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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.
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NepiAnyn

H avakoivwon emikevtpwveTal otov eupur oxedlaoud apxaiwv udpaywyeiwy, ta
orola eEakoAouBouv va udpodotoulv, akdun kat orjuepa. Ta apxaia udpaywyeia
Twv ABnvwv eival TIoAAG, OxL ylati apBovouoe To vepd otnv Avudpn ATTIKY], AAAG
ylati o aywvag yla tnv Udpeuan NTav oUVEXNG Kal EVTEWVOUEVOG, TIAPAANAOG e
Tnv oAeodoUIKY) €EENIEN Kal TNV MANBUCULOKY augnon. MAAoTa, Ta EKACTOTE Ve-
dtepa udpaywyeia xapaktnpifovral and TeXVIKoUg VEOTEPLOPOUG Kal TN GUANYN
vepoU and peyaAltepeq anootdoelg (Ew. 1 kat Miv. 1).

To apxaidtepo Tekunplwpevo udpaywyeio eival to Melwowotpdtelo, €pyo and Ta
TEAN TOU 60U aL. T.X., yla TO OToi0 Ol YVWOELG Hag HEXPL TPATIVOG TiepLlopifovtav oe
MIKPA QrooTIaouaTIKA TUAATA Tou JIKTUoU dlavoung Kat Tnv mepigpnun votioava-

H AEI®OPIA TON APXAIQN YAPATQIEIQN TON AGHNQN AMO FEQAOIKH AMTOWH
Xwtng A. E., Mapivog I". .
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TOAKY} kprvn otnv Ayopd. Ot udpieq Tng emoxng anekoviCouv v ayaiiiaon and
TO TPEXOUMEVO VEPO KAL TIG VEEG EUKALPIEG KOIVWVIKNG EMAPNG TWV YUVAIKWY, £0TW
Kal 0To mepldwplo Tng Ayopdg.

Xdplg oTIG avaoKaPkeG €peuveg ota €pya Tou METPO, avakaAUginkav TuAua
aptnpiag Tou udpaywyeiou kovtd otnv apxaia noAn, oto otabud Euayyeliopod,
Kal ektetauéva diktua dlavoung oto otabud Zuvtayuatog. Mapapével Suwg ayvw-
0TOG 0 KTAG TIOAEWG KUPLOG KOPHAG TOU udpaywyeiou rou rmbavdtata eTpopodo-
Telto anod nnyé€g tou Yuntrou, iowg kat Tng MeviéAng. To vepd kukhopopouae ae
(1OLOTUTIOUG KEPAUIKOUG CWANVEG TOTIOBETNEVOUG OTO ECWTEPIKS aBaboug Tdppou
TOU  ETIXWHATWVETO.

O aywydg Tpopodooiag Tou [Mewolotpdrelou énaye va Aettoupyel oto deltepo
oo Tou 4ou at. T.X. (AuykoUpn-ToAla, 2000), paivetal Spwg nwg dUo véa udpayw-
yela kataokeudoTtnkav MEoNYouuévwg, To Yopaywyeio Tou Yuntrou Kat o Axapvi-
KOG OXeTOG. A apxaloAOYIKN TEKUNpiwon ¢aivetal OtL Katd Tov 40 at. .X. eTKPA-
Tnoe napartetauévn Enpacia (Camp, 1982).

O AxapVvIKOG OXETAG, EPYO TOU 4ou al. TL.X. €PEPE YA PWTN Popd vepd and tnv
pakpvdtepn Mdapwvnba. To udpaywyeio umrp&e o mpddpopog Tou Adpldvelou. dai-
VETAL TIWG NTav IOLWTIKO €PYO0 Kal ard KATAOKEUAOTIKNG MTAEUPAG anoteAouoe BeA-
Tiwon Tou MewooTpdtelou. To vepd HETAPEPOTAV O KAELOTOUG KEPAUIKOUG ayw-
youg aroteAoupevoug amd Tn ouvapuoyr] dUo OTEAEXWV WOTE va oxnuatifouv
eMeurttikr| dtatour}. ToroBeTouvtav kat AAL evtog opuypatog, Bddoug 1-2 p. ou
ETIXWUATWVETO.

