIKO AOYIOUIKO 0 XprnoTng dev €xel npocBacn oTov K®WdIKA. ZTIC
HMA To gunopiko Aoyiopiko ouvhBwg BacileTal o Kanolov KWAIKA KoIvAG KTHong (diaTiBguevo ano
NavenioTANIA 1 KUBEPVNTIKEC UMNPECIEC), O OMOIOC EVOWMNATWVETAl O £va SUoTnPa MeEwypa@Iknc
MNAnpogopiag (nepiBailov GIS) kal guvdEeTal e BAON JEDOUEVWV.

2Tnv Eupwnn, ouvABw¢ o kwdikag oTov onoio PBacileTal To €UNOPIKO AOYIOMIKO aAMOTEAE
1010KTNOIa TNG ETAIPEIAG KAl €ival EVOWPATWHEVOG O KAMoIo ypagiko nepiBailov dlaocuvdeong WE TO
xpnotn (Graphical User Interface - GUI), pagi pe kdanoia Baon dedopevwyv. Meviko, n XpHon Twv
EUNOPIKWV MNAKETWV AOYIOMIKOU Ogv anaiTei 101AiTEPEG YVWOEIG: N KATAPTION EVOC HMOVTEAOU ME TN
Xpron AoyiopikoU pnopei eUkoAa va kataAn&el oe anAn evnuépwon TNG BAong OedopEVWV MHE Ta
d0edopéva nou agopouv Tnv nepioxn HEAETNG (Gijsbers, 2002), kabw¢ Ta ePMopiKA NAKETA
EUNEPIEXOUV Kal MPOKABOPIOUEVEG TIHEG YIA TIC NAPAMETPOUG Tou KwOIKA Mou Xpnoigonoiouv. T
autd anod Kaipd €XOUV EKPPACTEI aAVNOUXIEC MNou agopouv Tnv epappoyr oUvOeToU Kal
€EIOIKEUPEVOU AoyIOMIkOU and Aneipouc n Kalr he eAAINR katdpTion XPRnOTeG, n onoia pnopei va
odnynoel o sopaApéva kal napanAavnTmika anoTteAéopata (Middlemis, 2000). Or idle¢ avnouxieg
ekppalovTal kal and TNV €AANVIKN €MOTNHOVIKA KolvoTnTa. To OTI oTtnv EAAdda dev undpyouv
enionuec odnyieg-npodiaypapec KatdpTiong KAl TEKMNPIwoNG Twv HOVTEAWY, EMITEIVEl TO NpOBANuUa.
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Sxnua 1-2: Aigypauua ponc Tn¢ diadikaoiac kardprionc evog povTeAou (HarmoniQuA).
MpoéAeuon: (Old, Packman, & Schlolten, 2005).

Kata Tnv katdpTion €vOoG WOVTEAOU, n eniAoyn Tou kwdika oTtnpileTal aTn duvaToTnTd TOU Vvd
avanapacThoel IkavonoinTika TiIG 51adikaaoieg porng Tou und PEAETN CUOTAHMATOC UNOYEIWV VEPW®V Kal
oTo €idoc, To NANBo¢ kai TNV noidTnTa Twv dedopuévwv. To MODFLOW, To onoio avantuxBnke ano
Tnv U.S. Geological Survey(McDonald & Harbaugh, 1988), avnkel oTnv Karnyopia Tou AoylouikoU
KOIVING KTAONG Kal Bewpeital WG npoypappa-odnyocg yio Tnv €EEAIEN Twv dAPIBUNTIKOV HOVTEAWV
uUnoveIwv VEPWV. AUTO OQeIAETAl OTO OTI 0 KWJIKAG TOU €Xel ENAANBEUTEI E OUYKPIOEIG E MOAAEC
avaAuTIKEG AUcelg éxel a&ioAoynBei and noAAoUg aveEdpTnToug KPITEG (peer reviews) kal EXel
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XPNOIJonoInBel ENITUX®WG YIO TNV NPOCOUoIiwan MOAAWV dIAPOPETIKOV USPOYEWAOYIK®OV CUOTNHATWV
oc OAo Tov kOopo (Middlemis, 2000). To onUAvTIKOTEPO iOWC MAEOVEKTNUA TOU €ival n apBpwTn
doun Tou: anoTeAsiTal and unopovadsg (modules), ol onoiec evepyonoloUvTal 1 ansvepyonoloUvTal
anod To Xpnaotn, avaloya Ue To nolec udpoAloyikeg S1adikaaoieg ival anapaiTnTo va npocouoiwbouv.
AuTO, 0t ouvduaopd e To OTI 0 KWdIkag diaTiBsTal eAelBepa oTo dIadikTuo, SIEUKOAUVEI TN OUVEXN
BeATiwon TOU MPOYPAUHATOC HE TPOMOMOIACEIC TWV NAAM®V | NPOCOAKESG vEwV diadikaciwv Kdal
BEATIOHEVWV apIBUNTIK®OV HEBOdWV. H gupeia diddoon Tou kal To NANB0C Twv andiToUPEVWY Yid TNV
s@appoyn Tou Jsdopevwy, 0dNynoe OTn dnuioupyia MNPOYPAUMATWV Yid TNV €loaywyn Tov
OedoUEVWY aUTWV HECA ano ypa@iko nepifdilov (PMWin, Modflow-GUI for Argus ONE, Visual
Modflow, GMS, Groundwater Vistas).

H «katdpmion apiBunTikwv HOVTEAWV UMNOYEIWV VEPW®V anaitel Tn GouAAoyn noAAwv
udpoyswAoyikwVv Osdopevwy nediou kal OsdopPEVWV MOU MNPOEPXOVTAl and ThV MOCOTIKOMoinon
NANPOPOPI®Y, TV TA&IVOUNON TOUG Kdl ToV €AEyXO TNG MoloTnTag Toug. Ta dsdouevo auTa sival
oTNV NAgloWwn@ia Toug XWPIKA Kal O WEPIKEG MEPINTWOEIC KAl XPOVIKA KATavepnuéva. AOyw Tng
XWPIKNAC KATAVOMNC TOUG, O XEIPIGHOC TOUug €ival noAU Mnio anoTEAEOHATIKOC HETA ano To nepiBAiliov
€VOG OUCTAMATOC YEWYPAQIKAG nAnpogopiag (geographic Information system - GIS), To onoio
napexel eniong Tn duvatoTnTa TNG YPagikng ansikdoviong Twv anoTteAeopdatwyv (Pinder, 2002). Mia
TEXVIKI OUVOEONG EVOG HOVTEAOU UNOYEIWV VEpWY Me GIS eival n enikolvwvia Toug Pe KAaTtaAAnAa
dlapoppwuéva apxeia €106dou/eEddou. H TeEXVIKN aAUTH E€Xel TO MNAEOVEKTNUA OTI Ta OUO
npoypdupaTa napapevouv avegaptnTa kal pnopolv va eEeAicoovTal Pe dIapopeTikO pubud. Mia
AAAN TEXVIKN €ival N evOWPATWwon Tou PovTéAoU oe €va nepifdAlov GIS (i kal To avtioTpoo). H
TEXVIKN AuTh anaiTei nio €EEIBIKEUPEVEG YVWOEIG NPOYpappaTiogoU kal diaxeipiong dedopévwy Kal
auto 0e€ KAMOIEG MEPINTWOEIG MePIopilel Tn duvaToTNTA MEAAOVTIK@WV aAAaywv, n avrtalAayn
0edONEVWV OUWG €ival NANPwWC auTopatonoinuevn(Gogu, Carabin, Hallet, Peters, & Dassargues,
2001).
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1.5 MAGHMATIKO MONTEAO [NPOSOMOIRZHZ THZ KINHZHZ TOY NEPOY STO EAA®OZ
1.5.1 EZiowon diatnpnong Tn¢ paiag.

To vepOd Nou aneAeuBep®VETAl anod €va udpoPOpo OTPWHA, E€ival TO AMOTEAECHA TNG
METABOANC TOU OYKOU TWV NOPpwV AOYW TNG CUMMIECTOTNTAG TOU USPOPOPEA, Kal TNG HETABOANG TNG
NUKVOTNTAG TOU VEPOU AOY®W TNG METABOANG TNC MIECEWC TOU VEPOU TWV NOPWV.

OcewpeiTal €va unodyeio uno nison udpoPopo oTpwua (Zxnua 1-3a) kal pia opilovTia Toun C-
C ornv  dlenmipdaveld  €NA@NG  AVTINPOOWNEUTIKWY  KOKKWV  Tou  €dagoug  (Bear,
Hydraulicofgroundwater, 1979)(Zxnua 1-3c).
)2

2NN ONINONIIN ONIINIINPNVININIINININIIN

y CXX XXX >
\ XX >
Oyxog
eAéyyou (b)
X

@)

Zxnua 1-3: Yopo@opo oTpwia uno nison

To oAIkO Bdapocg Tou €dA@POUG Kal Tou vepoU navw ano To eninedo C-C, 1copponeiTal anod Tig
TAOEIC TOU OTEPEOU MPNTPWOU OS Kal and Tnv nieon Tou vepoU p, ondTe WMopei va ypagei n
akoAoubn oxéean :

o-A=p(l-m)-A +o6,mA =0 =p(l-m)+c_,m (1.1)

Eneidn n Tign Tou m €ival noAU Wikpn, YiveTal napadekTo yia To vepd OTI N Nieon Twv Nopwv
givarion e p (1-m) = p .

KaTta Tov Terzaghi, To yIvOgevo m . gs ovopddleTal evepyr TAGON TOU OTEPEOU UNTPWOU Kal
OUMBOAIleTal pe @' (Terzaghi, 1969). 'ETol n (1.1) ypdapeTal :

o=p+ca (1.2

Kata tnv avtAnon vepoU and To udpo@Opo OTpWHA NApaTnpeital Yeiwon TnG nieong Twv
nopwv, ev n OAIKA TAon o PEvel aueTaBAnTn yiati To unepkeigevo Bapoc napapével otabepo.
IoxUel Aoindv do=0 , kal Je napaywyion Tng oxeong (1.2), npokunTel:

dp = - do' (1.3)
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EiodyeTal Topa n £€vvold TOU OUVTEAECTH CUPMIECTOTATAG ToU £dAQPOUG a oav o AOYoG TG
avnypevNg HETaBoARG Tou OAIKOU OYKOU TOU MopmdouG HECOU MPOG TN METABOAR TNG eveEPYNG TAoNC
(Nopog Tou Hooke):

14y,
U, do

(1.4)

o =—

H oxéon peTa&l Tou OYKOU Tou oTepsoU pnTpwou Us (yia opiopevn pala), kai Tou oAikou
oykou Ub , sival n akdAoubn :

U, =(1-n)U, (1.5)

Onou n €ival To NopwIEG.

Encidry n oupnieoTdTNTa TWV KOKKWV TOU €0AQOUG €ival HIKPRy O OXEOn ME TNV
OUMNIEOTOTNTA TOU VEPOU Kal TNG WETABOANG Tou nopwdoug, YiveTal napadektod OTI 0 OYKOG Tou
oTepeoU UNTpwou Us €ival otaBepog (Jacob, 1950). And TNV napanavw oxEcn NPOKUMTEL:

dU, dn
dU, =0=-dn'U, +(1-n) dU, = U, =1q (1.6)

Ano Tig (1.3), (1.4), (1.6) npokUnTeEl :

1
—dn=—-a-do'=a-dp@a.7)
I-n

H oupnieaToTnNTa €vOG peuaToU eK@PACETAl JE TO OUVTEAEDTN CUMMIECTOTNTAC B Mou €ival To
avTioTpoPO TOU PETPOU eAAaTIKOTNTAG E. MNa 1000epUIKEC OUVOKEG ONMou n BepUokpaacia Napapevel
oTabepr 1oxUEl :

OMou p: n NukvoTnTa.

OcewpeiTal &vag aToIXelmdng 0YKoG eAEyxou (Zxnua 1-4) pe diaotdoeig dX, Oy, 0z PE KEVTPO
oTo onueio P(x,y,z) kAl o onoiog BpiokeTal p€oa o€ €va unoyeio udpoPopo oTPWHA OMNoU ENIKPATOUV
OUVBNKEG poNnG. BewpeiTal 0TI N B€0n Kal To OXNKA TOU NApAPEVOUV apeTaBANTa katd Tnv SidpKeia
TNG por| Tou vepoU PEOw auTou. QoTdoo N MoooTNTA Kal n ocUoTacn TOU MEPIEXOUEVOU WMopei va
MeTaBAAAovTal cuvapTrOEl TOU XPOVOU.
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X, Y, 2+ 822

?Jz

ﬂy X,y +8y/2, z
/
/
Py, 2)
0 ® >
I X-0x2,y,z x|y + ox/2, Y,z
0z
~ *
Wi, y-dy,z P -~ ‘ ’ y
\ oy
| x

OX

Zxnua 1-4: S1oixeiwdng 0ykoc eAEyxou.

2Tnv napouca avdaAuon, vepd Kal OTEPEA €ICEPXOVTAl Kal €EEpyovTal oTov OYKO eAéyxou dia
MECOU TWV EMIPAVEINYV TOU Kal 0 OTOXOG €ival va kataypagei 1o 10olUyio 1 n apxn diatnpnong, yia
TNV pala Tou vepoU MOU EICEPXETAl, E€EEPXETAl Kal anoBnkeUeTal oTov OYKO aQuTOv. XTnV
udpPOdUVAMIKA AUTA N avTIHETWNION avapepeTal we Eulerian npootyyion, (Eulerian approach) oe
avTidlaoToAn We Tnv Aaykpaoiavny npocoeéyylon (Lagrangian approach) otnv onoia €€gTaletal nwg
KIVEITAl JIa OUYKEKPIPEVN pala vepoU PEoa O €va NopwOEG PETO.

‘EoTw Twpa 6T "3" €ival n pala Tou vepoU Mnou peel ava povada snipaveiag kai ava povada
XpOvou aTo onueio P(x,y,z) kai €xel nukvoTnTa "'p'", onote J=pq.

O OyKkoG ToUu vepoU nou €EEpxeTal Twpa ava pgovada enipdaveiag kai ava povada xpovou, anod
TNV KABeTN NAgupa otov agova x, UNopei va ekppacTei anod Tnv napakdtw egiocwon:

H noodTnTa Tou vepoU Mou €ICEPXETAl avd Povada snmipavelac kar ava govada xpodvou ano
TNV aAAn kaBeTn nAgupd oTov d€ova Tou X, Ynopei va ekppacTei and Tnv e&iowon:
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H diapopd Twv palwv €iI0pong ekpong os Xpovo Ot Pnopei va skepacTei and TNV agpaipson
TWV Napandvw €0WOEWV Kal Tov NOAAANAAcIaopo Toug €ni TNV EMIQAVEId TNG KABETNG NAEUPAC

dydz kal Tou Xpovou dt:

(1.10)-(1.9) = —[(ZJX 6x}8y826t . (1.11)

OMOIWG YIa TIG AAAEG dUO d1euBUVOEIC Y Kal Z NPoKUNTOUV Ta €ENG:

_aJYS _8 oz 8t (1.12)
—| ——o0y |0ox 0z .
oy

— al, z |0x Oy ot (1.13)
| 0z

MpooBETOVTAG TIC TPEIG TEAEUTAIEG €EI0WOEIG NPOKUNTEI N OUVOAIKN dlagopd Tng palag
€10pONG and TNV €kpor) yia oAOKANPO Tov OyKo eAEyXOU, O Xpovo Ot. OndTe NPoKUNTEl N OXEoN:

oJ
- %_F_y_'_% O0x Oy 0z ot =—-V-J dU ot (1.14)
ox oy o0z

Ma Tnv Yevikn NeEPINTWON oTnV onoia napatnpouvTal €EWTEPIKEG EI0POEG KAl EKPOEC VEPOU
(n.x andé avtAnRosiG, EUNAOUTIONOUC, ENIKOIVWVIA HE AAAOUG udpoPOPOUC K.T.A.), BETOUHE TOV OpO ''-
pw'" nou ekppddlel TNV €10pon f ekpon ava povada oykou (U) kal ava povada xpovou (t).

SUPewva pe TNV apxn diatipnong Tng padag 6a npénel n pdla Tng oxéong (1.14) ouv TIg
eEWTEPIKEG enMIdpdoelg (-pw) va 1ooUTal e TNV HETABOAR TNG Halag Tou OYKoU €AEYXOU WG NMPoG Tov
Xpovo (t). H peTaBoAn Tng palac wg npog 1o Xpovo ekPpaleTal wg €ENG :

m|t+6t - IIlIt = [(antJrSt - (pHXt]SU (1.15)

Ano Tov ouvdudopo Twv eElowoswy (1.14) kail (1.15) npokunTel:
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—V.-J8U &t —pwdU dt = I:(ant+8t — (pn)(t]SU =

o(pn)
ot opn) ¥

= :—V-(pzl)—pW:?

J=pq

H idia eEiowon (1.16) AapBaveral e spappoyn Tou “BewpAPATOC NETAPOPAC Tou Reynolds”
d apn) (G
S enav = [if| 222 s div{onv )| av — 0

H e&iowon (I) €ival To Bewpnua peTapopac Tou Reynolds kai igouTal pe undev ‘0’ cUPPwva
ME To aiwpa diatnpnong TnG padag. Av AngBouv undyn pag kai d1apopeg eNdPATEIG AOYW KUPIwG
avTAnoewy, OlappowVv anod YEITOVIKOUG UdpOoPOpPEic K.T.A. TOTE &€lodyeTal €vag o6pog (pw) nou
ekppadlel auTeg TIC eMOPAceIC ava povada snipavelag kal ava povada xpovou. Me Tnv sloaywyn
€VOG TETOIOU Opou, Onw¢ npoteiverar and Toug De Groot kar Mazur (1962)kal (Bear, 1972) n

e&iowaon (I) naipvel nio yevikh Hopen Kal ypapeTal w¢ €EAC:

%m pndv =[] [%’n)miv(mv)} dv + [[[ pwdv =0(D)

Ano Tnv (II) cuvendyeral kateuBeiav To €8AG:

M+v.(pn\_/')+pw:0

ot G(pn) )
ot

:>—V~Qﬁ)—nN=

MNa TG ouvlnkeg nou Ioxlel n e&owon (1.3) kar PJe Tnv unoBeon OTI n NUKvVOTNTA
METABAAAETAI ouvapTnoel JOVO TNG nieong p OnA. p = p(p) TOTE TO JeUTEPO PEAOC TNG EEICWOEIC
(1.16) naipvel TNV Hopon:
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onp) _ on n@:(p@ @]ap

+n— |— (1.17
at( )

d

Ano TIc ox€oelg (1.7), (1.8) npokunTel :

on a )8p

o (1-n) £

o ot

op op
=B-p

ol onoieg av avTikatactaBouv atnv (1.17) npokUunTel:

AP 614 - (1-m)]-p- P
o —[B n+o-(l n)]p at(1.18)

OtToVTaG
S;=p-g [B n+ o -(l—n)] (1.19)

nNPoKUNTEI:

o(pn) _

_i~@(1.20)
ot g ot

H noodtnTa Ss ovopddleTal €1d1kn anobnKeuTIKOTNTA KAl anoTeA&iTal ano duo dpouc:

e O o6poc , ekppdlel Tnv anoBnkeupévn pala Tou vepoU nou anodideTal AOyw TG dIAOTOANG
Tou vepoU ava povada Oykou Kal ava povada NTWOoewS popTiou.

e 0O 0poG , ek@palel TNV anobnkeupevn pala Tou vepoU nou anodideTal Adyw TNG CUUMNIETEWG
TwVv NOpwV avd povada NTWoEwE TOU POPTiou.

O1 diaaTdoelg TN 1d1KNG anoBNKEUTIKOTNTAG NPOKUNTOUV WG €ENG :

[Pl =FL*T
[o]=LT"
[B]=[a] =F"L?
apa [S] =L1

H oupnieoToTnTa TOou vepoU ennpedlel KaTtd To idlo MOOOOTO TNV €13IKN AnoBnKeuTIKOTNTA
TOU UDPOPOPEA ONWG KAl N CUKMIECTOTNTA TOU Nopwdouc, Kal dev NpENEl va napaAsinerar.
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O1 oxeoeic (1.17) éwc (1.20), avTikaBioToupe otnv oxeon (1.16) kar AapBavoupe Thv
napakaTtw e€iowon:

- a) o(pq q
v (pa)—pw=2n) _, _Joa)  Pay) Apa| S b,
ot ox oy oz g ot

H napanavw diagopikn €ficwon €ival n yeviKeUpévn €Ei0won OUVEXEIAC Yid TN por &vog
OUMNIEOTOU pEUCTOU PETA O £va CUMNIECTO KI' eAAOTIKO NopwIEC UAIKO. Av To NopwdeC UAIKO eival
aocupnisoTo (a=0), kal av To peuoTod eival acupnisoTo Ba exoupe (B=0) kal p=0TaBepo, ONOTE Kal N
napandvw e&owaon naipvel nio anAég HopQEG.

1.5.2 E&iowon kivnorng.

Me napaywyion TnG e€icwong ouvexelag (1.21) Aaupaverai:

p( Q)+Q(V p)+pvv——% %
(1.22)
:>p{ = + 0’3/ }"' ay é}( qy O,y"'qz éz}"'/?w— g a

Eiodyetal oav eEaptnuévn petaBAnTh To nmelopeTpikd popTio h, nou opileTal and Tn oxeon :

1 ¢ dE
h=z+—-| —= (@1.23)
g LO p(&)

H napandvw oxéon kaAeital duvapiko Tou Hubbert (Hubbert, 1940). Ano Ti¢ oxéoelg (1.23)
kar (1.8) kal oUuewWva Pe Tov KAvova napaywyliong Tou Leibnitz yia Tn pepikn napaywyion Twv
OAOKANPWHATWY, NPOoKUMNTOUV Ol NAPAKATW OXECEIC :
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6h_ 1 op__ 1 op
dy p-gdy p-gPB oy’

(1.24)
oh_, Ly 1

ax PR
P 2 0

=p gB—
ay ay

(1.25)

d oh
XX J==1],
0z P B(&x j
op ch
o P8

O vopog Tou Darcy, yia avouoloyeveG Kal aviodTpono Pego (K HeTaBANTO) ypageTal we €ENG:

q=-K-V-h  (1.26)

H YdpauAikn AywyigoTnTa E gival TavuoTh¢ 2a6 TAEEwWE OUPMPETPIKOG Kal SiveTal wg EAC:

Kxx Xy sz
K=K, K, K,
K, K, K,

onoTe n TaxutnTa Darcy Ba sivai:
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_@_

qx KXX KX KXZ aX
— g oh

q =149, |=-| Ky yy yz g:
qZ KZX zy zz ah

| Oz

2%
2%

qX:_KXX@_'_KX @_'-KXZ@
Ox Y Oy oz |

= q, = K 6—h+K @+K ch

X ,— | (1.27)
y ax yy(?y y aZ_

=K, —+K_ —+K_ —
qz zxax zyay zzaZ

oh oh 8h}

O1 efiowoeic (1.27) ynopouv va ypa@oUv €V CUVTOMIA PE TOUG APWVOUCG BEIKTEG Tou AivoTaiv
(Einstein) wg €&Ng:
ch

=K.
q1 ij an

(i=1, 2, 3 kal j=1, 2, 3) (1.27 a)

Me Baon Tnv (1.27), o0 6pog V-(imq e€iowonc (1.22) ynopsi va ypagei wg €ENG:

v.g=—9g M g M g M| Ofg b g b g bl
ox ox Yoy oz | oy| Tox Yoy oz
(1.28)

_2 KZX@_{_KZ @_‘_KZZ@
0z 0x Y Oy 0z

H efiowon (1.28) pnopei eniong va ypagei v ouvTopia HE TOUG APWVOUG OEIKTEC TOU

AivaTtaiv (Einstein) wg €&nc:

v.i:__a Ki'@
OX. Jﬁxj

1

(i=1, 2, 3kaij=1,2,3)  (1.28q)

OewpwVvTag To KUPIO cUOTNHA TwV a&ovwv X, Y, Z To napanavw PnTpwo TOU TAVUOTA TNG

YOpauAikng AywyIidoTnTag naipvel TNV Hopor
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Ky 0 0
K=| 0 K, 0
0 0 K

onoTe kal o 6pog V - Tng e&iowong (1.22) ypaperal wg €ENG:

v.az__a Kxx@ 0 K ohi 0 KZZ@ (1.29)
Ox ox| oy| "oy| oz oz

EioayovTag TiG oxeoeic (1.24), (1.25) kar (1.29) otn oxéon (1.22), npokuNTel:
o[ (k)0 2k, 2] 2k, @)l
ox ox) oy\ oy) oz 0z

oh '\ ohY oh\’
—p? g BHAK | —| +K | —| +K_| — +(1.30
p g B xx(axj yy[ayj ZZ(aZ) ( )

ch ch
+ K . 2. 5. —4+popw==-S -p-—
2P g B 5, P P
MapaAeinovtag To deuTePO 6po TNG (1.30) , €neidn €ival NoAU HIKPOG KaBw eniong Kai Tov
0po yia Tov id10 Adyo (Teplidng & Kapapoulng, 1985), npokunTel TeAIKa n TpiodidoTaTn d1agopikn
egiowon:

2 (1, 2)+ 2 (1, 2+ 2k, 2]} w5 L as
Ox Ox oy 7oy oz oz ot

N ornoia XpnoIKJOonoIEiTal OTO UNOAOYIOTIKO Npoypauua MODFLOW.

Mia aAAn avTigeT®NION TNG Kivnong Tou vepoU OToug undyeioug udpoopsic givalr auTtr) nou
Bewpei TNV Kivnon opilovTia. Kata Tov Bear (XaAkidng, 2001) €ival onuavTiko va XpnoigonoiouvTal
WG KUpIEC udpauAikec napdueTpol n AnobnkeuTikdTnTa S (Storativity) kai n dioxeteutikdTnTa T
(Transmissivity) oTav BewpeiTal n kivnon oTov udpogopea opilovTia.

H anoBnkeuTikOTNTa nou opileTal Kal 0av CUVTEAECTNG anobnkeuong S (Storage coefficient)
gival adiaorato PEyeBOC Kal WNopei va €punveuTEl oav TO NMOCOG TOU ANoBnKEUPEVOU VEPOU Mou
anodideTal anod pia OTAAN evog udpogoped He diaToun ion Pe Tn povada, yia povadiaia nTwon
@opTiou. H dioxeTeuTikOTNTA T, opileTal WG O PUBUOG PE TOV OMoI0 TO VEPO, HE EMIKPATNON TOU
KIvnuaTikoU 1Emdouc, PeTaBiBaleTal péco TnG povadiaiag diaToPNnG Tou udpo@Opou HE UDPAUAIKN
kAion ion pe Tn govada kai €xel diaoraocsig T=L2T-1.
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O Bear yia Tnv anoBnkeuTikOTATAa S oTouc und nicon udpo@opeic divel TNV NaApakdTw
£K(ppaon:

AU,

S= (1.32)
A-Ah

onou:
A= n OUVOAIKN €NIPAVEIA TOU UdPOPOPEA
Ah= n peTaBoAr Tou QopTiou
AUw= n peTaBoAr Tou OYKOU TOU VEpOU NMou UnoBAAAETal OTIC HETATPONEG TNG NiECNG.
Kata Tov Bear, av npoTipeital n TpiodidoTaTtn €K@pacn TNG PONG OTOUG UMOYEIOUG
udpoPopseic, TOTE O UDPAUAIKEC NAPAUETPOI MOU MPENEl va XpnoigonolouvTal sival n YOpauAikn
Aywyigotnta K kar n €0k anoBnkeuon Ss. Ensidrl auTtoi oI NapdaueTpol avagepovTal O€

d1apOopPeTIKO PHOVTEAO PONG TWV unoysiwv udatwv Ba npensl va ano@eUyeTdl 0 CUOXETIOUOG HE TIC
ouvnBeig oxéoelic T = KB kal S = Ss B (B ival To ndyxoc Tou udpo@opea).

IdigiTepa yia TNV anoBnkeuTikOTNTA, TwV und nieon undyeiwv udpoPopeéwv, €xouv Oo0Bei
01APOPEC EKPPATEIC aNd TOUG EPEUVNTEG,.
O De Wiest (XaAkidng, 2001), é€xel npoTeivel TNV €k@pacn TngG €IdIKNG anodrnkeuong Ss

(Specific storage), 6nwg divetar and Tnv oxeon (1.19), w¢ npog €va anapaudpPwTo Hovadiaio
OYKO TOU udpopOPOU GTPWHATOC.

S,=p-g[pn+a(-n)]

H 1dikfi anoBrkeuon nou elodyetal and Tov De Wiest eival diagopeTikfy and auTr nou
npoodidpice o Jacob (1940), o onoiog Bswpnoe NAPAPOPPWON TOU OTOIXEIWOOUG OYKOU OTnV
e€iowaon ouvexeiag kal £dwoe TNV EKPPAON

S=S,-b=p-g-(a+np)-B
Ma Tnv nepinTwon evog udpopodpou oTPpWHATOG uNd nieon Pe opoldPopgpo BABog b, To onoio

MeTaBAAAeTal Pe To Xpovo (B=B(t)), o De Wiest eiocayel To H€oo udpauAikd PopTio Kal KATAaAnyel o€
MIa e€iowon Nou o GUVTEAEOTNG anoBnkeuong S diveTal anod Tnv oxeon:

S=pgB(a+np)
Kal n OIOXETEUTIKOTNTA and Tn oxéon:
T=KB

‘'Onw¢ napatnpei o De Wiest 0 ouvTeEAEOTAC anoBnKeuong €xel TNV idia EKQpacn PE auTr Nou
npoTadnke apxika and Tov Jacob nAnv OpwG dev NPOKUNTEl WG YIVOPEVO TNG €10IKNG anoBrKeuong
ME To ndyog Tou udpogoped, onws Bewpnas o Jacob.

O Bear ortnv avdAuon Tou ek@pdlel TOV OUVTEAEQTH CGUMMNIECTOTNTAG a’, AaupdvovTtag
unown Kal TNV Kivnon TV OTEPE®V KOKKWV Kal opileTal yia otabepr] pala KIVOUPEVWY OTEPEWV.

oo L Gl
U, do

Me Tov napandvw CUVTEAEDTH CUMMIECTOTNTAG A’ ekPPAlel TNV €I0IKN anobrkeuon Ss He
TNV Oxeon:
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S,=p-g-(@+p-n),

N onoia ava@EpeTal W NPoc KIVOUPEVOUG KOKKOUG We TaxUTnTa Vs kal n akpifng eSicwon wc
npo¢ oTaBepo6 ocloTnPa avagopdac sivar:

oh oh
K-V’h-2.-p-g-K-f-—=S_-| —-V,_ | .
p-9-K-p 0 (& sj

H eEiowon Tou De Wiest Bewpeital kaTtd Tov Bear OTI €ival npoosyyioTikr, OIOTI
METAXEIPIOTNKE TIC NAPAdOXEC:

e Om a=—K-gad h" kai
e h'zh

onou h™ avagépetal o€ KIVOUUEVOUG KOKKOUC.

Eniong o De Marsily &kivovTag e TIG id1EC NnapadoXEG Tou Bear, divel Tov €10IKO OUVTEAEDTN
anoBnkeuong We Tuno (Marsily, 1986):

Ss Zp'g'n'(ﬁl _ﬂs +%j

Bl: 0 GUVTEAEGTAC GUNMIECTOTNTAC Tou vepou ~5-107°Pa™

BS: 0 GUVTEAECTAC GUMMIECTOTNTAC TWV OTEPEQV KOKKwV (Ma Tnv appo sivar = 2-10"°Pa™)

v
d: 0 OUVTEAECTNG OUMNIECTOTNTAG TOU PEooU (O = v ).
c

2TnVv nNpa&n o GuvTeAEOTNC BS ouxvd napaAsineTal kalr o €101KOG OUVTEAECTNC anoBrkeuong
yiveTal idlog Je TOV GUVTEAEDTH Tou Bear.

O Irmay (1968) cioayel Tnv avaiuon Tou OyKou €eA€yxou kai npoadiopilel TNV €IdIKN
anoBrnkeuon Tou OyKoU:

S, :p-g-[B-n+oc’-(l—n)]

TéNog, o Cooper (1969) sicayel €éva napopolo cUCTNUA avapopdc YE Tov Bear kai KaTaAnyel
oTa idla anoTeAéopara.

1.5.3 OcgueAiwdeig e&I0WOEIG pONG o USPOPOPEIG

‘OTav yiveral napadekTd OTI n pon ival opifovTia, og Evav udpoPopéa Pe diappon n os Evav
KAEIOTO udpoPopéa (NePiNTwon ouvnBIoPEVWY NMPOoBANKATWY NMou cuvavTiouvTal oTnv uon), TOTE
n AUon Tou NpoBARUATOG avTIHETWNIZETAl YE TNV Bwpnon Tou PEoou UdpaulikoU gopTiou hm nou
npoteivetal and Tov (De Wiest, 1966). OnoTe yia evav udpopopea ndyxoug b 6a npokunTel:
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1 ¢b
h, (x,y,t)= . Joh(x,y,z,t)-dz (1.33)

ME TNV npoundBeon 6T h(b) = h(0) = h, (1.33a)
AAAeC napadoxEc nou yivovTal cUPgwva Pe Tov Bear (XaAkidng, 2001) sivail ol €Enc:

e H TaxUTnTa TV KOKKWV €ival Tooo Hikpn (os oxéon Pe To Adyo g/n) nou n €131k napoxn q,
OTIC NApaKAaTw £E10WOEIC, KNOpEi va ekppacTei and 1o vouo Tou Darcy.

. oh
~divlpa)=pS, — e S, =Sy, = pelofl —n)+ pn]
divg=0

e Ed4v TO MECO €ival avopoloyeveg n UOPAUAIKE aywyinoTnTa K PETABAAAETAl OTO XWPO
eEapTwpevn and Tnv nukvoTnTa p.

e H anoBnkeuTikdOTNTa Sy kal n YdpauAikn aywyipotnTa K dsv ennpealovral anod Ti¢ HETABOAEC
Tou nopwdouc n (kaTtd TNV NapapopPpwon Tou PNEoou). YNOTIBETAI OTI TETOIEG METABOAEC €ival HIKPEC
0€ ox€on HE To apXIko nopwdeg n. To idio 1oxUel Kal yia TV nukvoTnTa p.

e TiveTal napadekTo OTI Ol XWPIKEG METABOAEG TNG NUKVOTNTAG P €ival NOAU PIKPOTEPEG ano TIG
TOMIKEG KAl MPOOWPIVEG, ONOTE:

e OTI a@opda Toug UudpogopEeiG opileTal OTI €vag uno nieon udpo@opéac ue dlappon eival
€vag udpoOpoC HE NUINEPATA OTPWHATA OTO NAVW KAl KATw MEPOG Tou udpoopea. lMa Tnv
KaTataén evog udpogopea, n diappon (evrdg fj eKTOG auToU) npénel va yiveral dIdUECOU ToU Avw
OTPWHATOG TOU UdpoPopéa 1 dlaPeocou Tou NuBpéva Ta onoia w¢G ouvndwc sival AenTda oTpwpaTa
(0g Oox€on PE TO NMAXOG TOU UdPOPOPEA) KAl N UdPAUAIKN aywyldoTNTA TOUG €ival MOAU HIKPOTEPN
and auTr Tou udpogopEa.

H pory oTta nuinepatd oTpwpara Bswpeital KAOTN o€ avTiBeon Pe TNV pon oTov udpopopEa
nou Aappaveral opifOVTIA KAl WG napadoxr, ayvoeitTal N anoBnkeuon oTa NUINEPATA OTPWHATA.

MNa TNV nepaiTépw avaiuan, BewpeiTal n NePINTWON €VOC avopoloyevoUg Kdl 1I00TPponou uno
nieon udpoPopéa pe diappor| O6nNwc (paiveral oo oxnua (1-5).
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Sxnua 1-5 (a, B): AvouoIOYEVG Kal I00TPOMOG Uro rnison udpoPopeac (e diappon

AapBaveral £vag oykog eAéyxou, oxnua 1-5 (B), kal BswpeiTal 0TI n Kivnon Tou vEpoU PEGA OTOV
udpoopo yiveTal kKatd kKuplio Adyo opildvTia. Ma Tov unoloyiopd Tou 1goluyiou Tng palag Tou
vepoU yxpnolgonoleiTal n €101k napoxrf nou SIEpXETAl anod KABe nNAgupd Tou OYKoU €AEyxou, onodTe
Mnopei va ypagei:

0 OYKOG NMou €EEpXETal ava povada enipaveiac kalr ava povada xpovou, and Tnv KABeTn nAsupd
oTov afova x, Unopei va ekppacTr and Tnv napakaTtw £&owon.

Q. 2y = Qs ox |, 2

2 X

Evw n noodTnTa nou eigEpxeTal avd povada enipaveiac kal ava povada xpovou ano Tnv AaAAn
KaBeTn nAgupd aTov a&ova Tou X, UNopei va ek@pacTei anod Tnv e€icwon:
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H diapopd Twv palwv €10pong ekpong os Xpovo Ot Pnopsi va skepacTei and TNV apaipson
TWV napandvw €0WOEWV Kal Tov NoAAanAaciacpd Toug eni TNV €MIQAveEId TNG KABETNG NAEUPAG
dydz kal Tou Xpovou dt, ondTe NPoKUNTE!:

(1.35)-(1.34) = —[%SX}Sy& . (1.36)

Opoiwg kal Kata Tnv y disuBuvaon NpokUnTel:

oQ, }
- Sy |&x 8t , (1.37)
[ oy

eV KaTda Tnv z dielBuvon undapxel n dlapporn TwV NUINEPAT®WV OTPWHATWV N onoia ekepadleTal
anod Tnv oxeon:

(qu2 - qul )8X SY (138)

MpooBETOVTAC TIC TPEIG TEAEUTAIEG €EI0WOEIG NPOKUNTEI N OUVOAIKN dlagopd Tng palag
EI0PONG anod TNV €Kpor yia OAOKANPO Tov OyKO €AEyXou, O Xpovo Ot. AnO Tov OpIoHO TNG
anoBnkeuTikdéTNTag, €fiowon (1.32) npokunTtel o6m n diagopda auty 6a i1oouTal  pE
S-Ah(x, y, t)- AX - Ay . Alaip®VTag 6TV CUVEXEIA Kal Ta BUO WEAN We OXOY AU npokUnTel n oxéon:

8h(x, A t)
ot

0
- [6& + < (1.39)

ox By :|+(qu2_qu1):S

onou:
S n anoBnkeuTikOTNTa (adiaoTaTo Yeyebog) ano Tnv eficwon (1.32)

h(x,y,t) €ival To melopeTpikd popTio Tou udpoPopéa [L]

Qui Kal gz €ival oi kdBetol napayovteg diappong [L3/L%/T] diapéoou Tou Gvw Kal KATw
OTPWHATOG, Nnou nepiopifouv Tov udpoPopéa, avTioToixa.

