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ITPOAOT'OX

To vepd eivar avayvopiopévo amd tov O.H.E., 6yt g éva koo
OWKOVOLKO TTPOTOV, 0AAG ¢ £va Kovovikd oyafo kot pia mepiParliovtikng
KOl TOMTIGTIKY] KANPOVOULAL.

Elvar cagég 6t to mepidrriov, dniadr ot puoikoi mopol, atnpilovv Vv
avamtuln. Ze po Enoyn OmTov To HeYOAO {NTOVUEVO OTN YDOPO HOG Eivor 1
OWKOVOLIKT] avamTuén eivarl mepiocdtepo amd BEPato 6Tl avtn de Ba EpBet
Tapd POVO HECO OmO £vav  ETOVOTPOGOIOPICUO NG TEPPOAAOVTIKNG
TOMTIKNG TNG YOPOS 1010 TS TOMTIKNG 1 omoia akoAovbeital og Oépata
dwyeiprong vepod. Ki avtod yuoti to vepd anoterel Pacikn mpovimdbeon yia
oYedOV OAEG TIG OIKOVOLUKEC OpPOCTNPLOTNTEG, E10IKOTEPO, TNV TOPOYMYN
TPOPIL®V KOl TNV AGQPAAELD, TNV VOPEVOT|, TNV €VEPYELD, TN Prounyovia,
TOV TOVPIoUO, TV vyeia. H ekmAnpoon tov facikdv avlpdniveov avayKkov,
70 1010 T0 TEPIPAALOV HOG, 1 KOWVOVIKO-OIKOVOUIKY] aVATTLEY, GE HEYAAO
Babuo eEaptdvion amd to vepo.

O moAvod1oTaTOC POAOG TOV VEPOD OMOLTEL TN OLEMIGTNHOVIKY TPOGEYYIOT
AVTADOVTOG OO TIG PUOIKEG KOl KOWMVIKEG ETICTNES, TOV TOAMTIGUO, TNV
EKTTAOEVOT KO TNV EMKOWVOVIA, avadEKVOHOVTOS TIG BpnokevTiKés, noikéc,
KOWOVIKEG, TOAMTIKEG, VOUIKES, KOl OIKOVOLUKESG OLOOTAGELS TOV VEPOD TTOV
oLVOMKG GLUPEALOVY GTY| SlayElpLoN TOL GE OAOKANPO TOV TAOVATY).

To Kévtpo OloxAnpouévne Alayeipiong Yodtov (KE.O.AY.) 10pbOnke
amd tn XOykAnto tov AII® kot okomdg tov givar 1 demoTnUoVIKY €pevval
™G oAloKANpouévnc dyeipiong tov vodtov. H  diemotmmpovikdotnta
eCacpariletor pe v mAnpomTa Tov AII® 0avaeopikd pe GLVAQEIS
€01KOTNTEG OO T0 cVVOAO TV 13 Tunudtwv mov gumAéKovtal evepyd o€
épeuva, HEAETN Kol EKTAOELON G OAO TO QAGHO TNG OAOKANPOUEVNG
dlayeiplong Twv VOATOV.

Ot dopaotpotteg oo KEOAY ovvoyilovior otnv evaoyOAnorn e
EMOTNUOVIKA Ko TEYVIKA OEuaTo TOL 0POPOVV GTIV OAOKANPOUEVT
dwyelpton TV VIATOV KATUSEIKVOOVTOS KotapynV Tn cvpufoin tov AII®
oTNV €pEVVa. Kal TNV EKTOIOEVON GE OVTIKEIPEVA aLYUNG, SLYYXPOVOS OUMG
evioybovtag TN OEMOTNUOVIKY  ovvepyosios HeTald  eKTOOEVTIKAOV
WPLUATOV TNG YDOPAS Kol TOL eEMTEPIKOD OV €EEOIKEVOVTOL GE AVAAOYQ
{nmuata, ovVOLOVTOS TO  TMOVEMICTHUIO HE TNV KOwovio Kot
gvouvaumvovtag TV eEmotpépeta Tov [dpvuatoc.



Boowd mheovexktnuoto e YOPOS HOG ATOTEAOVYV TO avOpOTIVO SLUVOLKO
™G, 0 PLGIKOG TAOVTOG TNG, 1) IOTOPIKT TOPAIOCT KOl O TOMTIGHOG TNG. To
vepd Mrov egivonr kot o eivor avamodomacto kKoppdtt g EAAnvikng
TapAdooNg Kol TNG TOMTIOTIKNG  pog  kAnpovopds. To  Kévipo
Oloxinpopévng Awayeipiong Yodtov (KE.O.A.Y.) tov AIIO, a&loroidvtog
10 e€opeTikd avOp®OTIVO eMOTNUOVIKO dvvaplKO TOG0 Tov AlI® 600 Kot
GAAOV TOVETIOTNU®V TNG YOPOS, OTOPAcioe Vo TPOPAAAEL T O100TOON
eKeivn TOL TOAVTIHOV PLGIKOV TOPOV, TOL VEPOD, TOV GLVOIEETOL APPNKTOL
e TNV 10T0piat Ko TOV TOMTIGUO Wag Olopyavavovtag nuepida pe 0éua
«Ydpoteyvoroyieg otnv Apyaio EALGSo».

H Bepotoroyio g nuepidag amookonel otnv avddeiEn twv VOPALAIKOV
EPY®V NG 0PYOOTNTOS MG CTOLXEIMV NG TOMTIGTIKNG KANpovouds pog. Ta
£Pyo oUTA AEITOVPYNOOV OTOTEAECUOTIKA Yoo ive oamd 5.000 ypovia
AmOTEAMVTOG OEIKTEG OWKOVOUIKNG, KOWMVIKNG, OAAGL KOl TOALTIOTIKNG
avarroéng. H pelét tov Epynv e apyodtnrog puropei va Bonbncet oty
eMIAVON ONUEPIVAOV VOATIKAOV TPOPANUATOV GE TOAAEG TEPLOYEG TNG YDPOG
Lo Kot TG eupvTEPNS TEPLOYNS TS Mecoyeiov.

O gpyacieg mov meplEyovial G AVTE TO. TPOKTIKG EYOLV YPOETEL ATO
€101KOVG OLOKEKPIUEVOVG EMGTHIOVEG Kol MoTevETAL 0Tl B cupPaAlovy
OLCLOOTIKG otV avadelEn Tov BEpatog Kot otn JEVKOALVGT OCMV
eMOLUOVV VO, SIEPEVVIICOVV TEPUTEP® TO CHTNLLOL.

Evyopiotieg oto A.X. tov KE.O.A.Y. Ko 68 6A0VG OGOVG epYAGTNKOV Yol
™V €KO00T QLTOV TWV TPOKTIKOV.

EAnida I'. KolokvOa
Enix. Kadnyntpro Tp. [Holtikov Mnyavikov
[Ipdedpoc tov A.X. tov KE.O.AY.



SVYKEOAY

KENTPO ONOKAHPOQMENHEI AIAXEIPIZHEZ YAATON

Emotnuovikr) Emtpon)
Tdaxmfoc I'cavovknc — [Ipdedpoc
Mapia Aalapibov — Av. IIpbéedpoc
Bopdc Aovapdc

Eovotovrivog Katowoapaxng
Mapyapitng Bapeuadng

Baoilswog Avieovomovhos
Enapsrvaviac Zidnpoénoviog
IHavanoms Etepavidng
Eovotovrivn Zapopd

Aok Tikd ZvpPfoviio

Elmiba Kohloxvba — ITpoedpoc
EKovotavrivoc Boovbovpnc — Av. Ilpdstpoc
Mopia Moovotaxka — I'poppuotEog
Nixdiaog @sodociov — Tapiac

Anuitprog Kapmodlog

Arovicwoc AaTwvomovhoc

Maprog Zamovviliig
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Iowkiria Oépota voaTIKNG TEYVOLOYiOS 6TV Apyaic EALGO

Ocoooons Taorog
Ouortipog KaOnynrig EMIT

Ewsayoy

Ev avtiBéoerl pe v Mecsomotapiov Kot Tov Atyvrtiokd ToATIcud mov dvincov
péca og pov apbovia KOAMEPYNOIUMV YOIV KOl TAOVGL®V TOTAUMV, Ol TEPLOYES
7oL Katowkovvtay o’ to EMAnvikd ®@Oho am” v 2" pihetio ©.X., foav katd to
péAlov  opewéc, upe  Alyeg muiEnpec (ko emoylokdg  KOToKALLOUEVES)
KaAAepynoeg exktaoelg. Emopévac, ol avtictoyyol moAtiopol avopuévetot 6Tt Ha
glyav Owpopéc, mov BOa emmpedloviav om’ OUTA TO  OLNPOPETIKA QLGIKE
nmepifarirovta. EvAdymg oavapéveton o0tt ot ‘EAAnveg €dmoav éugoomn ota
EYYEOPEATIOTIKA €pY0, OTN UNYOVOTOINGT TOV CUGTNHAT®OV AVTANONG VONTOG Kol
oV empeAnuévn vdépoddtnon moAewv. Avtd eivar ta Béuata pe to omoia Oa
acyoinbovue ¢’ owtd T0 GPbpoO.

AVTUITAPLPOPIKG KoL atoENPavTIKG Epya

a) Moknvaixny wepiodos

H mpoympnuévn vdpoteyvoroyio tov Muknvaiov orn’ ta péoo g 2™ yhetiog
n.X., evivTooldlel pe Tov 0pBoAoYIGHO TNG, TIC EQOPHOYEC UEYAANG KAILOKOC,
KoaBmg kol pe ™V amodotikdtNTd . Boaowlopevolr ot mopadetypoto twv
avTIANppLPIK®V Epyav tov Peveod, tng TipuvBog, e OloPng kot g Komaidog
(Knauss, 2003), uropobie vo TEPTYPAYOLLE TO XOPAKTNPLOTIKA TOVG MG EENG.

Avon mpot: Toa vdata TANuuvpiloviog YEWAPPOL GLYKEVIPMVOVTOL GE LN
TEYVNTA AlUvn Tov OMpuovpyEitol UEC® YEMPPAYUATOG 7OV KOADTTIETOL OTO
TOLYOTOUa.

Avon devtepn: Otav o tétowo texvnT Muvn dgv enapkovoe (1 dgv NTOV KOV
€QIKTN), akoAovBovvtov o GAAN Avon. Tlpdtov, o yeipoppog Eetpéneto eKTOC
TOV KOAMEPYNOIU®OV YOLDV HECH KATAAANANG gvpeiag ditdpuyoc. Agdtepov, avTth N
SDPLYN EMEKTEIVOTOV YOP® OTNV TEPIUETPO NG KOWGdag (dimha 6TOVG YOp®
AOPOVG), £TGL MOTE VO SIEVKOADVETOL 1 OTOOTPAYYIoN UEGO OO LOIOTAUEVEG
Katafo0peg Tov KOPOTIKOD AGRECTOAIBOL AVTOV TV AOP®V.