To udpaywyeio Tou Yuntrou rtav €va mpwTtondpo £€pyo anoteloUpevo and or-
payya oe Bdbog 10-14 PETpwV Kal pPEATA KATA UNKOG AUTNAG, EVOEXOUEVWG |IE -
KEN TAEUPLKT| peTaTdriion and tov dEova tng onpayyaq. KataokeuaoTikd Atav na-
POUOLO UE TO KATAANKTIKG TUMa Tou Eumtalivelou udpaywyeliou ou peTépepe TO
vepod anod tnv €£0d0 amnd 1o EunaAivelo dpuypa mpog tnv noAn tou Mubayopeiou
oTtn ZApo, Tov 60 at. T.X. Aettoupyikd Opwg uttepeixe dLdTL anoteholoe €pyo udpo-
paoteuong kal edw ouvioTaratl n npwtonopia tou. H €évapén Aettoupyiag Tou eikd-
Cetal 0To TEAOG TOU 50U at. T.X. 1] OTIG APXEG TOU 40U, YIAT( 0TI APXEG TOU 40U KO-
Taokeudletal véa peydin kprvn otnv Ayopd, n NOTIODUTIKNA.

To Adptdvelo udpaywyeio kataokeudotnke tnv nepiodo 125-140 p.X. Kat ) Kata-
OKeUT) TOU OUVETEDE e Tiepiodo Enpaaciag yia v ABriva kat iowg kat dAAeg EN-
ANVIKEG TIOAELG (Stevens, 1946). Eival €va oUvBeTo Kal eviunwolakd €pyo, €& olo-
KAfjpou urdyelo, anoteloUpevo amnd onpayya kat gpgata nou ¢pedvouv os BAadog
Ta capdvrta perpa. Evdexouévwg énaye va Aettoupyel petd amnd peplkouq alwveg,
viati ota péoa Tou 50u at. X, kataokeudZetal To YOTEPOPPWHAIKG udpaywyeio
(Chiotis and Chioti, 2012).

To vedtepo autd udpaywyelo, TeExvoloyikd gupioketal otov avtinoda tou Adpl-
dvelou, yiati anoteleital and empavelakd €pya Kal TI§ YVWOTEG uUdATOYEPUPESG
Meplooou kat dDobENg. Me eEaipeon likpr) oripayya otov Meplood, Ta undlolna
€pya eival KTlotd KavaAla otnv erpdavela 1} oe JUKkpo BA6og. Baoikd mAeoveKTNa
NG KATAOKEUNQ AUTNQ eival n peiwon Twv anwAelwv vepou kat ) otabepdtnta g
KATAOKEUNG.

Ané ta udpaywyeia Twv ABnvwv, autd Tou Yuntrou kat To Adptdvelo dlakpivovtal
Yla TNV MPWTOTOPLAKN YEWAOYIKY) avTiAnyn Kat To oxedlaoud touq. MNapdAio mou
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YEVIKA Bewpeital 6Tl oxedldoTnKav yla tn Hetapopd vepou and nmnyeg otov YUNTro
kaL tnv Mdpvnba avtioToixa, otnv MEAyaTikotTa ival £0ya MOAUCUAAEKTIKA Kal
udpopactedouv katd kUplo Adyo umndyela vepd and mePLooOTEPEG TIEPLOXEG KaTA
™ dladpour| Toug. And tnv Aroyn NG MOAUCUAAEKTIKOTNTAG TO AdpLdvelo eival
ouvBeTdTEPO arnod To udpaywyeio Tou Yuntrou.

2T1a apyaia udpaywyeia Twv ABnvwv napatnpeital dlaxpovikA eEENEN kal Ta eKATTO-
Te vedtepa udpaywyeia BEATIWOVOUV TNV TEXVIKN TwV aAalotépwyv. MAAoTa, KATtw
and Toug udPoAoYIKoUG TTEPLOPLOOUG TNG Avudpng ATTikrg, au&dvetal Babpaia n
a&lomoinon Twv unoyeiwv vepwv, e eEalpeon 1o YotepoppwUdikd udpaywyeio Tou
TpopodoTeiTal anokAELOTIKA pe Tnyaia vepd.

