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Abstract

Geological aspects of the ancient aqueducts of Athens are examined with particular
emphasis on the hydrogeological and geotechnical conditions which made possible
their continuous function throughout the centuries up today. In particular, the sus-
tainability of the Hymettos and the Hadrianic aqueducts is investigated and attribut-
ed to the capture of underground water and the skillful construction of the tunnels.
The geometry of the Hadrianic aqueduct and the situation in the ancient tunnel are
presented based on data obtained during the resumption of the ancient work in the
19th and 20th centuries. The up to forty meters deep wells along the tunnel continue
to collect underground water at many places along the twenty kilometers long path
of the Hadrianic aqueduct. Similarly, the Hymettos aqueduct still irrigates the Nation-
al Garden with a daily rate of about one thousand cubic meters. The stability of the
ancient tunnels is correlated with the surrounding geological formations; it turns out
that the stability problems of the ancient tunnels are comparable to those met in the
tunneling works of the Metro lines, particularly in the Athenian Schists. A new part
of an ancient aqueduct was crossed during the Metro works which is considered to
belong to the Hymettos aqueduct.

Keywords: Attica, Hadrian, Peisistratean, tunnel, groundwater.

MepiAnyn

H avakoivwon emikevTpwveTal oTov eupur] oxedlaoud apxaiwv udpaywyesiwv, ta
ormoia eEakoAoubouv va udpodotolv, akdun Kat oruepa. Ta apxaia udpaywyeia
Twv ABnvwy eival TIOAAG, Oxt ylati apBovouae To vepd otnv Avudpn ATTIKY, aA\d
ylati o aywvag yia v Udpeuon fTav ouvexnq Kal evrelvouevog, TapAAANAoG e
TNV noAeodouikn] €EEAIEN Kal TNV MANBuoUaky} avgnon. MAAloTa, Ta EKACTOTE Ve-
o6tepa udpaywyeia xapaktnpifovrat arnd TeXVIKOUG VEOTEPLOMOUG Kal T GUAANYN
vepouU and peyalltepeg anootdoelq (Ewk. 1 kat Miv. 1).

To apxadtepo TekUnPlwUéEvo udpaywyeio eival To Mewowotpdrelo, €pyo and Ta
TEAN TOU 60U aL. T.X., YIa TO Omoilo ol YVWoeLlg Hag HEXPL TIPATIVOG eplopifovtav oe
MIKPA arnmooTaoUATIKA TN MATA ToU SIKTUOU SLavoung Kat TNV mepipnun votioava-

H AEI®OPIA TQN APXAIQN YAPAIQIEIQN TQN A@HNQN AMO MrEQAOIKH ANMOWH
Xwvmg A. E., Mapivog I". M.
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TOAIKA Kprjvn atnv Ayopd. Ot udpieg Tng enoxnq aneikoviCouv tnv ayaliiaon and
TO TPEXOUMEVO VEPOD KAl TIG VEEG EUKALPIEG KOWVWVIKAG EMAPNIG TWV YUVAIKWY, £0TW
Kal 0To TePLOwPLo TG AYopdg.

Xdplg oTig avaokalkég €peuveqg ota €pya tou METPO, avakaAl@Onkav Turua
aptnpiag Tou udpaywyeiou kovtd otnv apxaia roAn, oto otabud EuayyeAiopou,
Kal ekteTauéva diktua dlavoung oto otabud Zuvtdyparog. Mapapével duwg dyvw-
0TOG 0 €KTOG MOAEWG KUPLOG KOPHOG Tou udpaywyeiou Ttou mbavdtata eTpoPodo-
Telto and nmmyég Tou Yuntrou, (owg kat g MevtéAng. To vepd KukAopopouae ae
1OLOTUTTIOUG KEPAIKOUG CWANVEG TOTIOBETNUEVOUG OTO E0WTEPIKS aBaboug Tdppou
TOU  ETIXWMATWVETO.

O aywydg Tpopodoaiag tou [Mewolotpdrelou €nage va Aertoupyel oto deltepo
MLoé Tou 4ou at. T.X. (Auykoupn-ToAla, 2000), paivetal dpwg nMwg dUo véa udpayw-
yela kataokeudotnkav PonNyouuévwg, To Ydpaywyelo Tou Yunttou Kat o Axapvi-
KOG OXeTOG. Atd apxaloAOYIKN TeEKUNPiwon gaivetal 4Tt katd Tov 40 at. T.X. eMKEJ-
noe napatetauévn Enpacia (Camp, 1982).

O Axapvikdg OXeTOG, £0YO TOU 4ou al. TL.X. €PePE Yl MPWTN Popd vepd and v
pakpvdtepn Mdpvnba. To udpaywyeio urip&e o mpddpopog Tou Adpldvelou. dai-
VETAL WG ATV IBLIWTIKG €PYO0 KAl and KATAOKEUAOTIKNG TAeUpAg anoteAouoe Be-
Tiwon Tou Mewolotpdrelou. To vepd petapepdTtav o KAEIOTOUG KEPAUIKOUG ayw-
youg aroteloUpevoug and Tn ouvappoyr dUo oTeAexwv WoTe va oxnuatifouv
eN\elrTikn} dlatopr). Tornobetouvtav kat TIdAL evtdg opuyuatog, Badoug 1-2 . Tou
ETIXWHATWVETO.

To udpaywyeio Tou Yuntrou Atav éva nmpwtondpo €pyo anoteAouevo amnd or-
payya oe dabog 10-14 p€tpwv Kal PEATA KATA KOG AUTAG, EVOEXOUEVWG HE -
KPr TIAEUPLKY heTatdrion arnd Tov dEova tng orpayyaq. KataokeuaoTtikd rtav na-
POLOLO e TO KATAANKTIKG TUAUa Tou EurtaAivelou udpaywyeiou mou PeTépepe TO
vepo and v é€odo and to EumaAivelo dpuypa Tmpog tnv nodAn tou Mubayopeiou
otn Z4uo, Tov 60 at. T.X. AelToupyIlkd Ouwg utiepeixe dIdTL arnoteholae €pyo udpo-
pdoTeuong kat edw ouviotaral n npwtoropia Tou. H évapén Asitoupyiag Tou ekd-
Cetal oto TEANOG Tou 50U at. T.X. 1) OTIG aPXEG TOU 40U, YIaTi OTIG ApXEG TOU 40U Ka-
Taokeuddetal véa peydAn kprvn otnv Ayopd, n NoTloduUTIKN.