SupBoAilovtacg pe hi(x,y,t) kar h2(x,y,t) 10 MEeloPeTPIKO QOPTIO TOU AVW KAl KATW
udpoopEa avTiaToixa, ol ornoiol ENIKOIVWVOUV HE Tov KUpIo udpo®opéa did HECOU TWV NUINEPATOV
OTPWHATWV, ek@palovTal ol KABeTol NapayovTeg diappons we €ENG:
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h—h, h-h

q, =K' o L= . L (1.40)
h,—h h,—h

q,, =K T D

1 2
onou o' :E Kal o :P gival ol avTIoTACOEIS TwV NUINEPAT®V OTPWHATWV Ot dIACTACEIC

Xpovou [T].

O (Hantush, 1964) avagépel TOV CUVTEAEDTH G' = rd w¢ ouvTeAeoTn) diappong (Coefficient

of leakage) kal opileTal w¢ To PEYEBOG TNG KABETNG ponc (gI0pon 1 €KPONG) o évav udpogopEq,
ava povada smipdveiag Tou nuingpatoU oTpwpatog, Otav To duvapikd peTtaBaAAstal kaTtd pia
povada.

AauBavovTac TNV YEVIKN MNEPINTWON TNV onoia napatnpouvTal EWTEPIKEC EI0POEC KAl EKPOEC
vepoU (n.X ano avtAnosic, egnAouTioholc, K.T.A.), €iodyeTal o 6poc "Q= - pw' nou skPpalsl Tnv
€l0pon N ekpor ava povada oykou (U) kar ava povada xpovou (t). Me Tov 6po auto (Q(x,y,t)) kai
BeTovTag TIG e€lowoelg (1.40) kai (1.41), n e&iowon (1.39) yiverar:

—V'-Q'+qu2—qul+Q:S%<:>—V'-Q’+h1_lh+h2_h oh
c

+Q=S— 1.42
-2 Q P ( )

0 6pog V'-Q' unohoyileTal wg &AG:

Ano To vopog Tou Darcy, yia avopoloyeveg kal avigdtpono péco (K, T heTaBAnTd) kai epooov
Bewpnbnke n pon opildvTia, o 6poc Q' ypapeTal wg €EAC:

Q'= —?V’-h (1.43)

H S10XeTEUTIKOTNTA T eival TavuoTikd MEyeBog 2ag TaEewc kal diveTal wg ENG:

OnoTe Ba civai:
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ox Moy
ch %
' Q; Txx Txy a_X
Q =|:Q;:|=—|:Tyx Tyy:| @ - (1.44)
oy
Q =—-T x@+T oh
y y 8X YYay

O1 sfiowosic (1.44) pnopolv va ypagoUVv €V CUVTOMIA HE TOUC APWVOUC OSiKTEC Tou

AivoTaiv (Einstein) wg €€Ac:

och
Q= -T,— (i=1, 2, 3kal j=1, 2, 3) (1.44 a)
8Xj
o 01 Q.
Opwg —V-Q'=—— —|| 1.45
< {8}( @}{Qy} ( )

OnoTe and Tnv 1.44 kai Tnv 145 naipvoupe:

ch ch| 0 ch ch
vQ=—T, —+T, —|+—|T,,—+T,,—| (1.46

H egicwon (1.46) pnopei eniong va ypa@ei v ouvTopia Pe Toug d@wvoug OeikTEG Tou AivaTdlv

(Einstein) w¢ €&nc:

0 oh
V- Q=—|T.— i= -
Q o | B o (i=1, 2, 3kaij=1,2,3)  (1.46 a)

i J
OewpwvTag To KUplo cUuoTnUa Twv agdévwv X, Y To napandvw KNTPWO TOU TAVUoTh TNG

dloxereuTikoTNTa T nNaipvel TRV HopPn:

ondTe kal 0 6pog V-Qq Tng e&iowong (1.46) ypdperal wg €ENG:
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ch| O ch
V-Q=—T,— [+—|T,,— | - 1.47
S e e R

EiocdyovTacg Tn oxeon (1.47), otn oxeon (1.42), Ba £xoupe :

K TXX@ +ﬁ T oh +hl_lh+h2:h+Q:s@ ) (1.48)
[ ox | oy| 7oy ot

(o) (o)

STNV NEPINTWON MOU UNApxel HOVo €va nuIdIANEPATO OTPpwHA, €K@PAlETAl O CUVTEAECTNG
b!

dlapponc o' ioog ue ¢’ = E kal and tnv (1.48) npokunTel n d1diIGoTaTn diagopikn eEocwon:

0 ch| © ch K’ ch
—| T, — |+—|T,, — —(h, -h)=S— . (1.49
Am g by
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2 TMNEPITPA®H THXZ MEOOAOY TQN NENEPAZMENQN AIA®OPQN

2.1 T[ENIKOTHTE=

O1 avaAuTIKEG AUCEIC TwV JlaPopIKWV €EICWOEWY, Ol OMnoieg xpnaipgonoloUvTal yid TNV eniAuon
TV S1aQPOpwWV PUOIKWV NPORANHATWY, YEVIKA NpoUnoBeTouv “1davikd XapakTnpa” epapuoyng evog
npoBAnuaToc. 'ETol, n €€aywyn avaAuTik®v AUCEwvV OTIC NEPINTWOEIC OMouU auTn esivalr duvarn,
ouvnBwc npolnoBETel pia asipd Nnapadoxwy, ol ornoieg anAoucTeUoUV To NPORANKA.

H Beswpia TNG apIBuNTIKAG availuong, os ouvdudopd PE TN XPNon NAEKTPOVIKWV UMOAOYIOT®V,
MMOpPEl O£ APKETEC MEPINTWOEIC, VA NAPAKAUWElI TO Nponyouuevo npofAnuUa. To PEIOVEKTNHA TWV
dlapopwyv pPeBOdWV TNC apiBunTIKNG avdaAuong, civalr ot ol AUosi¢ nou AapBavovTal sival
NPOOEYYIOTIKEG, O avTiBeon He TIG “avaAuTikéG AUCEIC” ol onoieg sival akpiBeic. O1 “apIBUNTIKEC
AUosIc”, onwG auTég EayovTtal XpnoidonoinvTac d1agopeg HeBOdoUC TNG apiBuNTIKAG avaiuongc,
gl0ayouv opaiuara.

Ta o@AApaTa nou UNEICEPXOVTAl O AUTEG TIC HeEBOdouUC nepiAauBavouv Ta o@dAuara
oTpoyyuAdonoinong kai Ta o@dApara anokonng. Ta o@AAUaTa oTpoyyuAonoinong, ogeilovTal
otnv “ikavoTnTa’” TwV UNOAOYIOTWV va ouyKpaToUV €va OpIOHEVO apIiBPd oNUAVTIKOV Wneiwv, eve
Ta o@AaApaTa anokonng, o@eilovTal oTn XPAON anod ToV UMOAOYICTN OpPIOHEVWYV HOVO Opwv MIAg
“‘aneipng osipag”.

EninpocBeTa opaipara nou €icdyovTal av kal 0ev £XoUV AUEDN OXEON ME TNV apiBunTikn HEBodo
nou XpnoIKoMoIEiTal, €ival Ta o@AAuara Hopeonoinong Tou NPoBANHATog, Aoyw NpooeyyYioewv
N €€0avikeUOEWV NAPAPETPWV MOU CUVBETOUV TO PUOIKO NMpOoBAnua, kabwg kai Ta o@dAuara
HETPNOEWV.

H eEao@aiion kdnolag AUong, NICTOMOIEITAI OUVNOWG HPE TNV €l0aywyn KAnoiou Kpitnpiou
OUYKAIONG, MIKPOTEPOU TOU OUVOAIKOU O@AANATOG. Yndapxouv JIAQopeg apiOunTIKEG HEBoJOI nou
xpnoigonoioUvTal yia Tnv €niAuon npoBANUATwyv 6nwc n HEBodOG TWV NENEPACHEVWVY dIAPOPwWY, N
MEBODOC TWV NENEPACHEVWV OTOIXEIWY, N HEBODOOG TWV 0pIAKWY OTOoIXEIWV K.T.A. Q0TOG0 01 HEBodOI
Mou KUpPIiwG €XOUV EMIKPATAOEI, €ival auTr TwV MNENEPACHEVWY O1APOPWV KAl TWV MNENEPACHEVWV
OTOIXEIWV.

2.2 MEGOAO: NENEPAZMENQN AIA®OPQN
SUuewva pPe Tn HEBOdO autn, n nepioxn Auong Tng O1agopikng e€iowong nou e&etaletal,

dlakpiTonolgital He Tn XApa&én &vog OdIkTUOU Ypappwyv, napdAAnAwv npog Toug d&oveg
(MnapnaTtguonouiog, 1991) (=xNua 2-1).
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i1

i1

<—Axi —>

i+1,

a|

Ay,

Sxnua 2-1: KavaBoc nenepaougvwv diapopwy.

To Brpa nou xpnoidonolsital kata Tnv Xapa&n Tou dIkTUOU, OTOUG ENIPHEPOUC AEOVEG, UMNOpPEi va
dlapepel, TOOO WETAEU Twv afovwyv, 000 Kal kata Tov idlo afova (OXI OPwWC TeEAEiwG aubaipeTa)

(Zxnua 2-2) .

Zxnua 2-2: KavaBoc nenepacuevwv diapopwVv UE UETABANTO XwpIko Bnuda.
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Ta onueia TOUAG TWV YPAPU®V auTwV anoTeAoUv Toug kOpBouUg Tou JIKTUOU, ENAVW OTOUC
onoiouc enmiAUeTal n diagopikh €€iowon. To dikTuo nepiopileTal and To OpIO Tou, TO OMoio &ival
ouvapTnon TWV OPIaK®V CUVBNK®WV TNG CUYKEKPIMEVNG dlapopiknc Eiowonc. Avaloya Pe Tn uon
Tou npoBAnRuaTog pnopolv va XpnoigonoinBouv kal TpiodidoTara dikTud NENEPACHEVWV dlaPopwV

(Zxnpa 2-3).
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Zxnua 2-3: TpiodiaoraTo dIKTUO MENEPACUEVOV dIAPOoPwV.

H pEBOdOC TwV NENEPACHEVWY dIaPOopwV, NPOCEYYIlEl TIC CUVEXEIC NApAY®YOUS TNG O1apopIKNG
€€iowong Tou QuUOIKoU NMPOoBAAKATOC, HE TN METABOAR TwV €E€APTNUEVWV UETABANTWYV, O OXEON ME
TN METABOAR OTO XWPO N OTO XPOvo (ZxnMa 2-4). H diadikacia nou xpnolgonolgiTal yia Tnv
NPOCEYYIoN TWV NAPAywywVv autwv, €ival n avanTtuén Twv ouvapTnoswyV oc oelpeg Taylor.

N N "

Zxnua 2-4: Mpogoeyyion napaywywv UE TNV UEBODO NeNEpAcUevwV diaPopwV.

H gniAuon dia@opikwV €EI0WOsWY e TN HEBODO NENEPACUEVWY dlaPOopwV TEAIKA 0dnYei O €va
ouoTnua aAyeBpikwv eflowoswv and Tn AUON Tou onoiou MpokUNTEl kal n AUon Tou dapxikou
npoBAnuaToc. Av n eniluon kanoiag dia@opikng Eiowong nepIAaupavel  UETABOAEG HE TO XPOVO,
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TOTE yia TNV &UOTAGOsIa Tou NPoBAAUATOG, MPENEl va IkavonolouvTal Kanoia KpIThpid, Ta onoid
€EapTOVTAl KUPiwG, and Tn OXEon Tou XwpikoU - XpovikoU BrApaTtog. H emiAoyr OIA@OPETIKNAG
ox£oang, odnyei e dlakupavoelg yupw ano Tnv npayuaTikn AUon, Je HeyeBuvon Tou PAALATOC OTO
Xpovo (Zxnua 2-5).

avaAuTikr) Alon

.................. ap1BunTIKA Adon T

»
L

Zxnua 2-5: Mapadeiyua aorabouc apiBunTikng AUong.

2.3 [MENEPASMENE= AIA®OPES MEPIKQN AIA®OPIKQN ESISQSEQN

'EwG ofuepa, Ta npoBANHATA TWV HEPIKWV dIAPOPIKWV EEICWOEWV EXOUV HEAETNOEI NOAU, nNAnv
OMWG N HadnuaTikn Bewpia, n PovadikoTnNTa Kai n KAAr TonoBeTnon Toug, dev €XOUV OAOKANPWOEI
NANPWC, ONWC aTNV NEPINTWON TWV KAAOIK®WV d1APOpPIKWV EEICHTEWV.

EninpooBeTwg ekTOC and pepikd npofARpaTa nou AUvovTtal and pntd oxnUaATa, ol avaAuUTIKEG
MEBODOI nMou eEeAixBnkav yia Tnv enegepyacia TWV HEPIKWV dIAPOPIKWV EEICMOLEWY €ival, O YEVIKEG
YPAUHEG, HUN EQAPMOCIPEG OTNV eniAucn €vog peydilou apiBuol npoBAnudTwy. XTOo €ERG, ONWG
aAAwaoTe Ba nepipévape, n Bewpia TwvV apiBPNTIKOV HEBODdWV YIa TIC HEPIKEG OIAPOPIKEG EEICWOEIG
gival Kanwg anoonacuaTikn. ‘Onou n Bswpia Twv dIAPOPIKWV EEICMOEWV €ival KAAG AVEMNTUYHEVN
unapxel kai dia availoyn avanTtugn Twv apiOunTikwv PeBOdwv. AAAG o1 dlapopikeEC HEBODOI nou
gival og npwTapxik6 oTddio, cuvABWC dev EMITPENOUV TNV KATAOKEUN &€vOC OXNMATOG aubaipeta
MEYAANC akpiBeiac. Ta OUYKEKPIYEVA OUCTAMATA MHEPIKWV  OlAPOPIKWV EEICMOEWYV  EXOUV
napouciacTel NPOCEYYIOEIC apIBuNTIK®V HEBOdwV UWNANG akpiBeiag, yia napddslyua To yPAuuIKo
ouoTnua eflowoswv unepBoAikoU TUMOU npwTNG TAEEWC HPE OUO AYVWOTOUC, €V® VYIA AAAEG
nepINTWOoelG (ONwe n anAn nepinTwon Tng €€icwong Tou Laplace OTO TETPAYWVO) HOVO OXETIKA
XaunAnc akpipeiac péBodol €xouv avanTtuxBei. Eniong, oTtnv avTiBeTn nepinTwon Tng XPNnong
apifunTikwV PeEBOdwV yia npoBARpaTa ouvnBIiohévwY JIaQopikKwV £EICWOEWY, N EUKOAIA PE TNV
ornoia KAanolog YNopei va XpnoIKMonoIfoel TIG NENEPACTHEVEG O1APOPEC 0 oUYXPOVOUG UNOAOYIOTEG Yid
va AUosl npoBAAMATa PE MEPIKEG OIAMOPIKEG £EIOWOEIG, MOAAEC QOpPEG neplopileTal a) and To
MEyeBOC TNG PVNWNG Tou H/Y, B) and Tnv TaxutnTa enegepyaciag Tou H/Y, y) OduokKoAiec oTov
NPOYPAPKATIoUO.

AOYW TNG PN oAokKAnpwpévng Bswpiag nou diénel TIC JEBOOOUC TWV MNENEPACUEVWV dlIAPOPWYV,
napouaialovral Ta KUPIOTEPA CNMEIa yia Ta NapakdTw nNpoBAnRuara:
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o%u o
— 4

a) =0 e&owon Tou Laplace (2-3.1a)
aXZ ayz
o°u  , 0%

B) ———-Cc“—— =0 e&iowon Tou KLPATOG (2-3.1B)
o’ ox?
ou ,0% , . - . .

Y) E—a 8_2 =0 efiowon diaxuong f eSiowaon Yeradoonc Tne BeppodTNTAC. (2-3.1y)

X

Se kaBe pia anod Tig eflowoeic (2-3.1) npénel va npoadivovTal BondnTIKEG OXETEIG, Ol OMOIEC
ovopalovTal OpIaKEG KAl / 1 apXIKEC GUVBNKECG, Nou €EUNNPETOUV OTNV OAOKANPWHEVN TOMOBETNON
€voc “katavonTou npoBARUAToG”. AUTEC oI OUVBNKEC OoXeTi(OVTaAl JE TOV XWPO, £0TW D, OTOV 0Onoio
ol eElowoelg (2-3.1) npokeiTal va AuBouUv.

‘OTav To NPORANUAa NpokUNTel and pia epapuoyn otn guon sival ouvndwc &ekabapo To MNoleg
npénel va eivar auTtég ol ouvBnkec. Kamola noAU yvwoTtd napadeiyparta, yia kKabe pia and TG
eglowoelg (2-3.1) divovTal avTioTolxa NapakaTw.

u = f(x,y) (2-3.2a.1)

yia (x,y) ora 6pia Tou Xwpou D 1 He 8_ nou divel TNV Nnapaywyo.
n

au+[5’2—lr':=f(x,y) (2-3.2a.1)

yia (x,y) ora opia Tou Xwpou D.

au(0,x)
u(0,x) = f(x,y), T = g(X), —0 <X <® (2-3.2B.1)
onou D= {(t,XXt >0, —0< X< OO}, n.x., D= nuieningdo n
ou(0,
u0.)= ), 20X _ g

(2-3.2B.11)
u(t, o) = at),u(t,b)=p(t), t>0
snou D={(t,x)Jt>0, @ <x<bf, nx. D= nu-otiAn
u0,x) = f(xy), —o<X<oo  (2-3.2y.1)

onou D €ival To nuieninedo, N

{u(o,x)zf(x), a<x<b
u(t,a) = alt) u(t,b)= A(t),

onou D €ival n nUI-OTAAN

(2-3.2y.n)
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Edv ol egiowoeic (2-3.2a), (2-3.2B) kai (2-3.2y) ikavonoloUv KATAAANAEG OUVONKEG, TOTE KABE
oUvoAo Twv oxéoewv (1) kal (1) ouvOEDEPEVO WE TIC AVTIOTOIXEG €EI0WOEIG (2-3.1) napéxel KaAd n
KaTaAAnAa TonoBeTnuévo npopBAnua (well-posed 1y properly-posed kaTta Tov Hadamard [20]). AuTo
ouvendyeTal OTI kKaBsva and auTda Ta NPoBARUATA £XEl UNOXPEWTIKA HIa NeENEpAcuevn AUon, TETold
WOTe va eival govadikn kal va €€apTdrtal ouvexwg ano Ta dedopeva (n.X. MIKpEC ahAayég ota f, g, a
Kal B €MIPEPOUV avTIOTOIXA MIKPEG aAAayEc atn Auon).

Yndpxouv ndapa noAU ouvdUACHOI OPIOK®V Kal apXIKWV ouvlnkwv ol onoieg paldi Ye TIG
efiowoeic (2-3.1a,B,y) (7 kal akdua Mo YeVIKEG €€loWOeIC) anoTeAoUv KATaAAnAa TonoBeTnuEva
npoBAnuaTa. AuTd sival Ta npoBAAuATa yia Ta onoia aimioAoynuéva avantuxBnke n Bswpia TNG
NPOCEYYIONG TWV NENEPACHEVWV dIAPOPDV.

MNa cukoAia, €0Tw 0 XWPoG D pe Opio C va PBpiokeral os €vav TpIwv OlIAOTACEWV XWPO HE
METaBANTEC (X,y,t). KaAUunTeTal auTr n nepioxn WE, €va dikTuo, N nAéyua, n Ye BPOXoUc, N HE &va
OiKTUO JlaKEKPIMEVWV ONUEIWV (X;,Y;j,tk) Nou divovTal and TiG OXETEIG:

Xi = Xo +i0X, Yj=Yo+jOy, tu =1t + kdt ijk=0,£1, £2,....

AapBavovTal Ta Xwpika kar xpovika BrAuarta (dx, dy, Ot) Tou OIKTUOU £TOl WOTE va €ival
KaTaAAnAa OlapopPwpeva. To oUVoOAo Twv KOUBwV Tou OIKTUOU HMopei va diaipedei og TpeIg
OlapOPETIKEG KATNyopieg: Dy, 0l ECWTEPIKOI KOPPBOI Tou JIKTUOU, Cs, O OPIAKOI KOMBOI Tou JIKTUOU
Kal ol unodAoinol nou eival eEwTepikoi kKOPPBol. Edw naAl xdapiv eukoAiag Bswpoupe 10 Xwpo C o€
avTIKaTaoTaon TNG NEPIOXNG TWV CUVTETAYHEVWV TNG eMPavelas. Ol CUYKEKPIKMEVOI KAVOVEG yia ToV
OUMBOAIOUNO TwV KOWBwV Tou OIKTUOU yia kabe 1diaitepn katnyopia 6a doboUv napakdTw o€
napadeiypara.

>ta onueia Twv DsCs, n ouvaptnon u(x,y,t) npooeyyiletal and uia ouvapTnon Tou
unoAoyioTikou dIkTUoU, U(X;Y; t). Eivar BoAikd va ocupBoAifovTal Ta GToixeia TNG ouvAPTNONG TOU
OIKTUOU ONw¢ (paivovTal napakaTw:

U(leyj) = Ui,j U(Xi,yj,tk) = Ullf] K.T.)\.

Kupiwg, yiveTalr ouxvn XpAon TnG METABOARG Tou nnAikou, Twv JIapopwVv TNG
ouvapTnong Tou JIkTUoU (yia TNV NPOCEYYIoN TWV HEPIKWV dlapopikwV). Ia To okond autd diveral
napakdaTw &vacg TpOMnog ypagpng Tou NnAikou Twv diagop®V ThG ouvdapTnong Tou SIKTUOU:

U(x + 08X, Y, t)— U(X, Ys t)

U, (x,y,t)= S (2-3.30)
X
U, (s, yy1) = L2e )= ;{(x "3t
1
U,U(x, y,t)E E[Ux (x, y,t)+ U;(x, Y t)] (2-3.3y)

01 e&iowoeic (2-3.3a,B,Y) €ival avTiaToixa, n NPo¢ Ta EUNpPOG, N NPoG Ta Niocw Kdl n KEVTPIKNA
dlagopa kata To x. Mnopei eniong va ypagei To apioTepd PEPOG TwV e§iowoswy (2-3.3) wg U, U,

kai U, . Autdg o elxpnoTog oupBoAiouog éxel i0axBei anod Tov Courant, Friedrichs kal Lewy o€

€va BepeAidouc onpaciag apBpo o NENEPACHEVEG OIAPOPES YIA HEPIKEG DIAPOPIKEG €EIOWOEIC. TMa
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TIG AAAEC NETABANTEG NpoPaAvwe Hnopolv va ypa®ouv yid TIG availoyeg eflowosic (2-3.3) U,,U,
KTA. Eniong yivetal eUkoAa katavonTo 0TI Ba 10XU0oUV avAAoyeG HE TIG NAPAKAT®W 1I00TNTEC:
u. =U U.. =U._, KTA.

xy yx? Xt tx

Id1aiTEpNG onuaciac nNePINTWon €ival n Kevtpikn diapopd dsuTEPAC TASEWCS NMOU HUNOpEi vda
YPaQei wg €EAG:

1
Uy; = U;y = (Sy)z [U(X, y + 0y, t)— 2U + U(X, y — 0y, t)] (2-3.4)

MNa napddeiypa sival duvarto va ypagei yia npoogyyion Tng e€iowong (2-3.1a) Tou Laplace,
avTikaBioTwvTag TIC OsUTEPNG TAENC NAPAYWYOUG HE KEVTPIKEG SIaPOPEC deUTEPAC TASEWG, OMNOTE
yla KaBe kouBo (x,y) nou avnkel oto Ds Ba ypd@eTal wg €ENG:

ASU(X, y) = Ux; (x, y)+ Uy; (X, y) (2-3.5)

Eniong, yia kaBe koppo (X;,yx) nmou avnkel oto Ds pnopei va &avaypagei n napandvw
egiowon (3.5) w¢ &nc:

u., . —-2U. +U. u... —-2U. +U.
ASUj’k = j+k Jk Lk + Jok+1 jrk jok—1 (2-36)

(6x) (By)

2.4 [ENIKH OEQPIA ZYNEINEIAS, 2YTKAIZHS KAI EYSTAOGEIAS

Mia pepikn diapopikn €Eicwan Pnopei va napaotabsi cupBoAika onwe NapakdaTw:

L(u) = f(P), PeD, (2-3.70)

ME TNV oOuvlnkn OT pOvo of Opol and TouG onoioug e&aprtdTtar n  METABANTA u
oupnepiAapBavovTal ato apioTepd PEPOG TNG napandvw e&iowong kalr OAol 0l aVvOHOIOYEVEIG Opol
gunepigxovtal ornv f [n.x. f €ival pia ouvaprtnon povo e€apTnuévwv PeTaBAnTov P=(t,Xx,y,...)]. O
XWPOG aTov onoio n e&iowaon (2-3.7a) ikavonolgital gupBoAileTal pe D. To oUVOAO TwV KOUBWV HE
To onoio nepiypdgovTtal oi JeJOUEVEG APXIKEG KAl OPIAKEG OUVBRKEG ouPBOAIeTal he C. OI GUVONKEG
nou NpPENEl va IKavonolgi N u navw oto C pnopoulv va 50800V wg akoAoUBwG:
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B(u) = g(P), PeC . (2-3.7B)

H (2-3.7B) anAwg napouaialel povo TIC UVBAKEG nou enifaAlovTal ota PeTaBAnTd pépn Tng C.
Oa peAeTnBolv povo npoBAnuATa yia Ta onoia undpxel Povadikh kal Asia AUon u yia kals
Oedopévo o0t kdnola TAEn Tng ouvaptnong Aciavong {f, g} (Aeio onpaivel 1kavonoinTika
dlagpopionuo).

Oewpeital Twpa €va JIKTUO vyia TIG €EapTnUEVEG PETABANTEG Tou npoBAnuaTog (2-3.7) He
BriuaTa At,Ax,Ay,...Kdnolol and Toug KOPBOUG Tou SIKTUOU Nou BpiokovTal OTO E0WTEPIKO TOU XWPOU
D oupBoAilovTal pe Da. OpoiwG ol oplakoi kOPBol Tou dIkTUou ocupBoAifovral pe Ca. YRdpxouv
diagopol TpdMoI JE TOUG OMOIoUG KNOPEI va Yivel auTto, eEaptaTtal navta nia PEBodoC NENEPACUEVWV
dlapopwyv Xpnotponolsital. Mpo@avwc ol kKOpuBol Tou dIKTUOU MOU KEiTovTal oTo Xwpo C pnopsi va
oupnepiAapBavovTal oto XwWpo C, aAAd ouxva sniBupolpe va cupnepiAayBavovTal €niong Kal Ta
onueia ToPNG TNG nepIoXAG C ME TIC YPAMMPEC Tou MAEypaTtoc. (gival yeyovog OTI, O MEPIKA
npoBAnuaTa, kKoupol nou BpiokovTal £€w and To Xwpo C sival duvatodv va cupnepiAapyBavovTal aTo
Ca kal kOpBol £Ew and To xwpo D va cupnepiAapBavovTtal aTo Dy ).

2TouG KOHBouG Dy + C, HIa MPOCEyyIon Nenepacpevwv dlagopwyv U BpiokeTal wg n Auon
kdanolag olvBeong diapopikwV eEI0WOEWY. AUTO WNopEi va napouaiacTei GUPPBOAIKA WG akoAoUBwG:

La(U) = f(P), PeDy.  (2-3.80)

H (3.8a) npooeyyilel Tnv (1a) kai n Npooeyyion TNG opiakn ouvelnkng diveTal anod Tn oxeon:

Ba(U) = g(P), PeCx. (2-3.8B)

duoikd eival eniBuunTo, TO ANOTEAECHA TNG AUONG TNG U TwV NENEPACHEVWVY dlIAaPopwV TNG
egiowong (2-3.8) va e€ival pia KovTivly Npooeyyion TnG AUong u Tng €€iowong (2-3.7) oToug
avTioTOIXOUG KOMBOUG TwV D, + C, yia 0Aa Ta dedopéva.

MNa Tnv a&loAdynon Tng npootyyiong sigdyovTal ol €VVOIEG TNG ouveneiac (consistency), TNG
ouykAiong (convergence) kai TngG euoTdBeiag (stability) Tou unoAoyloTikoU oxAWATOC Mou
Xpnolgonolgitat.

Zuveéneid (consistency): 'EOTw pia onoiadnnoTte ouvdaptnon ¢(t,Xx,y,..) HE APKETOUC Kal
OUVEXEIC OpPOUC HEPIKWV dla@opIKwV oTo Xwpo D + C. MNa kabe TETold ouvApTNON Kal yia kade

onueio PeD,, TiBeTal:

Bi#(P)i=B(#(P))-B,(#(P)) (2-3.10)
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TOTE TO NPOBANUA TWV NENEPACUEVWV dlapopwV (2-3.8) eival cUPNPwvo Pe To NpoBANua (2-3.7)
£av:

lcg}] >0, |Blp)| -0 (2-3.11)

otav At >0, AX >0, Ay — 0, ....,. Me Tov oupBoAIod auTov || || napoucialovTtal VOpUEC oTa
kKaTdAAnAa oUvoAa Twv D, kar Ca. To z‘{¢} Kdl To ,B{¢} ovopalovTal Tonikd oPAAPATa anokonmq
(KOAOBWOEWC).

SUykAion (convergence): 'Eotw ndAl 0TI u gival n AUon Tou npoBAnuartog (2-3.7), kal €otw o1l U

gival n AUon Twv nenepacpevwy diagopwv Tou npoBARuaTos (2-3.8). H AUon Twv NENEpAcPEVOV
dlapopwVv OUYKAIVElI oTnV akpiBri Auon €av:

lu(P)-u(P) -0 (2-3.12)

yia 0Aa Ta PeDp+ C, 6tav At 50, AX >0, Ay -0, ...., ka1 pe Tov oupBoAiopd autdv HH
napioTaveral pia vopua oto D, Kal Ch.

EuoTtdBeia (stability): 'Eva oxnua nenepacuevev dia@opwv nou kabopiletal and TEAEOTEG

nenepacpevwyv dlagpopwv La( ) kal Ba( ) eivar seuoTabég eav undpxel Hia NeEnEpacpévn BEeTIKA
noooTnTa K, aveEaptnTn and To UNoAoyIoTIKO BAKA TOU NMAEYHATOG, £TCI WOTE:

W< k(L©)+[B, L)) @519

yia OA&G TIG ouvapTACEIG Tou JIKTUOU nou opifovTal aTo Xwpo Da+ Cu. (O1 VOpUEG HH opiCovTal

yla TIG ouvapTnoeI¢ Tou JIKTUOU oTo Da+ Cp). Eav n oxéon (2-3.13) 1oxUel yia OAa Ta unoAoyioTIKA
BrAuaTa nou xpnoigonoloUvTdl oTo JiKTUO, TOTE TO OXNHA TWV YPAUHIKOV NENEPACHEVWY dIAPOPOV
L,, BA}sivcu €UOoTABEG Aveu Opwv. Edv n oxeon (2-3.13) 1oxUel yia nepIopioUeVn HOVO OIKOYEVEIQ

UNoAOYIOTIKWV BnuaTtwyv oTa onoia Ta At, Ax, Ay,..., ynopoUv va yivouv auBaipeTa Wikpd, TOTE TO
UMOAOYIOTIKO OXNHA TWV {LA, BA} gival euoTabEc und 6pouc.
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3 YNOAOrIzZTIKO NPOrPAMMA MODFLOW

3.1 MAOGHMATIKO MONTEAO NMPOsOMOIQsHs (MODFLOW).
3.1.1 Trevika.

TN YEVIKN NEPINTWON Nou To PNECO €ival YN OPOYEVEG Kal avigdTpono N Kivnon Tou unoyeiou
vepolU Péoa 0’ €va nopwOeC YECO, YMOPEI va Neplypagsi anod Tnv napakdtw TpiodiacTaTn sficwaon
ME MEPIKEG MApaAywyoucg, n onoia npokuntel and Tnv diadikacia nou akoAouBnBnke oTo 20
KepdAalo:

2 )2 (g D)2 (M) s B
Ox *ox/ oy »oy) oz ” 0z ST ot ’

onou:

K » Kyy » K0l TIHEG TNG UBPAUAIKAG aywylgoTNTAG KAaTd MPNAKoG Twv dleuBUvVoewv X,Y,z,
avTioToixa , o€ povadeg [LT™],

h TO nieCodeTpIkO PopPTiO Ot [L],

W=p-g-B-K, = ol EEWTEPIKEG EIOPOEC i EKPOEG VEPOU avd povada dykou os [T]
Z
Ss N €dIKA anoBnKeuTIKOTATA Tou Nopwdoug UAIKoU ot [L™], ) To anoTeAeopaTikd nopwdeg ava
METPO BABOUG TOU UdPOPOPEa

t o xpovog [T].

Ta Ss, K, Kyy, Kz, HNOPEi va gival ouvapTioeig Tou Xwpou (Ss = Ss (X,Y,2) , K = Kix
(x,y,z) ) kar To Wouvdptnon TO00 ToUu XWPou 000 Kal Tou xpovou ( W = W (Xx,y,z,t)). H eficwon
(3.1) nepiypdgel TNV Kivnon Tou UNOYEIOU VEPOU KATW and oUVONKEG PN HOVIUNG PONG, O HN
OMOYEVEG Kal Hn 100Tpono HECO Me Tnv npolnoBeon OTI o1 KUpIOI AEOVEC TNG UDPAUAIKAG
aywyipoTnTag, TauTifovTal e TOUG AEOVEC TOU KAPTEDIAVOU CUCTAHATOC CUVTETAYHEVWV.

H €&iowon (3.1) ot ouvduaoud WE TIC OPIAKEG OUVONKEG oTa Opla Tou udpoPopéa Kal HE
kaBopiopd apxiknG ouvenkng melodeTpiac, anoTeAel €va padnuatikd HoOvTEAO &vOC undyeiou
udpoopEa. EKTOC and noAU anAd cuoThpaTa udpoPopewy, avaiuTikeG AUCEIG TNG gicwong (3.1)
gival noAU dUOKOAO Kal TIC NEPIOOOTEPEG POoPEC aduvaTo va emTeuxBolv. M’ autd To AOYO €xouv
avanTtuxBei Ta TeAeuTaia Xpodvia padnuartika PovTEAd nou oTnpilovtal o aplOunTIKEG HEBOOOUG
€MiAUoNG TwV JIAPOPIKWV €EICWOEWVY Kal divouv NMPooeyyYIOTIKEG AUCEIC. TETOIEC apiOUNTIKEG HEBODOI
gival ol Nenepacpevec diaPopEC, Ta NeNepAcpéva OoToIXEid, Ta NoAAAnAd keAid, Ta opiakd aToixeia
K.a. To povTélo Modflowpe Tn BorBgia Tou onoiou yiveTal n eniAucn Tng e€icwong, Xpnoldonolei Tn
MEBODO TWV NENEPACUEVWV OlaQopWV OTIC TPEIG dlaoTdoelg, ONou TO OUVEXEG oUCGTNUA Mou
nepiypdeeral ano tnv efiowon (3.1), avTikaBioratar and €va NengpPAcPEVo aplBPo dIakpITwV
ONUEIWYV TOOO WG NMPOG TO XWPO, 600 Kal WG NPo¢ To Xpodvo. OI HEPIKEC Napaywyol avTikadioTavral
ano 6poug nou unoAoyilovTal w¢ diaPopeG oTnv NIE(OUETPIA YIA TA CUYKEKPIPEVA AUTA onuEia kai n
diadikacia auTn TeAIkd odnyei 0 GUCGTNKATA YPAUHMIKOV AAYERPIK®V €EI0WOEWVY HE DIAPOPEG.
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H apiBunTikn AlUon Twv ouoTnUATwv auTwv Oivel TIUEG yia TO (POPTIO O CUYKEKPIMEVA
onUEia Kal yia OUYKeEKpINEva Xpovika BAuata. O1 TINEC auTéC anoTeAoUv pia Npooeyyion oTnv
avaAuTikn AUon Tng e€iowong n onoia, ot avTiBeon Pe TNV apiBunTIkn, OiVEl CUVEXEIC TIMEG TNG
KATAvoung popTiou, yid onolodrnoTe GnUeio Kal o onolov3annoTe Xpovo.

3.1.2 AiakpiTonoinon.

STo SXNUa 3-1, qaivetal pia xwpikn dlakpiTonoinon &voc udpo@oped, HE €va MALyMd
opBoYyWVIWV Kdl NMPoaavaToAIOHEVWY, NPOG TO KAPTECIAVO CUCTNHUA OUVTETAYHEVWV, UMOMEPIOX®V
nou AgyovTal keAid (cells). KaBe unonepioxr anoTeAsiTal and £va XapakTnpIoTIKO Onueio , To onoio
gival To KevTpo Bapouc Tou KeAloU, kal oTo onoio InTeiTal va unoAoyioTel n TIUA Tou h
XpnoigonoiouvTal deikTeg (i,j, k) onou :

i=1,2,...,nrow, avTinpoownelel TOV AdpiBPo TV YPANH®Y,

j=1,2,.....,no0l, avTinpoownelel Tov apiBpuo TwV oTNAWY,

k=1,2,...,nlay, avTinpoownelel Tov apiBPo TwV eNNEdWY OTNV KATAKOPU(PN
dielBuvaon.

Entneba (k)

--- Oplo udpoPopéa
® Evepyo KeA

O AvevepyO KeAi

Zxnua 3-1: Xwpikn d1akpITonoinon evoc TpiodidoTaTrou udpopoped.