Tpopodoacia ard umndyela vepd TekunpLoveTal Euueca yia tov Axapviké Oxetod, oe
eMmypageg mou onuarodotovoav TN dladpour] tou. And AlBiveg oTrAeg, «Opoug»
onwg ovoudlovtal, oupBoAaia kat' oucia PeTa&U TwV KATAOKEUAOTWY TOU €PYOU
KAl IBOKTNTWV YNG, TIPOKUTTTEL OTL TO vePd TOU TIPOoEPXATAV TOOO arod TNyEG g
Mdapvnoag, 6oo kat and undyela €pya UdSPOUATTEUONG OTNV TIEPLOXT TWV TINYWV
(Vanderpool, 1965).

Emiong, o didonpog apxitéktwy Ziller (1877) eixe eruonudvel 6t n orjpayya tou
udpaywyeiou Twv Makpwv Texwv (E. 1), katd prikog Tou IAloou rotapou, udpoud-
gTeue unodyela vepd Tng Koimg.

Evtunwotakr) emBepainwon Tng asipdpou Asttoupyiag Tou apxaiou udpaywyeiou Tou
Yuntrou npogkuye mpdopata, OTav Ta £pya BepueAiwong peydlou undyelou Ykapdd
otou MNoudn anékoPav 1o 2004 onpayya oe BAaBog 12 petpwv. MPokARBNKe MPoow-
P dlakory) TG napoxng Tou EBvikou KrAmou, mou anokataoTdlnke kat dlamaotw-
Bnke €tal, xwpiq appBoAia Aoy, OTL 0 KATIOG apdeleTal and apyaia orpayya.

Ta xapaktnplotikd Tou Adpldvelou udpaywyeiou eival kaAitepa yvwotd xdplg oe
TIANpPoopieg kal oxedla and tnv nepiodo enavalelroupyiag Tou €pyou OTOUG Ve-
dtepoug xpovoug (1847-1935). To udpaywyelo Aettoupynoe yla HeEPIKOUG QLWVEQ
KATA TNV apxaldtnTa Kal €KTote ANOUoVHONKe, TBAvVWG KETA and KATATTTWwoN TG
onpayyag tou €pyou. To 1847 enavrABe OTnv €MIKAPATNTA, OTAV OE TIPOOTIABELEQ
kaBaplopou unoTIBEPEVNG «TNYNG» TIou aveBAUle otov Aylo AnNuATPLO AUTEAOKT)-
nwv, dlaroTtwonke OTL To vepod €pOave ekel LEaa and orpayya Tou eixe katappeu-
oel Kat ppaxBel kal gTo onueio autd avéBAule divovtag Tnv evtUnwon TmMyng.

A6 ox€dla Tou €pyou arnokaAurtreTal n dladpoun Kal n B€om Tou OTo XWPOo, KABWg
KAl n Katdotaon dlatrenong Kat n unoothpLEn g orpayyaqg. To eviunwaolakdTtepo
otolxeio Tou gival n Bépeta andAngn tou €pyou oto OAupriakd Xwpld. Mpokelugvou
va napaldBel to vepd and nnyEg g MNdapvndag, n orjpayya cuvdEETal e TNV ETL-
PAvela PEow KeKALEVNG 0TOAG AKkoug 90 L. uttd KAiom 20° (Ek. 3 kat 4). To dkpo
™G onfjpayyag eupioketal o€ BAog 30,5 Y. KATw and Tnv emPpAvela Kal OTnV TEPLO-
X1 N 0tdBun Tou Pppedtiou opifovta eival onuepa oe BAB0G 20 PETPWYV, OTIWG LUETPN-
Bnke oe yeltovikn udpoyewtpnon (BpéEAAng, 2010).

2NV Toun ™ng Ek. 5 @aivetal To Bopeldtepo TUNHA TNG ONpayyag oe prkog duo
nepinmou XINOUETPWY, Had( Le TN oTdBOun Tou PPeATIOU opifovTa TTou opLoBETONKE
and YEITOVIKEG YEWTPNOELG Kat TNyddia. To TuApa autd eupioketal evrdg udpopo-
pwv kopnudtwv tng Ndpvnbag Ta ormoia ulépkelvtal Twv adlanépaatwy epudpwv
APYINK®YV INUATWV TIOU anavtouv gtV eploxn Tou Kngloou. Eivat capeg emnope-
VWG OTL N orjpayya oxedldotnke €101 wote va udpopaatelel TNV UTOYELO USPOPO-
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pia Twv MAeUpIKwV Kopnudatwy tng MNdpvnbag, yeyovog nou eEaoPailel Tnv ael-
popia Tou udpaywyeiou.