To Adpldvelo udpaywyeio kataokeudotnke Tnv nepiodo 125-140 w.X. kat n Kata-
OKeur) Tou ouvéneoe ue Tiepiodo Enpaociag yia tnv ABriva kat (cwg kat dAAeg EA-
AnVvikég oAelg (Stevens, 1946). Eival éva ouvbeto kal eviunwolakd €pyo, €€ oho-
kKAjpou undyelo, arnoteAoUuevo and orpayya kat ppgara rou ¢pedvouv oe BAabog
Ta oapdvta pétpa. Evdexouévwg énaye va Aertoupyel Petd amnd pepikous alwveg,
ylati ota péoa tou 50u al. U.X. kataokeudletal To YOTEPOopPpWHAiKE udpaywyeio
(Chiotis and Chioti, 2012).

To vedtepo autd udpaywyeio, TEXVOAOYIKA eupiokeTal otov avtinoda tou Adpl-
dvelou, ylati aroteAeltal and emeavelakd €pya kat TI§ YVwoTEg udatoyEPuPEQ
Meplooou kat PAoBENG. Me e€aipeon pikpr) orjpayya otov Meplood, Ta urdlotna
gpya eival ktiotd kavdAla otny empdvela 1§ oe ko BABog. Baoikd nmAeovéktnua
TNQ KATAOKEUNG AUTAQ eival n pelwon Twv anwAelwv vepou Kat 1 otabepdtta Tng
KATOAOKEUNG.

A ta udpaywyeia Twv ABnvwyv, autd Tou Yunttou kat to Adpldvelo dlakpivovtal
yla TNV MPWTOTIOPLAKY YEWAOYIKY] avtiAnyn kat To oxedlaoud toug. Mapdho mou
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Yevikd Bewpeltal Tt oxedldotnkav yla mn HeTapopd vepou amd nnyEq otov Yuntrd
kat Tnv MNdpvnba avtioTtoixa, otnv Mpaypatikdmta eivat Epya MOAUGUAANEKTIKA Kal
udpopaatelouv Katd kUplo Adyo umdyela vepd amnd neplocdTEPES TIEPLOXES KATA
™ dladpopr] Toug. And tnv dnoyn tng oAUCUAeKTIKOTNTAG TO Adpldvelo eival
ouvBeTtdtepo amnd 1o udpaywyeio Tou Yuntrou.

2T1a apxaia udpaywyeia twv ABnvwv napatnpeitatl dlaxpovikr) eEENEN kal Ta ekATTO-
Te vedTepa udpaywyeia BEATIWVOUV TNV TEXVIKA Twv TaAalotépwv. MAAoTa, KATW
arnd Toug UdPOAOYIKOUG TIEPLOPLOOUG TNG Avudpng ATTIKAG, au&dvetal Babpiaia n
a&loroinon Twv unoyeiwv vepwyv, ue eEaipeon To Yotepoppwuaikd udpaywyeio mou
TPOPOJOTETAL AMOKAEIOTIKA pe Tinyaia vepd.

Tpopodoaia amnd undyela vepd TeKUNPLWVETAL EUECA Yia Tov Axapvikd OxeTd, oe
EMYPAPEG TIoU onuatrodotoloav Tn dadpour] Tou. And Aibiveq otAeg, «dpoug»
onwg ovopdlovral, cupBoAala Kat' oucdia PETAEU TwV KATAOKEUAOTWY TOU €PYOU
Kal IBLOKTNTWV YNG, MPOKUTTTEL OTL TO vePd Tou mpoepxdTav Téoo and mnyEg g
Mdapvnbag, éoo kat and umndyela €pya UdPOPACTEUONG OTNV TIEPLOXT] TWV TINYWV
(Vanderpool, 1965).

Emniong, o didonuog apxitéktwy Ziller (1877) eixe ermonudvel 6t n onpayya Tou
udpaywyeiou Twv Makpwv Texwv (Eik. 1), katd urikog Tou IAloou notapou, udpoud-
oteue umndyela vepd Tng Koitng.

Evtunwotakr) eruBepaiwon g asipdpou Aettoupyiag Tou apxaiou udpaywyeiou Tou
Yunttou npogkuye nmpdogara, dtav Ta €pya BepeNiwong peydlou undyelou YKapad
otou Noudn| anékoyav to 2004 orjpayya oe Babog 12 puétpwv. MPokAHONnKe POowW-
pwvn dlakorr] TnG mapoxng Tou EBvikou Krrnou, ou anokataoTddnke Kat dlarotw-
Bnke €101, xwpiq aupBoiia mA&ov, OTL 0 KNnog apdelstal and apxaia orjpayya.

Ta xapakmpelotikd Tou Adpldvelou udpaywyeiou eival kKaAiTepa yvwotd xaplg oe
TIAnpo®opieg kat oxédla and tnv repiodo enavaletroupylag Tou €pyou OToUug Ve-
dtepoug xpovoug (1847-1935). To udpaywyeio Aettolpynoe yia UEPIKOUG ALWVEG
Katd TNV apxaldtnTa Kal EKToTe AnNouovrionke, ribavwg Uetd and KatdmTtwon Tng
onpayyag tou €pyou. To 1847 enaviiABe otnv ermkalpdTnTa, 4TAV O TIPOOTIABEIES
KaBaplopoU utoTIBEUEVNG «TNyrG» TIou avéBAule atov Aylo Anuntelo AUMEANOKN-
nwv, dlarmotwenke 6Tt To vepd €pBave ekel péoa and oripayya mnou eixe katappeu-
oel Kal ppaxBel kal oto onueio autd avéBAule divovtag TV evtunwon mnyng.

And ox€dla Tou €pyou arokalurreTal N dtadpoun kat n 6€on Tou 0To XWPO, KABWg
kal n katdotaon dlatrPNoNg Kat n UrtooTrplEn Tng onjpayyag. To eVIUNWolakdTEPO
otolxelo Tou eival n Bépela andAnén tTou €pyou oto OAupriakd Xwpetd. Mpokeugvou
va napaldpel 1o vepd and rnyEg g MNdpvnbag, n orjpayya CUVIEETAL e TNV ETTL-
PAvela HEOW KEKALEVNG OTOAG Wrkoug 90 W. umd kAion 20° (Ek. 3 kat 4). To dkpo
g onpayyaq eupioketal o Ba6og 30,5 . KATW and tnv empAvela Kal TNV mepLo-
X1 1) 0Td6uN Tou PppedTiou opifovta eival orjpepa oe BA6og 20 pETpwy, OTIWG HETPY)-
Bnke o€ YelTovikr udpoyewtpnon (BpéAAng, 2010).