Katd To OXnNUATIONO TwV €EI0WOEWV TOU MOVTEAOU, £yive n unobeon OTI Ta enineda
avTInpoowneuouv opIfOVTIEC UDPOYEWAOYIKEG Movadec. 'ETol o deikTng konuaivel aAAayeg ndvw otnv
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KATakopuPo zue popd anod navw npoc Td KAtw. To idio 1oxUel Kal yia Toug aAhouc duo dEovec. Tooo
Ol YPAMMPECG, nou eival napaAAnAeg otov xafova 000 Kal ol OTAAEC Mou e€ival NapdAAnAec oTov
yaG€ova, divouv peTaBoAéc katd ykal xavTioTtoixa. To pnkog evog keAloU katd Tn dielBuvon Twv
Ypaupwv oe pia dgdopEvn oTAAN j, ypagetal Ar; , evw kata Tn dleuBuvon Twv OTNAWV Ot Mid
dedopevn ypauun i, ypageral Ac;, kal To ndxog Tou KeAloU yia €va dedopévo sninedo Avy. AnAadn
éva Kehi pe ouvteTaypeveg (i.j,k)=(4,8,3) éxel oyko AV =Ar; -Ac, -Av;,.

3.1.3 E&iowon Mengpacuévewv Ailapopwv
H avanTtuén Tng diagopikng efiowong (3.1) unod pop@n NENEPACUEVWV dlaPop®V, AndaITEl

TNV pappoyn ThG €€iowaong ouvexelag. Me Tnv npolnoBeon OTI N NUKVOTATA TOU UMNOYEIOU VEPOU
gival oTaBepn, n e€iowon ouvexelag nou skPpalel To 100lUYI0 TNC PONG Yia £€va KeAi, diveral and Tnv

£kppaon :
2Q. =S A—h AV 3.2
i~ Ms At ( " )
onou

2Qi To oUVOAO TWV NPAyHaTonoloUUEVWV EI0POWV ) EKPOWV 0TA OPIA TOU KEAIOU
nou npogpyovTal anod ysirovika kehid [L3T™].

Ss N €10IKN anoBnKeUTIKOTNTA N TO ANOTEAECHATIKO NOopwOeC ava PETPo BaBoug
Tou udpopopéa. Mnopei va opioTei kal oav Tov OyKo Tou vepoU nou avTAsiTal
ava pJovada Oykou Tou UdpogopEa Kal ava povada PHeTaBoARG TNG
melopetpiac. [L™],

AV o dykog Tou KeAioU [L3],

Ah n petaBoAn Tng melopeTpiac [L],

At TO Xpovikd Bnua [T].

O1 o6pol aTo de&i pEAog TNG (3.2), eival iIcodUvapol e Tov OYKO Tou vepoU nou anodnkeUsTal
g’éva xpoviko didoTnua At, katd To onoio naparnpeiTal aAAayn Tng oTabung karta Ah.

SUPQWVa Pe To ZXNKa 3-2., undapxel éva Kevtpikod keAi (i,j,k) , kal €€ yeITovika Tou Ta €ENG:

(i-1,j,k) , (i+1,j,k), (,j-1,k), (,j+1,k), (i,i,k-1) , (i,j,k+1).
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| ikt

Zxnia 3-2: To keli (i,j,k) kai Ta €& yeirovikd Tou.

H eiopon oTo (i,j,k) AauBaveral pe BeTIkd NpoOCNUO, EV® N €kpor AaPBAveTal PE APVNTIKO
npoonuo .
ZUPPwva Pe To vouo Tou Darcy6a 1oxUel :

1.)Pory ano 1o keAi (i,j-1,k), oro (i,j, k) kara Tn dicubuvon ypauuwv :

(oxnua 3.3.).
h.. ., —h..
9ij1/2k = KRi 12k FAC - Avy - ( e I’J’k) 3-3)
T i 12
onou :
P jic T0 opTio aTov KOpBo (i,j,k) oe [L]
Pijori TO PopTio oTov kopBo (i,j-1,k) oe [L]

Qij-1/2.k n napoxn arnv koivn nAeupd Twv opboywviwv atoixeiwv (i,j,k) kai (i,j-1,k)

oe [L3TY]

KRij-1/2x N UOPAUAIKN aywylpoTnTa Kata tn 8ielbuvon Twv YPAPH®V , OTNV KOIVH
nAeupa Twv oToixsiov (i,j,k) kar (i,j-1,k) o [LT™]

Ac; Avy To €UBado6 TNG NAeUPAC TOU OTOIXEIOU MNou gival KABeTn otn dielBuvon Twv

YPaUU®V o€ [L7]
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Zxnua 3-3: Pon ano 1o keAi (i,j-1,k) oo (i,j,k) kata Tn dievBuvon ypauuwy.

Ari1, N opilovTIa andoTacn avapeoa ota Kevrpa Twv aroixeiwv (i,j,k) kar (i,j-1,k) o [L].

Mapopoleg kP PACEIC UNopolV va ypa@oUv NPOCOPOoINVOVTAG TIG POEG NPog To KeAi (i,j,k)

yla TIC UNOAOINEG 5 empaveleg, wg €ENG :

2.)Pon ano 1o keAi (i,j+1,k) oo (i,j, k) kard tn diebBuvon YpauUwWY :

“Ac, - Av, -—(h‘"j“"‘ i) (3.4)

ik = KRLW:* "
+1/2

3.)Pon ano 1o keAi (i-1,j,k) oro (i,j, k) kartd Tn dieubuvon oTnAwvV :

-Ar, - Av, UL (3.5)

Qic1/2,jk = KCi—l/Z,j,k
Ci1/2

4.)Pon ano 1o keAi (i+1,j,k) oro (i,j, k) kard tn disubuvon oTnA@V :

AT AV, -—(h”"j““ i) (3.6)

Qiv1/2,56 = KC1+1/2,j,k C
/2
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5.)Pon ano 1o keAi (i,j,k-1) oo (i,j, k) katd Tnv katakopupn dievbuvon :

(hi,j,k—l - hi,j,k)

AV, ),

r -Ac. -

Qijk-172 = Kvi,j,k,“2 'Aj i

(3.7)

6.)Pon ano 1o keAi (i,j,k+1) oro (i,j,k) kara Tnv karakopun disubuvon :

(hi,j,k+1 - hi,j,k)

AV,

Ar. - Ac. -

Qijsrrn = Kvi,jwz AL i

(3.8)

Onou ol NapayovTeg TwV Napandvw yivopévwy dikaloAoyouvTtal avaloya pe tnv (3.3).
Eival duvaTtdv va ek@pacTouv ol dlacTacelg Twv aToixeiwv (Ar, Ac, Kal Av) Kal n udpaulikn
aywyipdétnta K pe pia otabepry noodtTnTa aywyigotnTag, Me O1aoTACEIG OIOXETEUTIKOTNTAG
(transmissivity) [L* T™].

Ac, - Av,
R. . - R. . * ’
ij-1/2.k ij-1/2.k Ar
i-1/2
Ac, - Av,
R =Ky T
ij+1/2.k ij+1/2.% AT '
j+
Ar; - Av,
Cio1/2,jk - Cis1/2,jk ’ AC- 1 ?
i
Ar; - Av,
Ciir/2,ik = By, sk A ’
KA s c.
i+1/2
Ar; - Ac,
V. = V. . : 9
ijk-1/2 L2 Ay
k-1/2
Ar; - Ac, (3.9)
V. =Ry T .
i,j.k+1/2 i,j.k+1/2 AV
k+1/2

O1 oxeoeig (3.3) kal (3.8) pe Tn Bonbeia Twv (3.9) YeTATPENOVTAl OE HIA AlyOTEPO MOAUMAOKN
HOpPR :
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Qij12k = TRLJ-,I/M '(hi,j—l,k - hi,j,k)
ik = TRi_H,zyk '(hi,j+l,k _hi,j,k)

=T -(h} —h.. )
5)s i-1/2.i.k 5)s 5)s
ql—l/Z_]k C i i-1,j,k i,j.k
(3.10)
Qivi/jx = Tcm,z,j’k '(hi+1,j,k _hi,j,k)

9ijk-12 = Tvm,k,l,2 '(hi,j,k—l _hi,j,k)

Qijxei2 = Tvi'j,km2 '(hi,j,k+1 - hi,j,k)

Ta napandvw 10XU0UV HOVO YIa EOWTEPIKEG POEG and Ta €& aToixeia npog To aToixeio (i,j,k) .
MNa Tnv nepinTwon kaTtd Tnv ornoia oupBaivouv €I0POEC I €KPOEC and €EWTEPIKEG MNYECG ONWG
notdapia, Aipgveg, nnyadia, €atpicodianvor kal dAAd, Ol PoOEC AUTEG avTinpoownevovTdl HE TNV
Ekppaon :

Qi jin = Pijicn Mg ¥ i jn (3-11)

onou :

a ijkna@VTINPOCWNEUEI TN PON ano Tn N-o0TH €§WTEPIKN NNyn oTo KeAi (i,j,k), ot [L3T‘1]
Pijk.nOTABEPH NOCOTNTA OE PHOVADEG [L2T'1]
0ij.x,nOTABEPT) NOCOTNTA OE HOVADEG [L3T'1]

MNa 1o cUVoOAO TwV NMPAyHUaTONOIOUHEVWV EEWTEPIKWV EICPOWV I EKPOWV and M eEWTEPIKEG
nny&g npog 1o keAi (i,j,k) , pnopoUlE va ypaWouE :

N N N
Zai,j,k,n = Zpi,j,k,n 'hi,j,k +Zq1',_/,k,n (8.12)
n=1 n=1 n=1

onou kdabe évag anod Toug napandavw 6poug, gival icog JE :
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N
Qsi,j,k = Zai,j,k,n
n=1
N
P = Zpi,j,k,n (3.13)
n=1
N
Qijx = Zqi,j,k,n
n=1

apa yia To gUVoAOo TwV EWTEPIKWV powv Ba 1oxUel :

Qs

i,j.k

=P, -h;, +Q, B.19)

Epappolovtag Tnv e€iowaon auvexeiag (3.2) yia 1o oroixeio (i,j, k) , kal AaupBavovrag un’'oyn
TIG pogc and Ta €& yeiTovika Tou oToixeia (3.10) kabwg Kal To UVOAD TwV EEWTEPIKWV powV (3.14)

npokUNTEl :

Qijox Yook Y icvzjx Y Diszjx T k-2 T ijxer2

(3.15)
Ahijk
—+ Qsiijk = Ssi,j,k . —A;: — . AI’J . ACi . AVk
ornou :
Ah, ' . ' ' . N
At €ival n Npoogyyion TNG NApaywyou Tou POpPTIoU WG NPoG To Xpovo [LT]
Ssijk n €18k anoBnkeuTIKOTATA Tou oToixeiou (i,j,k), [L™]

Arj Aci Av,, 0 6ykog Tou aToixeiou (i,j,k), [L°]
Av avTikataoTtaBouv ol eflowoeic (3.10) kai (3.14) otnv (3.15) kal Bswpnooupe OTI InTeiTal

va unoAoyioToUv Ta QopTia oTo XPoVviko BrAna m, 8a npokUWel n €Eicwaon NeENEpACPEV@Y dIAPOPOV

WG €&NG :
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. (hmi,j—l,k —h"ix )+ T, . (hmi,j+l,k —h"ix )+

Ri /2 i1/ 2.k

. (hmi—l,j,k —h"ix )+ T . (hmi+l,j,k —h"ix )+

Cioira,jx i+1/2,j.k

(3.16)

. (hmi,j,k—l —h"ix )+ T . (hmi,j,k+] —h"i ik )+

Vijk-1/2 Vijk+1/2

1

m Ahi,j,k "
P’,j,k -h™ijx + Qi,j,k = SSi.j,k . T . Arj . Aci 'AVk

Av avTikaTtaoTadbei n Npoogyyion TNG NApaywyou Tou (popTiou PE JIApOopEC avapeoa O yia
OUYKEKPIMEVN XpOVIKA oTIyun t™onou To gopTio gival ayvwoTo Kal ioo pe hi; ™ Kal og pia Xpovikn
OTIYMRA apéowg nponyoupevn Tng t™* dnou To gopTio gival yvwaTo kai ico pe hi; ™, 6a npokUyel
€va oxfAua oniocw dlapopwVv (NENAEYHEVO UNOAOYIOTIKO oxXfua) :

m m m—1
(Ahi,j,kj _ hi,j,k _hi,j,k (3.17)
At

m m—1

AANO OXNUA nou pMopei evaAAakTIkKG va xpnoigonoinBei, €ival To OxNHA TwWV €PNPOG
dlapopwv (pnNTO unoAoyiaTikd oxnpa) nou diveTal napakdaTw,

3.17a
At t., -t ( )

m+1 m

m m+1 m
(Ahi,j,kj _ hi,j,k _hi,j,k

Kal KaTta TO OMoio TO POPTIO OE Wia CUYKEKPIPEVN XPOVIKA oTiypn t™* gival ayvwoTo kal ico pe
hij™*, Kal og pia Xpovikn OTIYWA auEowg nponyoupevr) Tng t , ival yvwoTo kari ico pe hij ™.

To pnTd UNOAOYIOTIKO OXNKA €ival anAoUoTepo oTNnV €niAuon yiaTi o kabe e€iowon undpxel
MOVO €vag dyvwoTtoC kal pnopei va Aubesi an’ euBeiag, divel Opwg aoTdBeia oTi¢ AUCEIC e
anoTéAeoua n apibunTikn AUon va anokAivel TeAsiwg and Tnv avaAuTikn. AvTiOeTa To NenNAsypEvo
UNOAOYIOTIKO Oxnua, €ivalr gev nio nNoAUnAoko agouU kaBe efiowon €xel 7 ayvwoToug Kal n Auon
BpioKeTal WE TNV TAUTOXPOvVN E€nMiAucn evoCc ouoThPATOoC €EI0WOswY, aAAa divel euoTabeic
ap1OunTikég AUCEIC, £TOI WOTE TA ANOTEAECUATA VA OUYKAIVOUV.

’

To nenAeypévo UMOAOYIOTIKO oXAMa r oniow diaopwVv €ival euoTdBEC Aveu OpwV Kal I
auTo To AGyo xpnaigonolgital aTo povTéAo Modflow.

AapBavovtac un’ own Tnv (3.17), n (3.16) peTaTpéneTal WG €ENG :
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. (hmi,j—l,k —h"ix )+ Ty . (hmi,j+1,k —h"ix )+

Rijirx i,j+1/2,k
Cistiajn . (h i-1,j,k h 1,],k)+ TCi+1/2,J,k (h i+1,j,k h 1,],k)+
(3.18)
m — m . m _ m
Viik-1/2 ) (h Lik-1 h Lik )+ Tvi,j,k+1 2 (h Lik+l h Lik )+

hmi,j,k—hf‘;ﬁ
== Ar; - Ac; - Avy
t,—t

m m-1

m J—
P ~h™ijx + QLJ’k = Ssi,J,k .

H napanavw efiocwon nenepacuevwy dIaPopwyV anoTeEAEl Pia NPOCOHoIiwan TNG MEPIKNAG
d1apopIknG Eicwaong Kivnong Tou UNoyesiou vePoU aTIC TPEIG diaoTdaoslc. 'OAoI 01 OUVTEAECTEC €ival
YVWaOToi, Kabwg €niong Kal To QopTio OTn XPOVIKA oTiyur m-1. AyvwaoTol €ival To QpopTio 0To KEeAI
(i,j,k) ka1 ora 6 yeITovika Tou, TN XPOVIKN OTIYHNR m, dnAadrf 7 ayvwaoTol nou npenel va Bpebouv
OTn XPOVIKA OTIyu m. Av To inaipvel TINEG and 1 €wg NROW, To jand 1 €éwg NCOL, kal To kand 1
€wg NLAY, dnuioupyeital éva cuotnua e€glowoewv (NROW-2)-(NCOL-2)-(NLAY-2) HE ayvwoToug
(NROW-NCOL-NLAY). Apa xpeialovtal 6 eninAéov £§0WOEIG Ol onNoieg NPOKUNTOUV anod TIG OPIAKEG
ouvenkeg Tou NpoPARuartoc. Eniong xpelaletal kai pia apxikn ouvenkn nou Ba divel Ta gopTia hatn
xpovikn oTiyul m=1. Enopévwg n napanavw egiowon ypdgeTal yia kabe éva anod Ta oTolxEia Tou
NAEYHATOG KAl 0€ ouvOUAOoWO e TNV apxIKh ouvenkn nieoueTpiag, Kal TIG 6 0pIAKEG CUVONKEG PONG
(oTaBepd opTio, adianEparto Oplo, oTabepr por) oTa Opla ToU UdPOPOPEd NPOKUMTEI TEAIKA €va
ouoTnUa n- aAyeRpIKwV E€EIOWOEWV HE N-AYVWOTOUG. Av OTnV Napanavw OYXECN XwPIoTouv ol
YVwOoToi and Toug ayvwoToug YIa TO CUYKEKpPIKEVO aToixeio (i,j,k) npokunTel :

m h m m

-h. . +T -h. . +T ‘h .+
Rij1/2k i,j-Lk Riji/2x i,j+Lk Cioiajx i-1j.k

m m m

Ciir/2,ik ) hi+1,j,k + Tvi,j,k—llz ) hi,j,k—l + TVi‘j,kH 2 ) hi,j,k+1

(3.19)

+ + + + +T
Rij1/2x Riji1/2.k Cisiajx Ciir/2,ix Vijk-1/2 Vijke1/2

+ HCOE ;,
'hi,j,km = RHSi,j,k
onou
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SC1 -
HCOE ;, =P, _t—[L2 T

m m-1

hm—li . B
RHSi,j,k = _Qi,j,k + SCli,j,k 't—’J’k[L3 T 1] (3.20)

m m-1

SCI,;, =S5 . - Ar;-Ac; - Av, [L*]

ij.k

n onoia ypageTal uno Hoper INTPOWYV, Yid n - apiBuo oroixeinv (i,j,k) wg €ENG :
[Al-[n]=[q]  @21)

onou
A €ival o nivakag Twv oTaBEPWV OUVTEAEOTWV TWV POPTIWY,
h e&ival o nivakag - d1IGvuopa Twv ayvaooTwV TIHOV TWV QOPTIWV 0TO XPOVIKO BRua mkal

g o nivakag diavuoua Twv oTtabepwv Opwv Kal oTaBepwv (POPTIWV MOU avTioTolXouv aTn

XPOVIKN oTIYH m-1 kal nepiAapBavel OAa Ta oToixeia TOUNAEYHATOG.
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3.1.4 Aiadikacisg povreAonoinong unoyeiwv vepwv pe 1o VisualModflow

K&6e otadio Tng diadikaoiag KaTapTionG EVOG HOVTEAOU UMOYEIWV VEPWV GUVOEETAI AUETA PE THV
€@appoyn kanoiou AoyiopikoU. Ta dedopéva nediou nou CUAAEyovTal anoBbnkelovTal o BACEIC
dedopevwy, Onou Pnopsi va yivel kal n ene€epyaocia, avaluon Kal Tpononoinon Toug, WOoTE va ival
dlaBgoipa Pe TNV KATAAANANR HOpOeR yia TNV €l0aywyr] TOUG OTO HOvTEAO. To oloTnua Twv
€El0WOEWY, MOU anoTeAoUv TO HaBNPATIKO HOVTEAO, AUVETal PE TN XPNAON KAnolou Kmdika
ap1BunTiknAg eniAuong npoBAnuaTwyv nediou. To PovTEAO, ouvnBwe, pubuileTal kal a&loAoyeiTal Kal
nail pe Tn Xpnon kataAAnAou kwdika. Ta anoTeAEéopaTa TOU MOVTEAOU Kdl ThG puUBHIONG Tou
napouacialovTal kalr alohoyouvTal ypapika pe Tn BonBeia AoyiopikoU. 'ONeC AQUTEC O ASITOUPYIEC
gnopoUv €iTe va sival NAAPWG EVOWHATWHEVEG O €vd HOVO AOYIOUIKO NAKETO, €iTe va
npaypaTtonolouvTal PUE TN XPron aveEapTnTwyv npoypaupdaTwy Ta onoid €MIKOIVWVOUV HETAEU TOug
ME KaTAAANANG HOp®NG apxeia.

To Badikod AOYIOHIKO MOuU Xpnolgonoindnke oTo nAaioclo autig Tnc diaTpIBrc yia TV KaTtapTion
TOU paBnuatikoU HovTeéAou TN nediddog — aypoTiKAG nepIoXnG Tou A.A. MNMalaiopovacTnpou To
VisualMODFLOW v4.2. To npdypappua auto Kal ol diadikaciec sloaywyng dedopEvmwy, nepiypapovTal
OTn GUVEXEIQ.

To MODFLOW cival iow¢ o eupuUTEpA XPNOIKOMOIOUHEVOG KWIIKAG OTN HEAETN TWV UMNOYEIWYV
VEPWV YIA TNV avanTu&n TpiodidoTATwV HOVTEAWV NENEPACHEVWVY dlaPopwV. AvanTuxOnke and Tnv
Apepikavikn TewAoyikn Ynnpeoia (U.S. Geological Survey) kal €ivar ypappévo o€ yAwooa
npoypappatiogol FORTRAN. ‘Eva Badikd XapakTnpioTiKO Tou, nou Bondnoe oTn ouvexn BeATiwon
Kal €NEKTACN TOU KOl OTnV e€upeia d1adoon Tou, €ival To OTI €ival dopnuévo anod aveEapTnTeg
UNOPOVADEG. ZTNV apxIkn Tou Hop®n KukAo@opnoe To 1983 (McDonald & Harbaugh, 1983) ot
yAwooa FORTRAN 66. 2Tn ouvexela KuKAopopnos w¢ MODFLOW-88 (McDonald & Harbaugh, 1988)
o yh\wooa FORTRAN 77, xwpi¢ aAAayec wg npo¢ Tn doun f Tn AsiToupyia Tou. XTnNV €nOMEVN
€kdoon Tou, To MODFLOW-96 (Harbaugh & McDonald, 1996a) kal (Harbaugh & McDonald,
Programmer's documentation for MODFLOW-96, an update to the U.S. Geological Survey Modular
Finite-Difference Ground-Water Flow Model, 1996b), evowpatwbnkav BEATIOGCEIG Ol OMOIEC OUWG OE
MIKpO BaBuo agopoucav TnV MPooopoiwaon TNG POonG. ZTIG €kOOCEIC AUTEC N apBpwTr douR Tou
nPoypdappaTog nTAav npooavatoAiohévn oTo va OIEUKOAUVElL TIC NPooBrKeG OTOV KWJOIKA Mou
agopoloav Tn AUon TnG e€&iowong TNG UMOYelog pongG. 2Tnv TpeExouoa Mopgpr, MODFLOW
(Harbaugh, Banta, Hill, & McDonald, 2000), n doun TOO npoypduuaTog ENEKTABNKE WOTE va €ival
duvaTo va cupunepIANPOoUV Npoabrikeg Nou a@opoUlV Tn AUan Kai AAAWV £EI0WOEWV.

ZnuavTikn dlagoponoinon TNG véag OOWNG TOU MPOoypAuUHUATOC anoTeAEl n nNpoaBnkn TNng
duvaToTnTag XpHong NApapeTpwV yia Tov opiouo diapopwv ISIOTATWV TwV KEAIOV TOU JIKTUOU
UNOAOYIOU®Y, 0 ouvOUAOoWO HE TN duvaTdTNTA EKTIHNONG TWV TIHOV TWV NAPAPETPWV AUTWV. Q¢
napapeTpog opileTal pia PeTaBANTH TNG €€icwong pong Nenepacuevwy diagopwy, n onoia agopd
€iTE TO OUVOAO TWV KEAIWV TOU OIKTUOU UMOAOYIOUWV €iTE oplodEva and auTd

Ta dopIka oToIXEia TOU NpoypdAppaTog ival ol unopovadss (modules), Ta nakéTa (packages), ol
dlepyaoiec (procedures) kai ol diadikaoieg (processes). OI UNOUOVADEG €ival TO HIKPOTEPO OOMIKO
oToixeio. KaBs unopovada cival pia ave&aprtntn unopouTiva (subroutine). O1 unopovadeg eivai
OMadonoINUEVEG 0 NAKETA. ‘Eva NMAKETO nepIEXel OAEG TIG UNMOMOVADEG MOU €ival anapaiTnTeg yia
TNV npooopoiwan Hiag udpoloyikng diadikaoiag n yia Tnv @appoyn Hiag pebddou eniAuong Tng
€&iowong TnG pong n dAAng eEiowong (n.x. NakeTo €€aTuiIoodIanvonc, NAkKETo apeong HeBodou DEA).
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Eniong, ol unopovadec nou agopouv Tnv idla AsiToupyia pnopoUv va opadonoinBolv oe pia
diepyacia. MNa napdadeiyya n "digpyacia avayvwong kal npostoiyaciac” (read and prepare
procedure) nepiAauBavel TIC UMNOPOVADEG aAvVAYVWONG KAl MNPosTolpaciag Twv OedodEVWY TOU
nakérou eEaTuicodIanvorc, ToU NAKETOU YVWOTOU (POPTIOU KA.

O1 d1adikacisg wg OoHIKN Hovada dev unNApPXav OTIC NPOoNYOUHEVEG ekOOOEIC TOU NMPOYPAPHATOG.
MpooTéBnkav ato MODFLOW yia va doBsi n duvatdéTnTa eVOwPATWwoNng AUCEWV AAA®V £EICWTEWV.
Mia diadikacia (process) MepIEXEl TO TUAKA Tou KWAIKa nou agopd Tn Alon piag sSiocwong Pe Hia
ap1BunTikn pEBodo. Ma napdadeiypa n Avon Tng €€iowong TnG pong Tou undyeiou vepoU HE TN
HEBODO TWV NENEPACHEVWV dlapopwy, dnAadn o K®AIKAG NoU NG NPonyoUHeVeG ekdOOEIC NTAV OAO
To MODFLOW, oTnv Tpéxouoa €kdoon anoTeAsi Tn “diadikacia pong Tou uNOyEIoOU VeEPOU"
(ground-water flow process - GWF Process). >to MODFLOW-GWT (Konicow, Goode, & Hornberger,
1996)éxel evowpaTwOei pia diadikacia yio Tn Auon Tng e€icwong peTapopdc pUunwv Pe Tn HEBOdO
TWV YapaktnpioTikwv (ground-water transport process - GWT). KaBe véa Oiadikacia nou
EVOWUATWVETAl NPENEl va €ival cupPath pe Tn diadikaaoia porg Tou Unoyeiou vepoU, aAAa dsv sival
anapaitnTo va sival gupBath e AAAec veeg diadikooisC. AANWOTE To va ival cupBaTeg HETAEU Toug
ol véeg diadikaaieg Oev Ba ATav QIkTd oTnv Npagn, a@ou ol Npoodnkeg veéwv d1adikaoiwyv yivovTal
NOAAEG QOpEG and aveEApTNTOUG €PEUVNTEG, Ol onoiol TpononoloUv Tn Pacikn €kdoon Tou
npoypaupaToc,.

2Tnv TpeExouoa €kdoon Tou MODFLOW nepiAapBavovTtal, €ktdg and Tn diadikacia pong Tou
unovyeiou vepoU, AAAeG Téooepic Oladikacieg: n yevikn diadikacia (Global Process -GLO), n
diadikacia naparnpRoewyv (Observation Process - OBS), n Jdi1adikacia guaiocbnoiag
(Sensitivity Process - SEN) kal n diadikacia ekTignong napapérpwv (Parameter Estimation
Process - PES). H vyevikfy diadikacgia e€A€yxel Tn OUVOAIKR A&IToupyia Tou npoypdapuaTtog Kai
Hopgonolei Ta dedopéva nou eival koiva yia Tig undAoineg diadikaoiec. O AAAeG Tpei¢ dIadikagieg
(Hill, M.C., Banta, Harbaugh, & Anderman, 2000) €ival anapaiTnTeg yid TNV autouartn pubuion Tou
MovTéAou. H diadikacia napatnpAoswy unoAoyilel TIC NPOCOUOIWHEVEG TIMEG MOU AVTIGTOIXOUV ONG
napaTtnpnosig, To d6poiopa TwV TETPAYWVWV TwV OTABIoNEVWVY  dlapopwVv HETAEU Twv
napaTnpnoswyV Kal TwV avTioToIXWV NPOCOHOIMHEVWY TIHWV Kdl TIG EUAICONCIEC TWV NAPANETPWV WG
npo¢ TIC napatnpnoeic. H diadikacia euaiobnoiag Alvel Tnv e€iowon euaiobnoiag Tou
unoAoyilopevou @opTiou 0 OA0 TO dikTUO unoAoylopwv. H diadikacia eKTignong napapéTpwyv
XpNolJonolgiTal yia TNV €Upeon TwV BEATIOTWV TIHOV TV NAPAPETPWV HE WIa Tpononoinon Tng
HMEBODOU  Gauss-Levenberg-Marquardt xwpic nepiopiogoUc. Q¢ aVTIKEIMEVIKR — ouvdpTnon
XpnolJonolgiTal To aBpoiond TwV TETPAYOVWV TWV OTABUIOUEVWV  dlapopwVv HETAEU Twv
napaTnPnoswWV Kal TwV avTioToIXWV NPOCOHOIWMHEVWY TIHWOV.

3710 =xnAMa 3.4 napouocialetal To didypappa pong Tou MODFLOW (Harbaugh, Banta, Hill, &
McDonald, 2000), oTo onoio diakpivovTadl ol névte diadikaoieg nou nepiAapBavovrtal oto MODFLOW.
Onwc¢ @aiverar oto didypappa pong, o KwoIKOC Tou npoypduuaTtog €ival pia aAAnAouxia ano
dlepyaociec. 2To nNAdiolo Tng npwTng dlepyaciag opiovTal Ta NAKETA MOU EVEPYOMoOIOUVTAl OTO
OUVKEKPIUEVO HoOvTEAD. KdBe pia and Tic unoloineg Oiepyacieg neplAauBAvel TIC AVTIOTOIXEG
UMOMOVADEC TWV EVEPYOMNOINUEVWV NAKETwWV. MNa napddeiypa, 6nwg ¢aiverar oto ZxAua 3-4, n
deuTepn diepyacia sival n GWF AL, dnAadn n d€0PEUON XWPOU OTN WVIAMN TOU UMOAOYIOTA yid Thv
anoBnkeuon Twv dedopévwyv Tng diadikaoiag unoyeiag pong. Av and Ta nakera Tng diadikaaoiag
undyelag pong exel evepyonoinBei pOvo TO NAKETO MOU a®opd Tnv MNPOCOHOIwon TNG
g€aTyicodianvong, ano Tnv diepyacia GWF AL 6a xpnoipgonoin®si n unoyovada AL pdévo autou Tou
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nakérou. Av €xel evepyonolnBsi kal To NAKETO MoU A@opd TNV MPOCOUOIWON YEWTPNOEWY, and Tnv
diepyaocia GWF AL Ba xpnoigonoinBouv ol unopovadeg AL kal Twv dU0 NAKETWV.

GLO DF*, AL*, and RP*

T Procedures:
GWF AL
T DF -- Define
OBS, SEN, and PES AL AL - Allocate
1
GWF RP RP -- Read and Prepare
| RW -- Rewind
OBS, SEN, and PES RP -
PARAMETER-ESTIMATION ST~ Stwes
LOOP > AD - Advance a time step
FES le FM -- Formulate equations
GWF AL* and RP* AP-'SOIVCNUM
ST LO0e 'l OC -~ Output Control
GWF ST* and RP* :3;;(Cllcuhte volumetric
TIME STEP LOOP*
ﬂ OT -- Wnite output
GWF AD*
ITERATION LOOP*
3 * Indicates procedures that comprise
the functionality of the original
GWF FM* MODFLOW.

[owFars |

GWF OC*, BD*, OT*
T

PARAMETER- OBS FM
SENSITIVITY LOOF >

ITERATION LOOP
P

SEN FM

= q

SEN AP
T

SEN OT

PES AP

1
PES OT
J

Zxnua 3-4:Aiaypauua pori¢ MODFLOW. lpogAeuon: (Harbaugh, Banta, Hill, & McDonald, 2000)
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3TIC €ENOHEVEG NApaypd@ouc MNePIypA@OVTAl CUVONTIKA Ol NEVTE npoavagpepBeiosg d1adikaoieg
nou nepiAauyBavovTal orn Baoikr ékdoon Tou MODFLOW.

3.1.4.1 Tevikn di1adikacia

H vyevikn diadikacia eival navra evepyn. 2To nAdiolo AuTAG sicayovtal Ta Osdoueva mnou
agopoUV Tn YeVIKH AsIToupyia Tou npoypdupaToc. Ta dedopéva auTta nepIAdpBavouy TIG HETABANTEG
nou opifouv noie¢ and TIGC unoloineg diadikacie¢ B8a XpnolgonoinBouv Kal nola MNakETo Twv
diadikaciwv Ba evepyonoinBolv. Eniong, ota dedopéva autd nepiAapBavovTal ol PHOoVADEG HUNKOUG
Kal xpOvou kal Ta dedopeva nou agopolvV Tn XWPIKN Kal XpoVviKn diakpITonoinan Tou JovteEAou. To
dikTuO unoAoyiopwyv sival navra opBoywvio oTo opiZovTio eninedo, OXl OUWG UNOXPEWTIKA Kal OTO
KATakopuPo, Onwc ¢gaivetal oto oxnua 3-5. Anaiteital o NAAPNG OPIOHOG TNC YEWHETPIAG KAOe
KeAIOU. =To opifOvTIO €ninedo auUTO YiVETAl PMECW TOU MAATOUG TWV CEIPWV Kal TwV OTNA®WV. ZTnV
KaTakopupn disuBuvon opilovTal Ta UWOHETPA Tou Gvw opiou TNC NPWTNG oTpwaong (snipaveia
€3GMOoUC N avw OpIo €vOC KAEIOTOU UdPOQPOPEd) KAl TA UWOUETPA TWV MNUBPEVWV OAWV TwV
OTPWOEWV.

‘Ogov agopd TN XPOoVIKn dIaKpITOMNoinaon, 0 GUVOAIKOG XpOvoG TNG Npooouoiwong 6to MODFLOW
dlaipeiTal o Nepiodoug (stress periods). H kaBe nepiodog XwpileTal oe Xpovikd BAuATa, Ta onoia
oxnuaTifouv YEWUETPIKN npoodo. O xprnotng opilel Tn didpkela TnNG nepiddou PE BACN TN XPOVIKN
MHovada nou €xel enmAexBei: n.x. av wg XPOVIKN povada €xel emAexBei n nuépa, n dldpkela piag
nepiddou evog pnva eivar 30 NUEPEC, VW Av WG XPOVIKN Hovada €xel emAexBei n wpa, n didpkeia
Tng idlag nepiddou eival 720 wpeg. Eniong o XpAoTng opilel Tov apiBud Twv XPOVIK®WV BNUATWY oTa
onoia xwpileTal n nepiodog kal évav "noAAanAaaciactn" (multiplier), o onoio¢ 1coUTal ge To AGyo Tou
MAKOUG TOU XPOVIKOU PBAMATOG NPOG TO HMNKOG TOU nponyoUHEvou XpovikoUu PBruartog. O
noAAanAaoiacTnG €ival évag apiBudc peyaAluTtepog f ioog pe Tn povada. To PAKOG Tou MPWTOU
XPOVIKoU BAupaTog TnG nepiodou unoAoyileTal ge Bacn Tn dIApKeEIA TNG NEPIOOOU, ToV apiOud Twv
XPOVIK®WV BNUATWV TNG nepiddou Kal Tov noAAanAaociaoTr:

PERLEN *(1-TSMULT) (3.22)

Pelt ) == rqmuLT™"

‘Onou Delt(1) = To MAKOG TOU Np®TOU XpovikoU BANATOC TNG nepiodou

PERLEN = To pnkog TnG nepiddou (Pe BAon Tn XPOVIKN Hovada nou €xel niAexOei)
TSMULT = o noAAanAaaciaoTtnig (Tng nepiodou)

NSTP = 0 apiBuoc Twv XPoVvIKwV BnudaTwv oTa onoia xwpiletal n nepiodog

Ta endpeva xpovikd BrpaTta unoAoyilovTal Pe Tn oxEon:

Delt(m+1) = TSMULT * Delt(m) (3.23)
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Zmin 1
ZmAn 2
Zrn 3
Zmin 4
ImAn 5

Zeapd 1 DELC,
dopad DELC;
083 DELC;
Sepd 4 DELC,
fpa 3 DELC;
DELR;, DELR; DELR; DELR, DELRs
(a) xaToyn Tou SiKTUOU
DELR;, DELR, DELR, DELR, DELRs
e L —
Zrpwon 1

\ S
Zrpwon 2

Irpwon 3

p!
\//

(a) Toun Tou JIKTUOU KATA YAKOG MIAg osIpdc

Sxnua 3-5: Karown kai Toun SIKTUOU UMOAOYIOU®YV LIE 5 OEIpEG, 5 OTHAEG Kal 3 OTPWOEIC

H pon o€ kaBe nepiodo pnopei va civar €ite poviun €ite pun poéviun. Eivar dnAadn duvarto ol
nepiodol JOVIKNG Kal PN MOVIMNG PORG va evaAAdaccovTal. H duvatdtnTta auTn pnopei va a§onoindei
yla Tn Xpnon g apxikng ouvlnkng Tng KATAVOUAG TOU QOPTIOU Mou npokUNTEl anod Tnv
NPOCOWNOIWAN HOVIUNG PONC. =& KGBe nepiodo n poOPTION 1 EKPOPTION TOU UdPOPOpEa (YEWTPHOEIG,
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nnyéc, s€atupioodianvor, aAAnAenidpacn HeE OWUATA €MIPAVEIAKOU VEPOU K.AM.) NApAPEVOUV
oTaBepec. O OplaKEC OUVBNKEC YVWOTNC €I0PONG Kal yvwoTtoU @opTiou dev €ival anapaitnto va
HeTaBaAlovTal aTnv apxn kanolac nepiddou. OpilovTal ol XpoOvol OTOUG onoioug PeTaBaAAovTal ol
TIMEG TOUG Kal TO Mpoypappa unoAoyilel pe napsPBoAn TV KATAAANAN TIUN Yid KABg Xpoviko BAua
ot k@B nepiodo. 'OTav €ival evepy£G ol d1adikaoieg napaTnpnoEwy Kal suaiodnoiag o apiBuoc Twv
XPOVIK®OV BNUATWV nou skTeAolvTal os kGBe nepiodo pnopsi va sival PIKpOTEPOG anod Tov apiBud
Mou £xel OPICTEI ano To XPNoTN, YIaTI ekTEAoUVTal HOVO Ta XPOVIKA BAUATA nou ival anapaitnTa yia
TNV NPOCOPOIWON TWV NAPATNPHOEWV.