Y oautég TS Kornyopieg Adoemv avikouv to Bovpoactd €pya Tov dgvTEPOL
amo&npavtikod épyov e Komaidog katd tov 14° ko tov 13° andva w.X.

p) Kooy kar EJAgvictikij mepiodog

BOo avaeepbd povov oty MO KoAd Tekunplopévn mepintoon B.O.T. ¢
EMNVIKNG apyondTNToG: TV amoénpavon g AMuvng tov [texdv, oty tepipipsia
™m¢ Epétpelag omv EbvPoia, xatd tov 4° advva wn.X. H mpodm (mAqpmg
KOMTOMOTIKY) cOpuPacn evdg té€totov €pyov elval ypappévn oty otin EM
11553 tov Emypagikod Movoegiov twv AOnvav.
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AVTANTIKG cvoTipoTa

AvTAnTIKég eyKaTAoTACELS Elyov epevpedel amd moAd vopig ot Meconotapio. H
TEYVOLOYIO T®V OVTANCE®V TAVIMG pnyovomombnke poévov kotd tnv EAAnviotiky
nepiodo (Humphrey et al., 1998). £* avtd mov akoAovfovv, DTOUIUVAGKOVTAL QVTH
TO, LUNYOVOTOMUEVO aVIANTIKE cvothiuate Tov EAAvev mov elyav v toym va
(Moovv 1 vo. omovddoovy oty AheEdvdpelo ekeivovg Tovg Kopovg (3% ko 2%
awovog w.X.). Ilpog tOvTO, «OU HOVEG KOl KOADTEPEG OCWOIOUEVES TEPLYPOPES
QVIANTIK®OV  ovotnudtov g EAAnvictiknig meptddov oto Movoceio 1rg
Ale&avdperog givor o BrrpovPioc (Humphrey et al., 1998, 310). AAwote, antog o
npdhTog Popaiog teyvikdg cvyypagéag (petd tov 1% ardva m.X.) yevwoioppovmg
LUVNUOVEDEL €KATO EAANVIKEG TINYEC KOL OUVEXMDC YPTOILOTOlEl  EAANVIKODG
TeXViKovg 6povc. Emi tov 0€uatog pag, n AEEn «ovtido» kot OAd To OVOYOTIKG
cuoTHoTe VOATOG, £lxe ypNnopomon el NN an’ tov Aovkpntio, Kotd Evay aidva
apyardtepov tov BrrpovBiov, (Oleson, 1984, 62):

- To toumavov (BitpovPiog, 10.4.1.2)

- Tpoyog ue mepipepelaxd odnpd dapepiopato (Bitpovprog, 10.4.3).

- To payyavov, kadopopog ahvooig (BitpovPiog, 10.4.4).

- Yoartoxivntog kadopdpog avtAntikog tpoyos (Pidwv o Buldvtiog, TTvevpatucd,
65): O Tpoydg T0L Payyavov kotapifaletar otn otddun péovtog VOUTOG TOV TOV
TEPIOTPEPEL, KIVDVTAG TNV KOSOPOPO 0AVGGIOM.

- H ehikogidng avtiia tov Apyundovg, (Bitpovfiog, 10.6.1.4)

- H epuPorogopog avtiia tov Ktnoifiov (Pikewv o Buldvtiog, [Mvevuatikd, mop. 1,
kep. 2), (Hpov o Ale&avdpevg, Ilvevpoatikd, 1.28): Ki étor @Bdvoue oty
KopOewon g eAAnvikig Teyxvoloyiog tov 3% awdve m.X. «t0 mEPUTAOKOTEPO
€EOYMC UNYOVOTOMUEVO TEXVNLLK, TO O0moio ToToBeTeital LEGO GTO TPOG AVTANGN
vepo Kot To KatabAPel péow cwAvog Tapoyns, xdpig oty kivnon euporwv evidg
dv0 KVAIvopwv» (Humphrey et al., 1998, 318).

"Yopevon Ilorewv

Agv vmpye v [IoAg ywpig éva empeAnuévo cOoTNUE VOPELONS YU AVTO
Kt o Tlavcaviag dev katadéybnke vo ovopdoet «IIoAvy v epemmpévn moloid
do&aopévn wOAN tov Ilovoméwg, ooV ot Kdtowoi-tng oev O1betov mALov
Vdpevon.

o) Mokyvaikés molerg: Oa  TeEPYpAY® GCLVOTTIKOG TOVG  VRAYELOVG
opearobardpovg, katd Tic amoyelg tov Knauss (2006), kot Oo weplopico avtiv
TNV TOPOVGINGT] HOVOV G’ EKEIVEG TIG KATOOGKEVEG IOV €lval OPUKTNPLIOTIKOTEPES
NG LUKNVOIKNAG 01KOSOUIKNG, ONAadT]: BOAMTOG VITOYELOG d1dpoLog Kot o1 BdAapiot
TOV TNYOV.

B) ABiva, Tlewsiotpdreiov vopaywyeiov: Ta vmodyew vdpaywyeioo (Tov
Aeyopévou «llewoiotpateiovn) elvar TUMKO TOPASEYHO TOV EYKOTOCTACEWDV
VOPEVOTG TV EAANVIKDV TOAEMV KATH TNV OPYOiKN KoL TNV KAOGIKN ETOYN.
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v) Méyapa, H tomicn deapevn tov Oeayévoug: Ta Méyoapa, n doaopévn
Ko dtoyn d®PKN TOAT, KEWWEVN peTald dvo avimdiwny Ttoiewv (tng KopivBov kot
Tov ABnvov), kot moatpido peydAov aptBpod oNUOVTIKOV Mnyovikdv g
EMMVIKNG apyondTnTag, SebETEL TNV KOAVTEPO daTNPNUEVN OEEQUEVT] VOPEVGEDS
micw om’ v kpNvn. 'Ywog colopévev tolymv Kot oTodmv, éva ovo uétpa. H
otéyn eepdTaY amo MEVTIE GEPEG EMTA OKTOYWVIKNG SLOTOUNG oL o®lovTol oTn
0éon Toug.

d) IIépyapog: To apiotovpynua VOpevong EAANVICTIKNG TOAE®G: «Koatd v
EXinvioticn emoyn emépyetan m €kpnén g YopovAikne» (A. Trevor Hodge,
1992), n onoia opeiretTar:

0)) OTLG TOAITIKEG Kol OUKOVOUIKES EEEMEEIC TIG 0QEINOLEVEG GTOVG AL0dOYOVG TOV
MeyaréEavdpou kot

B) ot mPodOOLG TNG EAANVIOTIKNG EMICTNUNG 7OV £0MCE GTOV VOPALAKO
Mnyoavikd o evieAd¢ véa d1dotaon TexVIkng yvaong (oei. 31, 32). Katd v
ePiodo avTNY, To eEMTEPIKA VIPAYDYEID TNG TOAEWMG NGOV TOAD UEYOADLTEPOL
ufiovg (40 km tav topa pia @ikt amdctocn). To khplo OU®S YapOKTNPIGTIKO
™G EMMMVIKNG unyovoteyviag oy 6Tt to vopaywyeio Tepvovcay Pabelég Kohddeg
HEC® LTLOYEIOV COANVOCEDV — Kl O)L LEC® VIATOYEQLP®Y. 'ETol, avamopedhktmg
£KOUOY TNV TOPOVGIO TOLG Ol OVESTPAUUEVOL Gipmves VIO Tieon (AiBwvol £wg Kot
HOADPOVOL COAVEG).
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Selected Topics of Water Technology in Ancient Greece

T.P. Tassios
Sch. of Civil Eng. Nat. Tech. University, Athens, Greece, tassios@central.ntua.gr

1. Introduction

As opposed to Mesopotamian and Egyptian civilizations, which flourished in
abundance of cultivable lands and wealthy rivers, the regions occupied by the
Greek tribes, since the 2" millennium BC, were mountainous, with few (semiarid
and occasionally flooded) cultivable lands. Consequently, in the respective
Cultures, one should expect differences reflecting somehow these different natural
environments. We may reasonably expect that the Greeks had given the emphasis
to land reclamation, mechanization of water-lifting devices, and sophisticated
water-supply of cities. These are the topics | wish to elaborate upon in this lecture.

2. Flood Control and Land-Reclamation Works
2.1 Mycenaean period

The advanced hydraulic technology developed by the Mycenaeans since the
middle of the 2" millennium BC, is very impressive by its rationality, the large
scale of its applications, as well as by its efficiency. Based on the examples of such
flood-control works executed in Pheneos, Tiryns, Thisb& and Kopais (Knauss,
2003), one may describe their basic characteristics as follows.

First solution: The waters of the flooding torrent are contained in an artificial lake
created by means of an earth dam, covered by a protective layer of masonry.

Second solution: When such an artificial lake was not sufficient (or perhaps was
not feasible at all), another solution was followed. First, the torrent is deviated
outside the cultivated lands by means of an appropriate large channel. Secondly,
this channel is extended towards the perimeter of the valley, close to the
surrounding hills, so that the outflow of water be facilitated through existing
cesspits in the karstic limestones of these hills (Fig. 1). In this category of solutions
belong the marvelous works of the second drainage system of Kopais, during the
14" and the 13" century BC.

2.2 Classical and Hellenistic period
I will deal only with a better documented BOT project of the Greek antiquity,

i.e. the drainage of the lake Ptekhae, belonging to the city of Eretria, in the
peninsula of Euboea, during the 4™ century BC

15
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The first full contract of such a “capitalistic” construction-scheme in history, seems
to be the text written on the stele EM11553, Museum of Inscriptions, Athens,
Greece.

Figure 1: The remnants of the lateral fill, shaping one side of the channel
collecting river-waters.

3. Water-lifting Devices

Water-lifting installations were devised since the very early times in
Mesopotamia. The technology of lifting water, however, did not become
mechanised until the Hellenistic period (Humphrey et al., 1998). In what follows, a
brief reminder is presented of these mechanised lifting-water devices of the Greeks,
who had the chance to live or just to study in Alexandria of those times (3rd
century BC to 2™ century AD). To this end, “the best single surviving description
of the water-lifting devices developed in the Hellenistic period at the Museum of
Alexandria is Vitruvius” (Humphrey et al., 1998: 310).

Afterall, this first Roman technical writer (middle of 1st century BC) is generous in
making more than one hundred references to Greek sources and he is constantly
using greek technical terms. In our specific content, the word “avtiia” (pump) for
all water lifting devices was already used by Lucretius (one generation older than
Vitruvius) (Oleson, 1984:62).

--The “tympanon” (drum) (Vitruvius, 10.4.1-2).

- Wheel with “Compartmented Iron” (Vitruvius, 10.4.3.).

- The “Manganon” or wheel-driven Backet-Chain (Vitruvius, 10.4.4.).

- Water powered wheel with bucket-chain (Philo of Byzantium, Pneumatics, 65).

- The Arcimé&dés water-screw (Vitruvius, 10.6.1-4).

- The Ctesibian force-pump (Philo of Byzantium, Pneumatics, app.1, chap.2) (Hero
of Alexandria, Pneumatics 1.28): And this brings us to the culmination of the

16



Greek Technology of the 3rd century BC, “the most complex highly mechanised
device which sits in the water it is intended to lift, and pushes it up a discharge
tube, by the movement of pistons working in a pair of cylinders”, (Humphrey et al.,
1998:318).

2P =T =

-~ - LT
= &
e

Figure 2: The wheel-driven bucket-chain, following the tradition of Philo (Carra
de Vaux representation, in Oleson J., Toronto, 1984).

4, Water Supply

There was no greek city without an elaborated water supply system; that is why
Pausanias does not condescent to call “city” the destituted old glorious town of
Panopeus: its inhabitants had no water-supply system anymore.

Mycenaean cities. | will briefly describe first the underground well-houses,
following the views of Knauss (2006), and | will restrict this presentation only to
those structures which are more characteristic to the building techniques of the
Mycenaeans, i.e. the vaulting of access tunnels and spring chambers.

Athens: The Peisistration Aqueduct. The subterranean aqueducts of Peisistratos are
a typical example of water-supply facilities in Greek cities during the archaic and
classical period (Fig. 3).

Megara: The typical water-reservoir of Theagenés.