2V Toun ™G Ek. 5 gaivetal To Bopeldtepo TUAUA TNG ONjpayyag o Urkog dUo
nepinou XINoPETPpwWY, pHall pe Tn oTddun Tou ppedtiou opifovta rou oplobeTrdnke
and YEITOVIKEG YEWTPNOELG Kal TiNyAadia. To TUAUA autd euploketal evtdg udpogpo-
pwv kopnudtwv tng Mdpwvnbag ta onoia unépkelvral Twv adlanépacTwy epUBPWV
APYINKWV INUATWY TIoU anavtouv atnyv neploxn Tou Kneloou. Eival capeg enope-
vwg OTL N onpayya oxedACTNKE £€TOL WOTE VA USPOUACTEUEL TNV UTIOYELO USPOPO-

18

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 23/12/2020 21:47:37 |



http://epublishing.ekt.gr

Bulletin of the Geological Society of Greece, vol. XLVI, 16-38

pla Twv Meupkwv kopnudtwyv g Mdpvnbag, yeyovdg mou eEac@alilel Tnv ael-
popia Tou udpaywyeiou.

To Adpldvelo, xdplg ota Badid nnyddia tou, aglomnolouoe Tnv undyelo udpopopia
Kal og AA\eg TePLOXEQ TNG dladpoung Tou. H mA€ov evdlapgpouaa TOTiKY udpoud-
ogteuon neptypdgetal otig KoukouBdouveg, érou cuvavtridnke udpopdpog oe Ba-
00g 15 p€Tpwv. MNa v GUANNYN TNG udpoPopiag autrg Kataokeudodnkav TEvTe
OTOEG £YKAPOLA TIPOG TNV OMjpayya cuvoAlkoU urikoug 500 pétpwy, pe oxedlaoud
Tou Apxiunxavikou tou Arjpou ABnvaiwv Métpou Mpwtonanaddkn (Mapaokeud-
TouAog, 1907).

evikdtepa, eneldr) n orjpayya tou Adpldvelou euplokeTal oe HEYANO UNKOG TNG O€
BAdn peyahUtepa amd 20 pétpa Aettoupyel, wq UDPOPACTEUTIKO €PYO UECW TWV
PpedTWV Kal TG (dlag g orjpayyag, étav o udpo@dpog eival upnAdtepa. MNa na-
pddetyua, autd loxuel otnv rieploxr) Tou OAKA, érou o udpopdpog opilovrag eival
o€ JKPA BAON peta&u Twv 10 kat 15 p€Tpwy, OTwG MPOKUTTTEL and YEWTPNOELG TNG
MEAETNG BepeAiwong Tou Ztadiou (EAAGOZ EIME 2001).

‘Eva aoBevég onueio Tou Adptdvelou eival 6Tt 0To TeAKO Tou TuAa arnd tov Aylo
AnuniTplo péxpt ™ de€apevry oto Aukapnttd n orjpayya eivat oe ukpd BA6n kat ud-
Aota eupioketal uPnAdtepa and Tov ppedrio opifovra. Ekel ouvenwg, avauévo-
VTalL arnwAeleg vepou Kat eneldn To nepIBAAov METpwa eivat ot ABnvaikol Zx1oté-
ABol, euvoouvTal KATAMTWOoELG TNG oNpayyag, onwg ouvéRn otov Aylo AnuiTpelo
Aure\oknnwv, érou 1 orjpayya eivat oe BAB0g TEvTe HOAIG HETPWV.

O Ziller (1877) nepiéypade ektdg Twv ANwv dUo apxaia udpaywyeia, Tou «Baat-
AKOU» Krrou kat Tou Yunttou. Xpeldotnkav Ouwg TTOAEG DEKAETIEG UEXPL va Ka-
TavonBel 41t ouvanotelolv Tuiuata tou Wiou udpaywyeiou. To evilAUeETO TUNUA
Tou udpaywyeiou and tn Pldpelo pExpL Tou MNoudn) Npbe 0To PwG TUNMATIKA, KAl
tav autd rou ayvoouoe o Ziller, woTe va avayvwpioetl Tt pdkeLTal yia éva eviaio
udpaywyeio.

H npog ta avdvtn ouvéxela Tou udpaywyeiou, mépav Tng Pillapeiou €ylve yvwom)
oTouq vedtepoug xpdévoug, oe andotaon 1500 pétpwv Touldyxiotov. Tnv epiodo
1910-15 kat eneLdr| unmMpPxXav ANWAELESG, KATAOKEUAOONKE YPAUUA CwANVWV and Xu-
T00(dNPOo dlap€Tpou 8 IVToWV Og avtikatdotaon Tng pong Héow Tng onpayyag. H
owAvwon napalapBavel vepd g onpayyag and peyalo undyelo ppedrtio, Otn
ywvia ManadiapavrornoUlou Kal Zvwrng, Kal To HeTaggpel atn Aluvn Tou Krrnou
mAnoiov g elcédou ot Baoioong Zogiag (TauBdkng, 2005).

H tpogpodoaia tou udpaywyeiou Tou YUnTroUu oruepa MPoEPXETAL AMOKAELOTIKA
and undyela vepd, Twv MOTAWY anobéoewv Tou INooU Kal TIAEUPIKWY KOPNUATWY,
eV KATA TNV apxaldtnta cuvéBalAav kal eyKApalol KAAdOL.

2NUavTIkOg tapdyovtag yia tnv asipoépo Aeitoupyia Twv udpaywyeiwv eival n eu-
oTtdbela autwy Twv Blwv Twv untdyelwv Epywv. Téoo To Melolotpdrelo, 600 Kal TO
Adpldvelo, aA\d entiong kat to METPO eixav npopArpata evidg Twv ABnvaikwv Zxt-
OTOABwV.

Katd m dtdvolén tou METPO and to otabud «EuayyeAlopdg» mpog to Zuvtayua
TO 1996, pe uNXAvNUa OAOUETWING ekokaPng (TBM), ouvavtionke otov EBvikd
KAno apxaia ofipayya. Ot epyaocieg didvolEng tou METPO otapdinoav mpocw-
pvd, kdtw and Bgomn nou Bplokdtav dyvwoTo PEXPL ToTe apxaio udpaywyeio. Ta
vepd Tou dpxloav Téte va dinbouvTal TPog TNV UTOKE(JIEVN AVOIKTH akOun orjpayya
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Tou Metpd napacupovtag kat UAKS amd Tov acgbevr] KATAKEPUATIOUEVO ABNVAiKo
oxLoTOAB0. AuTé KaTéANEe O KATAKPUVLOT TIoU EMANEE Kal To apxaio udpayw-
yelo pe dnuoupyia kpatripa otn erupdveld. ZUUeuva e TNV apXaloAOYLKH TiEPL-
ypa®r otn JUTIKA TIAapeld TOU KPaTrpa anokaAugenke Tuiua tou Balepildvelou
nieplBOAouU kal avatoAikd, oe BAB0og okTw LETPWY, AageuTtn orjpayya and tnv ornoia
avépAule apbovo vepd (Auykoupn-ToAla, 2000).