3.1.4.2 Aiadikacia pofRg ToU UNOYEIOU VEPOU

>70 nAaioio Tng diadikaciag TN ponc Tou undyeiou vepoU, HECW TWV aVTIOTOIXWV NAKETWV (a)
opilovTal ol ISI0TNTEG TWV KEAI®V Mou agopouv Tn por (UdPAUAIKR aywyiuoTnTd, dIOXETEUTIKOTNTA,
anoBnkeuTIkOTATA), Ol OPIAKEG OUVONKEG, n apxikn ouvenkn, ol udpoAoyikeG diadikaaiec nou
NMPOCOPOIMVOVTAl YIa TNV NEPIYPAPR TWV EI0POWV Kal EKPOWV, N HEBODOC eNiAUCNC TWV EEICWOEWV
nenepacpevwyv diagopwy, (B) Hop@onoioUvTal ol €EI0WOEIC Nenepaopevwy diagopwv kai ()
AUveTal To oUCGTNHA QUTOV TWV EEI0WOEWY UE TNV EMIAEYHEVN HEBODO.

‘Onwg avagepbnke, oto MODFLOW Jivetal n duvatoTnTa Xpnong napapeTpwy yia Tov opiopo
kKanolwv and Ti¢ HETABANTEG Nou avTioTolXoUV OTIG 1IDI0TNTEG TV KEAIWV. H Xpron napaueTpwy €ival
anapaitnTn yia TiIg HETABANTEG TwV Onoiwv TIG TIMEG BEAOUKE va Npoadlopicoule KATA TNV AuTONATN
pUBUION TOU MOVTEAOU. ZUYKEKPIMEVA €idn METABANTWV WMopoUv va opIoToUV HE NAPAPETPOUG,
avTioTtoixou TUMOU: n UdPAUAIKA aywylgotnTa otn X-0lelBuvon (Tunog napaperpou HK), o
OUVTEAEOTNC 0pIfOVTIAG avicoTponiac o onoiog IooUTal PHE To AOYyo TNG UdPAUAIKNG aywylhoTnTag
otnv y-0lelBuvon npoG Tnv udpaulikn aywylgotnta ortn X-0ieuBuvon (HANI), n udpaulikn
aywyiuoTnTa otnv katakopuen dieubuvaon (VK), o cuvTeAeoTnC kaTakopupng avicotponiag (VANI),
n e€dikn anobnkeuTikoTNTa (SS), n <€dikn anodoon (SY), n napoxn yvewTphoswv (Q),
enavanAnpwong (RCH) kai eEatpicodianvong (EVT 1| ETS), To @opTio aTnVv apxr Kal oTo TEAOG EVOG
opiou yvwoToU gopTiou (CHD) kal n aywyIldoTnTa TwV KEAI®V MOU AVINKOUV OE YEVIKO Oplo (popTiou
(GHB), adianépato oOpio (HFB), oTpayyioTikd6 kavaAl (DRN 1 DRT) kai udatdpeupa (RIV). O
METABANTEC MOU AVTINPOOWNEUOUV TIC UDPOYEWAOYIKEG I010TNTEG TWV KEAIWV KABE OTpWwONG Tou
OIKTUOU BewpolvTtal oTabepec katd TuNuata (lwveg). O1 lwveg Hiag HMeTaBAnTig dev sival
anapaitnto va TauTifovtal Pe TIC {wVEC TwV AAAwV PeTaBAnTwv. Eniong dev €ival anapaitnto va
TauTiCovTal ol {WVEG PIag HETABANTAG O Wia oTPpWwaoN Tou JIKTUOU HE TIG {WVEG TNG id1ag HETABANTAG
OTIC AAAEC OTPWOEIC Tou dIkTUOU. ‘OTav Mia anod auTeG TIG HETABANTEC opileTal e NAPAPETPOUC, Wia
NapapeTPOC avTioToIXou TUNMOU NPENEl va Xpnaoiponoindei yia kabe {wvn os KAabs oTpwaon.

Ta kupl6TEpa NAkeTa nou nepihapBavovral arn diadikacia pong Tou undyeiou vepoU eival Ta
akoAouba:

e Makéraundyeiagpong (groundwater flow packages)

Yndpxouv Tpia NakéTa nou avTioToIXoUV o€ TPEIG dIaPopPETIKOUG TPONOUG 0pIonoU TWV I0I0TATWY
TWV KEAIOV MOU EAEYXOUV Th por). Z€ KABs JOVTEAO XpnaolyonolsiTal éva govo ano auTo.

BCF6 - Block Centered Flow: avTioToixei oTov Tpono Pe Tov onoio opidovrav ol 1010TNTEG TWV
KeEAloV aTIC naAidTepeg ekddosi Tou MODFLOW. Aesv unooTtnpilel Tn Xprnon NApapéTpwyv Ki
enopévwe dev pnopei va ouvduaoTei pe TIG d1adikaoieC €uaiobnaiag kalr ekTipnong NapapeTpwy,
Tekunpiwon: (Harbaugh, Banta, Hill, & McDonald, 2000) kal (McDonald & Harbaugh, 1988).
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LPF - Layer Property Flow: ol IS10TNTEC NOU €AEYXOUV Th por HETAEU Twv KeAIWV kKaBopilovTal
ME BAon TIC 1DI0TNTEC TWV OTPWOEWYV, EITE ANeUBEiac €iTe Ye TN XpHon NapapeTpwv. Ta dedopéva
£10000U dev NePIAAUBAVOUV TN JIOXETEUTIKOTNTA: dlaBaleTal navTta Jovo n udpaulikn aywyliuoTnTa
Kal n dIOXETEUTIKOTNTA unoAoyileTal XpnOoIMONoI®VTAC TO NAXOC Tou KeAloU nou npokunTel and Ta
UWONETPA TwV OTPWOEWY, TeKUnpiwon: (Harbaugh, Banta, Hill, & McDonald, 2000).

HUF2 - Hydrogeologic Unit Flow: 0 opIiOUOC TwV IDIOTATWY MOU €AEYXOUV Th por METAEU Twv
KeAloV YiveTal ava "udpoyewAoyikn povada", eite ancuBsiac site e napapéTpouc. Ta oOpla Twv
udpoyewAoyik®v Povadwv dev €ival anapaiTATo va CUMMNINTOUV HE Ta Opld TwV OTPWOswv. Ol
1010TNTEC KABE KeAloU MPOKUMTOUV ano Thn ouveeon TwVv IBI0TATWY TV USPOYEWAOYIKOV HovAadwv
nou To KeAi nepiAauBavel, Tekunpiwon: (Anderman & Hill, Modflow-2000, the U.S. Geological
Survey modular ground-water model - Documentation of the Hydrogeologic-Unit Flow (HUF)
Package, 2000).

STO MOVTEAO Mou avantuxdnke oto nAdiolo TAG d1aTpIBAC aQUTNC, yia TNV MPOCOMOoIwon TNne
UNOYEIag pong Xpnoiponoinénke To NakeTo LPF.

e Makéra eniluong (Solvers) - xpnoigonoloUvTal (€va and autd) yia Tnv eniAucn Twv
€€lowoewV Nenepaocpevwy dlagopwyv. ‘Otav n diadikacia suaiobnoiag eival evepyr), To idI0 NAKETO
gniAuong xpnoigonolgiTal kal yia Tnv eniAuon Tng e€iocwong euaiodnaiag. X' autnv TNV nepinTwon 6a
npénel va emAexBei éva ano Ta nakeéta DE4 kar PCG2, yiati auta sivar ocupPara kar Pe Ti¢ dUo
d1adikaaieg.

SIPS5 - Strongly Implicit Procedure (McDonald & Harbaugh, 1988)
SORS - Slice-Successive Over-relaxation (McDonald & Harbaugh, 1988)
DEA45 - Direct Solver (Harbaugh A. W., 1995)

PCG2 - Preconditioned Conjugate-Gradient (Hill M. C., 1990b)

O1 avTioToixeg HEBOdOI €XxOuv MNePIypaPei O0TO 20 KEPAAAIO. 2TO HOVTEAO MOU KATAPTIoONKe
Xpnolgonolgital To nakero PCG2.

o TakETa opIAK®V CUVONK®MV AVeEEAPTNTWV Ano To PopTio

FHB1 - Flowand Head Boundary: yevikO NAakETo Nou XpnaoldonolgiTal 6Tav £XOUHE 0pla YVWOTNG
napoxn¢ (Hovadecl®/T) A/kal yvwoToU @opTiou, Mou peTaBdAAovTal CuVapTrOEl TOU XPOVOU
(Leake&Lilly, 1997).

HFB6 - Horizontal Flow Barrier: npocopoiwon adianépatwv opiwv (Hsieh and Freckleton,
1993).

CHD6 - Constant-Head Boundary: npocopoiwon opiwv yvwoTou @opTiou (Leake & Prudic,
Documentation of a computer program to simulate aquifer-system compaction usign the modular
finite-difference ground-water flow model, 1991).

RCH6 - Recharge: npooopoiwon enavanAnpwonc/ekpopTionG ¢ YVWOTH €I0pon/ekpor)
KaTaveunuévn otnv nigpdveia Tou Jovtedou (McDonald & Harbaugh, 1988).

WELG6 - Well: npocopoiwon AsiToupyiag ye®TpNong ¢ yvwoTr (HETABAAAOPEVN ava XpPovikn
nepiodo) eiopor/ekpor) o€ hePovwuéva kKeAId (McDonald & Harbaugh, 1988).
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STO HOVTEAO MOU KaTapTiobnke Xpnaolgonoindnkav 6Aa auTd Ta NAKETA, EKTOG Tou CHDG.
o TakéTa opIAK®V CUVONK®MV EEAPTOHEV®V ANO TO (POPTIo

GHB6 - General-Head Boundary: n napoxn e€ivai ndavra avdaioyn Tng diapopdc (opTiou
(McDonald & Harbaugh, 1988).

DRN6 - Drain: npocopoiwon OTpayyioTIK®V KavaAiwv OTd ornoia av To QOopPTIo Ot £va KeAi
NEQPTEI KATW ano Wia opiopévn TIUN, N napoxn ano To KeAi auto undevietal (McDonald & Harbaugh,
1988).

DRT1 - Drain Return: npooopoiwon oTpayyioTIK®V KavaAiov and Ta onoid PHEPOC TOU VEPOU
enavanAnpwvel Tov udpopopea (Banta, 2000).

RIV6 - River: npocopoiwaon €igporc and udaTtoppeUPATa: av TO POPTIO O £va KEA NEPTEI KATW
anod Wia opigUEVN TIMA, N NApoxn ano To KeAi auTo TIBsTal ion PE £va OUYKEKPIPEVO KATWTEPO OPIO
(McDonald & Harbaugh, 1988).

EVT6 - Evapotranspiration: npocopoiwon €€aTtuicodianvong eEapTwUEVN anod To PoPTIoO EKPONG
KaTaveunuévn atnv enigpavela Tou govtedou (McDonald & Harbaugh, 1988).

ETS1 - Evapotranspirabon Segments: unoAoyiopog TnG €€aTtuiocodianvong Pe Baon opildpevn
anod 1o XpnoTn oxeon eEaTpigodianvonc kal popTiou (Banta, 2000).

RES1 - Reservoir: npogopolwvel Tn Olappor MeTa&U piag O€EAMEVAG KAl TOU UMOKEIPEVOU
OUOTANATOG unoyeiou vepoU kabwg n enipavela Tng de€apevng PHeTaBaAieTal Adyw TnG PETABOANRG
TNG oTABUNG TNG, 6Nou 0 XPNOoTNG opilel TNV aApxIKn Kal TEAIKR kaTtdoraon TngG de&apevng (Fenske,
Leake, & Prudic, 1996).

LAK3 - Lake: npooopoiwan aAAnAenidpaong udpogopea-Aigvng (Merritt & Konikow, 2000).

STR6 - Stream flow-Routing: npooopoiwon udaToppPEUNATWY OTA oroia n porny karteubuveral
akaplaia npog To katavtn (Prudic, 1989).

MNW1 - Multi-Node Drawdown-Limited Well: npocopoiwon YeWTpAOEWV Mou eKTeivovTal O€
NePIOCCOTEPEG ano pia oTpwoelg (Halford & Hanson, 2002).

Ano Ta nak&éTa auTtd, oTnv napouca e@apuoyn xpnoigonoindnke pévo To DRN6 yia Tnv
NPOCOWOIWAN CNUEIAK®Y EKPOPTIOEWY. Ta unodAoina dev Xpnoigonoinénkayv, €iTe yiaTi aTnv nepioxn
MEAETNC Oev UNAPXOUV Ol avTioTolXxeG UOPOAOYIKEG OUVBNKEG, €iTe yiaTi Ogv unfpxav Ta KataAAnAa
0edopEVa Kal 0l OXETIKEG UOPOAOYIKEG OUVONKEG NPOCONOoIMONKAV HE dIAQOpPETIKO TPpOMo.

3.1.4.3 Aiadikacia naparnpnoswv

370 nAadigio Tng diadikaciag napatnpnoswyv unoAoyilovral ol AvTiOTOIXEC ME TIC UMAPXOUTECG
napaTnprnosiG NPOCOUOIWHEVEG TIHEC OUYKPIVOVTAl Ol UNMOAOYIOHEVEG TIMEG WE TIC NAPATNPNOEIC Kal,
oTav eival evepyr kal n diadikacia suaiobnaoiag unoAoyilovTal ol €uaioONCIEC TWV NAPATNPNOEWYV
(observation sensitivities) ano TIC euaioBnoiec nou €xouv unoAoyioTel Péow TnG diadikaciag
guaigdnaiag yia 6Ao To dikTuo unoloyiouwv (grid sensitivities).

O UunoAoyIONOC TwWV MPOCOUOIWHEVWY TIH®V (POPTIOU MOuU avTioToiXoUV OTIC MapaTnpnosig
viveTal pge napePBoAn OTIG NPOCOHOIWHEVEG TINEG (POPTIOU TWV TEGOAPWY KOUPBWY Tou dIKTUOU Mou
nepiBaAAouv Tn B€on ANWNG TNG NApaTripnong XpNoIHONoIOVTAC TETPANAEUPIKEG cUVAPTNOEIG BAong
(quadrilateral basis functions). Av &vag and Toug TECOEPIG KOWBOUG AVNKEI O HN EVEPYO KEAI,
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xpnoigonololvTal TPIYWVIKEG ocuvapTnoesl¢ Baong (triangular basis functions). Av duo and Toug
KOUBOUC avhnkouv Ot Jn evepyd KeAld | n B£€on ANWNG TnG napaTtrpnong BpiokeTal navw oOTo
€UBUYpaAPPO TUAMA nou evovel dUO0 KOPBOUC XpnoigonoloUvTal YPAPHIKEG HOVOdIAoTATEG
ouvapTtnoeig Baong (linear one-dimensional basis functions), nou 1coduvapoUv Pe anAn ypapuikn
napedBoAr. Me Tov idio Tpono unoAoyilovTal ol eualioBnCieC TWV NAPATNPNOLWY anod TIG eUaloBnaieg
Tou unoAoyI{OUEVOU (POPTIOU OTOUG KOPBOUC Tou dikTUOU.

Kata Tov unoAoyiopo Twv (opTiwv PE napeuBoAn dev AauBdavovtal unown ol PHETABOAEC TNG
UdPAUAIKNG aywyluoTNTac. AuTo Unopsi va siodyel onuavTika opaiparta ota unoAoyilopeva gopTia
OTav ol USPAUAIKEG IBIOTATEG TWV YEITOVIKOV KEAIWV dlapepouv NoAU PeTa&l Toug Kal ol dlaoTACEIC
TWV KEAIWV €ival peyaAec. Ta oGAANATA AUTA UMOPEI va ENNPEACOUV Kal TIC TIHEC TWV NAPAUETPWV
nou npokUunTouv and TNV autopaTn pUBUIoN TOU HOVTEAOU.

O xpodvoc AAWnc kaBe napatripnong npocdiopileTal pe Baon pia Xpovikhn nepiodo ava@opac
(reference stress period) kal Tn XPOVIKA UETATOMNION O OXEON WE TNV £vapén autng Tng nepiddou
(time offset) kal ouvnBwC euninTel oTo Xpovikd didoTnua nou diapkei KaGnolo Xpoviko Brua ki oxi
otnv apxn n orto TEAog Tou BrApaToc (nou unoAoyilovTal Ta QopTia OTOUG KOUBOUG)- ' auThv Tnv
nePINTWaOn, yia Tov unoAoyioud TnG 1003UVANNG NPOCOMOIWHUEVNG TIMAG TOU (popTiou ot KABs KOUPOo
XPNOIKOMNOIEITAl YPAUMIKA NapeUBoAn HeTaA&U Twv QopTiwv oTnv apxn Kal oTo TEAOG TOU XPOVIKOU
BriHaroc.

Ta €idn Twv napatnpnoewv nou unooTnpifovral and autn Tn diadikacia €ivail: (a) napatnpnoeig
popTiou 1 HETABOANRG TOU popTioU HE TO XpOvo, (B) NnapaTnpnosig EI0ponG 1 EKPONG NoU NPoKUNTEI
anod Tnv aAAnAenidpaon Pe enm@aveiaka vepd oTav yio TNV Npogopoiwon auTAG TNG aAAnAenidpaong
£xel xpnoipgonoinBei éva anod Ta nakeétra GHB, DRN, A RIV, (y) napaTtnpnosig I6pong f ekpong and n
npog KeAId yvwaoTtoU @opTiou kal (d) napartnpnoeig YeTagopdc palag H Tekunpiwon Tng Xpnong
napaTnpnoswy Tou TEAEUTAIOU TUMNOU £xel yivel and Toug (Anderman & Hill, 1999), evw ouvoAikd n
dladikacia napatnpnoswy Kabwg Kai n Xpnon Twv AAAwv TUNWV Napatnpnoswy nepiypda@ovtal ano
Toug (Hill, M.C., Banta, Harbaugh, & Anderman, 2000).

O1 napatnphoeic npénel va otabuifovral £Tol wOoTe va AauBaveral undywn n OXETIKN akpiBeia Twv
METPNOEWV. TNV MNEPINTWON Nou undapxouv JIaBEaIPeC HETPROEIC dlapopeTikoU eidoug (popTia Kal
Napoxec), ol CUVTEAEDTEG OTABUIONG XpNOoIKdonoloUvVTal Kai yid TNV OHJOYEVOMNOoiNon TwV HovadwyV TwV
napatnpnoswyv. 'ETol, Ta orabuiopéva unoioina (weighted residuals), nou npokUnTOoUV anoé Tn
OUYKPION UMOAOYIOHEVWV TIMWV KAl NApaTtnprnocwy, €Xouv TIG idIEC Povadeg kal pnopouv va
UPwBolv aTo TeETpdywvo Kal va abpoiotoUv yid TO OXNMATIONO TNG AVTIKEIYEVIKAG ouvdpTnong
eAAXiOTWV TETPAYWVWY, ONWC anaitei n d1adikacia ekTiNoNG NapapETpwy.

Ta nak€ra nou nepiAagBavovTal otn diadikacia napaTnpnoswy eival Ta akdAouba:
m NMakéra SedopévmV NApaTNProOE®V

OBS - Observations: YevikO NAKETO, XPNOoIMonolsital Ndvrta OTav €lodyovTal ornoloudnnoTe
€idouc naparnpnoslc.

HOB - Head-Observation: napatnpnosic GopTiou | HETABOANC (POPTIOU PE TO XPOVO.

DROB - Drain Observation: napartnpnosi¢ napoxnc MHECw opiwv oTpdayyiong (Ta onoia
npocopoInvovTal Je To NnakeTo DRN).
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DTOB- Drain Return Observation: napaTnpnosi¢ €kporc nNpo¢ KavaAld vepd TwV Onoiwv
gnavanAnpwvel Tov udpo@opea (MPOoooiwaon HE To NakeTo DRT).

RVOB - River Observation: napatnpnosi¢ napoxn¢ yia To avTioToIX0 MAKETO OPIAKNAG oUVBRKNG
(RIV).

GBOB - General-Head-Boundary Observation: napatnpnosic napoxXng yid To avTioToIX0 MAKETO
0pIaknG ouvenkng (GHB).

CHOB - Constant-Head Flow Observation: napatnpnosic Napoxng yid TO avTioTOIXO MAKETO
0pIaknG ouvelnkng (CHB).

STOB - Streamflovv-Routing Observation: napatnpnoei¢ Napoxng yia TO avTioToIXO MNAKETO
0pIaknG ouvenkng (STR).

ADV - Advective Transport: napatnpnosic yeTapopac palag
Ano TO NAKETa auTa xpnoiyonoinénkav Ta Tpia npwTa.
3.1.4.4 Aiadikacia geuaiobnoiag

Me Tn Oladikacia auth unoAoyilovTal ol PEPIKEG NApAywyol Tou unoAoyi{OPEVOU QOpPTIoU WG
NpPo¢ TIGC NAPAMETPOUC TOU HOVTEAOU OE OAOUC TOUG KOMBOUG TOou OIKTUOU UMOAOYIOH®YV, HE TN
MEBODJO TNG e€iowang euaigbnaoiac. MNa Tnv eniAuon Tng e€iowong euaigbnaoiag xpnoidonolsiTal n idia
MEBODOC eniAuong Nou xpnoldonolsiTal Kal yia Tnv €Eicwan TnG unoyelag pong. Eneidn To NakeTo TnG
avaiuong euaiobnaiag pnopei va ouvepyaoTei povo pe Ta nakera eniAuong PCG2 kal DE45, étav n
dladikaoia auTh ival evepyn Ynopei va xpnoigonoinBei povo éva and autd Ta nakeTa eniluong. H
apeon pEBodoC (nakeTo DE45) sival ouvnBwg mio apyn otnv eniAuon Tng e&icwong Tng pong, oTnv
nepinTwon OPwC TNG €niAuong Tng €&iowong cuaicbnoiag eivar nmio ypriyopn (Hill, M.C., Banta,
Harbaugh, & Anderman, 2000). =& kdnoia npoBARKATA KUNOpPEi N XpAoN TNG va HEIWVEl TO GUVOAIKO
XPOVO Mou anaiTeital yia TNV oAOKANPwWON TNG EKTEAEONG.

H oiadikacia avdAuong suaiobnoiag nepiAauBavel €éva povo nakeéro, To MNMakéro avaAuong
euaioOnoiag SEN- Sensitivity, Tekunpiowon: (Hill, M.C., Banta, Harbaugh, & Anderman, 2000).

3.1.4.5 Aiadikacia EKTiPNONG NAPAHETPWV

H diadikacia ekTigNoNG NApaPETPWV XPNOIKONOIEI WG AVTIKEIPEVIKT oUVAPTNON TO ABpPOoIoHA TWV
TETPAYOVWV TwWV OTABUIOMEVWY UMOAOINWY TWV UMOAOYIOUEVWV TIHOV TwV €EAPTNHEVWV
METABANTWV and TIG avTIOTOIXEG NAPATNPNOEIC KAl TwV OTABUIOHEVWV  UMOACINWV TV
unoAoyilOPevwy TIHOV TwV NAPAPETPWY ond TIC TIMEG Twv NApAPETpwV nou divovral WG
nponyoupevn nAnpogopia. Ta oTtaBuiopéva undAoina nou agopouv TIC €EAPTNUEVEG UETABANTEG
unoAoyilovTal ono6 Tn diadikacia Twv NapaTnPnoswy, Vv Ta oTabuiopEéva undAoina nou agopouv
TIGC NApaueETpouc unoAoyidovral and Tn Jdiadikacia eKkTignong Twv napauetTpwv. Ma Tnv
g€AaxioTonoinon TNG avTIKEIMEVIKNG OUVAPTNONG XPNOIMONOIEiTAl Ye Hia Jop®n TnG HeBddou Gauss-
Levenberg-Marquardt xwpi¢ nepiopiogouc. And To XpHoTn nNapéxovral Td avw Kal Katw Opia TwV
TIHOV TOV NApapeTpwv, dev AauBavovTal opws undywn and Tn diadikacia BeATioTONOINONG, ANAWG
OTO apxeio Twv anoTeAsoPdTWV €nionuaivovTal ol EKTIUNUEVEC TIHEC TWV MNAPAMETPWV MoOU
BpiokovTal €KTOC TWV AVAUEVOMEVWV opiwv. Aiveral n  duvatotnTa Tou AoydpiBuikou
METAoXNUaTiogoU TwV NAPAUETPWY, N onoia Jnopei va xpnoigonoinBsi kal w¢ HECO yia va
anopeuyxBei To eVOEXOHEVO HIa NAPAPETPOC va NAPEI APVNTIKEG TIHEG.
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H diadikacia ekTignong napapéTpwv nepiAapBavel €va povo nakéro, To NMAKETO eKTiPNONG
napagérpwv PES - Parameter Estimation, Tekpnpiwon: (Hill, M.C., Banta, Harbaugh, &
Anderman, 2000).

3.1.4.6 Ailadikacia sniAuong.

MNa Tnv eniluon Tng (3.19), xpnoigonolgital n  HEBOdOG TnNG unegpxaAdpwaong
(SuccesiveOverrelaxationMethod), n onoia eival pia enavaAnnTikr PéBodog nou XpnaoihonolgiTal yia
TNV  €NiAUCH CUCTNUATWV YPaPUIK®V cfiowoswv. EIdIkG OTO OUYKEKPIMEVO NpOypappa
Modflowypnoipgonoisital pia Tpononoinuevn peBodoc unepXaldpwaong kaTtd TOPEC MOU avageEPETal
otn BIBAloypagia wg «Slice- SuccesiveOverelaxationMethod). ZUuQwva pe Tn PEBOdO auTh, To
Tpiod1aoTaTo NAEYHa TwV OTOIXEiWV oTa onoia unodiaipsiTal n nepioxn, XWpPIileTal 0 KABETEC TOUEC
Kata tn dielbuvon Twv ypaupwy (ZxNua 3-6). lMveral pia opadonoinon Twv €€l0WOsWY £TOI WOTE
KGO opada €floWOoswVY V' avTIOTOIXEI OTOUG KOUBOUG MOU MEPIEXOVTAl O dia KGBeTn Toun.

'EoTw OTI o €va enavaAnnTikd Bripa (1), Ta QopTia yia OAEG TIG TOUEG £XOUV UMOAOYIOTEI Kal
BewpolvTal yvwoTd. e kabe enavaAnnmikd BrAua, kdbe pia opdada egiowoswyv divel €va Kaivouplio
OUVOAO ano TIMEG (EKTIMACEIG) TwV QOPTIWV Yyia KABe Tour. OI AyvwoTol OTIG €EI0WOEIC AUTEG

. . . . ' . ~m,l+1
ekppadovTal ¢ d1apopeG avapeoa OTIG EKTIUNCEIG TwV QopTiwv TnG (I+1) enavainyng hi,j,k Kai
oTa unoAoyliopéva gopTia TnG (1) enavainyng hfj?fk. To oUvoAo TwWV €EI0WOEWV NOU aVTIOTOIXEI O€

Mia kaBeTtn Toun, Auveral an’ euBeiag Pe TN HEBODO anaAoiPpng Tou GAUSS, BswpwvTag Ta QopTia
TWV YEITOVIKOV TopwV (i-1) kal (i+1) wg yvwoTa.

- ~ -
S 2 2 £
T E O %
Yoauyy
Tpam,,i 2‘“’"] ! [/ / /
YPaupy 3 // - e /
, TPapuyy 4 :
Pappy 5
oo 7 ard -
eninedo | }
exinedo 2
eninedo 3
eninsdo 4

Topn 4
Zxnua 3-6: Ouadoroinon TwVv OTOIXEIWV O KAOETEC TOUEC KATA TN HEBODO TNC UNEPXAAdPWONC.

STN OUVEXEIQ Ol HETAROAEC TWV POPTIWV (hfjmkl+1 —hfjﬁfk) nou £xouv NpokUWel w¢ AUoN HE TN

MEBODO analoipnc Tou GAUSS, noAhanAacidlovral Pe €vav OUVTEAEOTR w, MOU N TIUR Tou
KUMaiveTal ouvnBwg ano 1 £wg 2, nou e€ival dia napdapeTpog nou BonBdsl otn ypnyopodTEpNn
OUYKAION TWV AnOTEAEONATWV.
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OITIYEGC nou  BpiokovTal, npPooTiBevTal OTIC TIUEC TWV @OPTIWV TNG NPONYOUHEVNG
gnavaAnwng (1) kar autd nou npokUNTEl €ival ol TIMEG TWV QOPTIWV OTN CUYKEKPIPEVN €navainwn
(I+1) kai yia Tn ouykekpipévn Toun (i). H diadikacia autn enavaAapBaverail yia OAEG TIG TOMEG KaATA

oeIpd, £TOI WOTE va OAOKANPWOE Eva enavaAnnTiko Brua.

STa endpyeva enavaAnnTika BrAuata akoAouBouv pe Tnv idla osipd OAa Ta napandavw, £T1ol
WOTE TEAIKA o1 O1apOPEC OTIC TIMEC TWV PopTiwv nou unoAloyilovral os dUo d1adoxIKEC enavalAYEIG
(I, 1+1), va €ival YIKpOTEPEG and To KPITAPIO GUYKAIONG yia OAa Ta OnUEid Tou NAEYHATOC.

MNa va yivouv katavonTa Ta napanavw, Xwpideral n diadikacia os Bruara:

1) H (3.19), ypdgeTal &ava pe TNV nNpooBnkn evog ekBETN (1) Nou ava@EpeTal oTo PAMA TNG
enavainync:

m,l m,] m,l
TRi,j—l/Z,k ’ hi,J'*l,k + TRi.j+1/2,k ) hi,j+1,k + TCH/z.j,k hifl,jyk +

m,l m,l m,l

Cisi/2,jk ) hi‘*'l’j,k + TVi,j,kfl/Z ’ hi,j’k—l + TVi,j,k+l/2 ’ hi,j,k+1

(3.22)
+HCORM)

—(T +T +T, + + +T
( Rij-i/2,k Ry jr1/2,k Cisir2,jk Cisir2,jk Viik=1/2 Vijk+1/2

‘b, ™ =RHS,

1)

2) H (3.19) avagéperal Twpa yia To Xpoviko Brua I+1, agaipeital and tnv (3.22) kal and Ta

OUOo HEAN kal NpoKUNTEl:

m,l+1 m,l m,l+1 m,l
TRLJ._”M ( i,j—1,k _hi,j—l,k )+TRid+1/2,k ‘(hi,j+1,k _hi,j+],k )"‘

m,l+1 m,l m,l+1 m,l
Cotrni (hy - hi—l,j,k )+ TcH,/ZM '(hi+1,j,k - hi+1,j,k )+

m,l+1 m,l m,l+1 m,l
TV|,j,k—I/Z ’ ( i,j,k=1 - hi,j»kfl ) + TVi’J,kH/z : (hi,j,k+1 - hi,j,k+1 ) +

(3.23)
+HCORM)

( Rii-1/2,k Riji1/2,k Cisira,ix Cinira,ix Viik-1/2 Viik+1/2

m,l m,l
hi,j*hk - TRi,jH/Z,k ’ hi’j”’k

m,l+1 m,l
'(hi,j,k - hi,.i,k )= RHSi,j,k - TR.._H/z,k )

m,l m,l m,l

m,l
hi,j,k—l _TV.,J,H.,Z 'hi,j,k+1

Ciot/2,jk 'hi—l,j,k _TC.M,M 'hi+1,j,k _TV.,J,H,Z ’

m,l
+HCOEF ;, ) hi

( Ri,ic1/2.k Rije1/2,k Ci_1/2,jx Civ2,jk Viik-1/2 Viik+1/2

>Tnv napandvw e€iocwon, ol dyvwaoTol 0pol Aappfavovtal w¢ dlaPopEC OTA UMOAOYIOHEVA
@opTia avapeoa ormig (1) kar (I+1) snavaAfyel. A¢ onueiwBei 6T oTav n (1) enavadAnuwn Exel
oAokAnpwoOei, To Oe&i péAog TNG (3.36), anoTeAciTal NAEov anod yvwaoToUg OpouG.
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3)AlaipeiTal To NAEyHa TWV OTOIXEIWV O KABETEC TOPEC KATA Th dislBUVON TWV Ypauuwv (EXNKA
3-6) kal XwpilovTal ol eEI0WaeIG 0 ouades. O HeETABOAEC TOU (POPTIOU YIa TN GUYKEKPIYEVN Toun (i)
BewpolvTal AyvwoTeC, VW YIA TIG YEITOVIKEC TOMEG (i-1,i+1), BswpouvTal YVWOTEG. 'ETal o1 dpol

m,l+1 m,l m,l+1 m,l
T (h1 1,j,k hl -1,j,k )’ TC (h1+1,_], h1+1,_],k) ’

Cioa,ik i+1/2,j,k

HETAPEPOVTAl GTO O€&i HEAOC WG YVWOTOI KAl NPOKUMTEI:

m,l+1 h m,l m,l+1

m,l
TRi!j,”z,k ( i,j-1,k i,j-1,k )+ Ri 12k ( i,j+1,k i,j+1,k )+

m,l+1 h m,l m,l+1 m,l

Tvi,j,kfllz ( i,j,k-1 R SAS! )+ Viiks1r2 ( i, j,k+1 T gkl )+

- (_ TRi,j—l/z,k - TRi,j+l/2,k - TCi—Uz,j,k - TCi+]/2,j,k - TVi,j,k—]/z - Tvi,j,k+l/2 + HCOE’j’k)

(3.24)

m,l m,l

m,l+1 m,l
'(hi,j,k ,Jk ) RHS,J, T 'hi,j—l,k _TRi,_H,,z'k'hi,jJrl,k

j-1/2,k

m,l+1 m,l+1 m,l m,l

Tc,,”z,,,_k' i-1,j,k T S 'S - v,j,k,l,z'hi,j,k—l _Tvi.j,w'hi,j,kﬂ

m,l
+ HCOE ) h; ;.

- (_ TR|,j7]/2,k _TRi,_i+I/2,k _TCPI/Z.J',k - C|+I/2.j,k - \/i.j.kfl/Z - \/i,j,l(+1/2
4) Eneidn n enavaAnnmikh diadikacia npoxwpei kata tn dielBuvon Twv YPaAuH®V Kal Katd Tn
@opa nou o apibudc Twv ypappwv iau&dveral, ornv  (I+1) enavaAnyn, oAoKAnpwvovTal ol
uno)\oy|0|.|oi yia Tnv Toun (i-1) kal oTn ouvéxela Ekivouv ol uno)\oylopoi yia Tnv Toun (i). ‘ETol n
TIMA hl " ang NponyoUKEVNG YPAUHNG €ival YVWATH, EV® N TIKNA hl+1 .k TNG €NOPEVNG YPAUKAG Eival

ayvwaoTtn kal avTtikadioratal andé Tn yvwoTn h::l,j,k- AnAadn xpnoidonolouvTal ol nio npdéo@aTa

UNOAOYIOUEVEG TIMEG YIA TA QOPTIA TWV YEITOVIKOV TOHWV. ZUPQWVA PE auTd npokUnTel :

~ m,l+1 m,l ~ m,l+1 m,|
Rijc1r2,k (h Lk _hi,j—l,k )+TRi,j+1/2,k (h Ltk _hi,j+1,k )+

~ m,l+1 m,l ~ m,l+1 m,|
‘(h ikl —hi,j’k_l ’)+T '(h kel _hi,j,k+1 ’)+

Viik-1/2 Viik+1/2

+HCOF,,, |

N (_ TRi,j—]/z,k - TR.,_|+1/2,k - TCi—l/z,j,k - TC1+1/Z.j,k - TVi,_j,k—l/z - TVi,j.k+1/z
(3.25)

~ m,l+1 m,| m,] m,l
’ (h bpk ) RHS L,j,k Rl Li-112,k ) hi,j—l,k - TRi,]+1/2,k ’ hi,j+1,k

m,l+1 m,l m,l m,]
TCi—l/z.j,k‘ i-1,jk Civir2,jx hi”ajsk Tv|,j,k—1/z hisjak*1 Tvi,j,k+1/2 hi,j,k+1

m,]
+HCOE |, ) h i,

( | SREYER Ri 2,k Cisirajx Ciarrz,jx Vijk-1/2 Vijkeir2

Onou o CUUBOAIOWOG h™ , XpnoidonolgiTal yia Ta gopTia TG TouAS (i), oTo Xpoviko BhAua (I+1)
Kal unodnAwvel evOIAUETES TIUEG.
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5) O apibudc Twv KOPBwWV TNG (i) TouNg gival NC-NL, énou NCeival o apiBuog Twv oTnA®V Kal
NLo apiBuoc Twv emnedwv. 'ETol oxnuatifovral (NC-NL) €€&iowoeic. Ensidr o aplBuocg Twv eninedwyv
via TNV nAsioyn@ia TwV MNEPINTOOEWV €ival PIKPOS (1 w¢ 3), To oUoTNUd TwV €8l0WOswV €ival
OXETIKA UIKPO Kal pnopei va AuBei an’ suBsiac pe Tn pEBodo anaAoiprc Tou GAUSS. To cuoTnua

ypAageTal :
(4], {an~}, = (R}, (3.26)
onou :
[Ali 0 Nivakag Twv CUVTEAECTWV Yyia Tnv Toun (i) (ZxAua 3-7),
{Ah"} onivakac Twv PETABOA®V (hifj'.’f,’f” —hl.""j?fk) HETAEY TWV eVOIANECWV POPTILV
NG (I+1) enavainyng kai Twv unoAoyiouevwy gopTtiwv Tng (1) enavainyngc.
{R} 0 Nivakag Twv oTabepwv Opwv

A | Aap dia
Q1o | App | 823 Azs
A3 | Ass 336
Aia Aaa | Qs a7
aosg Aus | Ass | Ase
Aze Ase | Aes Aeg
Aay azy
Aeg Adgg | Agg
Agg | Ago

Zxnua 3-7: O nivakac Twv ouvTeAeoTwV yia Tnv Toun (i).