Megara was a glorious (and unlucky) Doric city in the middle of two rival cities,
Korinth and Athens, and native land of the larger number of good engineers of the
greek Antiquity. The aqueduct of Megara (ca. 500 BC) is not yet completely
uncovered, but its terminal water-tank and kréné is preserved up to a height of
some meters. The protective roof was supported by five rows of seven octagonal
columns, mostly preserved in situ.

17



Pergamos: The masterpiece of water supply of Hellenistic cities.
“It is the Hellenistic age that the great breakthrough comes [in Hydraulics]” A.
Trevor Hodge, 1992.

PE\%V"N
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B ’ /" I\ érf (e é@” 5 -f

Figure 3: Lay out of the Peisistratos and Hadrian aqueducts in Athens.

'%,-‘ ‘“'

Following the views of A. Trevor Hodge, the Hellenistic breakthrough is due to
(a) the political and economic developments due to the successors of Alexander the
Great, and (b) the progress in Hellenistic science which gave to the hydraulic
Engineer a whole new dimension of technical expertise (p. 31, 32). During this
period, aqueducts outside the city were much longer (40 km stretches were now
feasible). The main characteristics of the Greek engineering, however, was still
observed: Valleys were crossed by means of subterranean conduits — not bridges.
Thus, inevitably “inverted siphons” under pressure were to be built! by means of
stone or lead pipes.
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E&epevivon g apyaroeAAnviKiG VOPOUVAMKING TEXVOAOYINGS 1e TN Yprion
0100KTVOKI G Paong dedopuEvaV

Nixog Maudong kar Aqunptpns Kovreoyiavvyg

Touéag Yoouxamv Iopwv ko [lepifoiloviog
2yoin Holiaxwv Myyovikwv, EQviko Metoofio TloAvteyveio

1. Ewoayoy

v epyacia tapovotdleTot pa otadtkTuakn Pdon dedopévav Tov Exel ®¢ 6TOYO
™V VIOoTNPEN TG HEAETNG TG apyaiag EAANVIKNG VOPAVLALKNG TE)VoAoYiag. H
TEPUYYTON GTO VAIKO NG Pdomng emttpénel Tnv eEepevvnon SlopOp®Y TTUXDV TNG
oyéong TV apyaiov EAARvov pe 1o vepd Kot TIg VOPOVAKES KATUOKEVES,

Eivaw mpogavég 61t 10 KAMpo Kot TO VOPOAOYIKO KOOECTMG [OG TEPLOYNG
GUVOEOVTOL GUESH e TO €100¢ KOl TNV €kTaon TV £pymv. Ot apyaiot eAAnvicol
moAtiopol avOisay oe Enpd KAipo OTmG dAL®mOTE Kot GAAOL apyoiol TOMTIGHOT
(Zovpéprot, Aryontior). H dwapopd ftav 6tt ot eAlnvikol moAtticpol dvbicov oe
EPLOYEG OV Ogv O1dBETOV GNUOVTIKOVG VOATIKOVS TOPOVG (T.Y. LEYOAN TOTAMLO)
OAAG TTEPLOPIGUEVOVG KOl OVETOPKEIS Y100 TNV TOTE KAIUOKO UE OMOTELECUO VO
OTTOLTOVVTOL VOPAVAIKE Epya. KoL TEXVIKEG dlayeipiong.

Ot apyaiot EAANvEG cuvdbacay TV DOPOLAIKY TEXVOAOYIN [LE TV KATAVONOT T®V
VOPOAOYIK®V SlEPYACIDY MGTE VO, KOADWOLV L0, GEIPA A0 VOUTIKEG OVAYKES OTMS

MMapoyn acticod Kot apdevTiKod vepov:
Amootpayyion Kot omoyétevon ouPpicov:
AVTITANUHOPIKY] TPpOoTaCio”
Eykatactdoeig vyevng

Avayoyn.

[ToAAéG apyaieg VIPAVAKEG KATACKEVEG €YoV SloowBel GTOV EAANVIKO YDPO ®G
amotéleoua puag wotopiag 4000 etmv. IepropuPavetor évog peydroc aptOpuog amd
amhég (defapevég, pmivia, Tnyadio, vopaymyeio, THAWVOL ay®Yol, GUCTHUOTO
KOTOKPATNONG PEPTAOV) Kol GUVOETEG KOTACKEVES ((PPAYLLOTA, CTPAYYES, CIPMVEG).

Axoun oty apyaio PipAoypoaio vdpyovy TOAAEC VaPOPES V1o

o [lpoktikég drayeipiong vepold mov e@opuolovioy o€ TOMESG EAANVIKEG
TOAELC KAODG Ko GYETIKOT VOO KOl KOVOVIGLLOL!

o  Ydpaviikd £pyoa mov dev Stacmbniay:

e Eviumowowokés enynoeic yu TG LOPOUETEMPOAOYIKES  OlEPYACIES
(e&aTon, CLUTVKVOGN, KOTOAKPTUVIOT))'

®  Y3pavAlkég GUOKEVEC KOl UNYOVIGHOVC.
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H ocvppornq tov EAAMvav eivol aitepa onpoavtikiy 0l HOVO GTHV KOTovonor
TOV VOPOUETEMPOLOYIKDV SlEPYACIDY OALG KOl OTN PIAOGOQIKT TPOGEYYIGT] TOV
OGS KOTAVOOLLE TOV PUGIKO KOGHO (APIGTOTELELOG CLAAOYICUOG KO ETAYWOYN).

2. H paon dedopuévev

O dradiktvakdg T0Tog TV apyainy EAANVIKOV vdpaviikdv £pywv, Tov Bpioketon
omv miektpovikn Sevbvuven www.itia.ntua.gr/ahw/works, mapovcidletor oto
Zyqua 1. Emiong, o1 GuvioTMGEG TOL GLGTAIOTOG KOl Ol EPAPHOYES AOYICUIKOD OO
TIC omoieg amoteleiton Tapovstalovrol 6to Zyfua 2. Ot epaproyEg AOYIGUIKOD TOV
YPNOHOTOMONKAY £ival avOIKTOD KMOTKAL.

Inuepa weptropfavovror 128 apyoio eAAnvikd VIPAVAIKE Py OADV TOV ETOYDV
TOV apyoaiov eEAnvikod moMtiopod (Mwvotkhi-Kvkhadikr, Muknvaiky, Apyoikn,
KAiooown, EAAnvictik) ko Pouaikn).

@ RESEARCH TEAM

EPEYNHTIKH OMALAA

Filter List of ancient hydraulic works
. i <1 [BuTona eyt ln}a"‘"‘“ LT ]
Ava construction era fada
Fotr Berat unoun m!ndﬂwﬂ:\m
e 3 — 'F““v L an
Minoan-Cycladic Tapaland Ket i KWk - .
Mycanean Girokmitra \ Canakbale
Archaic 1
Classical wipniye hdwne Aagton ' ' Balia
Hellenistic ' vopetmé B 8 ' '
R L
oman T ” A
Ava use ' an)ll ' ' \:]' R
X ! Xl i
oA b
=ha na r

Sanitary Facilities
Urban Sewage

Flood Prevention

Land Drainage

Urban Drainage
Irrigation Water Supply
Urban Water Supply

Ty
\ & v Y

Ava types

Tha CC B O enStrectMa
Dykes

Sewer Pipes

Streamn Control

Dam 21572412 3518532
Sedimentation Tank
Water Distribution System 128 works

Tunnel
Siphon Hydrosystem Work Use Construction era Extras |
Bathtub . . "
Aeqina cistern

Lavatory Aegina Aesqgina cistern Urban Water Supply Hellenistic 2] |
Fountain Aitolia Alysia dam Flood Prevention Classical
:;';Ellem Oiniades drainage Land Drainage Hellenistic
a!-.q_ueduct Stratos drainage Land Drainage Hellenistic

Amorges Amaorgos Lavatory Urban Sewage Hellenistic O |

Zympa 1 Adiktoakdg Tomog apyoimv EAANVIKGV DOpavMK®V Epymv.
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Website
EEovarodompévor gpnoteg £xouv dwfabicpévn tposPoon
610 cvoTua (Tpocbeon, arhayn, diaypagn TANPOPOPUHY)

[

Zvompo ‘ Baon Asdopévav ek Brfioonkn
Ieoypoaguaig » | Kodwomompévn .|  Epvociec-Avagopéc-
Iimpogopiag manpogopia (tomog, | Ilolvpéoa-Web links-

©¢on kdbe £pyov ypio, TEPiodOQ) Iotétonor-

Website [epropropoi
[TpécPacn Kool Kot gpeuvintiv Copyright

Yympo 2: Eeapuoyéc Aoyiopukoo.

3. Emokomnon viikov

O «0plog oTOéX0C TOL OovoTAUNTOG &ivor 1 dnuovpyio oG  degapevig
TANPOQOPLDY GYETIKOV HE TNV opyoio. €AANVIKN VOpovAIKY Teyvoroyio. H
EMOKOMNGN TOV VAIKOD 0dnyel o€ U0 oepd omd TOPATNPNOES TOV
TOPOVCIALOVTOL GUVOTTIKA GTY) GUVEYEL.

e Asgipopio katackev@v. [ToAld €pya NTOV 0 KOTAGTOON AEITOLPYIOG UEYPL
oAb Tpoceata N etvan péxpt onuepa (Ileioiotpdreto, Adpiivero).

e Asgtovpyla vdpoovotnudtev. Xe onNUavTiKEG 0éoelg €va ouvolo Epymv
Aertovpyodoe  ®¢G vOpocHoTNUE. NOHOL Kol KOVOVIGUOL Yyio Tn ¥pNon Tov
vepoh KOl GULUUETOYN TOV TOATOV vmootipllav 1N Agttovpyia Tov
ocvotipatog (ABnva, Mwvowkd moAdtio). Akoun vioBembnkov TPoKTIKES
duyeiptong vepov mov orjuepa YopoKTNPILovVToLl MG OELPOPIKES.

o Teyvoroyikd emredypota. Xe moAAd Epya, 0nw¢ oto EvmaAivelo dpuypa, kot
tov oipova g Ilepydpov, eeoapudoTNKOV TPOYWOPNUEVES  TEYVIKES,
010000 UaGTEG AKOUN KOL GTLEPQ.

e Emdoyn épyov avdioyo peE TO KOW®VIKO YOPOKTNPIOTIKA. X& OPLOCUEVES
EMOYEG EMAEYOTAV 1] KOTOOKELY HEYAAWMV £PYOV €VAD GE GAAES TO MTIES
Kkatookevée  (topavvia, oty Affva:  Ileciotpdtelo  vdpaywysio —
dnuokpatikn Adnva: Eueacn otig oeapevég GLALOYNG ouPpimv).

o [lowmra {ong Xe moAAég 0Ecelg LVRAPYOVV  EYKOTOOTAGEIS VYIEWNS
(Tovorétec, pmaviépeg) ot omoieg ocuykpivovioar pe onuepvég. Ot apyoiot
avémTuEay VYNAO PloTikd EMIMESO GYETIKO LE TN (PTOT VEPOL.

o Avdamruén emomung. AdOnkav moAAEC emoTnuUoOvVIKEG €ENyNoelg Yo Ta
VOPOUETEMPOAOYIKA QOIVOUEVO TOV GTN cLVEXEWL o&lomomOnkay Yo v
avamTLEn VE®V TEYVOAOYIDV, Kupiwg otovg EAAnvicotikovg kol Popaikong
xpOVoLC.
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Exploration of ancient Greek water technologies using a WEB based
information system

Nikos Mamassis and Demetris Koutsoyiannis

Department of Water Resources, School of Civil Engineering, National Technical
University of Athens, Heroon Polytechneiou 5, GR 15780 Zographou, Greece

Most ancient civilizations exploited water resources constructing hydraulic works,
in order to support the everyday water needs. Ancient societies that flourished on
the Greek territory since ca. 3000 BC except their great contribution to philosophy,
politics, sciences and arts, constructed several technical works. Many of these
structures were related to water use. Developing hydraulic technologies combined
with understanding of processes, ancient Greeks supported several needs such as
water supply, drainage of the lands and the cities, flood protection, sanitary
facilities and even water use for recreational purposes.