210 Ek. 6 mpoBdAAeTal Toun TNG onpayyag tou Adpldvelou and Tov Aylo AnuntpLo
AureAoknnwyv pEXPL To péua Tng Mupvag-KaAuptdkn otnv Knelold. Anoteel eri-
Teuypa oxediaong kat xapa&ng undyelou €pyou, OxL anAd ylati elval KekALUEVO Oe
OAO TOU TO PNAKOG e eAEYXOUEVN KALOT), aANA J16TL emtiong uAoTtolel oUVOETO eAYO
TIPOKELEVOU va Ttepdael Katw and tov Kneuod notaud (E. 7).

210 EK. 7 paivovtal emniong ol yewAoyikol oxnuatiopol and Toug omnoioug di€pxetal
n onpayya tou Adpldvelou, cUMPWVA UE TN YEWAOYIKN XapToypdenon tou IFTME
kal dedopéva and dety aTOANTITIKEG YeWTPNoelg NG etalpeiag «<EAAPOZ EME» oto
OAKA. Zekivdel and kwvoug kopnudtwy g MNdapvnbag kat atn cuvéxela opuooe-
Tal evtég AUVOXEPOAIWY OXNUATIOMWY, TWV EPUBPWVY IKNUATWY Tou Kngloou, yia va
nepdoel oToug Alvaioug oxnuatiopouq Mikepuiou-Kahoypélag kat va kataln&et
otoug ABnvaikoug ZxtotoAiBoug (Marinos et al., 1971). Ta npoAruaTa euotdbelag
oto lMewowotpdrelo kat To Adpldvelo oxetiovtal pe Toug ABnvaikoug Zx1oToAiBoug
Kal 1Blaitepa Pe TNV Katwtepn evoTnTa AUTWV.

AE&eig kAe1d1G: Adpiaveto, Attikn, Metototpdreto, onpayya, gpedtiog udpopopia.
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1. Introduction

The geological setting of the ancient aque-
ducts of Athens is examined with particu-
lar emphasis on the hydrogeological and
geotechnical aspects. General features
of the investigated aqueducts are sum-
marized in the Tab. 1. A detailed descrip-
tion of the aqueducts, their approximate
routes (Fig. 1) and the respective distri-

bution nets were recently published with
an extensive citation of references (Chio-
tis, 2011; Chiotis and Chioti, 2011; Chio-
tis and Chiot, 2012). The terminal parts of
both the Acharnian and the Late Roman
aqueducts are unknown and alternative
traces of them have been drawn hypo-
thetically in Fig. 1, i.e. the traces 3.1, 3.2
and 5.3, 5.4 respectively.

Fig. 1. The most significant ancient aqueducts of Athens: (1) Hymettos, (2) Long Walls, (3) Achar-
nian, (4) Hadrianic, (5) Late Roman: 5.1 Kifissia branch, 5.2 Herakleion branch. The identified part
of the Peisistratean aqueduct is shown in Fig. 2 (Chiotis, 2011; Chiotis and Chioti, 2011).

Eix. 1. Ta onuavtikdtepa apxaia udpaywyeia twv Abnvwyv: (1) Yuntrod, (2) Makpwv Tetxwvy, (3) AXapvikog
OxeTag, (4) Adptdvero, (5) Yotepoppwuaiko: 5.1 kAadog Knototdg, 5.2 kAadog HpakAgiou. To yvwoto Tuniua
tou [etototpdrelou udpaywyeiou paivetat otnv Ew. 2 (Chiotis, 2011; Chiotis and Chioti, 2011).
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Aqueduct Construction | Type of work Approx.
period length, km
Peisistratean Late 6" C. Terracotta pipes | Unknown
BC in shallow trench
Hymettos Late 5" or Tunnel and wells | 6.5
early 4" C. up to 14 m deep
BC (estimated)
Acharnian Early 4™ C. Elliptical 19.5
BC terracotta tubes in
shallow trench
Long Walls aq. Unknown Shallow tunnel ~9
and wells
Hadrianic 125-140 AD Tunnel and wells | 19.8
up to 40 m deep
Late Roman Middle of 5" | Built channel 21
C.AD near the surface,
locally on
waterbriges

Tab. 1. Characteristics of the most significant ancient aqueducts in Athens
Miv. 1. Xapaktnptotikd Twv onuavtikeTepwy apxaiwv udpaywyelwy twv ABnvwv

Some ancient aqueducts derived water
exclusively from springs, whereas others
combined water from springs and under-
ground capture as well. Although spring
water was preferred, it was not sufficient;
the ancient aqueducts in Athens were in-
tentionally designed to capture additional
underground water, in order to increase
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the flow rate and reduce the effect of pe-
riodic fluctuations of the springs in the
summer. It is thanks to the underground
water drainage and the skillful construc-
tion of the hydraulic works, that the Hym-
ettos and the Hadrianic aqueducts are
still effective today.
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2. The Origin of Water of the Ancient
Aqueducts of Athens

Many famous aqueducts in Greece sim-
ply carried water from springs; this was
actually the case of the Eupalinian on Sa-
mos and the Roman aqueducts of Nico-
polis and Corinth. For this reason, per-
haps, it is commonly assumed that the
ancient aqueducts of Athens were exclu-
sively supplied from springs of the sur-
rounding mountains. Thus, Tolle-Kas-
tenbein® (1994) placed the start of the
Hymettos aqueduct on the flanks of the
Hymettos Mountain and suggested that
the water of springs was collected in a
reservoir before flowing in the aqueduct
tunnel.

2.1. General comments on the
contribution of underground water

in aqueducts of Athens

No doubt, springs were also used but un-
derground water was the dominant com-
ponent for the Hymettos and the Hadri-
anic aqueducts. The latter, in particular,
derived water from numerous resources,
as can be documented today thanks to
the data available from the recommence-
ment of the aqueduct in the period 1847
to 1935.

Underground water was also captured
partly by the Acharnian aqueduct, a hy-
draulic work of the early fourth centu-
ry BC that brought water from springs
in the foothills of the Parnitha Mountain.
The upper part of the route of the Acha-
rnian aqueduct, up to the Kifissos Riv-
er, is known from excavations as well as
from ancient inscriptions, referring to the
terms of agreement between the com-
missioners of the aqueduct and the land-

owners (Patonos-Yiota, 2004). Accord-
ing to these terms, the commissioners
of the aqueduct are permitted to dig un-
derground collecting galleries in the wa-
ter-bearing strata near the springs at any
place and to any depth that they see fit
(Vanderpool, 1965).