To Adpldvelo, xdplg ota Babid mnyddia Tou, a&lonololoe TV undyelo udpoopia
Kal o€ AA\eG TEPLOXEG TNG dladpoung Tou. H MAEov evdlapEpouaa TOTIKY) udPOUd-
oteuon mieptypdeetal otig KoukouBdouveg, érou ouvavtrdnke udpopdpog oe Ba-
00g 15 p€tpwv. MNa v oUANYN TG udpoPopiag autrg KataokeudodnKav TEVTE
OTOEQ €YKAPOLA TIPOG TNV ONPAYYa OUVOAIKOU Wrjkoug 500 pETpwy, e oxedlaoud
Tou Apxunxavikou tou Aruou ABnvaiwv Me€tpou Mpwtonanaddkn (Mapackeud-
TouAog, 1907).

levikdTePQ, emeldr) n orjpayya tou AdpLdvelou eupioKeTal o€ HEYANO UAKOG TNG OE
BABn peyaiUtepa amd 20 pétpa Aettoupyel, wg UDPOUAOTEUTIKO £0YO HECW TWV
ppedtwv Kal Tng dlag g onpayyag, étav o udpoddpog eival uynAdtepa. Na na-
pddetypa, autd Loxuel otny rieptoxn Tou OAKA, drou o udpopdpog opifovtag eival
o€ KPA BA6n peta&u twv 10 kat 15 PETpwy, ONwg TPOKUTTTEL ard YEWTPNOELG TNG
HeAETNG Bepehiwong Tou Ztadiou (EAA®OZ ENME 2001).

‘Eva aoBeveég anueio Tou Adpldvelou eival Tl oTo TEAKO Tou TUAua ard tov Aylo
Anuntplo péxpt T deEauevr oto AuKaBnTTo n orjpayya eival oe uKkpd BAn kat pd-
Nota eupioketal ugnAdtepa and tov Ppedtio opifovta. Ekel ouvenwg, avauévo-
VTal anwAeleg vepou Kat eneldr) To mep ANV ETpwia elvat ot ABnvaikol Zx1oTto-
ABol, euvoouvTal KATamTwoelg TNG onpayyag, onwg ouvéPn otov Aylo AnuniTplo
AureAokninwv, 6mou n oripayya eivat oe BAaBog névte PONG METPWV.

O Ziller (1877) nepléypaye ektdg Twv AAwv dUo apxaia udpaywyela, Tou «Baal-
AkoU» Krjrtou Kat Tou YuntTou. Xpeldotnkav Opwg TIOAEG deKAETIEG IEXPL va Ka-
TavonBel 6Tl ouvarnoTteAouv TUHaTa Tou 1diou udpaywyeiou. To evdlAueTo TUNUA
Tou udpaywyeiou amd t Pildpelo péxpl Tou MNoudr rpbe 0TO PwWG TUNMATIKA, KAl
ATav autd Tiou ayvoouaoe o Ziller, wote va avayvwpioel OTL mpokelTal yla €va eviaio
udpaywyeio.

H npog ta avdvtn ouvéxela Tou udpaywyeiou, mepav Tng Pilapeiou €yve yvwaotr)
oTtoug vedTepoug Xpovoug, ae andotaon 1500 pétpwv Touldyxlotov. Tnv nepiodo
1910-15 kat emeldr] urrpxav anwAeleg, KATAOKEUATONKE YPAUUY) CWAVwV ard xu-
TOO(dNPO SLIAUETPOU 8 IVTOWV O€ aVTIKATAOTAON NG pong péow Tng onpayyag. H
owArvwon napalaupdvel vepd tng ornpayyag and Peydlo unodyelo Pppedrtlo, OTn
ywvia MNanadiapuavromoulou Kal ZIverng, Kat To HETAPEPEL gt Alvn Tou Krimou
TAnoiov Tng €106dou otn Bao\ioong Zoplag (TauBdkng, 2005).