The Ancient Greek societies held an exceptional position in the management of
water recourses as testified by: (a) the advanced technologies they applied in the
construction of several hydraulic works; (b) the sustainable water management
practices they adopted; (c) the high living standards related to water use they
developed; and (d) the explanations about the natural hydrometeorological
phenomena they devised.

As a result of thousands of years of creative activity, several simple hydraulic
structures (cisterns, lavatories, wells, aqueducts) or more advanced ones (dams,
tunnels, siphons) are spread all over the wider ancient Greek territory. These works
supported several water uses as listed above. Their presence reveals that ancient
Greeks wisely resolved several problems concerning water that modern societies
still have to face up. Also in the ancient Greek literature there is plethora of
references about: (2) sustainable water management practices, (b) hydraulics works
that are not preserved to date and (c) impressive exegeses about
hydrometeorological processes (e.g. evaporation, condensation, hail, snow, rain).
During the last decade, hydraulic works and water management practices
developed in ancient Greece have been revisited with an increased interest. Several
researchers originating from different scientific fields (archaeologists, engineers)
studied the (relatively unknown) water technologies, hydraulic works and water
practices developed in ancient Greece (Angelakis et al. 2005; Koutsoyiannis et al.
2008; Mays et al. 2007). The Greek philosophers’ explanations about the related
natural phenomena have also been studied (Koutsoyiannis et al. 2007).

To facilitate the inspection of available information about the hydraulic works in
Ancient Greece, a web based application is developed. The application includes the
necessary informatics tools to manipulate and analyze the various information
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types and make the information available on the Internet. Information includes
geographical location, technical characteristics of the structures, drawings, maps,
texts, papers, studies, photos, videos etc.

The main purposes of this application are: (a) gathering and archiving of all

available information which is characterized by lack of homogeneity, (b)
codification of the above information, (c) facilitation of its analysis using
informatics tools to perform queries or to make maps and (d) easy access from the
general public and researchers to all available information.

The aim of this system is not to develop sophisticated informatics tools, but
mainly to create a basic information pool concerning ancient Greek water
knowledge. In order to serve this task continuously, the system must be enriched
and be extended gradually, incorporating new findings.

Open source technologies were used for the development of the various
applications. The system consists of a Database (DB), a Geographical Information
System (GIS), a Digital Library (DL) and a Website that integrates the entire
system. At this time the application is under development, although it already
contains rich information about 128 hydraulic works and 20 important
hydrosystems (still there are other sites under study) and the database is being
expanded continuously.

The review of all this information about hydraulic works in ancient Greece
reveals several issues that can be also approached from different, non-technical,
points of view. Most important issues emerging from this study are: (a) the
cooperation of small- and large-scale structures as a hydrosystem, (b) the relation
of the implemented technology with socio-economical characteristics of the
societies, and (c) the small-scale facilities that improved the quality of life.

Small-scale hydraulic structures existed in all periods of the Greek antiquity.
Urban water supply was not based on a central system, as happens today, but on
several structures distributed all over the area. In many important sites, all these
structures such as wells, cisterns, fountains, small water distribution systems and
aqueducts operated as a hydrosystem. From the small hydrosystems that served the
water facilities of the Minoan and Mycenaean palaces gradually Greeks passed to
the creation of larger hydrosystems that supported the everyday life of the glorious
cities of the Classical period. The operation of the new complex hydrosystems was
strongly supported by legislation, institutions and public awareness about water.
The Minoan palace sites (Knossos, Zakros, Malia, etc.) and the city of Athens from
Archaic to Roman period are remarkable examples of such distributed small and
large hydrosystems.

The size and character of the projects are related to the socio-economical
characteristics of the societies. During oligarchic periods, the political situation
favoured the construction of large public works. Those aimed to reflect the
society’s wealth or the power of the sovereign. For example in the case of the
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Eupalinos tunnel, even though cheaper works could be easily constructed to serve
the same purpose, this breakthrough and expensive engineering solution was
chosen perhaps due to an ambition of the local tyrant Polycrates to create a
monument of technology (Koutsoyiannis et al. 2008). On the other hand, during
the period of democracy in Athens, smaller constructions were preferred, such as
cisterns collecting storm water. An advanced institutional framework for the water
use that engaged the citizens to sustainable water management, was an important
part of the hydrosystem management.

Several small scale facilities, related to water use, improved the quality of life in
antiquity. In many cases, these can easily be compared with modern ones.
Lavatories, bathtubs and recreational fountains have been in use since the Minoan
period (e.g. the toilets of the Knossos palace had seats and flushing equipment, and
were connected to sewers; Angelakis et al. 2005) but they were shaped into an
advanced form during the Hellenistic period.
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Yodpoteyvoroyies otnv Apyaio Kpitn
Avéopéag N. Ayyeldrng

EOIATE, Ivauirovto Hpoxleiov, 71307 Hpaxleio kou
Evawon twv AEYA, 41222 Adpioa, info@a-angelakis.gr

Ouota yap wg et 10 Tl T0. uEAAovto, To1g Yeyovoot
Evpiriong, 480-406 n.X.

Amo ™ veoMOikr| emoyn, n vicog Kpntn xoatowkndnke omd dieomopprévovg
mAnBvcpovg, mov {ovoay, eV LEPEL OE OTINALEG GE KATTOL0 ATOGTOCT OTd TNV OKTY,
OAAG Kol 08 OPYOVOUEVOLG OIKIGHOVE. AV Kot TOAD Alya €ival YVOOTH GYETIKG [E
TNV TPOEAEVCT] OVTOV TOV TPAOTMV OTOIKWOV, 1 EVAGYOANCT TOVG UE TNV OyYel-
OTAQIOTIKY KOl SLA(POPOL YELPOTOINTO AVTIKEILEVA VTOJEIKVIOLY MG KOTOYMYT TOVG
v Avotoiio Kot evogyouévmg v Alyvrto, mapd v nrepotiky EAAGSa. Xtnv
apyn ™ Mvotkng meptddov, dnradn apécmng puetd amod to 3200 m.X., o tAnbvoudg
g Kpnmg evioyodnke pe v aeién véov amoikev, icog and ™ Mikpd Acia.
Emumléov, YAOOOIKEC KOl TOTMOVOMIKEG GUYYEVELEG OTOTEAOVV EVOEIEN GUYYEVELNC
tov Kpntikod mAnfuopod pe tovg AovBiovg, mov 6T HEGO-KOL VOTEPO-UIVOIKN
nepiodo, eykatactddnkov otn Mikpd Acia.

Ot tomobecieg TV apyoiny TOAE®V VITOONADVOLY OTL GE TEPLOGOVE EVIOVIG
KOW®VIKNG avATTUENG KOl TOMTIOTIKOV €KPNEEMY, TO TOPASOCIOKA KPLTHpLoL
EMAOYNG TV 0f0eV €yKOTAGTAONG KOl OVATTUENG TOV TOMKOV KOWOVIOV,
oyetiloviav pe Tic duvatdtnTeg auvvag, v koioodnoia, to mepiPdiiov, v
EMAPKELD TPOPDOV Kol KVPI®G TN SfESIUOTNTA VOATIKOV TOP®YV Kol VYEWNS
dwPioong.

Apya10loyikég Kol GAAEC LOPTVPIEG AMOKAADTTOVV OTL, KOTO TN SIGPKEL TNG
Mwowng Eroyng (3200-1100 7.X.), wo moltiopikn ékpnén yopic mponyoduevo
oV totopio TV apyaiov moMTicpov lafe yopo otnv Kpnrn. H cofapn ko
avadLOUEV  «TOMTICUIKY  €kpnény  amd TNV TPOTO-LUIVOIKY  €TOYY, 7OV
TOPUTNPEITOL GTN CLVEXEW, OVOQEPETOL OE TOAAG TOMTIOTIKG KOl EMIGTILOVIKY
0épato, TLUTIKA TOL KOOV HOC, OMMG €lval 1 OPYLTEKTOVIKY], O TOAEOJOMKOG
GYEOIOGUOG, 0 KOWMVIKA avOp®dMTIVOG, LYIEWVOAOYIKOG Kot kKaAaicOntog Tpdmog
{ong, N Tpo0odog ot Yempyia, oTN S0GOTOViK Kol 6T VOLTIALL, 1) TEPPBUALOVTIKT
gvotoOnoia kot Tpootacio Kol GAAA.

Avti N moMtioTikny AvOion MTav EVTovOTEPT KT Tn OSEPKELN TOV GYETIKA
YOYPOV Kol DYP®V TEPIOOMV, OTMS VTOINADVOLV Ol TEYVIKESG, OV ePapUolovTay
Yo T Jlayeipion Tov vePov TNV MEPIOSO OUTH, EQPAMALEG TOV OVTIGTOLY®V
GUYYPOVOV TEXVIKOV SAXEIPIONG TOV VOUTIKOV TOP®V, TV VYP®OV AIOPATOV Kot
g vOporoyiog Tov vrdyelov vepov. ITo cuykekpléva, o1 TEXVIKEG OTEG APOPOVV
To OlKTLO VEPOL KOl KVPIME OLTE OIKIGTIKNAG YPNONGS, TNV KATAOKELT], a&lomoinon
KoL XP1OT EMQPOVEINKADY VEPDV, TO AOVTPE KOl GAAEG OYETIKES KOTUOKEVES
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VYIEWVOAOYIOG, TO GUGTNUATA OTOXETEVONG Kol dtdbeong VYPOV amoPfANTmV Kot
OUPPLOV VEPGOY, TNV ATOKOTAGTOCT Kol ApdEuGeN TG YE®PYIKNG YNG Kot TEAOG TN
LPNON VEPOD Y10 avoryuyT. YOPOLAKE Kot GAAL TEYVIKG £pYOL Yo TV OvVATTLEN Ko
dwyeipton vVOUTIKGOV TOPWV, AOVTPA Kol TOVAAETEG, deapevég amodnkevong Kot
SLOVOLNG VEPOL KOl OOYETEVTIKA dikTVa, cupTepAaUPavorévng TG 61dbeong Tov
EKPOOV TV amoPANTOV, TpwToeppaviloval He SIUPOpES LOPPES Amd TNV TPWOTO-
UIVOIKN TTEPi0d0 Kol UETA.

‘Eva amd ta e&éyovia yopaxtnplotikd tov Mivewkod ToMTIcHoL givar m
OPYLTEKTOVIKT], 1] TOALTAOKOTNTO KOl 1] APIOTN AELTOLPYIKOTNTO TOV GLUGTNHAT®V
vdpgvong (Ek. 1) kou anoyétevong 1V amoPARTOv Kot GLAAOYNG TV OuPplev
VEPAOV GTO, OVAKTOPO, KO OTIG TOAEIS TNG EMOYNG EKEVNG. Zouewva pe tov 'Efavg
(1921-1935), oe oAOKANPN TV 1oTOpiat TOVL AVOpOTIVOL €idOVE, o omd TIG o
a&l100MUEIMTEG KO TPONYUEVEG EMTEDEEIC TOV, NTAV {0MOC TO GLGTHUATO VIPEVONG
Ko aroyérevong e Mwvmikng Emoyms.