6) And Tnv analoipr] Tou GAUSSNou spapuoleral otnv e€iowon (3.26), NPoKUNTOUV Ol TIHEG

Twv d1aPopwVv (h;;'f,f”—h;"j?fk). AUTEG noAAanAacidlovTal e w, Kal nMpooTiBevTal oTa @OPTid TNngG

nponyoUpevnG enavainyng, dnAadn :

hm,l+1 _ hm,l

~m,l+1 m,l
i,i.k ik TO '(hi,j,k - hi,j,k) (3.27)
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7) 'OTav oAOKANpwOei 0 UMOAOYIOUOC TWV TIMWV h?fj}lflos KaBe kOpPBo TNg Toung (i) oTnv

gnavainwn (1+1), n diadikacia &eKkivasl yia TNV €nNOPevn KATa osipd Toun (i+1) otnv snavaAnyn
(I+1). 'Otav ohokAnpwBei n diadikacia kai yia Tnv TeAeutaia Toun (NROW), Eekivdsl n €nopevn
gnavainwn (1+2), ekTOC av IKAVOMOIEiTAl TO KPITRAPIO cUYKAIONG NOU £XEl TN HOPPN :

m,l+1 m,l
hs —hi | <e (3.28)

Se OTI a@opda TNV TIUN TOU W, £Xouv avanTtuxBei dIdpopes Bewpiec NOU EMNITPENOUV CUYKAION
HE TO AlyoTepo duvatd apiBuod snavaAnyewv. Mia katad Apoosyyion TIMA Tou @ OiveTal and Tov
Moler(Moler, 1969) :

Do = A (3.29)

ornou :
Arj= Ac;  eival n diaoTaon Tou oToixeiou (i,j,k)

ro N akTiva evog KUKAoU pe euBado ioo pe To euBado Tng nepioxng.
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3.2 BAZIKA STAAIA ANAIMNTY=HS ENOS MONTEAOY MMPOZOMOIQZHZ 5TO MODFLOWKAI AINTAITOYMENA
AEAOMENA

3.2.1 Opilakég SuvOBnNKeG

KaBe povTélo anaitei éva kaTaAAnAo oUvoAo oplakwv ouveBnkwv Mou va avTinpoowneUsl Tn
OX£0N TOU CUCTAMATOC HE TO MpayuaTtikd nepiBaAAov. ITnv nNepinTwon €vOG HOVTEAOU PORG TWV
unoysiwv uddaTwv, Ol OPIAKEG OUVONKeC Ba neplypd®ouv TNV avrtaAlayn Tng pong Heta&l Tou
MOVTEAOU Kal Tou EWTEPIKOU GUOTHHATOG.

3.2.2 Anotunwon Frewtprnjoswv (Well Screen Intervals)

Eikova 3-1: Anotunwon yewTpnong oro Visual Modflow

To Visual MODFLOW unoatnpilel TiIG YewTpnoel (pumping wells) pe To va TIG aneikovilel: A) Ze
noAAanAd@ enipgépoug dIACTAPATA MOU avTINPOOWNEUOUV TIG BECEIC TwV PIATPpWY AvTANONG o€ OAO TO
BaBoc Tng onng, kai B) e oxéon pe Ta enineda (layers) TOU HOVTEAOU MOU HEPIKWG N OAIKWG
dlanepva n yewtpnon (oxnua 3-1).

EvTouTolc, €ival onuavTiko va onueiwdei 611 To MODFLOW dev dievepyei €101koUG UnoAoyIiopoUg
KAl €KTIMNOEIC YId TA €NIHEPOUC NMOAAANAG S1a0TAUATA TNG YEWTPNONG (B€osic QiIATpwV) N yia Ta
KEAIQ TOU NAEYHATOG NOU HEPIKWG dIAanePVOUV TO CUVOAIKO HURKOG TNG OMNNG TNG YEWTPNONG.

To MODFLOW peTaxelpileTal TIC YEWTPNOEIG AVTANONG WG OPIAKEG OUVONKEG PoNG, £TOI WOTE O€
KGOe diaTourn KeAIOU TOU MAEYUATOG MOU MEPIEXEl YEWTPNON va dideTal Yia nNpoodIopIoUEVN TIMN
pONgG.

>TnV NEPINT®WON NoU N anoTunwon TNG YEWTpnong dianepvd noAAd enineda Tou HOVTEAOU, TO
Visual Modflow xpnaiponoisi To NARBoG Twv KeEAIMV Nou avaloyoUv o KaBe €ninedo kKal KATAVEUEI
avaAoylkda To OuVOAIKO OYKO AvTAnon..

H akoAoubn e€iowaon xpnoidonolgiTal yia va unohoyioel To NoocooTd AvTAnoNng yia KABe KeAi Tou
NAEyHaToc.
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K
oK

- z“(L'<x)| QT

‘Onou:

Qi = €ival n ekpon and To €ninNedo i0Tn CUYKEKPIPEVN YEWTPNON OTNV NEPiod0 AIXHNG
Q= €ival n €kpor TNG YEMTPNONG OTN CUYKEKPIYEVN NEPIOdO AIXHNAG

Li= €ival To Naxog Twv KEAI®V ToU €NINEDSOU i

Kx= gival n udpaulAikn aywyIigoTnTa aTov agova x Kal oto ninedo i , Kal

S (LKx)i= avTinpoowneUel To UVOAIKO dBpolioua Tou NAaxoug TwV KEAIOV OAWV TWV ENINESWV TOU
udpoPOopEa Kal TG UDPAUAIKAG aywyinoTnTag otov dEova xoe 0Aa Ta snineda nou diacyilovtal and

TN YE®TPNON.

AUTI N NPOCEYYICN, OMOU Wia NoAU-gninedn yEWTPNON avTINpoowneUsTal oav dia opdda aniwv
YEWTPNOEWV Ot KABs eninedo, anoTtuyxavel va AdBsl undywn TIC dlacuvdEoelc PETAEU Blapopwy
eninedwv nou opilovtal and Tnv yewTtpnon. 'Eva anod ta onuavTikdtepa npofAnuara nou oxertilovral
ME aQuTh TNV NpPoceyylion €ival 0TI Ta KeAIG TNG YEWTPNONG €ival kaTt’ oucia “avevepyd” oTav To
€ninedo Tou vePOU neEcel kKATw anod Tov NuBuEva Tou KeAIoU (n.x. oTav To keAi kaBioTatal §npo).
AUTO aQuTONATA HPEIWVEI TNV GUVOAIKHA TIMN AvTANONG TNG YEWTPNONG, KAl auTod WNOpPEi va NpoKaAEaoel
TNV “avakapyn” kal TNV €K VEOU €veEPyOnoinan Tou KeAloU. AuToU Tou TUMOU N GUHNEPIPOPA TNG
enavaAapBavopevng “anevepyonoinong” kar “evepyonoinong” Twv KEAIWV TNG I TOV YEWTPNOEWY,
npokaAei TaAdvTwon oTnv €niAuon, kalr Pnopei va eynodicel To HOVTEAO OTO va OUYKAiIVel O pia
AUon. TNV NEPINTWON NMou To HOVTEAO DeV OUYKAiVEl g€ pia AUon, Ta TeAIkG anoTeAéopaTa pnopei
va e€ivar napanAavnmika, €av Hia 1 NEPIOCOTEPEG YEWTPNOEIC €XOUV XAWNAOTEPEG anod Ta
avapevopeva TINEG AvTANONG.

EvaAAakTIKG, Hia yewTpnon noAAAnAwv emnédwv PMNopei PEPIKEG POPEG va NMpocopolwdei and
TOUGC MECOUG OPOUC HIAG KATAKOPUPNG GTAANG, UWNANG dlanepatoTnTag KeEAIWV, PE nNuBuéva oTo
KATW akpo TNG YEWTPNONG. TNV MEPINTWON AuUTH, av To Navw PEPOC TOU POVTEAOU YyiveTral Enpd, To
OUVOAIKO NMogoaTo avtAnaong dev ennpealeral. Autd Aappavel unown tnv kabetn diaclvdeon PETAEY
TV €ninédwv. To MEIOVEKTNHA AUTAC TNG MNPOCEYYIoNG €ival OTI oI JIAPOPETIKEG AYWYIHOTNTEG
Mnopei va odnynoouv os npoBAnua oUykAionc.

To {NTnua auTto pnopei va eniAuBei eniong eniAéyovTtag Tn pnxavr MODFLOW - SURFACT vyia Tn
por|. Z€ avTiBeon pe Tnv ouvnBiopévn pnxavn Tou MODFLOW, n pnxavly MODFLOW-SURFACT ecival
IKavr va avadiaveéuel TIG TIHEG dvTAnong oTta undAoina evepyd KeAld €dv €va n nepPICOOTEPA KeAIA
kabioravTtar “oteyvd”, pe autd Tov TPOMO EXOUME MO AKpIBry MPOCOMOoIWON TNG MNPAYHATIKNAG
€nidpaong TwV EMPEPOUG UNEPAVTANROEWY and Ta noAAanAd enineda Tou povTéAou. (Visual Modflow
4.2 Manual)

3.2.3 Ydpaulikn aywyigornTa
O1 napApeTpol TNG UdPAUAIKNG aywyINOTNTAG TOU JOVTEAOU NEPIAAUBAVOUV:
Kx - udpaulAikn aywyigdtnTa oTtov d€ova Twv X

Ky - udpaulikn aywyigoTnTa aTov agova Twv y
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Kz - USpauAIKr aywyluoTnTa oTov agova TwV z

AUTEG Ol MAPAUETPOI TNC AYWYINOTNTAG WNopsi va oploToUv KeAi NMpog KeAi XpnoILONoI®vVTag
OTaBEPEG TIMEG AKIVATWY Kal/r) KATAVEUNMEVEG TIMEG,.

3.2.4 AnoBnkeuTikoTnTa

H digpelivnon TnNG anoBnkeuTIKOTNTAC OTNV MEPIOXN MEAETNG NPAYHUATOMNOINBNKE TUNUATIKA Kal
yla TOV UMNoAoYyIOMO TNnG XPeldoTnKe va opiotoUV ol NapaueTpol nou Tnv npoadiopilouv. Ol
napapstpol autoi sival n EiIdikl Anodoon Tou udpogopéa (Specificyield - Sy), o
ZuvTteAeoTiG AnoOnkeuTIKOTNTAG (Storagecoefficient — Ss), To AnoteAeopaTiko Mopwdeg
(EffectivePorosity — Eff. Por.) kal To OAiko Mop®de¢ (TotalPorosity — Tot. Por.).

3.2.5 Apxikn oTtabun unoyeiou udpoPopéa

MNa va E&skivnosl n eniluon TnG npooopoiwon TnG pong, To MODFLOW anaitei pia npwTtn
«uno6Beon» yia TNV apxIkn TIMN OTABUNG TOU UNOYEIoU UdPOPOPEA TOU POVTEAOU. Mia KaAnR apyikn
unoBeon yia TNV €kKivnon TNG NPOCON0IWONG KMNOPEI va HEIWOEI TOV andlTOUPEVO XpOVO EKTEAEONG
onuavTika. O1 TIHEG TNG apxIKNG OTAdung Tou undyelou udpooped WnopolUv e€niong va
xpnaigonoinBoUv yia Tov UMNOAOYIOHO TV TIHWV AVTANONG, ONwG unoAoyiletal and Tn diagopd
METAEU TNG apxIKNG oTABKNG Kal TNG unoAoyi1ZOpevNG.

3.2.6 3uvOnkeg oTaBepouU popTiou

H opiakn ouvenkn Constant Head XpnolJONOIEiTAl YIA va OpPigel TNV ApXIKN TIUM OTO EMIAEYHEVO
KeAi NA&ypaTog, aveEapTnTa ano TIG OUVONKEG TOU CUCTAKATOG OTa NeEPIBAAAOVTA KEAIG, EVEPY®VTAC
£TO1 WG MIa Aneipn nnyr Tou vepou Mou EICEPXETAl OTO oUOTNHA, EITE WG €vag aneipog vepoxUTng yia
TO vepPO nou e&EpxeTal and To oUOTNUA. ZUVENWG, OPIAKEG OUVOnKeg Constant Head pnopei va
£€XOUV ONUavTiKn €nidpacn oTa anoTeAECUATA TNG NPOCGOHOIWONG, KAl YNopei va odnynoouv Og Wn
PEAAIOTIKEC NPOPBAEWEIG, 10IaiTEpa OTaAv XpnoiponoloUvTdl O MEPIOXEC KOVTA OTNV NEPIOXN
€vOIaPEPOVTOC,.

To Modflowpe TIC oOplaKEG OUVONKEG €MITPENEl, va EXOUME Mia ypaupupikn napePBoAn ora
OUYKEKPIPEVA Opld, HETAEU TNG apXNG KAl TOU TEAOUG TNG NEPIOOOU NMOU HEAETALE.
StartHead - npoadiopilel TNV apyIKM TIMN OoTAV apXn TNG NepIodou

StopHead - npoadiopilel TNV TEAIKA TIUM OTO TEAOG TNG NEPIOGOOU

3.2.7 River

H opiakry ouvBnkn “noTapog” XpnoigonolgiTal yia Tnv Mpooopoiwon TnG €nidpaong &vog
OUOTANATOC €MIPAVeEIaK®V UdATWV OTn pon Twv unoyeiwv udaTtwv. Em@aveiakd 0dara, onwg
notdapia, pgPara, AiPveg kal BAATol pnopolUv va CUVEICQEPOUV VEPO OTO OUOTNHA TWV UMOYEIWV
uddaTwyv, N va evePYNOOUV w¢ {MVEC EKKEVWONG TWV UMNOYEIWY USATWY, avaloya PE TNV UdSPAUAIKA
KAion METAEU TV ENIPAVEIaK®WY USATWYV KAl TOU CUCTAHATOC undyeiwv udaTwy.
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To unoAoyioTikd NAkETO yia Toug noTtapoug “River package” Tou Modflow, npogopoi®vel TNV
aAAnAenidpacn TwV EMNIPAVEIGK®OV HE TA UNOYEId VEPA JIAUECOU €VOG OTPWHATOC diapporc, mnou
dlaxwpilel To enipaveiako vepd and To undyeio (Eikdva 3-2).

Eikova 3-2: IxnuaTikn ansikovion Twv opiwv Tou notapoU (River Boundary)

To Modflow anaitei TI¢ napakdTtw nAnpogopieg yia kaBe KeAi mou nepiéxeral ora Opla Tou
notapou.

¢ River stage: H otadun Tou vepou, dnAadn To UWOC TNG €AelBepnC €nipAvEIAC TOU
vepoU and Tov nubuéva Tou notapoU. AuTo To UWog evOExeTal va aAAalel e To XpOvo.

¢ Riverbed bottom: To andAuTto UyWoOpETpo Tou NUBUEVA TOU OTpwHATOoC difdnong, nou
BpioKeETAl OTNV KOITN TOU NOTAMOU Kal anoTeAsiTal and gepTd uAIka (bedding materials)

¢ Conductance: Mia apiBunTikn NapaueTpoG Nou avTtinpoowneUel TV avTioraon arn pon,
METAEU Tou eniavelakoU OTPpWHATOG veEpOU KAl TOU undyeiou vepoU, Mou MPOoKAAsiTal
anod 1o oTpwpa dindnong (Riverbed)

H Tign Tng aywyigotnTag (Conductance value — C), MNOPEI va UnNoAoyIOTEl anod To PNAKOG Tou
notapoU (L) nou diangpvad &va KeAi, To NAATOG Tou notapoU (W) o éva KeAi, To ndxog Tou Riverbed
(M), kai Tnv opilovTia UdpaulAikn aywyigdTnNTa TWV UAIKOV TNG KOITNG Tou notaupoU (riverbed
material) (K) XpnoigonoimvTag Tnv Napakatw eEiowon:

K x L X
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3.2.8 Recharge

To nakéTto snavanAfpwong (Recharge package) Tou Modflow, ouvhBwc XxpnolgonolgiTal yia Tnv
NPOCOWPOIWAN TNG ENIPAVEIAKNG TPOPodoaiag Tou CUCTANATOC TwV unoyeiwv uddTtwyv. SuvnbéoTepa,
n avanAnpwon sp@avileTal wC AnoTEAEOUA TNC KATAKPRUVIONG nou dinBesital yéoa orto cuoTnua
unoveiwv udaTtwyv. Q0oTO00, TO NAKETO ENAVANANPWONG KNopsi duvnTikd va xpnoigonoindei yia Tnv
NPOCOWPOIWAN TNG ENAVAPOPTIONG KAl and AAAEC MNYEC EKTOC and TNV KATAKPAMVION, onwc apdsuon,
TEXVNTN avatpo®oddTnan, f diappor ano pia Aigvn.

O puBuoOC avanAnpwonc sival pia napapsTpog n onoia dev gival ouxva PETPROIUN O hia B£an,
aAAG ouvnBwc unoTiBeTal OTI €ival €va NooooTo TNG KATAKPRKVIong. To MocooTd auTod KUMAiveTal
ouvnBwe anod 5% £wc 20%, avaloya Pe noAAoUC dIapopETIKOUC NapayovTes ONwe ol €EAC:

e O kUplog TUNOG edAPOUC WIag NePIoXnG Kal To €ido¢ TNG BAAoTnoNng
e H em@aveiakn Tonoypagia (kAion), kai
e To UAIKO KGAUWNG Tou £dAgoug

To Modflow anaitei pia digdidoTaTtn dIATAEN TwvV TIHWV €navanAnpwong, ylia Kabe KeAi oTo
opi1ZovTio eninedo. Kal pia npoaipeTikn O1odidorarn didtagn Tou apibuou Twv emnedwv (layers),
onou n enavanAnpwon 6a Aapel xwpa os kabe KeAi Tou opIfOVTIOU EMINEDOU.

AgOOPEVOU OTI N PUAIKN TPo@Od0oaia €I0EPYXETAl OTO CUOTNHA Twv undyelwv udATwV ano Tnv
enigpavela Tou €dagouc, 1o Visual MODFLOW eniTpénel POvVo TIG TIMEG €nava@opTiong nou Ba
diaTiBevTal yia To Eninedo 1.

Ano npoenihoyn To npoypappa Oa B£cel TNV enavanAfpwon va pApPocTel OTO AVWTEPO MIO
evepyd e€ninedo Tou PovTéAou, nou eival nio “uypo” (wet). Qotdoo, To Visual MODFLOW eniTpenel
OTO XpnoTn va Oleukpivioel OTI n enavagopTion 6a spapuooTei o kaAnolo d1APOPETIKO anod auTto
gninedo.

(Waterloo Hydrogeologic Inc., 2006)
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4 NEPIOXH MEAETHZ

4.1 [1EPIOXH MEAETH:
4.1.1 Trevika Zroixeia Osooaliag kai Mepioxng MeAérng

H nepioxr) MEAETNG TN napouaag diaTpiBng BpiokeTal oto A.A. MaAaiopovdaornpou Tou NopoU
TpikaAwv oTtnv Mepipepeia  Osooaliac. AMOTEAEl TNV  aypoTiKn MePIOX Tou AnUOTIKOU
AlapepiopaTtog, n onoia opioBeTeiTal AuTikd and Tov notaud MopTaiko, BopeioavaTtoAikd and Tnv
aypoTikn nepioxn Tou A.A. Auyapiag, NoTioavaToAika ano Tnv aypoTikn nepioxn Tou A.A. FOppwv
kal NoTia and Touc Npdnodeg TNG opoaoelpdc Tng Mivdou.

MevikOTEPA Kal and YEWYPAPIKNG anowng, n ©saoaAia aviKel 0TO KEVTPIKO TUAKA TNG XWPAG KE
eEalpeTika nAouaia gpuaioypagia, diabETovtac TOoo NedIVEC 000 OPEIVEC Kal NApaANIAKEG EKTACEIC.

To udaTik6 diauépiopa TnG Oecoaliag (Eikova 4-1) oupnintel oxeddv HE TO AVTIOTOIXO
YEWYPAPIKO. MIKpa HOVO TUAMATA TOU Yewypa®ikou dlapepiopyatoc ©sooaAiac, Kupiwc npog Ta
vOTIa Kal voTIodUTIKA, avAKOUV O YEITOVIKA udaTika diauepiopara.

MNepiIAapBavel oAdkAnpo To vouo Adpioac, JeydAa TUAMATA TwV Vopdwv Mayvnaiag, TpikdAwv Kal
KapdiToag, kal Jikpd TUAPaTa Twv vouwv FpeBevayv, Migpiag kal ®BIwTIdAC. OpileTal Bopeia anod Tov
‘OAupno, Ta MEpia kar Ta KapPBouvia épn, duTIKA anod Tnv opoceipd Tng Mivdou, and tn voTia Nivdo
Kal To 6pog ‘OBpng kai avaTtoAika ano To Alyaio MeéAayoc.

To diapépiopa €xel eppfaddv 13377 km? kal anoTeAsiTal KUpiog and T AEkGvn anoppong Tou
Mnveiotu (nepinou 9500 km2), TiIG AEKAVEG TOU ENPOPEHHATOG, TOU =npid KAOWG Kal TIG
Aekaveg Tou MnAiou. H Aekavn anoppong Tou lMnveioU nepiAappBdavel Tnv AvaTtoAiki
nediada (Aapiong) kai Tn Autikn nediada (TpikdAwv - KapdiTtoag).

O Mnveldg noTapog TpopodoTeiTal anod eva Peyalo apiBuo napanoTapwy PE ONUAvTIKR anoppon.
O1 mio onuavTikoi and autoug eivar oI MaAakaoiwTikog, KaoTavimTikog, KAevoBiTikog, MopTaikag,
MNauioog, Mikavng, TiTapholog (Zapavtanopog — EAacooviTikog), KaAéTing, Zo@aditng, Evineac,
AnBaiog kal NeoxwpiTngc.

>Tnv Eikova 4-1 spgavifovTal Ta 6pia Tou udaTikoU OlapepiopaTtoc. Mapouaidlovral akoun ol
UOPOAOYIKEG AekdAVeC Tou, ol udaTikoi Tou NOpol KAl Ta onuavTika €pya a&onoinong Touc. Eniong
napouaoialovTal gToixeia 60ov apopd oTIG USATIKEG avAyKeG Tou SlapEPioNaToc.
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Eikova 4-1: YopoAoyiko diaugpioua Ocooaliac (Mnyn: «MeAETn yia To €8viko npoypayuua diaxeipions Kai
npooraocia¢ Twv udartikwyv rnopwv>, 2008, YITEXQAE - EMIT)
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H nepioxn HEAETNG TNG OINAWMATIKAG €pydciag TauTileTal Pe Tov Udpo@OpEd TNG AYPOTIKAG
nepioxng Tou AA [MaAlaiopgovaotnpou (Eikdva 4-3), nou anoTeAei pEpog TnNG Aekdavng
MaAaiopgovaornpo — Fopgol — Auyapida — KaAuBia (Eikova 4-2)

Eikova 4-2: Nekavn MaAaioyovdornpou - ou@oi — Auyapid — KaAuBia
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Eikova 4-3: lNepioxn MeAeTng — YOpopopeag aypoTikng nepioxng AA lNaAaioyovaoTnpou

4.1.2 reswuoppoloyika — lewAoyika xapakTnpioTika O@sooaliag kai MNMepioxn MeAETng

To diapépiopa napoucialel anAn YEWHOPPOAOYIKN €1KOVA, HE TA OPEIVA TUAKATA TOU NEPIYETPIKA
Kal Ta nediva OTIG KEVTPIKEG MNEPIOXEC. YNApXOUv MEVTE opeivoi Oykol, WETAEU Twv onoiwv o
‘OAUMNOG, HE UWOMETPO 2.917 m, To uywnAdtepo otnv EAAAda. To nedivd TuNua XwpileTal os
avaToAlkn kar OUTIKA nepioxn and Ta XaunAd XaAkndovia ‘Opn. Or dU0 aUTEG MEPIOXEG e€ival
ave&apTnTeG ano udpoyewAoyikn anoyn. To HECO UPOHETPO Tou dlapepioparog sival 285 m.

To ©tooaliko MMedio eival TekTovikO BUBIOHA nou nepIBAAAETal anod TIG opoosipég OAUMouU -
KauBouviwv oTa Bopeia, Mivdou ara duTikd, ‘'08puog ota voTia kai MnAiou - ‘'Ococag oTa avaToAikd.
270 UudaTIkO Odlauépioga avanTtuooovTal and Ta avatoAlkd npoG¢ Ta OUuTIKA ol akOAouBeg
YEWTEKTOVIKEG {WVEC KAl EVOTNTEC:

e EvOTnTa ‘O00AG, NOU OUVAVTATAl OTO OMWVUMO Bouvo Kal aTov ‘OAUMMO. AMOTEAEI TEKTOVIKO
napabupo kal NepIAauBavel GUAANITEG, papuapa kai SOAOUITEC.

e [eAayovikry Zwvn, MOU ouvavTdral oTo avaTtoAlkd TUAWa Tou OlauepiopaTog, To onoio
nepiIAapBavel kpuoTaAAikoUG aoPecToAiBouc kar pdppapa, Onwc €niong kai o PeyaAo Babud
yvelaioug, oXIGTOAIBOUC Kal apgIBOAITEG.

e YrnoneAayovikn Zwvn, NoU ouvavtaral oTnv KevTpikn Osooalia, Ye KUPIO XapakTnpioTikd Tnv

EKTETAMEVN avANTUEN TwV OQ@IOAIBIK®V UMNEPBACIKOV MNETPWHATWV TOU QAUOXN Kal TwV
OXIOTOKEPATOAIBWV.

e Zwvn Tng Mivdou, nou avanTtUoosTal oTta duUTIKG Opla TngG nediddac npog TNV 0pooeipd TNnG
Mivdou kal anoteAsiTal and AsentonAakwdeiG aoBeoTOAIBOUG 0 evalAayEg pe oxioTokepaToAIBoug,
onwg eniong kar eAUaYN.

e 3TO SUTIKO THRAMHA TNG OsooaAIknG Nediadag avanTUooovTadl Td HOAaooikd I{AHATa Tng
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HECOEAANVIKNAG aUAAKAG, NOU OTNH CUYKEKPINEVN O£on anoTeAoUvTadl KUPiKG and HeydAou
Nayoug CUVEKTIKA kpokaAonayn.

e To nNedivo TUNAHa Tou dlauepionaTos, ONWC eMionNG KAl TouG AOPOoUC Nou napePBaillovTal YETAEU
QUTIKNG Kal avaToAIkh¢ ©sogoaliag, kaAUnTouv oUyxpova TETAPTOYEVH Kal VeEOoyevn 1IZAuaTa

Ta napandvw oToixeia BaoioTnkav oTn PHEAETN Tou YBET [1996].

4.1.3 KAipa
To udaTiko dlapépiopa dialpeiTal O TPEIG NEPIOXEG:
» Tnv avaToAIkf NapakTia Kal Opeivr), JE Heooyelakd KAipa.
» TNV KEVTPIKNA NedIVR, HE NNEIPWTIKO KAipa.
» Tnv OUTIKN OpEIVI, UE OPEIVO KAIlQ.

H peon emoia Bepuokpacia kupaiverar and 16°C wg 17°C. To €ThHoI0 BEpUOPETPIKO £UPOG
Eenepva Toug 22°C. O1 mio Beppoi prveg eivar o IoUAlog kal o AUyouoTog Kdal ol Mo WuXpoi o
Iavoudpiog, o deBpoudpiog kal o AskepPploc. O1 nayeroi €ival guxvoi kal gugavifovral Kata Tnv
nepiodo NoeguBpiou - Anpidiou. O1 nuéEpeg naysToU KupaivovTal and 9,2 oto BoAo oe 35,5 otn
Adapioa kai 33,8 orta TpikaAa os peon €Tnoia paon.

To UYoC TwV ATHOOPAIPIKWV KATAKPNUVIOWATWY OTOo JlAaPEépIoNa e€ival OXeTIKG HeydAo oTa
OUTIKA, OTnN OUVEXEIQ PEIWVETAl 0TO NedIvVO TUNAKA Kal au&averal naAl oTo opelvo avaToAlko TURMA.
EVOEIKTIKEG TIMEG TNG £TNOIAC BpoxONTwong ival 468 mm oTo oTaduo Adpioag, 550 mm oTo oTabuod
TupvdaBou kai 1142 mm oTov nio opeivd oradud Tou Moulakiou [KouTtooyidvvng, 1988]. 210
oUVOAO Tou JlapepioNaTog, N HECN €TROIA €nipavelakh BpoxdnTwaon ekTigarar oe 678 mm (K/=
Alaxeipiong Yoatwyv Kevtpikng & AuTikng EAAGdocg, 2005).

H unepetrioia BpoxonTwon atov EAAadIkO Xwpo aAAd kal nio €16ikd oTo udaTiko dIauEPIoPa TNG
®ecoaliac napouaialeral oTig Eikdveg 4-4. kal 4-5 avTioToixa.
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Eikova 4-4: Ynepetnoia Bpoxontwon oTov EAAadIko xwpo

'YWYoG UneEpETAOIAG

Bpoxontwong (mm)

Eikova 4-5 : Ynepetroia BpoxonTwaon oro udaTiko dIauEpIoua Tn¢ @sooaliac

O1 nio Bpoxepoi YAVECG yia To udaTiko dlapépiopa Tng OscoaAiag ival and Tov OKTWRPIO WE ToV
Iavoudpio, evw ol nio &npoi o IoUAIOG kal o AUyouoTog. OI XIOVONTWOEIC €ival ouvnBIOUEVEC,
101aiTepa oTa opeivd Tou diauepiopaTog Kal yivovTal nio évroveg and Ta voTia npog Ta BOpeia Kal
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ano Ta avatoAikd npog Ta duTikda. Ol NeEPICOOTEPEC XIOVONTWOEIG NapaTnpolvTal KAaTd TOUG HNVEG
Iavoudpio kai ®eBpoudplo. 3Ta OuUTIKG Kal opeivd TUAUata Tou JdiapepiopaTto¢ apxilouv Tov
SenTEURPIO Kal PTAVOUV HEXP! Kal TIG apxéC Iouliou. EVOelkTIKG ava@épeTal OTI 0 PHECOC £TROIOG
apiBuog nuepwv Xloviou otn Adpioa sival 4,0 kal ota TpikaAa 6,2.01 xaAalonTwoslg ival eniong
OUXVEC, KUpPIWG KaTd Toug pnvec Maio kal IoUvio ota Bopsia Tou SlaPEPIOPATOC KAl KATA TOUG UAVEG
®deBpoudpio w¢ AnpiAio oTo voTioavaToAlkO TUAUWA. H peon €tnoia vépwaon Kupaivetal and 4 wg 5
BaBuideg, YE TIC UWNAOTEPEC TINEC va guaviovTal oTa dUTIKA Kal TIG XAaUNAOTEPEG OTA avaToAIKd.
H péon eTAOIO OXETIKA uypaadia KupaiveTal anod 67% Pexpl 72%. 3To VOTIO TUAKUA Tou diapepiopyaTog
spaviletal Enpr nepiodoc 4 w¢ 5 pnvwv ota avaTtoAikd, n onoia OUwWG PEI®VETAl Babuiaia os 2 wg
4 UAVEG 0Ta KEVTPIKA - JUTIKG nediva kall wg 2 YRveG oTa dUTIKA opeivd. H snikpaToloa Gopd Twv
avépwyv ato diapépiopa noikilel, (BopsioduTikoi kal voTiol oto BoAho, avatoAikoi atn Adpioa, SuTIKOI
oTa TpikaAa).

4.1.4 Ydarivor nopoi

O1 udaTikoi noépol Tou YdartikoU AlapepiopaTog TnG ©sooaliac anoteAoUvTal and nipaveiaka
kabwg kal and unoyela vepd. Aedopévou OTI OEv UNAPXOUV €pya Tapieuong (Me €Eaipeon Tov
MAaoTtnpa), 1O enipaveiakd OUVAHIKO ava@eEPETAl OTnNV napoxn Twv UuddTOPEUMATWY, n onoia
napoucialel evrovn XwpPIKR Kal Xpovikn diakupaveon. ‘Eva onpavTikd XapakTnpioTiko €ival OTI Ta
EMIPAvelaka vepd opoBeTolvTal and To MnoTapio udpocoUoTnUa KAl TIG AVTIOTOIXEG UDPOAOYIKEG
AekAVeG, evw Ta unoyela anod Ta avTioTolxa udpoyewAoyIka O0pid, Ta onoia Opwc dev TauTifovTal HE
auTda TWV ENIPAVEIaK®V.

4.1.5 Ynoyesia vepa

270 YdaTikd Alauépiopga ©sogoaAiag avanTuooovTdl CnUAvTIKOI MPOoXwWHATIKOI UdPOPOpPEIG, aAAa
Kal JEYAAEC KapoTIKEG UOPOYEWAOYIKEG evoOTNTEC. ‘O00V a®opd oTnV NPWTN KATNYopia udpopopEwy,
n nedidda Tng Osooaliag diaxwpileTal o dUO KUPIEC UDPOYEWAOYIKEG AEKAVEG, TNG OUTIKAG Kal
avaToAikng GOeoaaiiac. O1 dUo Aekdveg diaxwpilovTal Je AoPwdn MEPIOXN VEOYEVWV aNoBECEWY,
nou BewpeiTal EEXwpPIoTH UDPOYEWAOYIKN EVOTNTA.

2Tn OuTikf Ogocalia avantuooovTal ol AkKOAOUBEC NMpooXWHATIKEG udpogopieg [KaAAépyng,
1970]

o Kwvoi MNMnveioU-MopTdikoU-Napgioou, oTo SUTIKO-BOPEIOJUTIKO THRAHA TNG NediIadag,
HE UWPnAoU SuvVaMIKOU PPEATIO UdPOPOPEA, NOU TPOPOJoTEiTAl anod TIG SINOACEIC TWV
TPIOV NOTAH®V aAAd kai ano Tnv kKareioduon TnG BPoxnG Evw HEPOG TWV SINBACEWV
ENAVEPYXETAI OTNV ENIPAVEIA HECK HEYAA®WV AAAOUBIAK®V NNYWV.

e Kovog Zo@adiTn, OTOV OUMVUMO MOTAPO, HWE uywnAoU duvapikoU @pedTio udpo@opéda, nou
MeTaninTel og unod nieon kKai TpogodoTeiTal and TiI¢ dInBroeIg Tou noTapou.
e Ynoloino OuTikA¢ nediadag, He NoAAOUC endAAnAoug uno nieon UdPOPOPEIcC nou

TPo@OodoTOUVTAl KUPIWG and TOUG KWVOUG TwV napanoTaywv Tou Mnveiou, pe Bpadutato OPw®G
puUBUO, Npayua nou duaxePaivel TNV ENAvanAfpwaon TwV NOoCoTHTWV VEPOU nou avtAolvTal.
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4.1.6 Zwveg udpopopiag
>Tnv Oscoalia unapxouv dU0 USPOYEWAOYIKEG AEKAVEC:
- H udpoyeswAoyikn Aekavn AuTikhg Osocoaliag
- H udpoyswAoyikn Askavn AvatoAikng Oscoaliag

H udpoyewAoyikn Askavn TnG AUTIKAC OtsooaAiag nepiAapBavel OAn Tnv nedivr) €KTAcon nou
apxilel and Tnv KaAapndaka - Tpikaha — Kapditoa - Sopdadsc — ®AapoaAa kdl n udpoyswAoyikn
Aekavn Tng AvaTtoAiknc O@saggaAiag nepiAapBavel oAn Tnv nedivn €kTacon ano TupvaBo — ApneAwva -
Ouop@oxwp! - MAaTUkauno — Mpwnv Aipvn KdpAa - KavaAiia —Pi¢opulo (EOIATE, 2001).

O1 dU0 UBPOYEWAOYIKEG Askaveg €xouv Tov idlo afova avanTtuéng pe disuBuvon BA - NA kal
anooTtpayyifovral and HPeyaAo Kal NUKvO udpoypadikd OiKTUO MHE KUPIO CUAAEKTN Tov [Mnveld
notapo. Ektdc Twv dU0 KUpIwV AsKav@v, MEPIMETPIKA AUTWV, EXOUV avanTuxBei kal MOAAEC
NEPIPEPEIAKEC UDPOYEWAOYIKEC AEKAVEC, MIKPOTEPEC Ot €KTAON, KABWC Kal udaTika KapoTiKa
dlapepiopara.

O1 UBATIKEG AUTEG MEPIOXEG AEITOUPYOUV WG AUTOTEAR USPOAOYIKA CUOTAKATA HE HIKPN WG Kal
kaBoAou udpauAikny olUvdeon HeE TIG OUO KUPIWG UDPOYEWAOYIKEG Aekdvec. Meoa OTIG
UOPOYEWAOYIKEG AEKAVEG (KUPIEG Kal NEPIPEPEIAKES) Exouv avanTuxBei {wveg udpopopiag ol Onoieg
ouvioToUV Ta UnooUVoAd TNG USPOYEWAOYIKNG AekAvng He dIKA TOUG UDPOYEWAOYIKA XAPAKTNPIOTIKA
XWPIG OPWG va HETABAAAETAl 0O €viAiog XapakTnPag TnNG udpauAIkng Kal UdPOAOYIKAG oUVAEONG nou
unapxel JeTa&l Twv {wvwv udpoPopiag Tng idlag udpoyeWAOYIKNG Aekavng.

270 Napanavw udpoyewAoyikd NAdicio nMou neplypa@nke nepIANNTIKA, ol {wveg udpopopiag Kal
Ta KapoTika udaTikd cuoTAUATa o OAn Tnv OsocoaAia napouaialovtal otov Mivaka 4.6 kai 4.7 yia
TNV udpoAoyikr Aekdvn TnG AUuTIKAG Kal AvaToAikng ©sooaliag avTioToixa.

A. YdpoyswAoyikn Askavn AYTIKHZ OEZSAAIAS

(nediada TpikdAwv - Kapditoag - dapodAwv)

I. Zovn udpogopiag Kahapnakag — BaoiAf - Meydapyxn

II. Zovn udpogopiag Kata pnkog Tou Mnveiol, ano KepaAoBpuaoo - TpikaAa - Mnveidada

III. Zemvn udpoopiag MaAaiopovaoTnpo — Fopgol — Auyapia — KaAupia

IV. Zwvn udpoopiag ZeAavwv (Ayvatepo — Medivo KAM)

V. Zovn udpogopiag Kapditoag - MaTapdykag e Ta KapaoTikd cuotriuaTta Tou Mupyou Kiepiou
VI. Zwvn udpogopiag MNalapd Pe Ta KapoTika cuoThPaTa MeTapudppwong kal Oppavwv.