The exploitation of water from the talus
and torrential cones on the flaks of moun-
tains was a very old approach mentioned
already in the Epic of Gilgamesh, a leg-
end attributed to the third millennium
BC: “Gilgamesh is awesome to perfec-
tion. It was he who opened the mountain
passes, who dug wells on the flank of the
mountain.” (Tab. 1, Kovacs, 1989). Even
before that, in the Neolithic times the set-
tlers around the hill of Acropolis already
used to dig shallow wells (Camp, 1977).
It was the famous architect Ziller (1877)
who described that the Long Walls aque-
duct drained water from the llissos Riv-
er, along a tunnel situated 2-2.5 m below
the riverbed. The tunnel was connected
at regular intervals with shallow wells,
shifted laterally a couple of meters from
the riverbed. Ziller remarked that under
these conditions the aqueduct needs no
spring, since the tunnel below the river-
bed can be actually regarded as a spring.
He has also suggested that the tunnel
supplied a channel installed in the space
between the Long Wallls to bring water to
Piraeus.

An impressive confirmation of ancient
aqueduct sustainability is the case of the
National Garden in Athens. Until recently
it had not been realized that the Garden
is irrigated from an ancient aqueduct; the
deep excavation for the foundation of a
parking station in 2004 crossed and cut

3Tolle-Kastenbein (1994) misidentified the Hymettos aqueduct (No 1 in Fig. 1) with the Peisistratean one. The term
Peisistratean is reserved here only for the aqueduct dated in the era of Peisistratos. An artery of the Peisistratean
aqueduct was recently discovered in the METRO excavation; that is indeed dated to the late 6th century BC

(Lygouri-Tolia, 2000).
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off the ancient tunnel and the Garden
was temporarily deprived of the supply of
water of unknown origin by then.

2.2. The Hymettos aqueduct

Ziller among others described two an-
cient aqueducts, named by him the Roy-
al Garden* and the Hymettos aqueduct.
It took however some decades before it
was recognized (Chiotis, 2011) that both
of them compose parts of the same aque-

2
S o

SO

37.97° Nef>

duct referred here as the Hymettos ag-
ueduct (No 1 in Fig. 1). The intermedi-
ate part between the Royal Garden and
the Hymettos foothills, from Rizareios to
Goudi, was located stepwise; it was the
missing part ignored by Ziller that pre-
vented him from realizing the continu-
ity of this work. It consists of a tunnel,
at a depth of 10-14 metres, and of wells
sometimes shifted by a few metres form
the axis of the tunnel.

\ [
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Fig. 2. The Hymettos and the Peisistratean aqueduct in the area of the National Garden. Part of the Hymettos
aqueduct labelled “New Hym.” is a new section located in 1996 during the Metro works. P: Parliament, W:
ancient walls, OZ: Temple of Olympic Zeus.

Eik. 2. To udpaywyeio Tou Yuntrou kat to Metototpdrelo oty neptoxr tou E6vikou Kijrou. To turjua tou
udpaywyeiou Tou Yuntrou ue v ertypapr “New Hym.” evtortiotnke ot epyaoieg Tou Metpd to 1996. P:
BouAn, W: apxaia teixn, OZ: Nadg OAuurtiou Ai6g.

“National Garden today
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The aqueduct of the Royal Garden was
discovered by the Director of the Gar-
den in 1850. The wells were plugged by
silt at this time and the water level was
about six meters higher than the tunnel
floor (Ziller, 1877). It is worth mention-
ing two wells of special interest for his-
torical reasons; in one of them a steam
pump was installed in Queen’s Ama-
lia time; the pump failed to operate and
was abandoned. A donkey wheel was
assembled in an adjacent well, until an
electric pump was installed in 1926; this
historical well is still maintained today,
surrounded by a kiosk.

Due to water leakage in the tunnel of the
Hymettos aqueduct, a section of it about
1.5 kilometres long upstream from the
Garden was abandoned and the water
was switched to a pipeline in the period
1910-15 (Tamvakis, 2005).

A new point of the Hymettos aqueduct
route was identified in 1980, when ftra-
ces of oil were observed in the water of
the Garden and funny comments of oil
discovery were rumored. Finally, it was
recognized that the soldiers of a mili-
tary unit at Goudi had rejected oil waste
in a well, which belonged to the aque-
duct. The origin of the water of the Gar-
den from an ancient tunnel was beyond
any doubt confirmed in 2004, when the
excavation for the foundation of a park-
ing station cut off a tunnel at 12 meters
below the surface. Thus, the water flow
to the garden was interrupted, until the
tunnel was restored and the flow rate re-
turned to its normal level of 1050 m?® dai-
ly (Tamvakis, 2005).

The Hymettos and the Peisistratean ag-
ueducts in the area of the National Gar-
den are shown in Fig. 2. Part of the an-
cient tunnel, indicated as “New Hym.” in
Fig. 2, was traced by the authors for a
distance of 150 metres along the Metro
line; it is tentatively considered as a new

discovery of the Hymettos aqueduct.
Despite the adjacent projections on the
map of the Peisistratean and the Hymet-
tos aqueduct, they differ significantly in
space, since the Peisistratean was con-
structed near the surface of the ground,
whereas the Hemyttos aqueduct was
dug about ten to fourteen metres below
the surface.

Since no spring discharges presently
into the Hymettos aqueduct, it is inferred
that the water is of underground origin,
associated with the llissos River sedi-
ments and the talus and scree cones on
the flanks of the Hymettos Mountain. De-
spite Ziller's documented arguments on
the importance of this aqueduct, no ef-
fort was undertaken to clean and restore
it, as was done with the Hadrianic aque-
duct.

2.3. The Hadrianic aqueduct

The Hadrianic aqueduct is better known
thanks to the resumption of the work in
the period 1847-1935. The route of the
tunnel, the location of the wells, the state
and the support of the tunnel, are de-
scribed in the plans of the project, avail-
able to the authors from EYDAP (Water
Supply and Sewerage Company S.A.).
It was constructed in the period 125-140
AD; it operated for some centuries and
was forgotten for long. It was brought to
light again in 1847, during the works for
cleaning a supposed “spring” near Ag-
ios Dimitrios, Apmelokipoi. It was then
understood that the water surged from a
tunnel the roof of which had collapsed. It
took some decades for the rehabilitation
of the work which starts from the Olym-
pic Village near the foothills of Parnitha
and terminates in the ancient cistern at
Kolonaki, Athens.

The aqueduct is underground all along
its route, about 20 kilometers long; it
comprises more than 400 wells along a
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tunnel 0.8 to 0.9 m wide and 1.6t0 1.8 m
high. The average distance of the wells
is 37.5 metres. The ancient waterbrid-
ges at Filothei and Perissos are not parts
of the Hadrianic aqueduct as habitually
considered; they belong to the branch-
es of the Late Roman aqueduct, No 5.1
and 5.2 respectively in Fig. 1 (Chiotis
and Chioti, 2011).