:; L4t G N : < g s
Ewova 1 Mukp1| 6Tépva LIVOTKNG ETOYNG Y10 TOV EAEYYO TNG poTg oty TVAI660
Hpaxieiov.

(Small Minoan stone cistern used as sedimentation and flow control tank in the
aqueduct of Tylissos Houses, Iraklion).

Ot Teyvoloyieg VOUTIKAOV TOPWV, TOL OAVOTTUYONKOAV KOl EPAPUOGTNKOV TNV
Mwown epiodo, mapd v dokonr otV e£EMEN TOVG OTIC OKOTEWVEG TEPLOOOVG,
eaivetor OTL akoAovONcay ol aLENTIKY Topeia, TPAYUN TOV TOPUTNPELTAL OTA
£pyo VOUTIKMOV TOPWV KLPIOC HEYOANG KAIuaKOC, Katd TN Jdpkelo Kupimg g
KAaoowmng kot EAAnviotikig mepiodov (Ek.2). H e&EMEN avt cuveylotnke kotd
M Popaikn ko v Evetuen mepiodo katd Tig onoieg mapatnpeitol 1 vAomoinon
£PY®V VOATIKOV TOP®V axoun ueyarvtepng kiipokag (Eik. 3).
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Ewoéva 2 EXnviotic) otépva oty apyaio oA g EAevBepvag, PEBupvo.
(Carved Hellenistic cistern in the ancient town of Eleftherna, Rethymnon, of about
1000 m®).

Ewova 3 Ecotepikd Popaikng Grépvagcnv apyoio wOAN TG Antepa, owtd.
(Interior view of the three- aisled vaulted Roman cistern in the ancient town
Aptera, Chania of about 3000 m®).
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O1 ovyypovol opeihovv va aflomocovy ddaypato amd ta  apyaio £pya,
GYETIKA LIE:

(o) TV apTIOTNTO OYXESIAG OV, KOTAGKELNG KOl AELTOVPYING TOVG,

(B) T ovveyn Aettovpyia Tovg el YIALETIEG,

(Y) ™V TPOGOPUOCTIKOTNTA TOVG OTO TTEPLPAALOV, Kot

(8) ™ SLVYVATOTNTO GLVIVAGLOD TV UPYAIOV TPOKTIKOV UE TO CUYYPOVA HECO
KOl YVADGOELC.

O Gray (1940) omodider mAnpéctoto TNV OTOVOAOTOTO TOV MIVOIKOV
VOPOTEYVOLOYIDY UE TO. aKOAoLOw: «Akodue ovyva va uilovv yio t "ovyypovy
vyLervoloyio” ooy va §Tav KATl ToL aVarTOYOnKe TPOcPOTO KOl POIVETOL VO, DITGPYEL
M0 KpoToDoo. 1060 OTL 1] QOTIKY OTOXETEVOH EIVOL KOTI TOAD GOYYPOVO 7O
kobiepdOnke kdmov oo uéoo. tov televtaiov [19”] advo. Towg ovtés o1 10éeg
TPOOTOHODY VO EVODVOUWDGODY IO KATWS KADOWVIGUEV DIEPHPAVELD, OTO GOYYPOVO
ToMTIOUO [..... |, 0dda otav eletalovior vTo TO PWS THS 16TOPIAS TPOKDTTEL OTL EIVAL
Kabe dlio mopa vées 1 mpoopares. Tlpayuotl, vTO 10 PWS THS 10TOPIAS, TPOKAAEL
KatdmAnén, ov Oyt mKplo, TO YEYOVOS 0TI 0 GVOPWTOS EXEL TPOYXWPHOEL TOGO
elayiora, iows ko xa@olov, oc mepimov TEoOEPIS yiliddes ypovia [.....J. Ot
apyaL0L0YOL EPEVVNTES avTOD TOV [Mivawikod] ywpov puag divovy v gikova ot ol
avBpwmor giyov mTPoywpPHoel TOAD TPOS THY AveTH Kol vyiewvy dofiwon, ue Evoy
101aitepo Pabuc ouopeios kar moivtédeiag [.....J. Kou ovto emrevyOnke mepimov
TEOTEPIC YIALAOES YPOVIQ TPIV.
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On Hydro-Technologies in Ancient Crete, Hellas

A.N. Angelakis

National Foundation for Agricultural Research (N.AG.RE.F.), Institute of
Iraklion, 71307 Iraklion, and Hellenic Water Supply and Sewerage Systems
Association, 41222 Larissa, Hellas, info@a-angelakis.gr

"Probing the past and facing the future"

The history of water supply and wastewater engineering on Crete dates back
more than ca. 4,500 years. From the early Minoan period (ca. 3200-2300 BC)
issues related to water supply were considered of great importance and were
accordingly developed. Archaeological and other evidence indicate that during the
Bronze Age advanced water management and sanitary techniques were practiced in
several settlements in Crete (Angelakis and Koutsoyiannis, 2003). The emergence
of the palaces reveals a remarkable development of water management in the urban
context. Moreover, during the Middle Minoan and the beginning of the Late
Minoan periods (ca. 2000-1500 BC) a “cultural explosion” occurred on the island
(Evans, 1921-1935). A striking indication of this is manifested, inter alia, in the
advanced water management techniques practiced in Crete at that time (Angelakis
et al., 2012). These included various scientific fields of water resources, such as
wells and ground-water hydrology, aqueducts, domestic water supply according to
local condition in terms of climate and geomorphology. Additionally, the
constructions and use of sanitary and purgatory facilities, even the recreational uses
of water, signify attitudes of life and taste (Angelakis and Spyridakis, 2013).
Numerous very advanced and wonderful water and wastewater systems, including
aqueducts, cisterns, filtering systems, rainfall-harvesting systems, terracotta pipes
for water supply, fountains, baths, sewers, and toilets were practiced in several
Minoan palaces and other settlements (Gray, 1940; Angelakis et al., 2005;
Angelakis et al., 2013).

These systems were so advanced that can be compared with the modern systems,
which were established only in the second half of the 19th century in European and
American cities. Thus, Crete became the cradle of one of the most important
civilizations of mankind and the first major civilization in Europe (Angelakis and
Koutsoyiannis, 2003). Later, during the Hellenistic and Roman periods, significant
developments were done by Cretans in hydraulics, such as in the construction and
operation of aqueducts, cisterns, wells, harbors, water supply systems, baths,
toilets, sewerage and drainage systems. Further improvements were achieved by
subsequent Cretan civilizations, mainly by Venetians, by which a further
development of hydro-technologies was achieved (Angelakis et al., 2012).

With a few exceptions, the basis for present day progress in water transfer is
clearly not a recent development, but an extension and refinement of the past. It
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should be noticed that hydraulic technologies in ancient Hellas were not limited to
urban water and wastewater systems.

Different techniques were applied to assure water supply:

(a) Management of spring runoff water and

(b) Transportation and storage of water, according to local conditions.

While the Knossos palace was depending on springs, in the palace of Phaistos
the water supply was depending on a surface runoff system, while at the Zakros
palace a groundwater system was used (Koutsoyiannis and Angelakis, 2003).
Despite this diversity, common construction mastery was applied. The progress in
urban water supply was even more admirable, as witnessed by several agueducts,
cisterns, wells, and other water facilities discovered, including the famous Minoan
aqueducts of Knossos and Tylissos, the cisterns of Zakros, Archanes, Pyrgos and
Tylissos, the wells of Paleokastro, Zakros, and Itanos (e.g. Koutsoyiannis et al.,
2008). These advanced Minoan technologies were expanded to the Greek mainland
in later periods of the Greek civilizations, e.g. in Mycenaean, Archaic, Classical,
Hellenistic and Roman.

It can be suggested that a group of people living in prehistoric Crete were aware
of the principles of technologies relevant to water. This is suggestive of the
existence of master craftsmen responsible for constructing and maintaining the
water supply system of a community. They were concerned with the solution of
some water related problems and were able to provide palaces and settlements with
efficient, even sophisticated water supply systems. To accomplish their goals, this
group of craftsmen obviously possessed at least a rudimentary understanding of
some basic principles, such as flow and friction, of what we call today water and
environmental engineering (Angelakis and Spyridakis, 1996).

In light of these historical and archaeological evidences, it turns out that the
progress of present day in urban water and wastewater technologies as well as in
comfortable and hygienic living is not as significant in terms of evolution as we
tend to believe (Koutsoyiannis and Angelakis, 2003). Many civilizations, which
were great centers of power and culture, were built on locations that could not
support the populations that developed. Now we find ourselves in similar situations
in many places around the world. How do we balance the mega water projects
with the methods of traditional knowledge? Koutsoyannis et al. (2008) explored
the legacies and lessons on urban water management learned from the ancient
Greeks. They summarized the lessons learned as follows:

(@) The meaning of sustainability in modern times should be re-evaluated in
light of ancient public works and management practices. Technological
developments based on sound engineering principles can have extended
life span.

(b) Security, with respect to water, is of critical importance in the
sustainability of a population.

(c) In water-short areas, development of an effective water resources
management program is essential. In addition, when we define ancient
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civilizations, in addition to cultural, recreational and in-family practices,
we should also consider all technological achievements and especially
water resources technologies, as manifested by the relevant remnants.

The use of traditional knowledge does not directly apply techniques of the past
but instead, try “to understand the logic of this model of knowledge” (Laureano,
2007). Traditional knowledge allowed ancient societies to keep ecosystems in
balance, carry out outstanding technical, artistic, and architectural work that has
been universally admired. The use of traditional knowledge has been able to renew
and adapt itself. Traditional knowledge incorporates innovation in a dynamic
fashion, subject to the test of a long term, achieving local and environmental
sustainability. Minoans are considered pioneers in developing the basic water and
wastewater technologies in urban environment, in a sustainable way. Later other
ancient civilizations (e.g. Egyptians, Phoenicians, Greeks, Romans, Mayans, and
Incas) lived in harmony with nature and environment (Mays et al., 2007).

With the increasing worldwide awareness of the importance of water resources
management in the ancient civilizations, the responsibility for organizing the 3nd
IWA International Symposium on Water and Wastewater Technologies in Ancient
Civilizations was undertaken by the IWA Specialist Group (SG). The Symposium
was organized by IWA SG on Water and Wastewater in Ancient Civilizations in
collaboration with the International Water History Association (IWHA) and other
national and international agencies, in Istanbul, Turkey, from 22 to 24 March 2012.

More on this will be presented and discussed during the:

(a) IWA Regional Symposium on Water, Wastewater, and Environment: Traditions
and Culture, Patras, Hellas, March 22-25, 2014,
http://wwetc2014.env.uwg.gr/wms/

(b) 4™ IWA International Symposium on Water and Wastewater Technologies in
Ancient Civilizations, Lima, Peru, March 22-24, 2015.
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"Epyoa. a&lomoinong Tov vroyelon vepov amd Ty apyodTnTe £0¢ G UEPU
Kaaorag Bovéovpng

Epy. Teyvikneg I'ewldoyiag & Yopoyewloyiog, Tunuo ['ewloyiog, Apiorotédeio
Hovemotiuo Osooolovikng. E-mail: kvoudour@geo.auth.gr

1. YodpopootevTika £pya.

T'a v amdAnyn vepod amd Tovg LIOYELOLG VIPOPOPEIG 0 AVOPOTOG UId APYOLOTATOV
YPOVOV KATOOKEDOOE Odpopa £pyd OV OVOUALOVTOL VOPOUOCTEVTIKG £PY0 KO TO
omoia dtokpivovtal og oplloviia Kot g katakopvupa. Ta opilovrtia gival ot yarapieg
6T0£¢ Ko o1 oplovtiol aywyol. Ot mpdTOl O1KIGHOL dnpovpyndnkav kKovtd og mnyéc. O
Aapmpdc moArtioude tov Dilmun (ca. 3200-300 .X.) avamtdydnke oto Mmaypév Kot n
GvOnon Tov opeiletal avapeoa ota dAlo Kot otny mapovaio Tyadv (Dirks et al., 2012).
210 £€mog tov ['Kihykapég avapépeTat OTL Ol TNYEG AVTEG NTa PO BE0V.