H tpopodooia Tou udpaywyeiou Tou YuntroU Oruepa POEPXETAL AMOKAEIOTIKA
and unodyela vepd, Twv MOTAULWY aroB€aewv Tou IAlooU Kat TAEUPLKWV KOPNUATWY,
eVW Katd TNV apxatdtnta cuvéBarlav Kat eykAapalol KAAdoL.

2nuavtikog mapdyovtag yia Tnv aelpopo Asttoupyia Twv udpaywyeiwv eival n gu-
oTtdbela autwy Twv Blwv Twv undyelwv €pywv. Téoo to Melolotpdrelo, 600 Kal To
AdpLdvelo, al\d ertiong kat to METPO eixav mpofArjuata evrog Twv ABnvaikwv Xxi-
OoTOoABwv.

Katd tn didvotEn tou METPO amné 1o otabud «EuayyeAlopdg» mpog To ZUvtayua
TO 1996, e unxdavnua oAope€Twnng ekokapng (TBM), ouvavinénke otov EBvikd
KiAmo apyaia onpayya. Ot epyacieg didvoigng tou METPO otaudtnoav npoow-
pwd, kdtw and B€an mou Bplokdtav dyvwoto PEXPL TOTe apxaio udpaywyeio. Ta
vepd Tou dpxloav TéTe va dinbouvtal TPog TNV UTOKE(LIEVN AVOIKTH akOun onjpayya
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Tou Metpd mapacupovtag Kat UAkS and Tov aoBevr] KATAKEPUATIOPEVO ABNVAiko
OXloTOAB0. AuTO KaTéANEE 0 KATAKPETVION TIou €MANEE Kal To apxaio udpayw-
velo pe dnuoupyia kpatrpa otn emedvela. ZUPPWva e TNV ApXALOAOYLIKNA TiEPL-
YPQ®ny OTn SUTIKY MApPeLd TOU KPATNpa anokaAugonke Tunua tou Bakepidvelou
TiepBOAOU Kal avaToAlkd, o BAB0G OKTW PETPWY, AAEEUTN orjpayya anod Tny oroia
avépAule apbovo vepd (Auykoupn-ToAla, 2000).

270 EIK. 6 mpoBdNAeTaL TOWN TNG oripayyag Tou Adpldvelou and tTov Aylo Anuritplo
Aume oKWV PEXPL TO pEua Tng Mupvag-Kahuptdkn otnv Knplowd. ArnoteAel ermi-
Teuyua oxediaong kat Xapagng undyelou €pyou, Oxt anAd yiarti sival KekAlgvo oe
OAo TOou TO PNAKOG HE eAeyXOpevn KALOT, aAAd d1dTL emtiong uAototel cUVOETO eAtyO
TIPOKELUEVOU va TiepAoel kKATw ard tov Kneglod notaud (E. 7).

270 Ek. 7 @aivovtal eniong ot YewAOoYIKOl oxnuaTiopol arnd Toug ornoioug dlEpxeTal
n onpayya Tou Adpldvelou, oUUPWVa HE TN YEWAOYIKY XapToypdgnon tou IFTME
kalL dedopéva amnd deLyATOANTTITIKEG YEWTPNOELG TNG eTalpeiag «<EAA®OX ENME» oto
OAKA. Zekwvdel and kwvoug Kopnudtwy tTng MNdpvnbag kat otn cuveéxela opuooe-
TAL EVTOG AUVOXEPTAIWY OXNMATIOUWY, TwV £PUBPWV WNUATWY Tou Kngloou, yia va
nepdoel otoug Avaioug oxnuatiopoug Mikeppiou-Kahoypélag Kal va KataAngel
otoug ABnvaikoug Xx1otoAiBouq (Marinos et al., 1971). Ta npofAruata euotdbelag
oto Mewowotpdrelo kat To Adpldvelo oxetidovral he Toug ABnvaikoug Zx1oToAiBoug
Kal 1Blaitepa e TNV KAaTwTtePn EVOTNTA AUTWV.

NEEeig KAe1d1a: Adpidvelo, Attikn, lMetototpdrtelo, onpayya, pedtiog udpopopia.

20



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

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.

38.15° N+

38.1° N

38.05° N+

38° N

37.95° T T

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).