Thanks to the plans and sections of the
aqueduct dated from the beginning of
the past century the tunnel can be con-
fidently correlated with the geological

[ >
|

formations and the level of the water ta-
ble. Representative parts of such unpub-
lished sections from the archives of EY-
DAP are presented in the following Figs
8to 11. A unique feature of the aqueduct
is the northern part of the tunnel near the
Olympic Village, where a gallery 90 m
long, dipping 200, connects the tunnel
with the surface (Fig. 3). The function of
this gallery was to direct the water from
the springs on the flanks of Parnitha into
the tunnel by means of two channels as
shown in Fig. 4.

Fig. 3. The inclined gallery of the Hadrianic aqueduct at the Olympic Village; various types of support

with standarized bricks are shown (Horne, 2009).

Eik. 3. KekAwévn yaAapia tou Adptavelou udpaywyeiou oto OAuuriakd Xwptd® dtakpivovrat dtdpopot Turot

urtootnpt&ng and tunonomnuéva touBAa (Horne, 2009).
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23.77°E

38.12°N

23.77°E

Fig. 4. Olympic Village: channels supplying water from springs converge at point A; BC and CD are the
projections on the ground of the inclined gallery and the northern part of the Hadrianic tunnel respectively.

Eik. 4. OAuuriakd Xwptd: kavdAla UETAPOPdS vepou amd nnyég ouykAivouv oto onueio A. BC kat CD
elvat ot mpoBoAEg otnv erupdvela ™G KeKAWEVNS yaAaplag kat Tou BOpeElou TUNUATOS TG orpayyag

Tou Adptavelou avtioToxa.

A revealing feature of the aqueduct’s
design is that the northern end of the
tunnel lies ten metres below the under-
ground water level, since it is found
30.5 metres below the surface at a
place where the water table is at the
depth of 20 metres, as measured at an
adjacent borehole (Vrellis, 2010). Ac-
tually, the northern part of the tunnel
was dug below the water table over a

length of about 800 m; the water table,
shown in Fig. 5, was traced on the ba-
sis of adjacent modern boreholes and
shafts reported by Siemos and Micha-
laki (2009).

This part of the tunnel is totally with-
in water-bearing formation of breccia
which overlies impermeable red argil-
laceous sediments outcropping south-
wards along the Kifissos River.
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Fig. 5. Section along the northern part of the Hadrianic aqueduct depicting the ground surface, the water ta-

ble, the inclined gallery and the aqueduct tunnel.

Eik. 5. Toun katd urikog tou Bopeiou turjuarog tou Adptdvelou udpaywyeiou, atnv oroia rpofBdilovrat
n erpadvela Tou £5dpoug, o Pppedtiog opiCwv, N kekAugvn yarapia kat n onpayya tou Adplaveiou.

The underground water of the brecci-
as near the northern end of the Hadrian-
ic tunnel was also captured in 1901-03
by digging seven shafts 33 m deep con-
nected with a tunnel 320 m long. The pro-
ject was undertaken by the Chief Engineer
of the Municipality of Athens Petros Pro-
topapadakis; it yielded an additional rate
of about 740 m3 daily (Paraskevopoulos,
1907).

Aquifers found along the route of the ag-
ueduct were also drained during the re-
sumption of the work; such was the case
at the location No 8 (Fig. 6) at Koukou-
vaounes (Paraskevopoulos, 1907), 15 m
below the surface and a few meters above
the tunnel floor. Five galleries, of a total
length of 500 m, were dug at this place
perpendicular to the aqueduct early in the
1900’s and this supplied an additional 740
m3 daily in the summer period. More loca-
tions with transversal galleries are noted in
the sections of the project.

Since the aqueduct floor is at a depth

more than 20 m over a considerable dis-
tance, the chances of crossing and cap-
turing groundwater aquifers are favoura-
ble. This is the case, for example, in the
Olympic Athletic Centre of Athens (OAKA),
where the level of water table is in general
less than 15 m, as measured in geotechni-
cal boreholes (EDAFOS Ltd 2001).

The tunnel walls collapsed often during
the resumption of the aqueduct in the
nineteenth century and this caused a fluc-
tuation of the flow rate, as indicated in the
Tab. 2. A systematic support of the tunnel
was undertaken during 1900-1901 and
this improved the water output. After that,
the average daily contribution of the Had-
rianic tunnel itself was about 7000 m3 in
the summer period. It is noted that the a-
queduct also tapped water from other a-
reas, and mainly from Penteli through the
Chalandri stream. It is unknown whether
the aqueduct collected water from the Ki-
fissos River in antiquity, which was then a
common practice.

Year 1862 | 1876 | 1887 | 1889 | 1896 | 1899 | 1901 | 1903 | 1905 1906
m’ per | 590 2400 | 5900 | 3500 | 4800- | 740- | 2950- | 4060- | 9960- | 7000-
day’ 5160 | 1100 | 5160 | 8110 | 17700 | 11430

Tab. 2. Water output of the Hadrianic aqueduct (Paraskevopoulos, 1907).
Miv. 2. Mapoxr vepou tou Adplavelou udpaywyeiou (Mapaokeudriourog, 1907).

5The original values are reported by Paraskevopoulos (1907) in “okades”, a Turkish unit of flow rate

equal to 368.84 m3 per 24 h, after Cordellas (1879).
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3. The Stability of the Ancient
Aqueducts

The Hadrianic aqueduct provides use-
ful evidence for the support technique
of the tunnel walls. Stable parts were
left unsupported; bricks of standard
dimensions were used for the sup-
port in unstable formations, as shown
in Fig. 3 at the inclined gallery at the
Olympic Village. The walls were built
with rectangular bricks and mortar,
whereas the support of the roof was
adjusted to local conditions. Arched
support of the roof was most common
in sections with stable rocks without
roof caving, since this type of sup-
port requires a tight contact of the
tiles with the roof. It seams that large
oblique terracotta plates were used
in locations with roof caving, where
the direct contact with the roof was
impossible. In modern times walls of
masonry and roof of oblique marble
plates were used, until concrete was
introduced in the 1930’s.

3.1. Stability problems of the Hadri-
anic tunnel

The longitudinal section of the tunnel,
based on the EYDAP drawings of the past
century, reveals a remarkable consisten-
cy of the slope, 2.1%. in average, despite
local fluctuations (Fig. 6). The tunnel in-
clination from the bottom of the first well
at 211.9 m in the northern end is about
2.5%o over a length of 1.5 km; then comes
the steepest section up to the Kifissos Riv-
er with an average dip of 13%o over a
path of 2.5 km and finally the inclination
is maintained more or less constant at
2.2%o for the rest 16 km beyond the Kifis-
sos River. The Hadrianic tunnel terminat-
ed at the ancient cistern on the Lycabettus
hill at an elevation of 133.37 m on the floor
(Chiotis and Chioti, 2012). The geometric
perfection is impressive for the additional
reason that the tunnel had to follow a tor-
tuous path in order to pass a few meters
below the Kifissos River (Fig. 7). The de-
scriptions on the drawings for the situation
of the tunnel can be better appreciated by
the correlation with the geology.