Otav ot oavdykeg oavénOnkov, AOY® TNG apOELOUEVNC YE®PYIOG, OPYICE 1
EKUETAAAEVGT] TOV VITOYELOL VEPOD [LE TNV KOTAGKEVT OKAPTAOV TNYASIDV. ATO TNV apyn
g Mivotkng meptodov (emoyn tov Xoaikov, ca. 3200-2300 n.X.) kotackevdcOnikay
£pyo VOPOUACTELONG (TNYAOL, GTEPVES, UY®DYOL) KOl ATOYETEVONG G€ TOAAOVG OIKIGLOVG
g Kpnme. Ipoympnuévn teyvoroyia, mov mepleAdupove WKpd @payuato, Kovarlo,
deapevég (oTépveg), aymOYOUg KOT® omd To TElYN Yoo TN HETOPOPA VEPOV, K.AT.
avortoxdnkov oto viotd tov Atyaiov v Kuvkhadikn mepiodo (ca. 3100-1600 m.X.),
kabmg emiong omv nuepotiky EALGSo ™ Myknvaikny mepiodo (1600-1100 m.X.)
(Koutsoyiannis et al., 2008). Katd v apyaikn (750-480 n.X.) kot KAaoowkr| mepiodo
(ca. 480-323 n.X.) omv EMddo koatockevdobnkav £pyo mopopols He ovTd NG
Mwvowng kot Muknvaikng neptodov. Tlapdaderypo gival to Iewoiotpdrio vopaywyeio
(ca. 510 n.X.) omv opyaioc ABNva, t0 omoio UETEQEPE vePO OO TNYEC KOl PNXOVS
VOPOPOPEIS 6TO KEVTPO TNG TOANG.

Ymv EMnviotikn (ca. 323-146 w.X.) kou Poudikn mepiodo kotackevdcOnkay
nepionuo. vopaywyeio (0voIKTol ay®mYol) TOV UETEPEPAY VEPO GO LEYOAEG ATOCTACELS
oT1g TOAELS, Kupimg and v vdpoudotevon mnyov. Emiong ot Popaior ypnotponoinoay
oe peybio Pabud TG otépveg yio TN ovAloyn vepov. Xt Buvlavtivy mepiodo 1
KOTOOKEL  VOpOyyeimy mopoueAnOnke kot d0ONKe EuQacn OTNV  KOTOOKELY
deapevady Kol oTEPVAOV Yy TN GLAAOYN Ppdyvov vepov. O apyoaiot Aooi
YPNOLLOTOLOVCHY Kupimg opilovtia €pya yuoo TV mpoundeia vepod (Tovvel, yarapies,
vopaywyeio, kavart), oe oviifeon He TN ONUEPIVN EMOYN TOL YPTGLLOTOLOVVTOL
Katakopveo Epya (Pabiéc yemtpnoeic).

Op1lovria €pyo HETOPOPAG KOTOOKEVAGONKAY OTIG TEPLOYEG OOV AvamTTOYON KOV 01
TPADTOL TOMTICUOL. ZNPAYYEC KOL OLy®YOL Y1 TN LETAPOPA VEPOD, EXOVV ovapepPBEl TNV
IMoAawotivy (ca. 1200 w.X.), n Evrmokiveiog onpayyo otn Zdauo, 10 AJdpLavelo
vdpoywyeio (ca. 125 w.X.) yio ™ petapopd vepod amd T ZTuu@aAic oty mEdIVN
Kopwbia, to Adpidveio vdpaywyeio otnv Abfva, omv meployn tov Alov kot Tov
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Apyoug x.6. To apyardtepo vopaywyeio g EALGdaG eivar n onpayya g Zapov, wov
glvar éva amd To HEYOADTEPA EMTEVYHATA TNG Y OPOLAIKNG MNYOVIKNAG GTOVG apyaiovg
xpovoue. H onfpayya oxedidodnke omd tov pnyovikdé Evrmakivo tov 6”7 cdva m.X. (ca.
2500 ypovia mpwv) emi TV MuEP®V ToV TVPAVVOL TTohvkpdtn, pe Baon v Iepown
teyvoroyia. Hrav pia onpayyoe purikovg 1036 m, mov kotackevdotnie oto Adpo Kdotpo
pe okomd va petagépel vepd amd v tnyn Ayidoeg otov okicud ITvbayodpeio (Zy. 1). H
SavolEn g onpayyos Yve e TavTOYPOV EKGKOEN 0TOVG acBecToAiboug Kat amd Tig
Vo mAevpég Tov AOeov. To vepd petapepodTay omd TNV TNYN HE aywyd 6To Xeihog Tng
ONPAYYOG KOL LETO EKLVEITO GTO E0MTEPIKO TNG HE PLOIKY pon}, Ady® KAiong (Voudouris,
2012). Na tovicOei 0TL 1 Te)VIK) avOpuéng Tmv onpdyywv ypnotpuoronke amd tovg
TPOIoTOPIKOVG YPOVOLg otnv apyaio EAAGda. Xtn Aekdvn tng Komoidog (Bowwrtia),
avokoADeOnKke o onpoayye unkovg 2,2 Km pe 16 katakdpveo mnyddio. Avti 1
onpayya katockevacOnke 1o 1450 n.X. ue oKomd TV OmOGTPAYYIoN TNG AEKAVNG, T
omoia TANUpOPILE KOTA TIC VYPES TEPLOOOVE.

MuBaydpeio
S
~.ll
£mimedo
Bdhagoa

Yympo 1: Topn g onpayyac tov EvmaAiivov otn Zdpo.
(Longitudinal section of tunnel of Eupalinos in Samos island).

2. Qanats

To peyaAbtepo emitevyuo GTNV EKUETAAAEVGT] TOV VIOYEIOL VEPOL GTNV OPYOLOTNTO
NTOV 1 KATAGKELT] LILOYEI®V aywydv 1 yolapudv (ganats 1 kanats) mov cuykévipmvay
vepod oamd allovPlokéc amoBéoelg kot poAokd nuoatoyevny meTpodpato  (pryovg
vdpogopeic). Qanats M karez (Agyaviotrav, Tloakiotdv), kanerjing (Kiva), foggara
(Bopeia. Appikny) Tov onuaivel cuetolyio TNyadldY, Eivol EVo GNIOVTIKO TEXVIKO £pYO
v TV Tpounoela vepov. X0 Zyfuo 2 mopovotaleTal To TUALOTO Kol Vo, GKapipn Lo
evog ganat, avtictoya. To ganat sivor po onpayyo mov cuvdéel Ttoug Tuhuéveg vog
GLOTNIOTOG TYOOIDV, TOV HETEQEPAV VEPO OO MMAOPNDIELS OE TEOIVEG TEPLOYEG OOV
VINPYOV OVAYKES, UEPIKEG QOpig o amdotacn moAlmv ytMouétpov (Weingartner,
2007). To vepd Kveiton Katd PUiRKog Tov Tubuéva tng onpayyos pe fopotnta.

H epedpeon tov ganats anodidetor otovg [1époeg Tov ca. 8-10 awmwva w.X. kot 611
ouvéyela d1addnkav (pali pue mv e&dmhmon tov Iohdp) kot eEPeToVGaY VOPEVTIKEG
KoL 0pOEVTIKEG OVAYKEG OTIC XDPeC TS Méang Avatoing, tnv EALGda, v Kompo, v
Ionavia, v ItoMa, v Afyomro, v Awornia, ™ NoOTo Apepikry kot oArov.
Avotolkd tov Ipav (opyaio Ilepoin), to ganats efomidOnkav oto Ilakiotdv,
AQyovieTav Kol KoTd PNKOC TV 04GE®V TOV dpouov Tov petaélov oty Kiva. 1o Ipdv
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aKOUO Kol onpepa yivetor ypnon Tov ganats yio tnv kdAvym UEPOVS TV VOATIKMOV
OVOYKQV.

Ewdéva 1: H ofjpayya tov Evoiivov ot Zdapo (dwt. Bovdovpng, 2011).
(The tunnel of Eupalinos in Samos island).

To apywd M untpucd anyadt (initial 1 mother well) kot n axorovBio Inyadidv etvon
avopuypéva o aAlovfrokég amobécelc kot o mubuévag g onpayyos Ppioketar otnv
emoen pe adamépato tetpdpoto. Xty Eik. 2 gaivetar to apyd wnydadt evog ganat ot
Néa Ziyvn Zeppav g obouavikig meptodov. H onpayya avtod tov ganat £xer pnkog 1
km kol ypnoomoteiton okOpo yio. TV KGALYN VOOTIKOV OVOYK®V TOV OIKIGHOD
(Bapirdxng, 1989). Ovclootikd, EKUETOAAEVETAL TOV PPEATIO DOPOPOPEN TNG TEPLOYNG.

4 N

TMHMA
TMHMA METADQOPAZ EYAAOTHE

YNOTEIO TMHMA

nnyabiua yua emokeur
Kol kaBaplopo

e Gt " SR tAr mETat e S A,{W-xl: t.- K-_- /]
Yyfqua 2: Tuquata evog ganat (Parts of a ganat).
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Ewoéva 2: Qanat otn Néa Ziyvn Zeppov. Apiotepd: ‘Eva  anydadt tov ganat (dort.
Bovdovpng, K.). Ag&id: H onpayya tov ganat (dwt. Avopéov, I'.).
(A well and the tunnel of the ganat in Nea Zichni constructed in the 18" century).

H mopovcia ganats otnv kKAAcG1kn TePiodo Kataypaenke otn Zapo (Likpd T
g Evmodivewag onpayyog) ko petd v OBopovikn xvplopyio otig Zéppec, TOV
Xoptidtn Osocolovikng, ™ Opdkr, k.o. OvcloGTIKG TPOKELTAL Y10 VOPUYWYEID TOV
TUNHO Tovg M| OAOKANpA KaTackevdonkav pe texvoloyior “ganat”. H peyaAdrtepn
onpayyo €ivol auTn TG ZAUoV, 0AAG 1 HEYAADTEPN O GUVOAKO LNKOG (CTpayyd Kot
ayoyde petagopdc) sivonr ovty tov Xoptidm (20 km) pe mopoyxy vepod 80 m/h
(Papacharalampou et al., 2012).

3. Mnyaow

O1 Awydmtior avértuéov cuotipate avopuéng mnyadidv and tig apyég tov ca. 3000
7.X. Or Kwvélot eniong avértu&ay S10tpnTIKd GUGTAUOTA TOV HOIALOVV UE TIG CVYYPOVES
Texvikég. Me Baon ypovordynon C-14 mpoékvye 0TL To apyondtepo Tydadt oty Kiva
kataokevdoOnke 1o étog 3710+125 n.X. H Kataokeun TV mnNyodidv TpoyUoToTolEiTo
pe ta xépla M 1N Ponbeia Lomv Kol TPOTOYOVOV YEPOTOINTOV EPYOAEi®V. YTapyovv
evoeigelg 6t katd t Mok mepiodo (ca. 3500-1200 n.X.) ypnoomombnkav otnv
Kpim mydéodia (pe Babog 10-20 m ko S1dpetpo pikpodtepo omd 5 M) yio v tpoundeia
vepol. Zmv Ayopd g ABvog vapyav TV KAAGGIKN TEPiodo ToAAL Tnyddia, Aoy®
EMeyng mydv Kot xeldppav. Inyddio ypnoiporomdnkoy Kot Kotd Ty EAANVICTIKY
Kot pouaikn tepiodo og ddpopeg meproyéc. O Tovpkog mepmyntig EPAd Toghepnn o
ca. 1600 p.x. xotéypaye 3000 myddie oty meployn g Osocalovikng, to omoia
EKUETOAAEDOVTAV TOV p1YO VOPOPOPEQ.