VII. Zovn udpogopiac O@saoaAiwTidog (Zopadec — AvaBpa — Kanadokiko)

VIII. Zowvn udpoopiac dapocdAwv Pe Ta kapaTikd Bpuoiwv, OxToup! Kal YNEPEIAG.

O1 nepIpepelakég AekAveg TNG AUTIKNAG @sgoaAiag

1. H nepipepeiakn Aekavn Pa&a - Pidwpa — Apdavn
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2.

H nepipepeiakn Aekavn Neoxwpiou, Papkadwvoc.

B. YdpovewAoyikn Aekavn ANATOAIKHS OESSAAIAS (nedidda Adpioag)

a.
B.

Y.

Zwvn udpogopiac To B.AuUTIKO TuNHa. H supUTepn nepioxn Tupvapou £wc Tov Mnveld noTayo.
Zwvn udpogopiac To kevTpiko TUAKa (KouAoUpa — FupTwvn — Opoppoxwp! — MAaTUKapnoc).

Zovn udpogopiac N. AvatoAlkdo TUAMa 1 npwnv Aigvng KapAag Onou nepIPeTpIKa

avantuooovTal

ol {wveg udpogopiag: a) ol Kwvol KopnuaTwyv Kavaliwv, Kalapdki k.A.m., B)

KuweAng - KapavTaou, y) Xaikng, d) StepavoBikeio — PIfOuulo.

O1 NepIPePEIaKEG UDPOYEWAOYIKEG UNOAEKAVEC TNG AvaToAikng Osooaliag

1.

2.

8.

9.

YnoAekavn Ayiag

YnoAegkavn Sukoupiou, Makpuxwpiou, FOVVwv

. YnoAekavn AgATa Mnveiou

. YnoAekavn Motapiag EAacodvag

. YnoAekavn Toapitoavng EAacodvag

. YnoAekavn AoAixng MuBeiou, Zapavtanopo

. YnoAekavn Taouadvng kail To nedivo TUAPa Mavdpacg-Koutooxepou

YnoAekavn AApupoU, AyxidAou

YnoAekavn Aypiag, Aexwviwv

10. YnoAekavn Aepivou, MepiBAEnTou

11. YdaTikd diauépiopa XTa AIOIKNTIKA opla avavtn Twv A.A. AacoAdgou, OceTidiou, Avw &

KatwBaoiAikwv.

Ol

un’ apibuov ano 1-7 BewpouvTal WG NEPIPEPEIAKEG UDPOYEWAOYIKEG UMOAEKAVEG TNG

YOpovewAoyiknG Aekavng AvaTtoAikng OesooaAliag und Tnv UdpOYEWAOYIKR €vvold HE Onueio

avagopdc tTnv nediada Adpioac n Aekavn AvaTtoAikng ©esooaAiag. Or un’ apibudv 8,9,10 kar 11

BewpolvTal UNOAEKAVEG TNG AvaToAIKNG Osooaliac uno yewypagikn €vvoia.

r.

KapoTika YdaTika SuoThuard.

1.

Ta papupapa Koutodxepou-Aapaciou-MaT Tupvapou.

. Ta yapuapa Kpavéacg-KeqpahoBpuoou (EAacoova).

. O1 aoBeaTtoAiBol lewpyavadwv (TpikaAa).

. O1 aoBeaToAiBol MeTapdppwonc MNaiapa (Kapditoa).
. O1 aoBeaToAiBol MaTapdykag Mupyou Kiepiou.

. O1 aoBeatoAiBol Kepapidiou Mnveiddog-AouTtpd.

. O1 aoBeoToAiBol Oppavwv Ynépeiac.
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8. O1 aoBeaToAiBol OxToup! (MoAuvept).

9. O1 aoBeaTOAIBOI BeAeoiwTwv Ekkapac.

10. O1 aoBeoTOAIB0I Bpuoiwv (Papoala).

11. O1 aoBeoToAiBol dapodAwv.

12. O1 aoBeoTOAIB0I XaAkndoviou (Aonpoyeia-BeAeoTivo).
13. O1 aoBeoTOAIBoI MUpou KaAoU Nepou (Adpioa).

To EBvIkO 'Idpupa AypoTikng ‘Epsuvag ge a@opun TNV napakoAolBnon Twv Unoysinv udatwyv wg
npo¢ TIC EMNINTWOEIC TNG VITPOPUNAVONG O AUTA, £XEl €£yKATaoTAosl dikTuo napakoAolBnong Tng
noIdTNTAG TWV UNoysiwv UdATWY Kal €Xel CUAAEEEI dedopEva Yia TV UDPOYEWAOYIKN KATAOTACH TWV
udpoPopEwV. Me Tn xpnon Twv oToixeiwv Tou EGIATNE cuvtaxbnke xaptng (Eikdva 4-6) o onoiog
napoucialel TNV XwPIKA KATAvVOPn TwV UMOYEiwv UdpoPOpEWV Mou npoavapepdnkav kair Tov
dlaxwpiopd Touc aTIG dUO KUPIEC UDPOYEWAOYIKEC AEKAVEC, TIC MEPIPEPEIAKEC TOUG AEKAVEC Kal Ta
KapoTIKG uddTIKA CUCTAMATa nou avantUlooovTal oThv MNePIoXn. STov Oe00aAlko Xwpo (AvaToAIK
kal AuTikr) ©soogalia) €xouv avanTuxOei nepinou 14 kapoTikad udaTika cuoThuarta (Eikova 4-6) Ta
onoia BpiokovTal os 10apIBua opeliva cuPNAEyaTa and acBeoToAiBoug kal pappapa.

Eikova 4-6: Yrnoyeiol udpo®opeEic TNG nepipepeiac Osooaliag
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TéNog aav enipaveiakr {wvn udpogopiag TG NeEPIOXNC HEAETNG BewpeiTal o MopTaikdg NOTANOC,
ol NePIOdIKEG OTABPEG Tou onoiou napouaialovTal oxnuUaTika oto oxAua 4-1, yia Ta £€1n 2002 £€wg

2007
ITAOMH HEPOY - [TYAH (MOPTAIKOX)

1.00
- — 202
E 0.5 \ f/ \ — N3
S 060 - \ \ ’—""‘/ 2004
% 040 208
‘I:% n_m _ _m

0.00 : : : : 2007

: s 3 g ¥ ¥ E %I £ £ 3§ 3
Sxnua 4-1: >1abun vepou - Moptaikou Motauou (EO I AT E, 2001)
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5 E®APMOTIH

H avanTtu&n Tou PHOVTEAOU MPOCOMOIWONG TOU UNOYEIOU UdPOPOPEA TNG AYPOTIKAC NEPIOXNG TOU
A.A. MNalalogovaoTnpou, Yiveral ata akoAouBa oradia.

5.1 MHXANH MoDFLOwW

MNa Tov udpoopea TNG MePIOXN MEAETNG €YIVE MPOCOMOIWON OTO UMOAOYIOTIKO npdypauua
MODFLOWYIa xpoviko diaotnua duo (2) eTwv Xpnoigonoliwvrag To USGSMODFLOW 2000 kai yia
TUNO ponc Tnv «napodikn pon» (Transient Flow), d310TI To yeITvialwyv NOTAWI OTAV MNEPIOXN MEAETNC
napouacialel napodikn pon kata Tn dIdpKela Tou £TOUG.

5.2 ZTOIXEIA YAPO®OPEA TAAAIOMONASTHPO - FTOM®OI - AYrAPIA — KAAYBIA

>Tov udpogopéa MaAlalopgovaoTnpo - Fou@ol - Auyapid — KaAuBia, n yewAoyikn d14aTagn
anoteAeiTal and adpopepny UAIKA and Tnv em@edveld €éw¢ To unoBabpo, naxoug 80-120 m. T.Y.:
gmgaveiag unoyeiag pong. To unoyeio uddTtivo duvapiko €ival nAouoio pe BeTikO 100CUYI0. Agv
napouacialovral npoBANMATa unepAvTANONG Kal €XOUHE KAVOVIKN enavanAfnpwon. Evw TéAog Ta
udpaulika aToixeia Tou udpogopea eivai: a) Ynoyeia Xtabun (Y=)=20-30 m, B) ZTadun AvTAnong
(2A)=35 m, y) Mapoxn (Q)~150 m3/h.

(EOIATE, 2001)
STIC NAPAKATW EIKOVEC and Tnv papuoyn Tou Modflow, napoucidleTal o TpONOG €10AYWYNG TWV

OeDOMEVWV TNG NEPIOXNG, OTIG POPHEC TOU NpoypduuaTog Modflow. Ze eva npwTo eninedo (layer 0)
glonxbnoav dopuPOPIKEG PWTOYPAPIEG TNG NEPIOXNG Nou npoépxovTal and 1o Google Earth kal o€
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deUTepo eninedo (layer 1) npooTéBnke o Xaptng avadacpou Tou A.A. TMaAaiogovaoTnpou.
Enionuaiveral 6T kal S0pUPOPIKEG PWTOYPAPIEG KAl 0 XApTng avadacpou, yewavapepdnkav Baon
Tou TonoypagikoU cuaTAPaTog EMFZA 87'. STn GUVEXEIa N NepIoXH HEAETNG XwpioTnke o 1600 keAid
(grids), pe diaoTdoeig 120,725 x 116,850m.O£TOVTAC TIC OPIAKEG OUVONKEG, OpIGUEVA ANO Ta KEAId,
EKTOG TwV opiwv Tou udpo@opéa TEBNkav avevepyd (inactive). Ta evepyd keAia eivar 800 kai n
neploxr MEAETNG KaAUNTel pia éktaon nepinou 10 Km? (EikOVeG 5-1 éwg 5-4).

Eikova 5-1: lMepioxn MovteAou (sioaywyn dopu@opiknig ikovag ano Google Earth)

Eikova 5-2: Opio6eTnon nepioxnc UEAETNG (eioaywyn xdpTn avadacuou Tou A.A.
MMaAaiopovaornpou)
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Eikova 5-3: Eioaywyn KeAlwv — Anuioupyia urnoAoyioTikou rnAgyuaroc (grid)

Eikova 5-4: Opiouoc avevepywv KeAIDV

To endpevo BAupa ATav va €I0dyoupe TA anOAUTA UWOUETPA Tou £dA@OUG 0t KABe keAi. Ta
d0edopéva autd nponABav and To npdypappa Google Earthoe ouvduaopo HE TO NPOYPAMMA
PlexEarth (Trial Edition). Me Tnv cuvépyeia Twv dU0 AQUTWV NPOYPAUHATWV NP®TA ol 160UYEIC TNG
NEPIOXNG KAl OTN CUVEXEIQ Ta andAUTa UYWOUETPA TWV KEAIWV €lonxOnoav oto Modflow. H ypagikn
ansikovion Twv andAUTWV UYOUETPWY anoTunwveTal oTnv Eikova 5-5.
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Eikova 5-5: Aiauoppwon avayAupou e5d@poug

TéNog €loayeTal To onpelakd BABog Tou udpo@opéa nou AAPBAVETAl anod TIG YEWAOYIKEG TOMEG
TWV YEWTPHAOEWY, Kal Pe Tn PEB0dO Kriging NpoEKUWE TO avayAupo Tou KATW Kal avw opiou Tou
udpoopea TnG neploxng HEAETNG (Eikova 5-6).

Eikova 5-6: Mpagikn ansikovion Tou uno UEAETN UdPOPOpPEa

Eniong npénel va snmionuavBei 0TI oTnv apxn opioTnkav oTto HovTEAo 3 €nineda Tou undyeiou
udpoopEa, avaldywg Tou BABoug AvTAnong Twv QIATPWV TwV YEWTPNoewv. Ensidry Opwg n
ouaTaaon Tou udpopdpou opifovTa anoTeAsiTal kad’ oAokAnpou axedov and KPokKAAEG Kal XAAIKEC, N
napanavw evépyela Bewpnbnke NMAEOVACWOG KAl OTNV OUVEXEId TNG £QAPHOYNC, Ta Tpia enineda
AgiIToupyoUaav ouoiacTika aav €vd, yid To Adyw OTI Kal aTa Tpia eicdyovTal navTta ol idIEC TIYEG yia
OAEC TIGC NAPAPETPOUG, EKTOG anod TNV enavanAnpwaon n onoia éAaBe xwpa poévo oTo layer 1.
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5.3 TEetpHsErs (WELLS)

>T0 NAdiolo TNG napouaag epyaciac eMIAEXBNKe n ouvnBiopévn unxavn Tou Modflow, S10TI 6nwg
NPOEKUYE and TIG TOUEC TWV YEWTPNOEWV eV UNNPXAVE OAPEiG dIAKpPITEC dIAPOPEG OCOV apopd TNV
oUoTaon Tou udpo@opEd, 0 onoiog eival eviaiog Kal anoTEAOUHEVOG and KPOKAAEG, XAAIKEG Kal AuMo.

5.3.1 rewrtpnosig AvtAnong (Pumping Wells)

>Tnv NeploxXn MEAETNC £yIVE el0aywyr TwV JESOUEVWV TWV YEWTPNOEWY oTo Modflow (Eikoveg 5-
7 & 5-8), Baon Twv coToixeiwv TNG A/vong Ydatwv Tng MNepipépeia Oeooaliag, yia €va npoypauua
avtAnonc dUo €TWV. SUYKEKPINEVA €I0NXONOav oI CUVTETAYMEVEG, O MApPOXEC AvTAnong, To Babog
AavTAnonc kal 1o Badog Twv QIATpWV KABE YE®TPNONG TNG NEPIOXNC HEAETNC (MNepipepeia Osooaliac,
2005-2006). 'Ocgov apopa TNV AEIToupyia TWV YEWTPAOEWY BewpnOnKe OTI ano TIG ApXEC TOU £TOUG
MEXPI TA WETA Maiou dev undapxel avrtAnon, AOyw Tou YeyovoTog OTI auTr TNV NEPiodo £XOUNE HOVO
ENPIKEG KAAAIEPYEIEG, evw and Ta PEoa Maiou HEXPI MEOA ZENTEUPRPIOU EXOUME TO HEYIOTO PUBUO
avtAnong and TIG YEWTPROEIG kab' 6Ao To ikoaITeTpdwpo (Eikova 5-9).

>Tov Mivaka 5-1, anoTunwveTal 0 pUBPOG AvTAnong TnNG KABe yewTpnong, ONwc auTog NPOKUMTEI
ano TIG TOUEG KAl TA OTOIXEIA TWV YEWTPHOEWV.

Mivakac 5-1: PuBuoc AvtAnonc (m3/day) TwV YEWTPHNOEWY TNG NEPIOXNC UEAETNC

Fre®Tpnon PuOpuoc AvrAnong (m3/day)
T1 7200
T2 4800
T18 2400
T19 1680
T20 1200
T21 2400
T25 4800
T26 1920
T27 4800
T32 4800
T33 2400
T34 2640
T45 600
T53 4800
T54 2880

TB104 4320
BN-62 6000
BN-132 4800
BN-160 3600
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Eikova 5-7: 08ovn sioaywyng dedouevwy Tou Visual Modflow

Eikova5-8: Oon TwV YEWTPNOEWY AVTANONG OTNV MEPIOXT EAETNG
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Eikova 5-9: Aneikovion Tou puBuoU avTAnonc Twv YEWTPHOEWY OE OXEOT LIE TO XPOVO.

Ol TOMEC TWV YEWTPNOEWV OUPQWVA HE Ta aToixeia TnG A/vong Ydatwv TngG Mepipépeia
Oeooahiag didovTal oo MAPAPTHMA 1 (MNepipepeia-Oeoaaiiag, 2005-2006).
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5.3.2 Medouerpa Naparnpnong (Head observation wells)

Ano Ta dsdopéva TnG A/vong Yoatwy Tng Mepipepeiag Osooaliag(Mepipépeia-Beaoaliag, 2005-
2006), NpokUNTEl OTI TNV NePIoXN MEAETNC undpxouv dUo TonoBeTnuéva nmelOUeTpd, To D47 Kal To
Pz25. H akpiBn Yewypa®ikn Toug Béon (eikova 5-10) kabwg kal Ta dedopeéva TwV Pnvidiwv
METPAOEWVY TNG OTABUNG TOoug yia Ta €tn 2005 kal 2006(sikova 5-11& nivakag 5-2), siorjxénoav oto
Visual MODFLOW (Mepipgpeia O@saaaiiag, 2005-2006).

Eikova 5-10: l'ewypapikn 6gon melouerpwv D47 kai Pz25
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Mivakag 5-2: Mnviaieg uetpnoesig otabunc medoueTpwvD47 kai Pz25 (nnyn, Mepipépeia Osooaliag)

MHNIAIEZ METPHZEIZ ZTAGMHZ YMOrEIOY
NEPOY 2ZTO NOMO TPIKAAQN

ETOZX 2006 25 NMAAAIOMONAZT D47 NAAAIOMON

lavoudpiog 2.65 41.23
deBpoudpiog 2.22 37.15
MapTiog 2.12 32.25
AtTpiNiog 2.00 27.54
Méiog 2.35 32.10
louviog 2.80 39.73
loUAIog 3.10 45.78
AuyouoTog 3.88 49.07
ZeTTéURpIog 3.30 49.24
OkTWwPRpIOg 3.00 41.04
NoéuBpiog 2.80 40.67
Aeképppiog 2.60 38.32
ETOZ 2005
lavoudpiog 2.55 29.8
deBpoudpiog 2.15 27.67
MépTiog 2 26.7
ATtpiAiog 1.8 26.67
Méiog 23 29.07
louviog 2.8 36.14
loUAIog 3.5 47.5
AulyouoTog 4.02 49.51
ZETTEUPRPIOG 4.08 51.32
OKTWRpPIOG 3.9 49.5
NoéuBpiog 3.6 48.16
AeképBprog 3.32 47.25

Eikova 5-11: MapdbBupa sioaywync dedoUEVWV TV MIE(OUETPWVY OTO UMOAOYIOTIKO rnpoypauua Visual

Modflow

Institutional Repository - Library & Information Centre - University of Thessaly
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5.4 IAIOTHTE:=
5.4.1 Opilakég SuvOBnNkKeg

3TNV neploxn MEAETNG Nou anesikovileTal oTn e€lkova 5-12, O£0dUe OpPIAKEG OUVONKEG,
anapaiTnTeC yia TV NPOCOMoIWwaN Tou unoyeiou udpogopea Tou A.A. MaAalopgovaoTnpou.

Eikova 5-12: lNepioxn UEAETNG

2Tn voTia nAeupd TnG NePIOXNG HEAETNG OGNou o udpoPOPEAG ouUVAavVTA TOUG BpaXwdelg Nponodeg
TWV OPEIVOV OYKWV TNG €UpUTEPNG MEPIOXNG, OV €XOUME Kivnon unoyeiou UdSATOC CUVENWCG Ol
oplakeéc ouvlnkeg Tou udpogopea opilovral G MPNdevikAG napoxnc (zero flux boundaries
conditions).

2Tn OUTIKN MNAEUPA TNG NEPIOXNG HEAETNG Tnv onoia diaoyilel o MopTdikog NoTauog, BETOUME
oplakn ouvenkn PeTaBAnToU gopTiou, cUPNPWVA PE TN oTABWN TOU vEPOU PECA OTO NOTAWI.

3TNV VOTIoavdaToAIKny MAEUpd oTnv onoia BpiokeTal NoAU kovTd To nielOPeTpo D47, BETOUME
0pIaKEG OUVONKeg aTaBepol popTiou, TIC OMNoIeC PETABAAOUME ava pnva cUPgwva Pe Ta dedopeva
Tou MEelOUETPOU TWV MOPPWV.

Ma To unoAoino TUAKA TNG avaToAlKNG NAeupdc, éneiTa and SoKIPEG BewpnBnNKe UNOEVIKNG PONG
(zero flux boundaries conditions).

MNa Tnv oploBeTnon Tou nuBuéva, eAf@Bnoav unown Ta Pd6N TV YEOTPAOEWV ONWC
aneikovifovTal aTig Todég Toug (Mapdptnua III). Kar pe Tn diadikacia Tou Kriging €neTeuxdn n
XWPIKN KATavour auTng TnG onuelakng nAnpogopiag (sikdva 5-13).
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Eikova 5-13: Opio6Ttnon unoyeiou udpoPopea

5.4.2 Apxikég TIuEG

Ma Tnv évapén Tng diepelivnong TwvV BACIKWV NAPAPETPWV TNG NPOCOHOIWONG ToU UdPOPOopEd,
XPEIAOTNKE va gloaxBolv 0To oUOTNHA APXIKEG TIMEG yia OAEG TIC HETABANTEG.

H digpelivnon TnG TIUAG TNG udpaulAikng aywyipoTnTag(Conductivity), npokuntel and Tnv
vewAoyia Tou €dA@oug TNG nNePIoXNC HEAETNG. ANO TIC OIATOMEG TWV YEWTPNOEWV OIANICTWVOUHE OTI
To £0ago¢ anoTeAsgiTal and KPOKAAEG, XaAikia kal dapyiAo. AnAadny €xoupe kpokaAonayn Kai
aAAouBiakeég anoBeoelc. Evw To HeyadAUTEPO NOCOOTO OTIC JIATOHEG TWV YEWTPHOEWY anoTeAoUvV Ta
XaAikia (kpokaAonayég €dagog). H pn unap&n adianépatwv apyiAlkwv oTPWHATWV 0dNYNoE OTO
oupnépacpa OTI Ol YEWTPAOEIG €ival @PEATIKEG. ZUP@PwvA HE Tov TJUOMNouAo, n UudpaAUAIKA
aywyidoTnTa O KpokaAonayec Gpeatikd udpogopéa sivar TnG Ta&ng Tou 4x10™* cm/sec R 4x1073
m/sec oav JEan TIPM Kal oTIC Tpeic diaoTaoceic Kx, Ky, Kz (TQuonouAog, 1997).

H anoOnkeuTikoTNTa (Storage), anodidsral anod Tnv £1dikn andédoon (Specific Yield - Sy), To

OUVTEAEOTN anoBnkKeuTikOTNTAC (Storage Coefficient - Ss), To evepyo nopwdsc (Effective Porosity —

Eff. Por.) kal To oAik0 nopwdec (Total Porosity — Tot. Por.). Zav dpXIKEG TIMEG TWV AVWTEPW

napapeTpwyv nou npoadiopifouv TNV anobnKeuTIKOTNTA, XPNOIJonoinénkav ol npokaBopIoPEVEG
TIHEG Tou npoypauupatog (default).Zuykekpiyéva Ss=1E® (1/m), Sy=0,2, Eff.Por.=0.15,
Tot.Por.=0.3 .

TéAog oav apxikn oTtadun (Initial Heads)Tou unoyeiou udpogopéa, BewpndnKe N HETPOUMEVN
oTAlun Tou undyeiou udpoPopéa Tou NMieCOPETpoU Pz25, kaTd Tov Iavoudpio Tou 2005.
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5.4.3 YdpauAikn Aywyiuornrta (Conductivity)

XpnoigonoiovTag udpauAikn aywylgoTnTa TNG TA&NG Tou 4x10-3 m/sec, ONWC avapEPETAl TNV
avwTEpw napaypa®o (5.4.2.), dlanioTwVouue OTI 0 udpogopeac ekpopTileTal NoAU yprAyopa Kai
opoIoPOop(pa, KATI Nou Ta meldOPeTpa TNG neploXng dev To gu@avifouv (Ixnua 5-1). MNa 1o Adyo autd
odnyoluacTe OTn OKEWN OTI VW N €nIPAveid Tou UdATOG sival NoAU KovTd oTnv €niPpAveia Tou
£3AGMOUC Kal £xoupe kpokalonayrn kal aAAouBlakeC anoBEoslg, YEYOovOG Mou onuaivel OTl o
udPOPOPEAC UaAG €ival (PPEATIKOG, MBavoTata AOYyw Tou Peydlou ndxoug Tou udpo@opéd Ta
BaBUTepa oTpwuaTa va AsiTtoupyolv wc und nieon udpo@opEac, onoTE N CUVOAIKH CUMNEPIPOPA TOU
udpogopea va gupavileTal w¢ KAEIOTOU unod nison.

Head vs. Time
T . " ® * &
L ‘i“““" ..‘.‘-‘“

B [p47/A(Dbserved)

B D47/A(Calculated)

*  pzos/a(Observed)
i —#- pz.25/A(Calculated)

161 68

141 .68
|
L]
n

Head {m)

121,68
|
|
|

| |
m_u® Em
—
30 230 430 630
Time [days]

101 .68

Sxnua 5-1: EkpopTion udpo@opéa yia Tiun udpauAikic aywyiudtnrac 4x107 m/sec

Ma 1o A0yo auTo JOKIPAOTNKAV EVAAAAKTIKEG TIMEG UDPAUAIKAC aywyIdoTNTAG Nou napangunouv
0€ KAEIOTO UdpoPopEd. MeTd and JoKIPEG KATAANEAUE o€ UdPAUAIKE aywylgdTnTa TNG TAgNG Tou 7E
" yia 6An Tnv nepioxn, n onoia £di1e kaAf cuoxETion e Ta dedouéva Tou MEOPETPOU Pz25, OUWG
yla TNV VOTIOOUTIKA MNEPIOXN OMou €Xoupe To D47, napatnpnénke uwnAoTepn oTddun and Tnv
avapevopevn (Ixnua 5-2).
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Head vs. Time

_“““‘llﬂ“‘

171 .88

D-47/A(Observed)
D-47/A(Calculated)
Pz-25/A(0Observed)
PZ-25/A(Calculated)

$ennm

151 .88
L]

Head (m)
131 .88
1

11188
|
|

]
] ]
[ | u [ B |
30 230 430 630
Time [days]

91.88

Sxnua 5-2: KaAn ouoxérion Tou udpopopéa yia K=7E” ornv nepioxr) Tou Pz25

2Tn Oouvéxela HE O1APopeC OOKIMEC AAAA&ape yia OAn TNV Meploxn MEAETNG TNV TIMA TNG
aywyigdtnTag oe 2E°, n TiuA autn £dwoe KaAn cuoxETion yia To melOPETpo D47 aAAd oxI yia To
Pz25 (Zxfua 5-3).

Head vs. Time
. * . * -
1 A RP ML IR D-47/A(Observed)
D-47/A(Calculated)
Pz-25/A(0bserved)
PZ-25/A(Calculated)

161.68

141.68

Head (m)

n
mE_ [
z m . .
& H =Ny
n
| [ ] & o !
. | L] m.
-l
]
o
: . m -
5 H_BN ]
30 230 430 630

Time [days]

Sxnua 5-3: KaAn ouoxétion Tou udpopopéa yia K=2E° ornv nepioxr) Tou D47

Ano TIC avwTEPw OOKIMEG MPOEKUWE TO OCUMNEPACHA OTI MNPEMEl va E£XOUME JIAPOPETIKEG
UOPAUAIKEG aywYIUOTNTEG yia TIC U0 MEPIOXEG Mou avTioTolxoUuv ota duo niefdueTpa. MNa To Adyo
auTto oploBeTrioape dU0 neploxéc oTo Modflow.H kdBe pia nepioxny avTioToixei o €éva ano T1a duo
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meldueTpa, Béoape TIMA UBPAUAIKAC aywylpotnTag 7E7 oTnv nepioxn Tou Pz47 kai 2E® yia Tnv
nepioxnn Tou D47 (Eikoéva 5.5.1). STnv nepinTwon auTh Kal a@ou TpeEAUE TO MOVTEAO, TO
Pz47avTanokpibnke OTIC NPAYHATIKEC TIMEG evw To D47 ek@opTilOTav NoAU ypriyopa npog Tnv
nEPIOXA MWE TIUR UdpauAiknc aywyiudtnTag 7E7 (ExAua 5-4).

Head vs. Time

P R

172.26
|

D-47/A(Observed)
D-47/A(Calculated)
Pz-25/A(0bserved)
PZ-25/A(Calculated)

152.26
|

Head (m)
13226
|

112.26
|
|
]
L
]
]

92.26
]

T T T T T T T T T T
30 230 430 630
Time [days]

Zxnua 5-4: Ek@popTtion Tou melouerpou D47

MNa va PYrnopecouv ol NMPOCGOHOIWKEVEG TIMEG va TAUTIOTOUV UE TIC MPAYMATIKEG XPEIAOTNKE va
onuioupynBei éva evdidueco TUNMA MHETAEU TWV aAVWTEPW MEPIOXWV, TO onoio Ba peiwvel Tnv
ano@opTIOn TOU VOTIOOUTIKOU THAMATOG, onoTe KABOpPIoTNKE Mia evOIAUeon TIMA UOPAUAIKNAG
aywyigdTnTag TG Ta&ng 1E7. MeTad and noAAéG dokipéc kaTtaAnEape OTI Ba €XOUME TPEIG NEPIOXES
aywyigoTATwV (conductivity zones)(Eikova 5-14) Pe TIG €ENG TIMEG:

- zone 1 (Kx,Ky,Kz=7E™),
- zone 2 (Kx,Ky,Kz=2E™®),
- zone 3 (Kx,Ky,Kz=1E™)

onwg ¢aiveral orov nivaka 5-3.
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Eikova 5-14: Sxnuarikn aneikovion Twv {wvwv udpauAiknc aywyiuoTnTac oTnv rnepioxn HEAETNC

Mivakac 5-3: Aneikovion o< nivaka Tou ModflowTwv Tiuwv TNG udpauAikng aywyoTnTac Kai oTIC TPEIG
d1a0TdOEIG, YIa TIC EVEPYECG {WVEG MOU XPNOILOMNOINOALIE.
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5.4.4 Ano6nkeutikoTnTa (Storage)

H sicaywyr Tov apXik®v TIHoV £yive and BiBAloypa@ikeg avapopeg(Teplidng & Kapapoulng,
1985)&(T¢uoénoulog X. A., 1997). Baon Tng yewAoyiac Tng nePIOXNG Kdl TwV TIHOV Twv dUo
niefOPETPWY, BewpPnBNKE apxika OTI N neploXn MEAETNG anoTeAsiTal anod £vav eAelBepo PPeATIKO
udpoPopEa.

SOpewva pe (Teplidng & Kapapoulng, 1985), ol udpoyewAOYIKEG OTABEPEC 1 O NAPAUETPOI MOoU
xapakTtnpilouv evav eAsUBepo UDPOPOPEA €ival 0 CUVTEAEGTAG UDPAUAIKNG aywyidoTnTag Tou K, o
onoiog éxel dlacTaocsig TaxuTnTag [LT™] kai n s1dikf anodoon Tou (Specific yield) og vepd Sy, n
onoia eivalr adidoTatn kai éxel TaEn peyedouc 10 wc 1072, Eneidn To unédagoc pac anoTeAsiTal
KUPIWG and aAAOUBIOKEC AMOBECEIC, KPOKAAEC Kal DEUTEPEUOVTWG aAnd MHIKPEG MOCOTNTEC apyiAou,
eMAEXONke yia Tnv €1dikn anddoon (Specific yield — Sy) n T 10%(Teplidng & Kapapoulng,
1985).

O ouvTeAeoTng anoBnkeuTikOTNTAG (Storage coefficient — Ss), o onoiog ival adidoraTog kai
anoTeAel  UdPOYEWAOYIKR MNAPAPETPOC TWV KAEIOTWV UDPOPOPEWY, OTNV MNEPINTWON HEAETNG
eAelBepwV UBpOPOPEWY, dev AapBaveral unoyn, napdAa autd To nNpoypaupa anaiTei dia TiPA yia
QUTOV TOV OUVTEAEOTR. TNV NPOKEIPEVN MEPINTWON EMAEXONKE N TIUA 10, wg pia evdiaueon TiuA
ano6 To Tunikd eUPoG TIHAOV Tou Ss(10° éwg 107°)(Waterloo Hydrogeologic Inc., 2006).

To oAlkd nopwoeg (Total Porosity - Tot. Por.) yia xaAikwdn €5agn kupaiveral anod 30 €wg
40%. To anoteAeopaTiko nopwdeg (Effective Porosity — Eff. Por.) xpnoigonolsital ge oxéon HeE
TN POr TOoU UNOyEIou VEPOU Kal ekPppadlel To HEPIKO OYKO Twv Nopwv, HEoa and onou To vepod eival
eAelBepo va kivnbei, ava povada cuvoAikoU OyKou Tou Mopwdoug UAIKOU. ZTa XaAlkwdn £3agpn ol
O0U0 NoodTNTEG, TOU OAIKOU Kdl TOU anoTEAECOUATIKOU Nopwdoug eival oxedov ioeg YeTa&u Touc. MNa
To AGyo OTI To UNEdAPOC TNG NEPIOXNG HEAETNG ANOTEAEITAl and KPOKAAEG Kal APYIAO, ENIAEXONKE N
TIFA 35% yia To OAIKO Kal yia To anoTeAeopaTiko nopwdeg (Teplidng & Kapapoulng, 1985).

‘'Opwg 10 anoteAeopaTikd nopwdec (Effective Porosity — Eff. Por.),0ev xpnoiponoisital and
To npoypappa Modflow, dAAa povo anod To Modpath yia va npoadiopIoTei n YeEon ypapuikn TaxuTnTa
Kivnong Tou vepou.

OETOVTAG QUTEG TIG TIUEG N npooopoiwon Hag €dwoe Ta anoTeEAéopATa Tou OXNUATOG 5-5.
AlanioTwVvoupe OTI eV TNV NEPIOXN TOU Pz Ta AnoTEAECUATA TNG NPOCOHOIWAONG £XOUV NMOAU KAAR
OUOYXETION HE TIC napatnproelig, OTnv neploxn Tou D47 napatnpeital apxika noAU kaAn
NMPOCOWOIWAN N oroia OTNV CUVEXEId OUVEXWCG dnokAivel. H anokAion autry dnAwvel Tnv ypryopn
ano@opTIion Tou undyeiou udpoPopéa, o avTiBeon WE TIG TINEC TOU NIECOPETpoUD47 (oxnUa 5-5).
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Head vs. Time

D-47/A(Observed)

|

B D47/A(Calculated)
®  pr5/a(Observed)
—#- pzos/a(Calculated)

T T r T T T r T r T
30 230 430 630
Time [days]

Zxnua 5-5: ApXIKEC TIUEG anoBnNKeUTIKOTNTAG

MNa 1o Aoyw auTtod opioape dU0 OlIAPOPETIKEG NEPIOXEG ANOBNKEUTIKOTNTAC, NAPOHOIEC HE AUTEG
TNG UOPAUAIKNG aywyIidoTNTag. ZTnv MeEpIOXn Tou Pz-25 Jdiatnpnoape TnG apxIKEG TIPEG. TNV
neploxrn Tou neCOPETPOUD-47 OOKINACAUE APKETEC TIMEC TWV NAPAMETPWY TNG ANOBNKEUTIKOTNTAG,
0l onoieg avTigToixouoav ata 6pia TwV TIHWV TNG BIBAIoypagiag. Or TEAIKEG TIHEG TWV NAPAUETPWYV
aneikovifovTal oTov NapakdaTw nivaka (5-4) kai dUo NEPIOXEG anoBnKeUTIKOTNTAG OTNV €IkOva 5-15.

Mivakac 5-4: Tiueg Twv dUo {wvwv anoBnKeUTIKOTNTAG
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Eikova 5-15: Anuioupyia dUo {wvwv anoBnkKeuTIKOTNTAG

Me Ta dedopéva auTd sixape pia noAU KaAn NPOoopoiwon TWV anoTeAeouaTwy Tou Modflow, pe
TIG TIMEG Kal TWV dUO nIefOPETPwWV (OXNAHa 5-6)

Head vs. Time
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Zxnua 5-6: KaAn npooouoiwon Twv anoteAsoudTwv
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5.4.5 Apxikn Z1aBun Ynoyeiou Ydopo@opéa (InitialHeads)

MNa Tov kaBopiopyd TNC ApxIKAG OTABUNG Tou unoyelou udpo®opéa esAfeBnoav unown ol
ONUEIOKEG TIMEG OTABUNG TwV MElOUETPWY Pz25 kal D47. ZTo BOpPEIO PEPOC TNG NEPIOXNG MEAETNC
onou BpiokeTal To MelOPeTPO Pz25, n oTddun Tou udpo@opou opilovTa BpPIOKETAl O ANOAUTO
UWONETPO oTa 170.45m, dnAadn nepinou 3u KATw and Tnv emipaveia Tou £3apoug. STo VOTIO HEPOC
TNG neploXnc MEAETNG onou BpiokeTal To meldusTpo D47, n oTtaddun Tou udpoPodpou opilovTa cival
O£ anoAUTO UWOMETPO oTa 123.20m, nepinou 30u KATw and Tnv m@daveia Tou £3a@ouc.

ApXIKG B£€oape yia OAn TNV Neploxn HEAETNG TNV TIPA Tou meldPeTpou Pz25, dnAadn initial head
170,45u. And TNV npooopoinwan OUwE Tou udpopopea nNapaTnpendnke OTI ol UNOAOYIZOUEVEC TIHEG
otn B6£on Tou meldueTpouD47 ATAv MOAU Mo UWNAEG anod TIC MPAYMATIKEG, ONWCG (QAiveTal oTnv
gikova 5-16.

Head vs. Time

=l B p-47/a(Observed)
E_i!!!!..'."-.il‘l..".-i-&4TJA[CaIculated}
= e #* Pz 25iA(Observed)
| | L |
S u . —#- p7.o5/a(Calculated)
| | L

151 88

Head (m})
131.88

111 88
||
|

|
[ u LR
|
| |
m_u" Em
30 230 430 630
Time [days]

91 .88

Eikova 5-16: AoKIuaoTIKEG apxIKEC TILEG yvia InitialHeads

Ano To oxnAua TngG eikdvag 5-160upnepaivoups OTI O UNOYEIEG POEG MPOG TNV MEPIOXN TOU
nieCOpETPOUD47 gival NoAU PeyaAUTEPEG anod TIC NPAYHATIKEG. AUTO NTAV AVAPEVOUEVO €EaITiAG TNG
MeyaAng d1agopdc Tng unoyelag otabung oTig dUo B£0sI¢ Twv NIECOPETPWY. ZUVENWG HETAEU TWV
U0 auTwv onueiwv Ba npénel va pecgoAaBouv MNEPIOXEC OMoU N oTabun Tou udpoopou opilovTta
BpiokeTal oe evOIAUEDEG TIYEG, ondTe Bewpndnke avaykaia n dnuioupyia {wvwv HE dIAPOPETIKN
apyIkn unoyeia oTadun (dnAadn Zone5=158.63, Zone4=146.82, Zone3=135.01m, €ikova 5-17).