SW NE
- 200 6 I 9
2 Ground surface 5 8
£ 3 4
=1
S
- Tunnel bottom
@
[
- 100
Distance from Ag. Dimitrios, m
1 1 1 1 1 1 1
0 2,000 4,000 6,000 8,000 10,000 12,000

Fig. 6. Longitudinal section along the Hadrianic tunnel: from Ampelokipoi (1) to Pyrna-Kalyftaki, Kifissia (9);
the chainage from Agios Dimitrios (Ampelokipoi) is projected versus the surface elevation in metres. Charac-
teristic points along the section: (1) Diavolorema, (2) Aghia Sophia, Psychiko, (3) Crossing with Kifissia Ave.,
(4) Crossing with Sp. Louis Ave., (5) SELETE area, (6) Crossing with Attica Road, (7) Herakleio at the deepest
wells, (8) Perpendicular galleries in aquifer at Koukouvaounes, (9) Marls-Red Sediments contact.

Eik. 6. Alaurikng toun and to mpokoueio uéxpt to péua Mupvag-KaAuptdkn otnv Kneowd. 2tnv toun
npoBdMetat wg teTunuévn n aréoraon and tov Ayto Anuntoto AureAoknnwv

Xapaktnpiotika onueia otnv toun: (1) AtaBoAdpeua, (2) Ay. Zopia N. Wuxikou, (3)Toun ue A. Kneuoiag, (4)
Tourj pe 2rt. Aoun, (5) Meptoxn ZENETE, (6) Tour ue Atk O30, (7) HpdkAeto otnyv rieploxn ue ta Babutepa
ppéara (Meukwv kat EBvouaptupwy), (8) Eykapoteg 0ToES e udpopopla otig KoukouBdouveg, (9) Enapn
UAPYWV-pUBPWV ICNUATWV.
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Fig. 7. The geological formations along the Hadrianic tunnel: (1) Quaternary talus cone, (2) Older talus
cones, (3) Pikermian Red Sediments, (4) Kalogreza Miocene sediments with lignites, (5) Athenian Schists. F8
to F11 are the locations of the sections presented in Figs 8 to 11 respectively.

Eik. 7. Ot yewAoykol oxnuatiopol katd urikog e orjpayyag tou Adptdvetou: (1) Tetaptoyevel§ kwvol
kopnudtwy, (2) Malatdtepot kwvot kopnudtwy, (3) Epubpd Mikepuikd Wriuata, (4) Aiyvitopdpa Meiokavikd
(uara Kahoypélag, (5) Abnvaikol 2xtotoAibot. F8 éwg F11 eivat ot BE0ELG TwWV TOUWY OTIG EIKOVES 8 Ewg
11 avtiotolxa.

The geological formations along the
Hadrianic tunnel are drawn in Fig. 7
on the basis of the geological maps of
the Greek Institute of Geological and
Mineral Exploration (IGME); the delin-
eation between the Neogene and the
overlying Pikermian Red Sediments
in the OAKA area is based on sam-
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pling boreholes by “EDAFOS Consult-
ants Ltd” (2001). Starting with talus
cones in the Olympic Village, the tun-
nel passes through the Kifissos Red
Sediments, the marly lacustrine Neo-
gene sediments with lignites, the Pik-
ermian Red Sediments and the Athe-
nian Schists.
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Fig. 8. Section of the Hadrianic tunnel in Athenian Schists, in a drawing of EYDAP from the beginning of the

last century (location F8 in Fig. 7).

Eik. 8. Tourj tng onpayyag tou Adptdvetou evtdg ABnvaikwv ZxtotoAibwyv, oe oxEdo g EYAAM twv apXwv

TOU epaouévou awwva (Béon F8 otnv Eik. 7)

In the following, the state of the tunnel
will be presented on representative sec-
tions through the above geological for-
mations (Figs 8 to 11 indicated as F8 to
F11 respectively on Fig. 7).

Part of the section at Diavolorema in
Athenian Schists with comments for the
state and the support of the tunnel in
drawings from the beginning of the last
century are shown in Fig. 8.

The elevation of the floor, the hydrau-
lic gradient, |, the wells, the tunnel sec-

tion with the water level and the surface
relief are also noted. The stability prob-
lems are in general very serious in the
Schists, where slope inversion, silt dep-
osition and narrowing of the section are
observed, making passage impossible
very often.

The crucial collapse of the Hadrian-
ic tunnel in antiquity occurred at Agios
Dimitrios in the Schists of Athens, most
likely before the construction of the
Late Roman aqueduct in the 5th cen-
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tury AD. After the tunnel caving, water
continued to surge from the tunnel like
a “spring”. Another subsidence was re-
corded in 1923 at Psychiko (Georga-
las, 1930), again in the Schists of Ath-
ens. Strangely enough, Georgalas was
very critical about the importance of the
Hadrianic aqueduct and wrote that: “the
(engineering) work, which many people
and some educated, reached the point
to praise as the peak of the Roman art
does not have a scientific and blameless
initial construction”.

This risky behaviour of the Athenian
Schists can be understood from the ex-
perience of modern geotechnical works.
It is a heterogeneous metamorphic fly-
schoid formation with weak members
and sheared zones due to the intensive
Apline compressive tectonism. The for-
mation usually comprises two distinct
horizons (Marinos et al., 1997; 1997b):
The upper horizon consists mainly of in-
terbedded sericitic sandstones, marly
limestones and breccia-conglomerates.
This formation is mostly coarse-grained,
has a yellowish-brown color (“brown
schist”) and its thickness varies between
a few meters and about 25 meters.