Ot obyypoveg pébodot didtpnong mnyadidv avartoydnikay otn Avtikny Evponn kot
teAelomomOnKay oA ypnyopa pe v €£EMEN g TtEYvoroyiog. ‘Eva and ta mpmta
ovYYpOVe TNYAdo. oKAeONKe amd povayog kovtd atov Alynpa to ca. 1126 p.X. Apykd
d00nKe £UQOCT OTOV EVIOMIGUO KOl EKUETAAAELOT OPTECIOVAOV VIPOPOPENDY, AOY®
EMenyng texvoroyiog dvtinong vepo (Eiwk. 3).
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Ewkévo 3: Apteotovo mnydadt (Artesian well).

Khieivovtog  emonuoiveton 1 avdykn  ovvinpnong kot avadeiéng  tov
VOPOUACTEVTIKOV E£PYOV TNG apyoudTnTaS, MG HVNUEI®Y 1TNG MOMTIOTIKNAG LOG
KAnpovoudc. EmmAéov, n pelétn tov tpomov emilvong TV VOPELTIKAOV TPOPANUAT®Y
omv apyaidtra Bo fondnoet va emivBolv kot Ta onuePVA TPOPAN AT VIPELONG CGE
TOAAEG TTEPLOYEC.
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The hydraulic works of groundwater exploitation through the centuries
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GR 54124, Thessaloniki, Hellas, kvoudour@geo.auth.gr

Water was one of the most critical issues for the survival of mankind and played an
important role on the creation of the settlements. The ancient civilizations were
dependent upon sophisticated systems of water supply. Human effort was first made to
utilize surface waters and springs and therefore the settlements were close to them
(Tigris, Euphrates, Nile). Groundwater has been a source of water supply since the dawn
of human history and agricultural activity. A spring is the natural emergence of
groundwater, so many springs can be directly used without any digging. The ancient
Greeks, as opposed to other people, avoided living near rivers, probably for protection
from floods and water related diseases, e.g. malaria. The first settlement of many of their
towns was on a hill and the water demands were met by springs. When the water
demands were increased in connection with irrigated agriculture, the groundwater
exploitation was expanded with the construction of ganats and dug wells.

The Romans had constructed water supply systems to transfer water for domestic use
in the cities, as well as for irrigation purposes. The aqueducts that carried water to the
Roman cities from a long distance (100 km) are admirable; the surviving remains of
many aqueducts demonstrate their strong technique. In the Byzantine period, the
construction of aqueducts was abandoned and emphasis was put on the construction of
tanks or cisterns. The tanks and cisterns were constructed in order to collect rain water.
During the Hellenistic and Roman period the water supply of cities relied on the springs
and rivers. In the case of extended dry periods, the water supply was assisted by the
exploitation of groundwater from shallow aquifers.

The greatest achievement in groundwater exploitation by ancient peoples was in the
construction of long galleries or ganats, which collected water from alluvial deposits and
soft sedimentary rocks. Qanats or Kariz, which means chain of wells, are a most
remarkable technology of water supply. They are gently sloping, artificially constructed
underground galleries, which bring groundwater from the mountainous area to the
lowlands where water is needed, sometimes many kilometres away. Many ganats are
still in use stretching from China in the east to Morocco in the west, and even to the
Americas.

At the highest point of the mountain the initial (mother) well is constructed in order
to ascertain the presence of groundwater. A windlass is set up at the ground surface and
the excavated soil is hauled up in buckets. Every 10—30 m, vertical wells (shafts) are dug
for the removal of soil and ventilation of the tunnel. Furthermore, the shafts enable
access for repair-works. Then, a tunnel is constructed downstream with a height of 1.2—2
m and a width of 0.8—1.5 m. Qanat tunnels were hand-dug, just large enough to fit the
person doing the digging. In unstable soils, reinforcing rings are installed in the tunnel to
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prevent cave-ins. The water moves along the bottom of the tunnel. The maximum length
is approximately 40—50 km. The first ganats were constructed in Persia (ancient lIran)
and then spread towards Arabian Peninsula and Egypt. One extensive ganat built about
500 BC in Egypt is said to have irrigated 4700 km? of fertile land west of the Nile. East
of Iran the ganats expanded towards Pakistan, Afghanistan and along the oases of Silk
Road to China. The longest ganat near Zarand, Iran, is 29 km long with a mother well
depth of 96 m and with 966 shafts along its length. The expansion of Islam led to
diffusion of ganats in Mediterranean countries (Spain, Italy, Cyprus etc).

The technique of tunnelling had been used during the prehistoric period in ancient
Greece. In the Kopais basin (Viotia, Greece), a tunnel of length 2.2 km with 16 vertical
wells was discovered. This tunnel was constructed during 1450 BC order to drain the
basin, which would flood during wet periods. The existence of ganats of the classical
period has been recorded in Greece, e.g. Samos and after the occupation by Ottomans in
Serres, Chortiati (Thessaloniki), Thrace etc. The largest tunnel of Greece is the tunnel of
Samos (1 km), but the largest in total length (tunnel and transfer conduit) is that of
Chortiati, Thessaloniki (20 km) with a water discharge of 80 m%h.

The oldest agueduct in Greece is the tunnel of Samos, which is one of the greatest
engineering achievements of ancient times. This tunnel was constructed by Eupalinos
during the sixth century BC (ca. 2500 years ago), based on Persian technology.
Herodotus mentions and describes the existence of the tunnel (1036 m). Delivering fresh
water to growing populations has been an ongoing problem since ancient times.
Therefore, Polycrates, the tyrant of Samos, engaged engineer Eupalinos of Megara to
build a tunnel that would provide his city with a secure water supply. The goal was to
transfer water into the town from a spring that existed at a village, Agiades, northwest
from the city. The tunnel that was built for this purpose was dug through limestone by
two separate teams advancing in a straight line from both sides of the mountain.

Groundwater development dates from ancient times. One of the first wells was dug in
1126 AD by monks near to Lillers. The methods of drilling for water have improved
rapidly during the past 150 years. Well construction in the Near East was accomplished
by man and animal and was aided by hoists and primitive hand tools. Egyptians had
developed drilling systems in rocks as early as 3000 BC. Ancient Chinese also
developed a drilling tool for water wells which, in principle, is similar to modern
machines. Based on the C-14 dating of the well wood, it was concluded that the oldest
well in China was built in 3710 £ 125 BC. There is evidence that, during the Minoan
period (3500—1200 BC) in the island of Crete, wells (with a depth of 10-20 m and
diameter less than 5 m) and springs were used for water supply. Advanced hydraulic
technology, including small dams, channels, cisterns etc was developed in the Aegean
islands during the Cycladic period (3100—1600 BC), as well as on mainland Greece
during the Mycenaean period (1600—1100 BC).

Ancient peoples used mainly horizontal works for water supply (tunnel, galleries,
aqueduct, and ganats) as opposed to using modern vertical works (deep boreholes). The
aforementioned works demonstrate that the ancient people had an outstanding
engineering knowledge of water supply. The study of these works will help solve the
current water problem in many areas.
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"Epya vopevong kot amoyétevong ot Mokedovia
(a6 TOVG TPOIGTOPLKOVS YPOVOLS £MG TN PONAIKY ETOYN)

Miva Kaidpa
Apyoroloyog, Ap. Apyrrexrovikng AI1O
Kapaoéoos I.
Touéag lotopiog Apyrtextovikng, lotopias Téyvng, Apyrtexroving Moppoloyiag
xar Avaotniwong, Tunuo Apyitextovav, [olvteyvikn Zyoin AIIO

H Swyeipion tov vepod ot Moakedovia oyetiletor pe T mepBoriloviikég
GUVONKEG, TO VOPOYPUPIKO TNG TPOPIA Kot TN SOUN| KOl OPYAVOOT) T®V OIKIGTIKOV
mg MHoVAdmv o010 WEPOoUN TV alovav. To mpovoulo v a&lohoyng
VOPOSLVAIKOTNTOC TOL Mokedovikod Ympov avayvopiotnke Mo amd v
apyototTnTo. Avtavoakidtol oe mTAN00C TOTOVOHIK®V, EVE OTOTLVTOONKE Kol otV
apyoio EAANVIKY Ypoupoteio, e TANOmPa avaeopmdV 6To VEPE TOV TOTAUDVY TG,
OV ATEIKOVICONKOV TPOCMTOTONUEVOL GE VOLIGHOTO Kot oyyeia, BgomomOnkay,
TpPav poA0 6T LOHOAOYIKA dpMOUEVE 1] AATPEDTIKAY GE VAOVG.

Koatd tovg mpoicTopikovg ypévovg ot Makedovio to vepd amoteAovoe TV
KaBOPIOTIKY] TOPAUETPO YO TNV KOTOVOUN Kol TNV TOPAUov o éva yopo. Ot
TPOIcTOPIKEG BEGEIC TOGO GTO VEOMBIKO YAPTN, 600 KOl G° EKEIVOV TNG EMOYNS TOL
XoAko0 Kotaypdeovtor dimha o€ avaProlovceg mnyéc, pERATO UOVIUNG PONG,
yelpappovg M otig Oxbec motoudv kot Apuvav. [épa amd tovg cupPatikovg
OIKIGHOVG G€ ¥epoaio mePPAALOV 0 VEOMOIKAC OKIoUOG TOV AGTNALOD NTOV Lo
povipn  eykotdotoon pEca ot AMpvn, mov  avamtOyOnke UE yvOROvVo TNV
TOPUYOYIKN dOVOUN TOV VEP®V TNG. To vepd 6° 0L TOVG TOVG OIKIGHOVS PLAGGGETOL
o€ LeyOAo amobnkevTIKA TOdPL, KOl GTOVIOTEPH HE AGKKOVLS OVOLYHEVOLG GE
adwomépota €04pn. XtV mpoioctopikiy Makedovia n dwayegipion Tov veEPOL dOf
GUGTNOTOTTOLEITOL UE EPYO VTTOSOUNG, OTTMG Y10 TAPASELY O GTOV KPTTOUVKNVOIKO
KOG 0, KaBdg o1 eykatactdoels, o avtifeon pe ekeiveg g N. EALGdac, dev €govv
NV opyavmon kot T doun TOAE®V pe KevTpikn e€ovaia, Uio Lopen eyKOTOIKNONG
nov gpeaviCetol tov 7° at. w.X. Ko edpoidveral otn didpkeio Tov 6°° m.X.