>Tnv BopeioavaToAikn nepioxn WETAEU Tou Pz25 kal TNG NepIOXNS TNG Auyapldc kal aoTto Bopeio
TUNMA YEITVIaoONG PE TO MOTAMI, €iXAPE €K@OPTION Tou udpo@opéda, KATI nou Oev IoxUsl OTnV
npaypaTikoTnTa. (npogkunte dnAadn por vepoU and Tnv nepioxr HEAETNG NPOG TO NOTAI)

AlanioTwdnke o1 Bdon Twv nNapaTtnpnoswv Tou melOPeTpoU TNG Auyapldac, undpxel pia NTwon

oTnv oTadun Tou udpo@opou opilovTa, n onoia oxnuaTikd ansikovileTal oto Modflowand Tn Zone6
€wG Zonel7 ue pia diaBdduion Tou PBdBoug Tou undyeiou udpo@opeéa and 154.45m  Ewg
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149.45m(eikova 5-17kal 5-18). Mpénel va onueiwBei OTi n diaBdbuion Twv {wvwv £YIVE PE TNV
HEBODO interpolation, Nou napexel oav duvaToTnTa To Modflow.

Eikova 5-17: Zwveg d1aBabuiong Tng apxikng orabunc Tou unoyeiou udpopopea

Eikova 5-18: Eioaywyn dedouscvwv oTo Modflow

5.5 OPIAKE:= ZYNOHKE= (BOUNDARIES)
5.5.1 Z1aBepou dopTiou (Constant Head)

3TNV voTioavaToAlkn NMAgupd oTtnv onoia Bpiokerar NoAU kovTd To nielOPeTpo D47, BETOUME
0pIaKEC OUVONKeC aTaBepol popTiou, TIC OMNoIeC PETABAAOUNE ava pnva cUpgwva Pe Ta dedopéva
Tou melOPeTpoU TWV MNOPQWV (nivakag 5-5, eikova 5-19 kai 5-20) .
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Mivakac 5-5: Ztoixeia nieCoueTpou oupwvPZ54

MEPIOAIKES METPHZEIZ STAOMHS YMOTEIOY
NEPOY 3TO NOMO TPIKAAQN NIEZOMETPOY
FOM®ON PZ54

MHNAZ ETO3 2005 | ETOS 2006
IANOYAPIOZ 21,74 20,53
OEBPOYAPIOS 19,89 19,65
MAPTIOS 18,88 19,36
AMPIAIOS 18,73 19,06
MAIOS 19,93 20,78
IOYNIOS 22,80 24,21
IOYAIOS 30,61 27,34
AYTOYSTOS 31,10 30,09
SEMTEMBPIOS 31,75 29,87
OKTQBPIOS 31,20 27,92
NOEMBPIOS 30,80 27,15
AEKEMBPIOS 29,18 25,61

Eikova 5-19: Aneikovion opiaknc ouvlnknc arnv voTioavaToAIKn NAEUPd TNG rnepioxnc HEAETNG
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Eikova 5-20: lMivakag sioaywyng dedouevwy oro Modflow

5.5.2 Moraui (River)

MNa va Becoupe oav oplakn ouvlnkn To notaul “MopTdikoc”, oTnv nepioxr HeEAETNG (Eikdva 5-
21), npénel va eicayoupe oto ModflowTic anapaitnTteg nAnpogopiec (Eikdva 5-22), yia KABe KeAi
TOU NAEYHATOG nou BpiokeTal JEoa oTa 6pia TOU NoTapou.

Eikova 5-21: Opiopog B£ong noTapoU, oTo HOVTEAO.
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Eikova 5-22: lMivakag sioaywyng dedouevwy oro Modflow

SUYKEKpPIMEVA yia TNV MNpoCoHoiwon Tou noTapoU siodyovTal ol nNapapeTpol TNG €AeUBepNG
enigaveiag (River Stage), To UPOUETPO TNG KoiTng (River bottom)kal n aywyiyotnTa (Conductance),
onou:

1. Ta Tnv napdauetpo River Stage: Eiodyoupe Tn oTtdBun Tng €AeUBepnC nipAvelag Tou
vepoU otov MopTaikd notaud, Ta ortoixeia Ta AdBape andé tn A/vong YOATwv TNng
MNepipepelag Oeooaliac. ZTo Mapdptnua III, didovral oI NUEPNOIEC METPNOEIG TNG
oTadung via kabe pnva kal yia Ta €rn 2005-2006. Anod auTa Ta OToIXEid E£YIVE O
UNOAOYIOUOG TOU PETOU Opou TNG OTABWNG TOu NoTapou ava pnva.

2. Na Tnv napapetpo Riverbed bottom: Eicayoupe To anoAuTto uywoueTpo Tou nubuéva
TOU MoTapou, To onoio AapBaveralr and TIG 100UWeiG nou €lonxdnoav oto Modflow.
MpokUNTEl OTI €va PECO AMOAUTO UWOMPETPO TNG KOIiTNG TOUu noTadoU €ival Ta 175m
(Eikdva 5-23).
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Eikova 5-23: IooUweic aTnv nepioxn LUEAETNG

3. Ta tnv napaperpo Conductance: Oswprioape 0TI To NAX0G TOU OTPWHATOC TWV PEPTOV
uAikov (riverbed thickness - M) cival 1 pyerpo. Zav River Width, cUupwva ue uetpnon
ano 1o Google Earth, 8swprjoaue pia peon Tiun yid To NAJTOG TNG KOITNG TOU rNoTapou ora
60m.TENOC yId TOV UNOAOYIONO TNG USPAUAIKAG aywyipoTnTag Kz Tou riverbed, apyikd
B£oape aywyinodTNTa NAapopPola Ye Tou undyeiou udpoopEed, N NPOCOPOIWON EdWOE EvTovn
POPTION KAl EKPOPTION TOU UMOYEIOU UdPOPOPEA avaloya HE TNV oTadun Tou vepoU aTo
noTaul (oxnNua 5-7). ZTnv npayuartikdéTnTa auto dsv cupBaivel, ondTe 0dNynONKAPE OTO
OUMMNEPACHA OTI €EAITIAC TWV PEPTWV UAIKWOV KAl TWOV IINHATWYV, EAATTOVETAI TO NOPWIEC TOU
nUBNEVa TOU NoTAPoU KAl GUVENWG MEIOVETAI KAl N UOPAUAIKN aywyIdoTnTd. Mg udpauAikn
aywyIgoTnTa Tou nudueva unodinAdcia TnG udpAauAIKnG aywyldoTNTag Tou udpoPopéd, TNG
TaEewc Kz = 5E-9 m/sec Ta dnoTeAECPATA NTAV NIO PEANIOTIKA.
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Sxnua 5-7: YopauAikn aywyiuotnTa napouola JE ToU unoyeiou udpopopea
5.5.3 EnavanAnpwon (Recharge)

H enavanAnpwon Tou unoyelou udpoopead TNG NEPIOXAG MEAETNG YyiveTal and Tov noTapod
MopTaikd (napdyovTag o onoio¢ avaAudnke oTnv napaypago 5.5.2) kal and 1o vepd TnG BPoxng.
Ano Ta dedopéva TnG Mepipépeiag ©sooaliag npokUNTel OTI €XOUME TOUG €ENG PBPOXOMETPIKOUG
oTabpoucg aTnVv eupUTEPN NEPIOXN TOU VOHOU TpIKAAwv:

e 3TOUpVApPAailKa
e AlONpacco
¢ KaAapndkag

‘'Onw¢ Qaiveral kal otov XapTn nou akoAouBsi (eikdva 5-24):
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Eikova 5-24 : Bpoxouestpikoi ZTabuoi Nouou TpikdAwv (Mepipepeia Osooaliac), nou
nepiBarAouv Tnv nepioxr HEAETNG.

AOYW TOU avayAu@ou Tng NePIOXNG Kal TwV anooTACsWwY anod Toug BPOXOMETPIKOUG STabuoug,
oav peon unviaia Bpoxontwon Bswpnbnke To aBpoiopa Tou 88% TNC Pnviaiag TIMAC nou £JIVE o
oTaduoc Twv TpIKAAWV Kal To 12% Tng avTioTolXxng Mnviaiag TIUAG nou €38Ive 0 OTABUOC Twv
SToupvapseikwy yia Ta £€tn 2005 - 2006. H sniAoyr auTr Tou TPOMOU UMNOAOYIGHOU TNnG TIWAG nou
gloayayaue oTo nNpoypappa, €yive avaloyikda O10TI 0 oTadBuOC TwV STOUpvVApEIKWY BpiokeTal Ot
UWOMETPO nepinou 580 PETPWY, 0 OTABUOC TwV TPIKAAWYV O UPOUETPO nepinou 120 PHETPWV, EVR N
NepIOXN MEAETNG €XEl £va HECO UWOMETPO £dAPOUC nepinou ota 175 peTpa (PETPNOEIC KaTd
npoogyyion and To Google Earth). O1 TIHEG nou xpnoigonoindnkav npokUNTouv and Ta akoAouba
dedopéva (Mivakeg 5-6& 5-7):

Mivakac 5-6: Mnviaia own Bpoxnc (mm) LeETEwpoAoyikoU oTabuou TpikdAwv
AOPOIZTIKA YWH BPOXHEZ (ETAOGMOZ TPIKAAQN)

2002 2003 2004 2005 2006 2007
IANOYAPIOZ 45.3 168.1 80.4 72.5 101.8 18.9
OEBPOYAPIOX 7.7 109.8 20.6 62.7 129.5 45.6
MAPTIOZ 89.4 47.7 81.8 62.7 45.9 59.3
AlPIAIOX 129.7 56.0 64.0 9.6 74.2 36
MAIOZ 10.7 43.1 57.9 58.5 5.1
IOYNIOX 1.6 3.0 17.0 7.1 19.3
IOYAIOZ 84.0 25.7 20.1 0.0 10.5
AYTOYZTOZ 25.0 45.4 2.5 21.2 9.1
2EMTEMBPIOX 80.7 30.1 25.7 67.1 104.5
OKTQOBPIOZ 48.1 124.2 130.8 16.8 69
NOEMBPIOX 41.4 21.4 42.7 79.0 40.4
AEKEMBPIOX 243.8 66.2 72.2 157.6 29.6
ETHZIA AOPOIZTIKH 807.4 740.7 615.7 614.8 638.9

Mivakac 5-7: Mnviaisg UETPROEIG BPOXOUETPIKOU OTABLOU STOUPVAPAIIKWYV
AOPOIZTIKA YWH BPOXHZ (XS TAOMOZ XTOYPNAPAIIKQN)

2002 2003 2004 2005 2006 2007
IANOYAPIOZ 62.3]  453.0 154.0 347.3 192.5 151.4
®EBPOYAPIOX 53.2 214.5 4212 412.0 236.9
MAPTIOZ 170.3 96.2 273.3 365.3 281.4
AMNPIAIOT 295.2 129.2 163.6 216.8 76.1
MATOZ 30.1 69.0 124 5 453
IOYNIOZ 50.0 33.1 79.8 63.2
IOYAIOT 111.6 82.5 218 113.2
AYTOYZTOZ 95.9 24.0 111 38.3
SENTEMBPIOZ 175.9 2.4 80.1 189.6
OKTQBPIOZ 105.4 33.7 79.9 108.2
NOEMBPIOZ 150.2 17.0 236.4 183.8
AEKEMBPIOX 380.0 185.0 253.8 7956 47.6
ETH2IA AOPOISTIKH]  1680.1] 1339.6]  407.8  2634.6] 1975.8
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>T0 unoAoyioTikd Npdypapua Modflow, pe Ta dedopéva Twv MVAKWY 5-6& 5-7, eMIAExOnKav aTo
npwTto eninedo (Layer 1) Tou MHOVTEAOU, OAA Ta KEAIA TNG NEPIOXNG MEAETNG va OExovTal
gnavanAnpwon ano To vepo TnG Bpoxncg (Eikova 5-25).

Eikova 5-25: Evepyd keAid Tou Layer 1, nou dexovTail To vepo TNG Bpoxnc

'ETol yia Ta €tn 2005 kai 2006, sionxdnoav oTo npdypdupa ol PNVIaieg TIHEC TOU UWOUG TNG
Bpoxng onwg gaiveral otnv Eikova 5-26.

Eikova 5-26: Eioaywyn Tiuwv pnviaiou uwouc Bpoxontwaong, oto Modflow
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6 ANOTEAEZMATA

6.1 AnoTeEAEZMATA (OUTPUT)

Ta anoTeAEoPATA TNG NPOCONOIWONG ToU unoyeiou udpogopea Tou A.A. MalalopgovaoTnpou UE
To uUnoAoyioTIKO npoypaupa Visual Modflow, afloloynOnkav oTaTioTIKG aAAG Kal ypa@ika He
dlaypdappaTta napatnpoUPeVWV Kdl UNoAoyIZOHEV®VY TIHMOV.

STo OXNnua 6-1, ansikovileTal n ypa@IKf CUCXETION TWV NPAYHATIKOV Kdl TwV UunoAoyi{OPevwy
TIHOV Kal TwV dUo meldPsTpwy, ONWC napaysral ano To Visual Modflow.Evw oTa oxnuarta 6-2 kal
6-3 £XOUME TNV YPAPIKN CUCXETION TWV TIH®V YId TO KGO £éva ME(ONETPO EEXWPIOTA. SUYKEKPIYEVA
TOo OxNua 6-2 avagéperal oto MelOueTpo D-47, ev®w To oXAMa 6-3 oTo Pz-25. 3Ta &v AOYyw
dlaypdppaTa ol NpayudaTikKEG TINEC aneikovilovTal onuelakd ev® ol UNOAOYIJOPEVEG UE OUVEXOMEVN
ypauun. Alaniot@veTal 0TI oI NPAyHaTikeS kal ol UNoAoyIZOPEVEG TINEG CUMMETABAAOVTAl HE AVEKTEC
anokA&gioelg kal yia Ta duo nmielOPETPA.

Head vs. Time
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Zxnua 6-1: Mpaikn napdoracn CUOXETIONG NPAyuaTiKwV Kal UnoAoyI{OUEVWY TIHWV TwV dUO
Mme(OUETPWV
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Sxnua 6-2: [paikn napdoraocn OUCXETIONG NPAyUaTIKWV Kal urnoAoyi{OUEVWY TILWV yId TO melOUETPoD-
47

2xnua 6-3: [paikr) napdoTaocn CUCXETIONG NPAYLATIKWV KAl UNMOAOYICOLEVWY TIUWV yid TO Me(OUETPOPz-
25

Me Tn oTaTIoTIKA €ne€epyania Twv AnNOTEAEOUATWV MPOEKUWAV Ol NMAPAUETPOI MOU €pPNVeUOUV
Tov BaBud oUYKAIONG TwV NpaydaTik®wv Kdl TwV UNoAoyI{OHEVWV TIH®V. ZUYKEKPIMEVA Ol
napdueTPol auToi EXOUV TIG EENG TIMEG, ONWG PaiveETAl OTO OXNKa 6-4:
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1) To Tumiko Z@aApa EkTtipnong (Standard Error of the Estimate)cival Tng Td&ng Tou
0,395 (m).

2) H Tumikf AnokAion i Terpaywvikn Pida Tou Méoou TeTpaywvou (RMS) cival ion ue
2,958 (m). Ty napa noAU IkavomnoIinTIKn Yid MNPOoCOoHoiwon (ualkoU OUCTHNATOC Of
UMNOAOYICTIKO MpOYypauua.

3) O ZuvteAeotnc NMNapaAAakTikoTnTag (Coefficient of Variance - CV i Normalized
RMS) cival Tng TdEng Tou 4,255%. O ouvTEAEOTNC NAPAAAAKTIKOTNTAG MoU skPpalsl Thv
TUMNIKA anokAIon €ni ToIG EKATO, Pag dsixvel OTI £XOUHE PIKpr diakupavaon Kal Jikpn diacnopad
TIM®V OTNV NPOCOHOIWON Hag.

4) Téhoc o ZuvteAeoTng ZuoxeTiong (Correlation Coefficient - R)eival Tng Td&ng Tou
0.996, yeyovOC nou onuaivel OTI Ol NPAyhaTikéc TIMEC Twv MIElOUETPWV HE TIC
unoAoyIZOUEVEG CUYKAIVOUV OTATIOTIKA KAl N CUOYXETIONG TOUG €ival HEYAAn Kal onuavTikn.

Calculated vs. Observed Head : Time = 180 days

O  alTime Points

’ K B ayer#
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% “T°°  §5% confidence interval
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14029
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100.29 12029 140.29 160.29

Observed Head (m)
Mum. of Data Points : 484

Max. Residual 9.91% (m) at D-47/4 Standard Error of the Estimate : 0.395 (m)
Min. Rezidual: -0.015 (m) at PZ-25/4 Root Mean Sguared : 2.958 (m)
Residual Mean : 1.197 (m) Normalized RMS : 4235 (% )
Abs. Residual Mean : 1.852 (m) Correlation Coefficient : 0.995

Zxnua 6-4: ZTartioTiKn aneikovion TV arnoTEAECUATWY TNG MPOooLoIwong
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6.2 ZYMMEPAZMATA

AvTIKEIgEVO TNG dIaTpIBAG AUTACG €ival n nNpooopoiwon &vog npayuaTtikol udpogopea ot €va
unoAoyioTikO nNpodypaupa. H npooopoiwon npayuaronoinénke JEow Tou AoylopikoU Visual Modflow
4.2 yia Ta unoyeia vepda Tou A.A. MaAaiopgovdaornpou Tou NopoU TpIKAAWV Kdl yid ThV XPOVIKA
nepiodo 2005-2006.

MNa TNV KaTtapTion TOU JOVTEAOU Kdl TNV opIioBETNON TNG NEPIOXNG HEAETNG, TEBNKAV Ol OPIAKEG
OUVORKEG TOU MPOBANPATOC, HE TIG AKOAOUBEC napadoxec. STn vOTia MAEUpA OMoU UNAPXOUV Ol
BpaxwdelG NpONodeC TWV OPEIVOV OYKWV TNG upUTEPNC MEPIOXNCG, Ol OPIAKEG OUVONAKEG TOUu
udpoPopEa opioTNKav WG KNdeVIKAG napoXng (zero flux boundaries conditions). =Tn SUTIKM NAgUpPaA,
nou Bpioketal o MopTaikog NOTANOC, TEBNKE oplakn ouvenkn petaBAnToU gopTiou, cUPNPWVA HUE TN
OTABUN TOU VvepoU HECA OTO MOTAMI. STAV VOTIOAVATOAIKN MNAsUpd, TEBNKAV OPIAKEG OUVBNKEC
oTaBepol @opTiou, PeTaBaAAopevec ava prnva cUppwva Pe Ta dedopéva Tou melOPETPOU TWV
Mopewv. Evew To unoloino TUAWA TNG avdaToAIKNG MAsupdcg, €nsira and OOKINEG Bewpndnke
MNJeVIKNG pong (zero flux boundaries conditions).

Eniong ensreuxbn n oplobéTnon Tou nuBpeEva Tou udpoPopou opilovta. Eionxdnoav orto
unoAoyioTikO npoypapua Ta BAdn Twv YeEWTPNoewv, Ta onoia eneepyaloueva pe Tn diadikaaia
Kriging, kaTéoTn duvaTn n XwPIKnN KATavoun auTng TG OnMUEIaKng nAnpogopiac.

H Oigpelivnon TNG TIMAG TNG USPAUAIKAG aywWyIHOTNTAG MNPOoEkuWe and Tnv YewAoyia Tou
€0AMOUG TNG NEPIOXAG HEAETNG. And TIG JIATOMEG TWV YEWTPROEWV dlanioTwoape OTI To €0aPOg
anoTeAEiTal KUpiwG and KPOKAAEG Kal OEUTEPEUOVTWCG anod xaAikia kar dpyiho. H pn Unapén
adlanepaTwyv apyliAIk®V OTPpWHATWY 0dNYNOE OTO CUMNEPACHA OTI Ol YEWTPNOEIG €ival (PPEATIKEG.
XpnoipgonolwvTtag TIC BIBAIOYPAPIKEG TIMEG UDPAUAIKAG aywyldoTNTAG yia KpokaAonayn @peaTiko
udpoopEa, dianoTwOnKe OTI 0 USPOPOPEAC EKPOPTICETAI NOAU ypriyopa Kdl opolopopgpa, KAt nou
Ta meloueTpa TNG neploxAc dsv To ep@avilave. Ma 1o Adyo mibavoAoyeital OTI N OUVOAIKN
CUMNEPIPOPA TOU Udpoopea ePpavilel XapakTnpioTikd KAEIOTOU uno nieon kKal Ol PPEATIKOU
udpogopea. MBavoéTaTta AOyw Tou peydAou ndyxoug Tou udpogopéa Ta BablTepa oTpwparta va
AgiToupyolv @G und nieon udpogopeac. MNa To Adyo autd JoOKIYACTNKAV EVAAAGKTIKEG TIHEG
UdPAUAIKAG aywyIdOTNTAG NMOU Napanéunouy os KAEIoTO udpopopea.

MeTd anod OOKIUEC NPOEKUWE TO CUMNEPACHA OTI NPENEl va ugioTavTal dlaPopPETIKEG USPAUAIKEG
aywyiuoTnTeg oTic OUO NePIOXEG Mou avTioToixoUv oTa duo nielopeTpa. MNa To Adyo auto
oploBeTrBnkav dUo NePIOXEC UDPAUAIKNG aywyiuoTnTac. H kd6e pia nepioxn avTioToixei o éva anod
Ta dUo MIECOPETPA. STNV NEPINTWON AUTH Kal apou TPEEAUE TO HOVTEAO, TO Pz47 avTanokpifnke oTig
NPAyMAaTIKEG TIMEG evw To D47 ek@popTi{oTav NMoAU ypnyopa. MNa va PnopEcouV ol NPOCOHOIWHEVEG
TIHEC va TaAuTIoTOUV HE TIG NPAYHATIKEG XPEIAOTNKE va dnuioupynBei éva evOlAUeco TUNAKA WETAEU
TWV AVWTEPW MEPIOXWV, TO OMnoio Ba HEI®VEl TNV ano@opTion Tou VvoTIoduTikoU TUAWATOG. OnoTe
kaBopioTnke pia evOIdueon TIUR UDPAUAIKNG aywyIdOTNTAG. MeTG and NoAAEG JOKIPEC KaATaAAREaue
O€ TPEIC NEPIOXEC aywYIHOTATWY (conductivity zones).>Tn NpwTN NePIOX TEBNKE TR 7x107, oTtn
deUTePn 2x10° kai oTnv TpiTn 107,

Ma Tov npocdlopioud TNG anoONKEUTIKOTNTAG opioTnkav JUO0 OIaQOPETIKEG MNEPIOXES
anoBnkeuTikOTNTAG, NAPOUOIEG HE AUTEG TNG USPAUAIKNAG aywylgoTnTag. =Tnv nepioxn Tou Pz-25
31aTNPNOAPE TNG ApXIKEC TIHEC TWV USPOAOYIK®V oTaBepwv TNG BIBAIOYypa®iag. XTnv Nepioxn OHWG
Tou nieCOUETpOUD-47 JOKINAOTNKAV APKETEC TIMEG TWV NAPAMETPWV TNG aAnoOnkeuTikdTNTAG, Ol
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onoiec avTigToixouoav oTa opia TwV TIHOV TNG BiIBAIoypagiag. TeAikd ol TIMEG NOU MPOCOUOIMVAVE
IKavonoinTika Tov udpo@opo opilovra e€ival yia Tnv npwTtn neplox Ss=0,04, Sy=0,02,
Eff.Por.=0,35 kal Tot.Por.=0,35, ev® yia Tnv deUTepn nepioxn Ss=5x10"°, Sy=0,005, Eff.Por.=0,30
kal Tot.Por.=0,30.

MNa Tov kaBopiohgd TNG APXIKAG OTAOMNG TOU UMNOyeiou udpogopéa sAn@Bnoav unown ol
ONUEIAKEG TINEC OTABUNG Twv MEe(OUsTpwV Pz25 kal D47. Apxika B€oape yia OAn Tnv nepioxn
HEAETNC TNV TIMNA Tou meldueTpou Pz25. Ano TNV NPOCoPoiwan OPWG Tou udpopopsa napaTnphndnke
OTI ol unoloyiloueveg TIMEC oTn B€on Tou mieldueTpouD47 ATav nMoAU nio UWNAEG ano TG
NPAaydaTikeG. Autd ATav avapevopsvo €Eaitiag Tng Peydaing diagopdg TAG UMNOYEIAG oTabung oTIg
dUo B¢osic Twv MEelOPETPWY. SUVENWC METAEU Twv dU0 auTwv onueiwv Ba npénel va PeocoAafouv
MEPIOXEC OMOU N 0TABUN Tou udpoPopou opilovTa BpiokeTal o evOIAUETEC TIMEG, onOTE BewpnOnKe
avaykaia n dnuioupyia {wvwv HE dIAPOPETIKA apxikn unoysia oradun. '‘Ocov agopd Thnv
BopeioavaToAikn nepioxn HETA&U Tou Pz25 kal TnG MEPIOXNG TNG Auyapldac Kal oto BOpEIo TUAUA
yeITviaong PeE TO MOTAMI, €iXape ekpOpTion Tou udpogoped, KATI nou Oev I1oXUsl OTnNV
nPAaypaTikoTnTa. Alaniotwlnke o1 BAcn TwV NApPATNPNOEWV Tou NMIE(ONETPOU TNG Auyapliac, undapxel
Mia nTwon otnv oTtabun Tou udpo®opou opilovTa. MNa To Aoyw autd Pe Tnv PEBODSO interpolation,
nou napéxel oav duvatoTnTa To Modflow, dnuioupynnkav eniong {wveg diaBaduiong Tou Baboug
TOU UMNOYEIoU UDPOPOpPEQ.

2TNV voTIoavaToAlkn NAEupa oTnv onoia BpiokeTdal MOAU KovTa To niefoueTpo D47, BETOULE
0pIaKEG oUVONKeG OTAOEPOU PopTiou, TIG onoieg PeTaBdAoupe ava pnva cuhewva Pe Ta dedopéva
Tou MEelOUETPOU TWV MOPPWV.

EninpocBeta Ofoape opiaky ouvOnkn To noTaui “MopTdikoc”. Ma Tov UunoAoylopo Tng
udpauAikng aywyigoTnTac Kz Tou nubpgéva Tou notapgoU (riverbed), apxikd TEBNnke
aywyiuoéTnTa napopoia Je Tou unoyeiou udpopoped. H npogopoiwon £€dwoe €vrovn QOPTION Kal
ekQOPTION TOU unoyeiou udpogopéa avaloya HE TNV OTABUN Tou vepoU OTO MOTAWI. XTnV
nPAypaTikoTnTa auto dsv oupBaivel, onoTe 0dnyndnkape oTo cudnepacua o1l e€aITiag Twv QEPTWV
UAIKOV Kal ToV INKHATWV, €AATTOVETAI TO NopwOEG TOU NuBPEva TOU MNOTAMOU KAl OUVEN®G
MEIWVETAI KAl N UdPAUAIKN aywyldoTnTa. Me udpaulikn aywyldoTnTa Tou nubuéva unodinAdaoia Tng
UdPAUAIKAG aywyluoTNTAg Tou udpogopEd, TNG Ta&ewc Kz = 5E-9 m/sec Ta anoTeAéopara fTav nio
peaAioTIKd.

TéAoG¢ n enavanAnpwon Tou undyeiou udpoPopéa TNG NEPIOXNG MEAETNG YiVETAI,EKTOC TOU
notapoU kai anod To vepod TnG Bpoxnc. Adyw Tou avayAu@ou TnG NEPIOXNG KAl TwV anooTAcewy anod
TOUG BPOXOMETPIKOUC TaBuouc, aav péon pnviaia Bpoxontwaon Bswpndnke To dbpoiopa Tou 88%
TNG pnviaiag TIMAG nou €dive 0 oTabpog Twv TpiIkAAWV PeE To 12% Tng avTioToiXNG KNviaiag TIPAG
nou £8IvVe 0 oTABUOC TWV STOUPVAPEIKWYV YId Ta £€Tn 2005 - 2006.

To PoOvTEAO da&loAoynOnke HeE TN XPNON YPAPIKOV MNAPACTACEWV Kal HE Tn OTATIOTIKN
enegepyaaia kal avaluon TwV anoTEAECUATWY TOU JOVTEAOU.

Ano Tnv a&oAdynon NpoEKUWe OTI TO HOVTEAO MPOCOUOIWVEI IKAVOMOINTIKA TN AIToupyia Tou
PUuOIKoU ouoThPaTog. Ol NpayuaTikeG TIMEG TwV MIECOMETPWY HE TIC UNOAOYIJOPEVEC OUYKAIVOuv
OTATIOTIKA KAl 0 SUuvTeAeoTNC ZuoxETiong (Correlation Coefficient) sival Tng Ta&€ng Tou 0,996.
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H enaAnBsucn Tou HOVTEAOU MPOEKUWE anod TO YEYOvOC OTI N MPOCOUO0IWON Tou UdpogopEa sival
IKAVOMOINTIKN Kal oTo Np®To Kal oro JelTepo £T0C. Me Tnv enaAnBeuon eniBeBaiwdnkav Ta
oupnepdouaTta TnG pUBKIONG KAl TG avaAuong suaiobnaoiac.

Me Tn xpnon Tou npoypdppatoc MODFLOW 4.2 sneTelXOn n npocopoiwon TnG AsIToupyiag Tou
unoyeiou udpoPopéa TNE NePIoxNnG MaAaiopgovaoTnpo unod TIG UPIOTAPEVEG OuvBnkec. H duvatdTnTa
NPOCOWPOIWONG AMNOTEAEI £va ONPAvVTIKO £pyaAsio ANWng anodoswy Kal axediacgpoU Hiag asipopikng
dlaxeipion Twv UdATWV KABs nepioxng. Me anwTepo oTOX0 TNV opBoAoyikn diaxeipion TG dpdsuongc,
TNV anoguyn (PaivoUEVWY £PNUONOINCNG, TNV Ano@uyn UNEPEKUETAAAEUONC TWV UNOYEIWV UdATWY,
TO OWOTO 0XedIAONO TNG €KTAONG TwV APJEUOUEVWVY KAAANIEPYEI®V Kal TEAOG TNV MpOBAEWNn TNG
avTidpaong Tou udpoPOPOU CUCTHATOC OTNV €10aYWYN VEWV KAANIEPYEIDV.
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9 NAPAPTHMA II - AEAOMENA NrEQTPHZEQN

KA
T-11
T12
T13
T-14
T15
T-16
T17
T-28
T-29
T-30
T-31
T-46
BN-44
BN-132

BN-152

T1
T2
T-3
T4
T-5
T-6
T7
T8
T9
T-10

T-18

T-19

T-20

T-21

T-22
T-23
T-24

T-25

T-26

T-27

T-32

T-33

T-34

T-45

T-53

T-54

TB-54
[BN-16

HMEP. KATAZK. MEPIOXH
1974 [épgol
1974 [épgol
1974 [dpgol
1974 [6ugol
1973 [6ugol
1973 [6ugol
1974 [6ugol
1974 [6ugol
1974 [Sugol
1974 [épgol
1974 [épgol
1974 [épgol
10/16/1991 épgor
6/5/2000 6pegor
11/2/2000 MSpgor
1973 Auyapia
1973 Auyapia
1973 Auyapia
1974 Auyapia
1974 Auyapia
1973 Auyapia
1977 Auyapia
1977 Auyapia
1974 Auyapia
1974 Auyapia
1973 MaAaiopovdoTnpo
1973 MaAaiopgovaoTnpo
1973 MaAaiopgovioTnpo
1973 MNaAalopovdioTnpo
1973 MaAaiopgovioTnpo
1973 MaAaiopovioTnpo
1973 MaAaiopgovioTnpo
1974 MaAaiopovdoTnpo
1974 MNaAalopovdoTnpo
1973 MaAaiopgoviotnpo
1974 MaAalogovdaTnpo
1973 MaAaiopgovioTnpo
1974 MaAaiogovdoTnpo
1974 MNaAalopovdoTnpo
1973 MaAaiopgoviotnpo
1973 MNaAaiopovdioTnpo
12/17/1978 Auyapid
6/19/1982 MaAaiopovaaTnpo
10/9/2002 MaAaiopovdotnpo
5/16/1988 MaAaiopovdoTnpo

STOIXEIA TEQTPHZEQN - MEPIGEPEIA OESTAAIAS
BAO. K AIAM. AIATP. u BAG. KAIAM. AIEYP. p MEPI®P.
17 1/2"(0-116)
17 1/2"(0-132)
17 1/2"(0-150)
17 1/2"(0-136)
17 1/2"(0-131)
17 1/2"(0-170)
17 1/2"(0-74)
17 1/2"(0-154)
17 1/2"(0-116)
17 1/2"(0-120)
17 1/2"(0-115)
20"(0-100)

8 1/2'(0-144)
8 1/2'(0-140)
8 1/2'(0-150)
17 1/2"(0-151)
17 1/2"(0-168)
17 1/2"(0-182)
17 1/2"(0-200)
17 1/2"(0-239)
17 1/2"(0-181)
17 1/2"(0-192)
17 1/2"(0-182)
17 1/2"(0-206)
17 1/2"(0-178)
17 1/2"(0-128)
17 1/2"(0-136)
17 1/2"(0-144)
17 1/2"(0-150)
17 1/2"(0-92)
17 1/2"(0-130)
17 1/2"(0-104)
17 1/2"(0-108)
17 1/2"(0-130)
17 1/2"(0-165)
17 1/2"(0-131)
17 1/2"(0-115)
17 1/2"(0-132)
15 1/2"(0-120)
17 1/2"(0-100)
15 1/2"(0-113)
15 1/2"(0-122)
20"(0-121)

8 1/2'(0-140)
11 5/8"(0-86)

26"(0-13) 20"(13-78) 15 22"(0-13)
20"(0-75) 15 1/2"(75-140)
20"(0-78) 15 1/2"(78-135)

20"(0-122)

20"(0-78) 15 1/2"(78-140)
17 1/2"(0-84)

MHK. KAIAM. ZQA. p

10 3/4"(0-42) 8 5/8"(42-82)
12 3/4"(0-48) 8 5/8"(48-130)
10 3/4"(0-60) 8 5/8"(60-149)
10 3/4"(0-47) 8 5/8"(47-118)
10 3/4"(0-57) 8 5/8"(57-123)
10 3/4"(0-53) 8 5/8"(53-157)
10 3/4"(0-44) 8 5/8"(44-72)
10 3/4"(0-50) 8 5/8"(50-143)
10 3/4"(0-57) 8 5/8"(57-112)
12 3/4"(0-55) 8 5/8"(55-89)
10 3/4"(0-47) 8 5/8"(47-114)
12 3/4"(0-99)

12 3/4"(0-75) 8 5/8"(75-141)
12 3/4"(0-72) 8 5/8"(72-132)
12 3/4"(0-78) 8 5/8"(78-132)
10 3/4"(0-56) 8 5/8"(56-146)
10 3/4"(0-49) 8 5/8"(49-139)
10 3/4"(0-61) 8 5/8"(61-178)
10 3/4"(0-101) 8 5/8"(101-174)
10 3/4"(0-102) 8 5/8"(102-153)
8 5/8"(0-154)

10 3/4"(0-54) 8 5/8"(54-180)
10 3/4"(0-98) 8 5/8"(98-128)

10 3/4"(0-41) 8 5/8"(41-99)6"(99-198)

10 3/4"(0-55) 8 5/8"(55-177)
10 3/4"(0-45) 8 5/8"(45-114)
10 3/4"(0-54) 8 5/8"(54-128)
10 3/4"(0-61) 8 5/8"(61-145)
10 3/4"(0-51) 8 5/8"(51-137)
10 3/4"(0-54) 8 5/8"(54-87)
10 3/4"(0-67) 8 5/8"(67-106)
10 3/4"(0-50) 8 5/8"(50-78)
10 3/4"(0-52) 8 5/8"(52-106)
10 3/4"(0-59) 8 5/8"(59-129)
10 3/4"(0-51) 8 5/8"(51-161)
10 3/4"(0-60) 8 5/8"(60-130)
10 3/4"(0-66) 8 5/8"(66-89)
10 3/4"(0-70) 8 5/8"(70-121)
8 5/8"(0-119)

10 3/4"(0-93)

8 5/8"(0-98)

12 3/4"(0-73) 10 3/4"(73-121)
12 3/4"(0-73) 8 5/8"(73-118)
12 3/4"(0-78) 8 5/8"(78-135)
10 3/4"(0-84)
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19/05/2024 16:12:00 EEST - 18.116.86.240

niez.

0-40
0-48
0-55
0-45
0-30
0-35
0-45
0-50
0-50
0-56
0-35
0-60
0-66
0-60
0-60
0-40
0-40
0-35
0-35

0-45
0-40
0-85
0-40
0-40
0-39
0-45
0-45
0-60
0-50
0-50
0-50
0-50
0-58
0-50
0-50
0-65
0-69
0-85
0-75
0-75
0-70
0-70
0-66
0-54

OEZEIZ ®IATP. Me évrovn ypa@r Ta @iATpa SiapéTpou 12 3/4™

EXI10T6 (36-42), (42-75)

SXIOTG (48-54), (74-80), (100-114), (121-127)
EX10T6 (36-60), (80-86), (92-99), (118-130), (137-143)
SXI0TG (47-66), (85-112)

EXI10T6 (34-57), (57-64), (105-118)

(60-65), (72-85), (132-151)

(44-65)

(84-137)

(41-48), (57-64), (85-92), (99-106)

(41-55), (55-62), (69-83)

(47-61), (68-81), (100-107)

(38-68), (75-92)

(41-47), (53-65), (99-111), (119,5-135)
(60-72), (78-90), (96-114), (120-126)

(60-72), (84-102),(108-126)

SxXI0T6 (61-85), (90-102), (113-143)

IXI0T4 (42-49), (67-80), (100-113)

SXI10T6 (45-51), (61-66), (72-77), (90-95), (101-125), (152-172)
EX107 (79-85), (90-96), (115-121), (135-146), (150-156), (162-168)
0-34,5 EX10T4 (49-62), (67-73), (85-90), (102-114), (126-133), (140-147)

EX107d (61-74), (86-118), (137-152)
307G (54-72), (114-125), (131-163), (169-176)
EX107d (29-34), (56-69), (80-86), (107-113), (118-123)
$X10TG (60-73), (80-86), (124-142), (170-194)

Zx107d (43-49), (68-79), (86-96), (103-114), (145-155), (161-172)

(66-85), (91-110)
(42-48), (61-75), (89-122)

(55-61), (61-87), (107-119), (126-139)

(46-51), (66-100), (127-133)

(48-54), (54-81)

(49-60), (67-86), (93-99)

(31-44), (50-71)

(40-52), (52-77), (82-101)

(35-41), (59-72), (92-98), (110-123)

(44-51), (51-70), (90-102), (122-155)

(43-60), (73-86), (100-127)

(32-46), (52-66), (73-85)

(46-53), (70-83), (90-97), (103-116)

(46-53), (60-66), (73-86), (106-112)

(38-56), (63-75), (80-87)

(38-58), (65-71), (78-92)

(46-52), (58-64), (73-77), (80-85), (88-95), (106-115)
(42-55), (60-66), (79-85), (94-100), (109-115)
(48-54), (66-78), (84-96),(102-114),(123-129)
Johnson (54-78)

AIATPHOENTEZ MEQAIKOI ZXHMATIZMOI

EvaAAay£g KPoKaAuy, apyiAwv Kal XaAiKwv.
EvaAAay£G KPOKaAUN, apyiAwv Kal XaAiKwy.
EvaAAay£G KPOKaAWY, apyiAwv Kal XaAiKwv.
EvaAAayég kpokaAwy, apyidwv kal XaAiKwy.
EvaAAayég apyidwy, XaAiKwv Kal KPOKAAWV.
EvaAAayég apyidwy, XaAiKwv Kal KPOKAAWV.
EvaAAayég XaAikuwv Kal KPOKOAAWY.