The lower horizon consists mainly of
graphitic and chloritic phyllites, alter-
nating with meta-sedimentary shales.
The material has usually a dark grey to
green-grey color (“black schist”) and is
characterized by a pronounced high-
er proportion of shale-like, fine-grained
sediments compared to the mainly
coarse-grained materials of the upper
horizon. In many locations, the “black
schist” is severely weathered, mylonit-
ic and slickensided. The transition from
the upper to the lower unit, if not sharp
due to tectonic shears, is usually grad-
ual, with the coarse-grained sediments
becoming less widespread with depth.
The knowledge of the engineering be-
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haviour of the formation is greatly based
today on practical experience gained
from shallow excavations for building
foundations and excavations from the
Athens Metro construction. The failure
mechanism of the upper unit consists
in roof overbreaks in fractured zones,
resulting subsequently in chimney fail-
ures. They are faced today by the im-
plementation of anchors together with
a layer of shotcrete. If the rock mass is
heavily fractured, forepoling with spiles
and light steel ribs are usually applied.
The strength of the lower unit is low, and
the behaviour is a soil like one. Even at
depths of a few tens of meters, it has a
plastic behaviour and a tendency for im-
mediate collapse. Today, in a conven-
tional construction before the final lin-
ing, a robust shell of temporary support
during the construction is needed, with
close spaced steel ribs well embedded
in shotcrete. At shallow depths a fore-
poling umbrella is often used. The low-
er unit of the Athenian Schist may also
have a time-dependent behaviour and
exhibits a slowly evolving deformation
due to creep. Although the phenome-
non is mild due to the shallow depth, it
can provoke a deformation of the initial
section of the tunnel and arrive even at
a final collapse. Today these deforma-
tions due to plastic behaviour and creep
are faced by a reinforced concrete lining
or by a lining of precast ring segments
in the case of a mechanized excavation
with a tunnel boring machine (TBM).

In antiquity the tunnels were maintained
stable during the excavation works,
thanks to their immediate support. How-
ever, the circulation of water on the rocks
surrounding the tunnel could not be pre-
vented; and in the case of the Athenian
Schists the rock was subject to creep,
causing plastic deformation and distor-
tion of the tunnel geometry.
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last century (location F9 in Fig. 7).
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riepaougvou awwva (Béon F9 otnv Eik. 7)

The Hadrianic tunnel is in a better state
in the red argillaceous sediments, where
local undulations and roof overbreaks
are limited (Fig. 9). It is known from the
geotechnical works in OAKA that the ar-
gillaceous sediments are overconsoli-
dated, mixed with silt and sand (Tolis
et al., 2006) and therefore creeping was
not favoured at these depths.

The state of the Hadrianic Aqueduct is
rather good in the marls (Fig. 10), it var-
ies however depending on the occur-
rence of either argillaceous-marly mem-
bers or calcareous marls; thus, plastic
deformation or fracturing could occur
respectively. The section of the tunnel in
Fig. 10 is stable in general, however the
rock locally is densely fractured and part
of the tunnel had collapsed; the solution

given during the resumption of the work
was the semicircular bypass of the col-
lapsed main tunnel.

The geotechnical behaviour of the marls
is improved in the presence of calcare-
ous or sandy components; in this case
fracturing due to local faulting might be
a problem. Excavation is easy but sup-
port is required. Marls are not as weak
as the Schists of Athens, since they have
not been subjected to the orogenic com-
pression. Argillaceous marls however
could also undergo plastic deformation
and light creep.

The marly limestones are the most com-
petent rock along the Hadrianic tunnel
and they were left mostly unsupported.
Apart from the potential hazard because
of fracturing, a side effect can happen
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due to the deposition of calcite in the
form of incrustation at the edges of the
floor (Fig. 11); thus the dimensions of
the tunnel are diminished and access is
obstructed.

3.2. The stability of the Hymettos
aqueduct

Ziller (1877) had already noticed that
the wells of the aqueduct in the Garden
had been filled by silt and that the tun-
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nel had been blocked near the Russian
Church; no wonder that this occurred
again in the Schists of Athens.

Furthermore, the Metro tunnel passed
through this area in 1996 and had a seri-
ous subsidence associated with the for-
mation of a crater on the ground, when
an ancient aqueduct was crossed. The
ground consisted of the weakest unit of
the Athenian Schists. The event and the
archaeological findings have been de-
scribed in detail (Lygouri-Tolia, 2000). It
seams that the collapse was caused by
the infiltration of water from the ancient
aqueduct into the underlying Metro tun-
nel within a period of a couple of days,
when the Tunnel Boring Machine was

temporarily stopped at this location.

It is worth mentioning that part of an
ancient tunnel, about 150 m long, and
two wells were crossed along the Met-
ro line, as shown in Fig. 2. This ancient
tunnel correlates very well with the hy-
pothetical extension of the aqueduct of
the Garden after Ziller; however, the sit-
uation of the ancient hydraulic works in
the National Garden is more complicat-
ed and further evaluation is necessary.
The line of the Hymettos aqueduct in
the National Garden in Fig. 2 is an ap-
proximation of the main tunnel, drawn
on the basis of both Ziller's data and
findings in the Metro excavation; there
are however indications of local ramifi-
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cations deviating from the main tunnel.
It is concluded that the parts of the tun-
nels of both the Peisistratean and the
Hadrianic aqueduct in the zone of the
Athenian Schists could not survive for
long without careful support and regular
maintenance of the walls.

4. Epilogue

The water supply had always been a
difficult task in Attica, a land with dry
Mediterranean climate associated with
frequent and long periods of drought. It
is noted just for comparison that water
is transported to modern Athens from
reservoirs more than 300 km away. A
continuous improvement of the engi-
neering solutions applied in the ancient
aqueducts is revealed; younger aque-
ducts advance older techniques and
carry water from more distant sourc-
es. A sequence of aqueducts which
capture underground water was final-
ly followed by surface transport of wa-
ter from springs, in the 5" C. AD, when
Athens declines in population.
Intelligent local sustainable solutions
were invented in antiquity which still re-
main effective. Both, the Hadrianic and
the Hymettos aqueducts continue to
drain underground water all along their
route to Athens from the Parnitha and
Hymettos Mountains respectively. In
both cases the floor of the tunnel is be-
low the water table over a considerable
length and groundwater is also cap-
tured through wells at regular distanc-
es along the tunnel.

Furthermore, the small dimensions
of the works and the support of the
walls contributed to the preservation
of the tunnels over their major extent,
although failure was unavoidable lo-
cally. The descriptions of the state of
the Hadrianic aqueduct in the EYDAP
drawings of the last century are so elo-
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quent that they might substitute a pilot
tunnel.

The stability problems of the Hadrianic
aqueduct are apparently related mainly
to weak formations and the lower unit
of the Athenian Schists in particular,
therefore they have a rather regional
character; in a few cases they are as-
sociated with intensive faulting and are
of local nature. The limited possibilities
of support in antiquity were inadequate
to cope with the stability problems in
creeping formations with time depend-
ent deformations, similar to the clay like
sheared formations of the lower unit of
the Schists of Athens. This was faced
with the use of concrete for the support
of the tunnel during the resumption of
the work in the last century, which was
a great improvement.

Modern techniques allow very good
evaluation of the geotechnical condi-
tions in advance, for the safe excava-
tion and support of loose and weak for-
mations, as well as good command of
the failure mechanisms and quantita-
tive monitoring during the operation of
the geotechnical works. The experience
from the construction of the Metro sug-
gests that a reliable geological model
of the tunnel itself and the surrounding
area is required for the minimization of
the so called unpredictable risk.
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