Eik. 1. Ta onuavtikdtepa apxaia udpaywyela twv Abnvwv: (1) Yuntrod, (2) Makpwv Texwv, (3) AXapvIkog
Oxetdg, (4) Adpudveto, (5) Yotepoppwuaikd: 5.1 kKAGdog Knetotdg, 5.2 kAadog HpakAegiou. To yvwoto turua
Tou lMetototpdretou udpaywyeiou paivetat otnv Eik. 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 onuavtIKOTELWV apxaiwy udpaywyeiwv Twv Anvwv

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

22

the flow rate and reduce the effect of pe-
riodic fluctuations of the springs in the
summer. |t 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, Toélle-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 Walls 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

3T6lle-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-

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.

,i‘_
Aa ‘ﬁb

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 lletoiotpdrelo otnv reploxrj tou EGvikou Krrou. To turjua tou
udpaywyeiou Tou Yuntrou ue v ertypaer] “New Hym.” evtoriotnke otig epyaoieg Tou Metpd to 1996. P:
BouArj, W: apxaia teixn, OZ: Nadg OAuprtiou A6g.

“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 tra-
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.

7 \‘:\

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

with standarized bricks are shown (Horne, 2009).

Eix. 3. KekAévn yaAapia tou Adptdvetou udpaywyeiou oto OAuuriakd Xwptd- dtakpivovrat dtdgpopot turot
urtootript&ng ané tunonomuéva touBAa (Horne, 2009).
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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.

Eix. 4. OAupurtiakd Xwptd: kavdAia UETapopds vepou amd mnyEg ouykAivouv oto onuelo A. BC kat CD
elvat ot mpoBoAEG otV erupavela G KekKAEVNG yalapiag kat Tou BOpelou TURUaTtog g onpayyasg

Tou Adplaveiou avtioTolxa.

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. Tourj kata urikog tou Bopeiou Turjuarog tou Adptdvelou udpaywyeiou, otnv oroia rpoBdAlovrat
n erugpdvela Tou e8dpoug, o PPeATIog opilwv, n KekAEvn yaiapia 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 Adptdvetou udpaywyeiou (Mapaokeudrnourog, 1907).

The 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%o 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%. 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
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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. Aaunkng tour) and to Impokoueio ugxptl 1o péua Mupvag-Kaiuptdkn otnv Knetotd. Stnv toun
rnpoBdMetal wg TeTunuéVn N andotacn ard tov Ayto Anunteto AurneAoknnwy

Xapaktnplotikd onueia otnv toun: (1) AtaBoAdpeua, (2) Ay. 2opia N. Wuxikod, (3)Toun ue A. Kneioiag, (4)
Toun ue Zm. Aoun, (5) Meptoxri ZEAETE, (6) Toun ue Attikry O30, (7) HpdkAglo otnv nieploxn ue ta Babutepa
ppéara (Meukwv kat EBvouaptupwv), (8) Eykdpoteq otogg ue udpopopia otig KoukouBdouveg, (9) Emapn
UAPYWV-0UBPWV 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 yewloywkol oxnuatiouol katd unkog te orpayyag tou Adptdveiou: (1) Tetaptoyevel§ Kwvol
Kopnudtwy, (2) Maatdtepot kwvot kopnudtwy, (3) Epubpd Mikepuikd Wnuara, (4) Aiyvitopdpa Metokaivikd
luata Karoypélag, (5) Abnvaikol Zxiotohibot. F8 éwg F11 elval ot BE0ELG TwV TOUWY OTIG EIKOVEG 8 EwG
11 avtiotoixa.

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-

30

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. Toun g orjpayyag tou Adptdvelou evtdg ABnvaikwv Zxtotoribwy, oe oxEdlo g EYAAI twv apxwv

TOU repaouévou awwva (Béon F8 otnv Ew. 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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Fig. 9. Section of the Hadrianic tunnel in red argillaceous sediments, in a drawing from the beginning of the

last century (location F9 in Fig. 7).

Eik. 9. Toun g orjpayyag tou AdpLavelou eviog epuBpwV apyNKwV {NUATwY, O OXESLO TWV apXWV TOU

nepacuévou awwva (6éon F9 oty 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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Fig. 10. Section of the Hadrianic tunnel in marls, in a drawing from the beginning of the last century (location
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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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