KpokdAeg pe XAAIKeG Kal dpylAo.

EvaAAayég KpokaAwy, apyilwv kar XaAKwV.
EvaAAayég KpokaAwy, apyilwv Kar XaAKwV.
EvaAAayég KpokaAwy, XaAiKwv Kar apyilwv.
EvaAAayég KpokaAwv, XaAiKwv Kal apyiAwv.
EvaAAayég apyiluwy, XaAikwy, Gupwy Kal KPOKGAWV.
EvoAAay£€g KpokGAwV pe apyIAOXaAIKGSN OTpWHATA.
EvoAAay£€G KPOKAAWW- XOAIKWV.

EvaAAayég apyilwy, XaAiKwyY Kal KPOKAAWV.
EvaAAay£g KpokaAwy, apyiAwv Kal XaATKwV.
EvaAAayég KpokaAwy, apyilwv Kar XaAKwV.
EvaAAayég apyiluv, XaAiKwv Kal KPOKOAWV.
EvaAAay£€g KpokaAuy, apyilwv Kal XaAiKwv.
EvaAAay£€g KpokaAuy, apyilwv Kal XaAiKwy.
EvaAAay£€g KpoKaAuy, apyilwv Kal XaAiKwy.
EvaAAay£g apyiluwy, XaAiKwv Kal KPOKOAGWV.
EvaAAay£€g KpokaAuy, apyilwv Kal XaAiKuwy.
EvaAAay£g apyiluwy, XaAiKwv Kal KPOKOAGV.
KpokdAeg

KpokdAeg pe XAAIKEG, GUPO Kal ApyIAO.

KpokdAeg pe XAAIKEG, GUHO Kal ApyIAo.

KpokdAeg pe XAAIKeg kai dpylAo.

KpokdaAeg pe XAAIKEG Kal GO,

KpokdAeg pe XAAIKEG Kal dpyIAo.

KpokAaAeg pe XAAIKEG KAl GUHO.

Kpokd@Aeg pe XAAIKEG.

KpokdAeg pe XAAIKeg Kal dpylAo.

KpokdAeg pe XAAIKEG, GUPO Kal ApyIAo.

KpokdAeg k xaAikeg aoB/KAG-KePAT/KAG-0PIOA/KNG oUoTAONG.
KpokdAeg pe dpyiro.

KpokdAeg k xaAikeg aoB/Krg-kepaT/kAG-0QION/KAG oUaTaONG.
EvaAAayég kpokaAwy, XaAikwy Kal apyilwv.
KpokdAeg pe dpyIAo Kai XAAIKEG.

KpokdAeg pe dpyiAo kai XGAIKEG.

KpokdAeg pe TrapePPBOAEG apyIAOXAAIKWIWY OTPWHATWV.
EvaAlayég oTpwudTwy apyilwv Kai KPOKAAWV.
ZTPWHATA KPOKAAWV.

EvaAAayri KpokGAwv Kal XaAiKwv pe apylAo.

ZTEr. YNOBAGPO
Aev ouvaviionke
Agv ouvaviionke
Agv ouvaviionke
Agv ouvavinonke
O@pidAIBog
O@pi6A1Bog

Agv ouvavrronke
Og@i6A180g

Agv ouvaviionke
Agv ouvaviionke
Agv ouvaviionke
Agv ouvaviionke
Agv ouvaviionke
Agev ouvaviionke
O@idAiBol
O@i6A18og
O@pidAIBog

Agv ouvaviionke
Agev ouvaviionke
O@idA1Bog

Agev ouvavinonke
Aev ouvaviionke
Agv ouvaviiBnke
Agv ouvaviienke
Agv ouvaviionke
O@idA1Bog
O@pi6AIBog
O@i6A1Bog
O@pi6A1Bog

Aev ouvaviionke
Agv ouvaviienke
O@pidAIBog

Agv ouvaviionke
Agev ouvaviienke
O@i6AIBog

Agv ouvaviionke
O@idAIBog
O@id6A1Bog
O@pidAIBog

Aev ouvaviienke
O@i6A180g

Aev ouvaviionke
Agv ouvaviionke
Aev ouvaviienke
O@i6AiBol

BAO. YNOB. TYMOZ YAPO®OPOY
EAeuBepog
EAeuBepog
EAeuBepog
EAeuBepog

130 EAg0Bepog
166 EAe0Bepog
EAe0Bepog
163 EAeUBepog
EAe0Bepog
EAe0Bepog
EAe0Bepog
EAe0Bepog
Mepikug uTré Trieon
EAeuBepog
132 EAe0Bepog
148 EAeUBepog
164 EAe0Bepog
EAe0Bepog
EAeuBepog
222 EAe0Bepog
EAeuBepog
EAeuBepog
EAeuBepog
EAeuBepog
EAeuBepog
115 EAe0Bepog
130 EAe0Bepog
138 EAe0Bepog
138 EAeUBepog
EAeuBepog
EAeuBepog
86 EAeUBepog
EAeuBepog
EAeuBepog
163 EAe0Bepog
EAg0Bepog
105 EAe0Bepog
127 EAe0Bepog
114 EAe0Bepog
EAeuBepog
106 EAeUBepog
HuieAe0Bepog
EAe0Bepog
EAeuBepog
87 EAeUBepog

Y.Z. YAATATI. T QANTA.

0.15 4,4*10E-2
15.30 4,7*10E-2
13.80 3,17*10% m

4.37 2,5*10E-1
30.0
39.90 6,1*10°
28.05 6,1*10E-2

300
240
250

300
180
180
120

AYN.ZTAO. QEKMET. Z.A.TeA.

2.75
16.4
16.85

7.77
48
42.10
30.15

300
300
300
150

920
300
200
200
250
300
300
220
200
250
300
200
200
200
230
200
300
200
300
200
100

70

50
100

160

30
200

80
200
200
100
110

25
200
120
200
180
150

70

30 Zroixeia
35 Zroixeia
20 ZToixeia
20 ZToixeia
25 Zroixeia
50 Ztoixeia
20 XToixeia
40 ZToixeia
35 Zroixeia
30 Zroixeia
40 XToixeia
35 Zroixeia
45
42
45
30 Zroixeia
40 ZToixeia
30 Zroixeia
30 Zroixeia
35 Ztoixeia
35 Ztoixeia
30 Ztoixeia
30 Zroixeia
30 Zroixeia
30 Zroixeia
45 YToixeia
50 Zroixeia
70 ZToixeia
50 Zroixeia
ZToixeia
35 Zroixeia
65 Ztoixeia
45 YToixeia
55 Ztoixeia
40 ZToixeia
45 ZToixeia
55 Zroixeia
60 ZToixeia
60 >Toixeia
40 ZToixeia
73 Zroixeia

NMAPATHPHZEIZ

eANITTH
eANITTH
eANITTA
eANITTA
eANITT
eANITTA
eANITTA
eANITTA
eANITTA
eANITT
eAATTA
eAATTA

eANITTA
eANITTA
eANITTH
eANITTH
eANITT
eANITT
eANITT
eANITTH
eANITTH
eANITTH
€ANITTH
eANITTA
eANITTR
eANITTA
eANITTR
eANITTA
eANITTA
€ANITTH
eANITTA
eANITTR
eANITTA
eANITTA
eANITTH
eANITTA
eANITTR
eANITTA

40 Toipévrwon 0-7p.
58 Toipévrwon 0-8u.

54

48 0-10p.Tolpéviwon ETTIPAVEIAG.



10 MNMAPATHMA III - ZTAGMHMETPIKEZ MNAPATHPHZEIZ NOTAMQN

EAAHNIKH AHMOKPATIA
NOMAPXIAKH AYT/ZH TPIKAAQN
A/NZH EFTEIQN BEATIQZEQN
TMHMA FEQAOTIAZ - YAPOAOTIAZ

ZTAGMHMETPIKEZ MAPATHPHZEIZ
ITAOMH NEPOY ZE METPA

ETOZ: 2006

MHNAZ: IANOYAPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 113 113 113 113 113 113 1.13 116 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 116 1.16 1.16 1.16 116 1.16 115 1.15 115 1.15 114 1.14 1.14 114 114

NYProz (mny.Keg.) 035 035 0.35 0.35 0.35 0.35 0.35 0.35 040 040 040 040 040 040 040 040 040 040 040 045 045 045 050 050 0.50 0.50 0.50 0.50 0.50 0.50 0.50

MYAH (Mopr.) 080 0.75 0.74 0.79 0.77 0.75 0.72 0.72 0.70 068 068 058 057 057 055 055 052 052 052 050 050 052 052 052 051 051 0.51 0.50 0.50 0.49 0.49

MHNEIAAA (Mnv.) 550 3.60 3.20 320 3.80 530 590 430 350 3.20 3.10 2.90 280 270 260 260 260 255 250 250 250 240 240 2.85 285 280 270 2.65 2.60 2.55 2.50

TABPOZ (Moupyk.) 0.40 040 040 040 0.60 0.80 0.80 0.80 0.80 080 0.56 056 0.56 056 0.50 050 0.50 0.50 0.50 0.50 0.50 0.50 046 046 042 042 042 042 042 042 042

MHNAZ: ®EBPOYAPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ITAGMOI

AHOAIOZ (Tpik.) 114 114 114 1.14 115 1.16 1.16 116 1.18 118 120 120 121 120 120 120 119 119 118 1.18 118 1.18 120 122 1.30 1.40 1.50 1.60

MNYProz (mny.Keg.) 0.40 040 0.40 040 040 0.55 0.55 0.55 0.55 0.55 0.55 0.60 0.60 060 0.60 060 0.60 060 070 070 070 0.70 1.00 1.00 1.00 1.00 1.00 1.00

MYAH (Mopr.) 049 0.50 0.52 0.52 0.55 0.55 0.54 0.54 0.55 0.58 056 057 057 059 0.60 060 060 062 062 060 060 063 0.65 105 1.07 1.00 0.95 0.98

MHNEIAAA (Mnv.) 270 265 260 2.65 2.70 2.80 3.10 340 3.35 330 330 325 320 320 3.15 350 290 285 280 280 3.15 3.00 290 295 4.90 640 6.20 5.20

FABPOZ (Moupyk.) 0.40 040 0.40 0.40 0.40 0.60 0.60 0.60 0.60 0.60 0.60 060 0.60 060 060 060 0.60 060 0.60 070 070 070 070 0.70 0.99 0.97 0.95 0.95

MHNAZ: MAPTIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 160 150 1.50 1.40 1.40 130 130 126 126 122 122 120 120 120 118 1.18 118 118 118 118 118 1.18 1.18 1.18 1.18 1.18 1.18 1.17 1.17 117 117

MNYProz (my.Keg.) 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.90 0.90 0.90 090 090 090 0.0 090 090 100 100 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

MYAH (Mopr.) 095 1.00 1.00 0.95 0.88 0.85 0.85 0.80 0.79 0.75 072 070 070 068 068 060 065 070 070 068 0.67 067 070 072 072 071 0.71 0.70 0.70 0.69 0.69

MHNEIAAA (Mnv.) 510 560 4.90 540 520 4.70 460 360 355 3.20 320 3.10 3.10 3.10 3.15 3.15 310 290 290 280 275 280 285 2.85 3.10 3.00 3.00 2.90 2.80 2.85 2.85

FABPOZ (Moupyk.) 040 040 040 040 040 040 040 040 040 040 040 035 035 035 035 035 036 036 036 036 036 036 036 036 0.36 0.36 0.36 0.36 0.36 0.36 0.36

MHNAZ: AMPIAIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 117 117 1.16 1.16 1.16 1.16 1.16 116 1.16 1.16 1.16 1.16 1.16 1.16 1.15 115 115 115 114 114 116 1.18 122 124 1.27 1.30 1.30 127 1.25 1.25

NYProOZ (mny.Keg.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 090 0.90 090 090 090 090 1.00 100 1.00 1.00 100 100 100 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00

MYAH (Mopr.) 065 0.65 0.63 0.63 0.62 0.60 0.60 0.62 062 0.60 060 063 070 069 0.68 065 062 060 060 058 057 057 059 062 0.60 0.60 0.60 0.61 0.63 0.70

MHNEIAAA (Mnv.) 280 280 275 2.80 2.80 275 270 2.70 2.70 265 2.65 265 2.65 260 260 260 255 255 250 250 250 250 3.00 3.00 2.85 2.80 2.75 2.70 2.65 2.70

FABPOZ (Moupyk.) 0.30 0.30 0.30 0.34 0.40 040 040 0.40 040 040 040 040 036 036 036 036 036 036 036 036 036 036 036 036 0.36 0.36 0.36 0.34 0.34 0.34

MHNAZ: MAIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ITAGMOI

AHOAIOZ (Tpik.) 124 124 124 124 124 122 122 120 120 120 118 1.18 118 118 1.16 1.16 115 115 114 114 112 112 112 112 112 112 112 112 112 112 112

MNYProz (mny.Keg.) 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.90 0.90 0.90 090 0.90 090 085 085 085 085 085 085 0.85 085 0.85 085 0.85 0.85 0.85 0.85 0.85 0.85 0.85

NYAH (Mlopr.) 070 0.68 0.68 0.66 0.66 0.64 0.64 0.62 062 062 065 064 062 060 060 058 054 052 050 046 €KTOGPEKTOG IEKTOG FEKTOG EKTOG FEKTOG EKTOG EKTOG EKTOG EKTOS EKTOS KOITNG

MHNEIAAA (Mnv.) 3.00 295 290 285 280 2.80 2.75 2.80 2.70 260 255 250 245 240 240 240 235 235 230 225 220 220 220 220 220 215 210 210 2.10 2.50 2.50

FABPOZ (Moupyk.) 0.30 0.30 0.27 0.27 0.24 0.24 0.24 0.24 0.15 0.15 0.15 0.15 0.15 0.5 0.15 0.15 0.15 0.15 0.15 0.5 0.15 0.11 0.11 0.11 0.11 0.10 0.10 0.10 0.10 0.10 0.10

MHNAZ:IOYNIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 111 111 111 111 111 112 112 112 112 112

MYProz (my.Keg.) 085 0.85 0.85 0.85 0.85 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 080 0.80 080 0.80 075 075 075 070 0.70 070 0.70 0.70 0.65 0.65 0.65 0.65 0.65

MNYAH (Mlopr.) EKTOC 1 EKTOG HEKTOG EKTOG EKTOG EKTOG EKTG EKTOC EKTOG | EKTAG | EKTOC | EKTOG | EKTOC I EKTOG | E6p0  Eepd  EEpd  Eepd Eepd Eepd Eepd  Eepd  Eepd Eepd Eepd Eepd Eepd Eepd Eepd Eepd

MHNEIAAA (Mnv.) 250 250 210 2.10 210 210 210 250 250 210 210 210 210 220 220 250 200 200 200 195 195 190 1.90 270 280 275 2.80 2.80 2.75 2.80

TABPOZ (Moupyk.) 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.15 0.15 0.15 0.15 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 025 0.25 0.25 0.25 0.25 0.25 0.29

MHNAZ:IOYAIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 111 411 111 111 411 111 411 111 411 111 111 111 111 1 111 111 111 111

MNYProz (mny.Keg.) 0.65 065 0.65 0.65 0.65 0.65 0.65 0.70 0.70 070 070 070 070 070 070 070 0.70 065 0.65 065 0.65 065 0.65 065 0.65 0.60 0.60 0.60 0.65 0.65 0.65

MYAH (Mopr.) £p6  EepG Eepd Eepb Eepd Eepd EEpd Eepd Eepd Eepd Eepd EEpd  Eepd  Eepd Eepd Eepd Eepd  Eepd Eepd Eepd  Eepd  Eepd Eepd Eepd Eepd Eepd Eepd EEpd EEpd Eepd EEpO

MHNEIAAA (Mnv.) 280 290 290 2.90 295 295 2.85 2.80 2.80 275 275 275 270 270 270 270 280 280 270 270 265 265 270 270 265 265 2.65 2.65 2.70 2.70 2.70

FABPOZ (Moupyk.) 0.30 030 0.30 0.30 027 027 0.27 0.22 022 022 022 022 022 024 024 024 030 030 030 030 030 021 021 021 0.14 0.14 0.14 0.14 0.14 eKT6G €KTEG KOITNG

MHNAZ:AYTOYZTOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ITAGMOI

AHOAIOZ (Tpik.) 111 111 111 111 11 1 1t 11 11 11 111 11 11 111 111 111 111 110 110 110 110 110 110 110 110 1.10 1.10 1.10 1.10 1.10 1.10

MNYProz (my.Keg.) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.45 045 045 045 045 045 045 045 045 045 045 045 040 040 040 0.40 0.40 040 0.40 0.40

NYAH (Mlopr.) £p6 6 Eepd Eepd Eepd Eepd EEpd Eepd EepG Eepd Eepd Eepd  Eepd Eepd Eepd Eepd Eepd  Eepd Eepd Eepd  Eepd Eepd Eepd Eepd Eepd Eepd Eepd Eepd Eepd Eepd EEpO

MHNEIAAA (Mnv.) 275 270 265 265 270 270 270 270 270 270 270 270 270 270 270 270 270 270 265 265 270 260 255 260 260 260 2.60 2.65 2.60 2.60 2.60

FABPOZ (Moupyk.) 0.16 0.16 0.10 0.10 0.10 0.06 0.07 0.07 0.04 0.04 0.02 0.02 €KTGG IEKTOG I EKTOG I EKTOG I EKTOG | EKTOG I EKTOG | EKTOG §EKTOG |EKTOG FEKTOG FEKTOG §EKTOG |EKTGG EKTOG EKTOG EKTOG EKTOG EKTOG KOITNG

MHNAZ: ZENTEMBPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 113 143 113 113 113 113 114 114 113 113 1.13 112 112 112

NYProz (mny.Keg.) 050 0.50 0.50 0.50 0.50 0.45 0.45 0.45 045 045 045 045 045 040 040 040 040 040 040 040 040 040 040 040 040 040 040 0.40 040 040

MNYAH (Mlopr.) Eep6  EepO Eepd EEpd Eepd Eepd EEpd EEpG EEpd  Eepd Eepd Eepd Eepd Eepd  Eepd Eepd Eepd  Eepd Eepd Eepd Eepd Eepd  Eepd EEpd EEpd EEPD EKTOC EKTOG EKTOS EKTOG KOITNG

MHNEIAAA (Mnv.) 260 265 260 2.65 2.65 260 2,60 2.60 2.55 255 240 200 1.80 170 160 160 1.60 170 160 165 170 175 1.80 1.85 215 250 210 2.15 2.20 2.20

rABPOX (Moupyk.) Ep0 Eepo Eepd Eepd Eepd EEpd EEpd EEpd Eepd EEpo Eepd Eepd Eepd EEpd Eepd EEpd Eepo  Eepd Eepd Eepd Eepd Eepd Eepd Eepd  Eepd Eepd Eepd Eepd 0.40 0.30

MHNAZ: OKTQBPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ITAGMOI

AHOAIOZ (Tpik.) 141 111 11 111 112 112 112 112 112 142 112 112 112 112 112 111 111 111 11 111 111 111 111 111 110 110 1.10 1.10 1.10 1.10 1.10

NYProz (mny.Keg.) 0.40 040 0.40 0.40 040 040 0.40 040 040 040 040 035 035 035 035 035 035 035 035 030 030 030 030 035 0.35 0.35 0.35 0.35 0.35 0.35 0.35

MYAH (Mopr.)

MHNEIAAA (Mnv.) 200 1.90 1.80 190 1.85 1.80 1.85 2.65 260 260 255 250 240 230 230 220 210 250 200 200 200 200 200 200 2.00 200 195 190 1.90 1.90 1.90

FABPOZ (Moupyk.) 0.30 0.30 0.30 0.30 0.27 0.27 0.20 020 0.20 020 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.22 0.22 0.22 0.22 0.22 0.22 0.22

MHNAZ: NOEMBPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 113 143 113 112 112 112 112 112 112

MNYProz (my.Keg.) 0.35 0.35 0.35 0.35 0.35 0.30 0.30 0.30 0.30 0.30 035 035 035 035 035 035 035 035 035 035 035 035 035 035 0.35 0.35 0.35 0.35 0.35 0.35

MYAH (Moprt.) EKTOG + EKTOG 1EKTOG EKTOG EKTOG EKTOG EKTOG EKTOG EKTOG | EKTOG | EKTOG | EKTOG | EKTOG | EKTOG | EKTOG | EKTOG | EKTOG t EKTOG | EKTOG FEKTOG HEKTOG HeKTOGH 0.60 0.58 0.50 0.49 0.40 eKTOG EKTOG EKTOG KOITNG

MHNEIAAA (Mnv.) 190 1.90 1.90 1.95 1.95 1.95 1.90 1.90 190 190 1.90 190 1.95 195 1.95 195 200 210 220 295 295 290 285 280 270 2.65 2.55 2.30 2.25 2.20

FABPOZ (Moupyk.) 022 022 022 022 022 022 022 022 022 020 020 020 020 020 020 020 020 020 024 024 024 023 023 020 020 020 0.20 0.20 0.20 0.20

MHNAZ: AEKEMBPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 142 112 142 112 112 112 112 112 112 112 112 142 112 112 112 112 112 112 112 112 112

NYProOZ (mny.Keg.) 025 0.25 0.25 0.25 0.25 0.30 0.30 0.30 0.30 0.30 030 030 030 030 030 030 030 030 030 030 030 030 030 030 0.30 0.30 0.30 0.30 0.30 0.30 0.30

MYAH (Mopr.) EKTGG 1 EKTOG HEKTOG EKTOG EKTOG EKTOG EKTG EKTOG EKTOG 1 EKTOG | EKTOG 1 EKTOG | EKTGG | EKTOG 1 EKTOG | EKTOG 1 EKTOG | EKTOG | EKTOG § EKTOG §EKTGG |EKTOG EKTOG FEKTOG 1 EKTOG §EKTGG EKTOG EKTOG EKTOG EKTOG EKTOG KOITNG

MHNEIAAA (Mnv.) 220 210 205 2.00 2.00 200 1.95 1.90 220 250 250 250 200 200 195 200 200 195 190 190 1.90 250 250 240 235 230 2.15 2.10 2.10 2.00 2.00
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EAAHNIKH AHMOKPATIA
NOMAPXIAKH AYT/ZH TPIKAAQN
A/NZH ETTEIQN BEATIQZEQN
TMHMA FEQAOTIAS - YAPOAOTIAZ

ITAOMHMETPIKEZ NAPATHPHZIEIZ
ZTAOMH NEPOY ZE METPA

ETOZ: 2005

MHNAZ: IANOYAPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZITAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 113 113 113 1.13 113 1.13

NYProz (my.Kee.) 0.29 0.30 0.30 0.30 0.30 0.29 0.29 0.29 0.30 029 029 029 029 029 028 028 029 029 029 030 030 040 040 040 046 046 048 048 0.48 0.49 0.49

MYAH (Mopr.) 0.50 048 045 0.40 0.37 0.35 0.32 0.30 0.30 030 029 029 029 028 028 028 028 028 029 029 030 030 030 035 070 0.80 0.75 0.60 0.62 0.50 0.47

MHNEIAAA (Mnv.) 290 265 250 255 2.30 235 230 210 220 220 210 220 210 210 210 200 195 200 190 200 230 230 225 220 255 340 4.00 420 3.20 295 2.80

FABPOZ (Moupyk.) 0.026 0.026 0.02 0.02 0.02 0.02 0.02 0.02 0.025 0.025 0.025 0.025 0.025 0.026 0.025 0.025 0.025 0.025 0.027 0.027 0.027 0.027 0.027 0.035 0.035 0.04 0.04 0.03 0.03 0.03 0.03

MHNAZ: ®EBPOYAPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 114 116 116 115 115 114 114 114 114 114 114 114 114 114 114

NYProz (mny.Keg.) 049 049 049 049 048 048 049 045 045 045 040 040 040 041 050 050 050 050 049 049 050 050 050 0.50 0.50 0.50 0.50 0.50

MYAH (Mopr.) 047 047 048 048 0.50 049 048 045 045 044 044 044 047 047 070 060 050 045 045 044 044 046 046 048 050 0.52 0.70 0.60

MHNEIAAA (Mnv.) 270 265 265 2.65 2.64 255 2.55 240 240 235 230 230 230 265 290 470 500 3.30 3.00 230 230 270 260 280 280 276 285 3.70

FABPOZ (Moupyk.) 0.30 0.30 0.30 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 040 040 095 095 094 094 090 090 080 077 050 048 048 048 042 048 0.48

MHNAZ: MAPTIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 130 1.30 1.30 1.26 125 120 1.20 120 1.20 1.20 120 1.20 1.20 1.16 1.14 1.14 114 114 114 114 114 114 114 114 114 114 114 1.14 1.14 114 1.15

MNYProz (my.Keg.) 0.60 0.60 0.65 0.65 0.80 0.80 0.80 0.79 0.79 0.78 0.78 079 079 077 079 079 079 079 079 079 080 0.80 080 080 079 0.79 0.79 0.80 0.80 0.80 0.90

MYAH (Mopr.) 058 0.54 0.50 0.48 0.50 0.70 0.64 0.56 0.56 0.54 0.54 0.54 0.50 0.50 0.50 049 049 048 047 047 047 045 045 042 042 040 0.39 040 0.44 050 0.55

MHNEIAAA (Mnv.) 3.55 325 3.30 3.20 4.25 4.35 560 480 420 365 3.10 290 280 280 275 270 270 265 275 275 280 280 275 270 275 275 280 2.80 2.80 2.85 2.90

TABPOZ (Moupyk.) 0.48 048 045 045 045 0.30 0.30 0.30 030 033 033 033 035 035 035 035 035 035 035 033 033 033 030 030 030 0.30 030 0.30 0.30 0.30 0.30

MHNAZ: ANPIAIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 113 114 114 114 113 113 112 112 112 112 112 112 143 143 113 112 112 112 112 112 112 112 112 112 112 112 112

NYProz (mny.Kee.) 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 090 090 090 090 090 090 0.90 090 090 090 090 090 090 090 0.89 0.89 0.89 0.89 0.90

MYAH (Mopr.) 0.50 0.50 0.45 0.44 0.43 043 040 040 040 039 038 038 038 037 037 035 035 040 036 037 037 043 042 042 040 040 0.37 037 0.36 0.36

MHNEIAAA (Mnv.) 290 290 295 290 2.85 280 275 270 265 260 260 250 250 250 250 245 245 245 245 245 245 250 250 252 250 245 245 240 2.40 2.30

FABPOZ (Moupyk.) 030 025 0.25 0.25 0.22 022 0.20 0.20 0.14 0.14 0.14 0.14 0.10 0.11 0.11 0.11 0.80 080 080 080 080 080 0.80 0.80 0.10 0.10 0.11 0.12 0.12 0.12

MHNAZ: MAIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 112 112 112 143 114 114 114 113 112 112 112 111 111 110 110 110 108 1.08 1.08 1.08 1.08 108 1.10 110 1.10 1.12 112 1.13 1.14 114 1.14

MYProz (mny.Keg.) 0.90 0.90 0.90 0.90 0.90 0.89 0.89 0.89 0.89 0.90 0.90 090 090 090 090 090 090 090 088 088 088 090 090 090 090 0.87 0.87 0.87 0.90 0.90 0.90

MYAH (Mopr.) 0.36 0.36 0.35 0.34 0.34 0.37 0.35 0.35 0.34 034 033 033 033 032 032 037 031 031 029 029 027 027 026 026 030 0.34 032 0.30 0.30 0.30 0.29

MHNEIAAA (Mnv.) 230 225 225 220 220 210 210 220 220 210 210 210 200 210 200 200 200 200 200 250 250 250 200 200 200 200 250 2.10 2.10 2.10 2.10

FABPOZ (Moupyk.) 0.12 0.2 0.12 0.12 0.12 0.12 0.12 0.11 0.10 0.10 0.12 0.12 0.12 0.15 0.15 015 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.22 0.22 0.22 0.25 0.20 0.20

MHNAZ:IOYNIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 1.14 1.14 114 1.14 114 113 113 012 012 0.2 0.2 0.2 0.12 0.2 012 012 0.2 012 012 012 012 012 012 012 0.2 0.12 0.12 0.12 0.12 0.12

NYProz (my.Keg.) 0.89 0.89 0.89 0.89 0.89 0.89 0.88 0.88 0.88 0.86 0.86 0.86 0.80 0.80 079 079 079 075 0.75 060 060 060 060 060 0.54 0.54 0.50 0.50 0.50 0.50

MYAH (Mopr.) 029 028 0.28 027 0.27 026 0.26 025 025 024 024 023 023 023 022 022 022 022 021 021 021 020 019 0.19 0.19 0.18 0.18 0.18 0.17 0.17

MHNEIAAA (Mnv.) 220 220 220 220 2.50 250 2.00 200 2.00 195 1.90 1.90 1.85 185 180 185 1.80 175 170 170 250 245 240 240 240 240 240 245 240 240

TABPOZ (Moupyk.) 0.20 0.08 0.08 0.10 0.10 0.10 0.10 0.10 0.06 0.06 0.06 0.06 006 006 006 006 006 006 004 004 004 004 004 004 004 0.04 004 0.04 0.04 0.04

MHNAZ:IOYAIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZITAGMOI

AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 1120 112 112 112 112 112 112 112

NYProz (mny.Kee.) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.45 0.45 045 035 035 035 035 030 030 030 030 030 025 025 025 025 025 025 025 025 0.25 0.25 0.20 0.20

MYAH (Mopr.) 0.10 0.10 0.10 0.90 0.90 0.80 0.80 0.80 0.80 0.70 0.60 0.50 0.30 0.30 &npd &npd &npd Enpé Enpd Enpd Enpd Enpd Enpd Enpd Enpd Enpé Enpd Enpd Enpd ENpé Enpd

MHNEIAAA (Mnv.) 260 240 245 245 240 240 240 240 235 230 230 230 230 230 235 235 240 240 240 235 230 230 230 230 228 230 230 228 240 2.28 228

FABPOZ (Moupyk.) 0.04 0.04 004 0.04 0.04 004 0.04 0.04 004 001 001 001 001 0.01 0.1 EKTOGIEKTOC KEKTOS EKTG F EKTOG EKTOG | EKTOG I EKTOG | EKTOG I EKTOG | EKTOG EKTOG EKTOG EKTG EKTGG EKTOG KOITNG

MHNAZ:AYTOYZTOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 111 111 111 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 110 110 110 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10

NYProz (mny.Keg.) 025 025 0.25 0.25 0.20 0.20 0.20 0.20 0.20 0.20 020 0.20 0.20 020 020 020 020 020 020 020 020 020 020 020 0.20 0.15 0.15 0.15 0.15 0.15 0.15

MYAH (Moprt.) gepod  Eepd Eepd Lepd Eepd Gepd epd Eepd Eepd  Eepd  Eepd  Eepd  §epd  §epd  §epd  §epd  Eepd  Eepd  Eepd  Eepd  §epd  §epd  §epd  §epO  §epO Eepd §epd Eepd §epd Eepd §epd

MHNEIAAA (Mnv.) 220 220 220 210 2.10 250 245 250 240 240 240 235 230 230 228 225 225 215 215 250 215 220 220 220 220 225 230 230 2.15 210 2.15

FABPOZ (Moupyk.) £KTOG 1 EKTOG | EKTOG EKTOG eKTOC 0.99 0.95 035 0.10 0.90 0.90 0.90 0.90 090 040 040 040 040 040 040 040 040 040 040 0.10 €KTOG EKTOG EKTOG EKTOS EKTEG EKTOG KOING

MHNAZ: ZENTEMBPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI

AHOAIOZ (Tpik.) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 110 110 1.10 1.10 1.10 110 1.10 1.10 1.10 1.10 1.10 1.10 1.10

MNYProz (my.Kep.) 0.25 025 0.25 0.25 0.25 0.25 0.25 0.25 025 025 020 020 020 020 020 020 020 020 020 025 025 025 025 025 020 0.20 0.20 0.20 0.20 0.20

MYAH (Mopr.) 0.06 0.06 0.06 0.07 0.07 0.10 0.07 0.07 0.08 0.08 0.08 0.08 0.09 0.09 0.08 0.7 0.07 0.07 0.10 0.10 0.09 0.10 0.10 0.10 0.09 0.08 0.15 0.14 0.10 0.10

MHNEIAAA (Mnv.) 210 215 225 215 1.85 180 190 180 180 180 1.85 1.85 1.90 170 200 190 170 180 180 175 175 175 175 170 175 1.75 1.70 1.75 1.75 1.75

FABPOX (Moupyk.) EKTOG 1 EKTOC | EKTOC EKTOG EKTOG EKTOC EKTOC EKTOC EKTOG | EKTOG | EKTOC | EKTOG | EKTOG | EKTOC | EKTAG | EKTOG | EKTOC kEKTOG | EKTOG HEKTOG | EKTOG | EKTOG | EKTOC | EKTOG | EKTOG | EKTOC EKTOG EKTG EKTOG EKTOC KOITNG

MHNAZ: OKTQBPIOZ

HMEPEZ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI
AHOAIOZ (Tpik.) 110 1.10 1.10 1.10 1.10 1.10 1.10 1.10 110 1.10 110 110 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
NYProz (mny.Kee.) 025 025 0.25 0.25 0.25 0.25 0.25 0.28 0.28 028 022 022 022 025 025 025 025 025 025 025 020 020 020 020 020 020 025 0.25 0.25 0.25 0.25
MYAH (Moprt.) Eepod  Eepd Eepd Gepd Eepd Eepd Eepd Eepd Eepd  Eepd  Eepd  Eepd  §epd  §epd  §epd  §epod  Eepd  Eepd  Eepd  Eepd  Eepd  §epd  §eps  §epO  §epO Eepd Eepd Eepd §epd Eepd §epd
MHNEIAAA (Mnv.) 170 1.80 1.75 1.80 1.75 1.80 1.75 1.80 1.80 1.75 176 1.77 178 1.70 1.75 1.80 1.80 176 175 175 180 180 175 178 1.76 175 1.74 1.75 1.76 1.76 1.77
FABPOZ (Moupyk.) £KTGG 1 EKTOC | EKTOG EKTOG EKTOG EKTOG EKTOG EKTOG EKTOG 1EKTOG 1ekTOgH 0.01  0.01 0.01 0.01 001 002 002 002 002 002 002 002 002 002 0.02 0.02 0.02 0.02 EKT6G EKTO KOITNG
MHNAZ: NOEMBPIOZ
HMEPEZ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ZTAGMOI
AHOAIOZ (Tpik.) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 110 110 111 111 112 112 112 112 112 112 1.12 1.12 112
MNYProz (my.Keg.) 025 025 0.25 0.25 0.25 025 0.25 025 0.25 020 020 020 0.20 020 020 025 025 025 025 025 025 025 025 025 025 025 0.25 0.25 0.25 0.25
MYAH (Mopr.) Ep6 Eepd Eepd Eepd Eepd Eepd EEpO Eepd Eepd Eepd Eepd Eepd Eepd Eepd Eepd EEpd EEpd  EEPO EKTOG FEKTOG |EKTOG I EKTOG I EKTOG I EKTOG | EKTOG I EKTOS 0.60 0.50 0.50 0.50
MHNEIAAA (Mnv.) 175 1.76 1.80 1.80 1.75 1.78 1.80 1.80 1.80 1.78 176 1.80 1.80 1.80 175 175 175 180 180 183 185 185 183 182 1.80 1.85 2.00 240 230 2.30
FABPOZ (Moupyk.) 0.10 0.10 0.10 0.01 0.02 0.02 0.02 0.02 0.02 0.04 0.04 004 004 004 004 004 004 004 004 004 004 004 004 004 004 0.04 0.11 0.30 0.18 0.04
MHNAZ: AEKEMBPIOZ
HMEPEZ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
ITAGMOI
AHOAIOZ (Tpik.) 112 112 112 112 112 112 112 112 112 112 112 112 112 112 142 112 112 112 112 112 112 112 112 112 112 112 114 115 1.15 113 1.13
NYProz (my.Kee.) 0.25 0.25 0.25 0.25 0.30 0.30 0.30 0.30 0.35 0.35 035 035 035 035 035 039 039 039 039 040 040 040 040 040 040 040 040 0.40 0.40 0.40 0.40
MYAH (Mopr.) 050 0.50 €KTOG EKTOG EKTOG EKTOG EKTOG eKTOG 0.55 0.60 0.55 050 0.50 0.55 0.50 0.55 071 093 0.80 075 060 058 050 050 055 0.55 0.65 0.95 1.00 1.60 0.95
MHNEIAAA (Mnv.) 230 290 340 250 240 240 220 220 2.50 2.60 2.85 340 295 280 270 270 260 245 240 280 275 260 250 245 240 235 2.30 230 2.70 2.75 4.90
TABPOZ (Moupyk.) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.15 0.15 0.15 0.15 0.5 0.15 017 017 0.17 017 017 020 020 020 020 020 020 0.27 0.27 0.30 0.30 0.90 0.90
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