H 7\npng aotikomoinon T@v OKIGTIK®V gyKataotdoemv tng Makedoviog, 1
EQUPUOYT TOV ITTOSAUEIOL GLGTALOTOG KAl 1) TAYIMOT TOV OPYITEKTOVIKAOV TOTWV
OTOVC KAUGLKOVG YPOVOVS, €uvonoav okOUN TEPIGGOTEPO TNV OVATTLEN TOV
vOpaviikdv vrodoudyv. Ta vépaywyeia g Khaokng [Tvdvag, tov Xtaysipmv, 0
Bépelo vopaymyeio g ARPImOANG, MOV KAEIGTOL TOMOL, HE TOVS THAVOLG
COANVEC EMUEADS BOUUEVOVG GTO £60QOC 1) GALOTE TPOCTUTEVUEVOVE GE VITOYELES
Aageopéveg 0to Bpayo oNPOYYEG VO OVOTTOGGOVTIOL e TOAAUTAEC KOUTVADGCELS
TapoKoAoLOOVTOG TO avdyAvpo Tov £ddpovg, tnv OlvvBo 0 vdYEL0g LOPAYWYOC,
amd KOAG GUVOPUOGUEVOLG TTNAOGMANVES, UE OTEG Yo, TOV kabaploud Kot tnv
EKTOVOON TOV EYKAMPIGUEVOL 0P, OTO TEAEVTOIO TUNUO TOV OVOTTUGGOTOV GE
Bolmtn onpayya pe ppedtia aepiouov kot kabopiopov. Katéinye og kpnvaio otnv
axpn ™G TOANG, UE TPLUEPT] VOATOdEEQUEVT, UE KPOLVODG S10pKOVE TAPOYNG 0TV
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pochio. TAELPA TG, 0O Omov To vepPd €pee oe KTIoT afadn, emypmkrn Aekdvn
(Robinson 1938, 1946).

[MoapdAinio pe 1 uoVIEN Kot oTadept| TOPOY TOV VOPUYOYEI®V OTIS KAUGIKEG
woAelg g Moxkedoviag, M TPOKTIKN 1TNG OTOTAUIELONG TOCOTHTWV VEPOD GF
Vo0T00TEYELG AdKKOVS Ko TiBovg dratnpnnie. Apeon Ayn Tov vddTIVOL ayaBov
amd TIC vmoyeleg vopopopieg eacpdMlav myadwo, pe AOOKTIOTN N THAWVY
EMEVOLON, EVD GNUAVTIKO pOLO giyav Kot o1 opPpodeapevég, OMUOGIES 1] IOIWTIKEG,
AmOCYNLES, KVAWVOPIKEG I Kau opBoydvieg. Emiong, mepippavtiplo Kot Aovtnpeg
o€ Owieg ywo TNV KOOMUEPV] VYIEWVI N KOl GE ANTPELTIKOLG YDPOVG, Yol
1EpoTELETTiEG KAOAPUOD OMOTLTOVOVY TN ¥PNOT| TOL VEPOV G€ KaAbe emimedo ™C
kabnuepwng Cong.

Ewéva 1: OhvvBog, aymyog vépaywyeiov.  Ewcova 2: Olvvbog, opPpodeEapeviy
(Olynthus, aqueduct). (Olynthus, “bottle” cistern).

Ao ™V GAAN, OTO ATOYETEVTIKA OIKTLO GUUTEPTAAUPEVOVTOL VTTOYELOL THAVOL
N KTIoTol OmoYETEVTIKOL aymyol, oAAd kot avoyytés aptnpieg dapuyng ouPpiov,
mAeovalOvTov VIGATOV Kol ADHATOV TOV 001 youvTay TeEMKE €0 amd TG TOAELCS,
UEC® EWOIKAOV OLOUOPPOUEVOV OVOLYUAT®V GTOVG OYVPMUATIKODS TEPPOAOLC.
Yynio Babud texyvoyvociog avtovakid to cOGTNHE OXETOV amd KATAKOPLYES
oyopég tpameloeldong Slatopng 6to POPEI0 TUNUO TOV KAUGIKOL TEPPOLOV TG
Apoimoing.

Kotd 100G v61EpOKAAGIKOVS Kol EAANVIOTIKOVG YpOVoLC M avamTuén Tng
vopaviikng otov EAhadkd ydpo emnpéace ko t Mokedovie. Mécsa otovg
AoTIKOTOMUEVOLG  MoKeSOVIKOVG  OIKIGHOVG, HE Kupiopyo Tov Immoddpeto
GYNUATICUO 1 VOPEVOT Kol 1 AmOYXETEVOT|, €lval OAANAEVOETEG LE TIC OPYES TNG
oo TIKNG, TNG ACPALELNS Kot TNG VYLIEWNG. ToUTO KaTaypAQETOL GTIG VOPOVAIKES
VTOJOUES WIOTIKAV OKIDV, AALL Kot SNUOGL®OV GUYKPOTUATOV, OTMG TNG AYOpag
g [Télhag 1| tov [Mvuvaciov g Aueinoing, 6mov kot a&lomolElTUL EMTLYMG M
£00QIKN KATOPEPELQ.
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Ydpaymyeio amd TNAVOUE COAMVES KOAG GUVAPUOGUEVOVG, IE KOVIOUO GTOVG
appovs, eVioyvuévoug e AiBovg vrdpyovv oto Alo, 0AAG kol otV AugimoAn,
OTOV 0 TNALVOG VIPAYMYOS OVTIKOTESTNOE TO OMOLOTLTO KOVOAM TV KAOGIKOV
ypovav (Iikoviog 1997).

Hopddinio pe tov KAaowd TPOmO omOANENG TOL VLOpaymYeiov e pio M
TEPLGGOTEPEG ONUOCIEG KPNVES ot KOUPIKA onueio mov emMPLOVEL KOl GTOLG
EMNVIOTIKOVS ¥POVOLS, KAT® Omd TO 000CTPMOTO, OVOTTOCCOVTOV TAEYLOTO OO
TNAOGOANVEG SL0POP®V SPETP®V EPOSOCUEV TOGO pe AiBovg dtdTpnTovg vId
yovia, 660 Kol pe TRAva Thdpia, Pe opatd UOVO TO KOAVUUEVO U TAGKO OTOULO
toug. E&aopailav tnv avdoyeon g opung Tov vepov, TV oAlayn kotevbvvong
TOV AYOYOV S10VOUNG, VO BEPain glvar 1 xpNon Tovg Kot ®g S1PaVie KoBopiopoD.
Tétoteg vodopég evtomioTnKay oty TOAN T Bépotag, otnv [IéAAa, To Alov.

Ewova 3: [1EAAa, aywyog vdpodiavoung pe Tivo modpt.
(Pella, Distribution pipe).

Yympae 1: [IEAAa, cvotnua Slovoung Kal amoy£Tevong oty Ayopd.
(Pella, Distribution and wastewater system of Agora).
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2T0V¢ PORATKOVS YPOVOVS 1 LOPULAIKY] TEXVOAOYI LE TN GUGTNHOTOTOINGT
TOV EAMVIKOV YVOCE®V, £PO0CE GTO OMOKOPOPOUO TNG EPUPUOYNG TNG. XTN
Maokedovia, omwg akpidg kot oty vrdiown EAAGSa, onuatodotnOnke omd
TOADTAOKEG KOTAUGKEVEG OIGTIKNG VOPOSIOVOUNG, YO TNV TANPESTEPT KAALYT| TOV
aVOYKOV OGS KOWVOUPLOG VOOTPOTIOG, GPPNKTA OEUEVNG HE TN YEVIKELONM NG
ypnong Oepudv Kot Poroveimv, apyITEKTOVIKOV TUT®V 7OV OToLTOOGHV GPTLo
VOPAVAIKT VITOOOUN LE GUVEYN PON TOL VEPOV, eEOCQUMGUEVT] OO TO KEVTPIKA
diktvo (Yegdl 1992). 7 avtéc mpootibevior véa VIPAVAIKG KATAGKEVAGHOTA,
ouvbeta KAmoleg POPEG, OMMC SLOKOGUNTIKOV Yopoktnpo dsfopevéc, impluvia,
KAmoTe 10104TEPQ. TOAVTAOKA, OTIMG EKEIVO 6TO OTtiTL TOL Alovhcov 6T0 Alov , aAAG
Kol ovaPputhiple, OAC  EVIOYUEVO OMOALTO OTO KAIUO TOALTEAEWG KOL
KaAooOnoiag g emoyne.

Tao vopaywyeio oTIC pOUAIKESG TOAELS TS MakedOVIOG NTAV GLUULOPPOUEVO ATTO
TEYVOAOYIKNG KOl KOTOOKEVUGTIKNG GITOYNG LE TO VEX ETLTEDYUOTO TNG VOPUVAIKTS
UNYOVIKNG. YOpayylkd KovOAl, Kopopookemes, erevbepng pong, oto Kepoldpt
™G Apdpag, pe emovaAapPovOoreva EPEATIO ETICKEYNG, LETEQEPE VEPO GTNV TOAN
tov Oinnev (Kpavidt 1989), eved opotdtumo, sivat Kot To TUNUATo, DOpaymysion
omv Toduma kot tn Oépun ot Oeccolovikn, HE AYVOGTO TPOOPICUD, OGS
eniong kot o vopaywyeio oty ‘Edecoa, tov 3°” at. p.X., kot tg Apeiroing. H o
AT KOTOOKELOGTIKT EKOOYN, TOV APTNPLOV 0pOBOYDOVING TOUNG UE EMITEOT KAALYM
QVTITPOCHOTEVETAL  amd To  vopayoyeio 1tng Bépolog, Ttov Agumét g
®eccarovikng, kot tng [Tvdvag (Baiafavidov 2000, [Tétkog 1989).

210 vopaywyeio Tov Alov, TVTIKO HOVTEAO VOPOJOTNONG UG POUATKNG TOANG,
0 VTOYEING MOOKTIOTOC VOATOGTEYNG KOUOPOOKETNG AYWYOS Omd TNYEG OTIG
VIOpeleg Tov OAVUTOV NTOV VTEPYELOG GTO TEAEVLTOIO TOVLAGYIOTOV TUNUO TOV,
OTNV  KOPLET KTIGTOV TOiyov. ATEANYE GE KEVIPIKN KAAX evioyvuévn deapevn
0T0 OVTIKO TElYOC. ATO aVTN TO VEPO SLOYETELOTOV EAEYYOUEVO GTNV TOAN UECH
TPUDV EVOOUATOUEVOV G QT QPEOTI®V, Yo TNV EEY@PLOTH TOpOYT OTIG ONUOGIEG
KpNVeEG, o©T0 ONUOCIE AOVTPE KOl OTIC WOIOTIKEG KATOWKIEG, omd £€va KOAd
0pYOVOUEVO SIKTVLO amOTEAOVUEVO ammd OldomapTec WKPOTEPES Oeauevég 1
TOPYoLg dtovoung oe peretnuéves Bécelg, aAAG Kol TOAD KPOTEPNG KAUOKOG
oToLKElD, OIS YAAKIVOLG KPOUVOLG KOl YOAKIVOLG SIOKOTTEG VEPOD UICTG GTPOPNG
(Kapadédog 1985, 1988, 1990, 1993, 1994, 2000). Aviloyeg VITOSOWUES OTAVTOVY
Kol o GAAEG popaikég moielg tng Makedoviog, €mione omoTEAOVUEVEG OO
TAAMVOLG, OAAG Kot KTIGTOUG 1 LOADPIVOLG aymyoUs, YPTCLULOTOLOVHEVOVS KATH
nepintoon. Ot televtoiol, CLYVOTEPOL MO, EVICYVOVIOV OTOVUG OYKAOVES LE
HOADPOVA GLPOVIL LLOPPTG KOAOVPOL KOVOL 1 UIKPOV KIBmTiov.

[Mopd t1g véeg KoTaKTNoEL 6T dlayEiplon Tov vEPOH OGOV APOPE GTIG UOTIKES
VTOJOUEG, TOGO GTOLG EAANVIOTIKOUG 00O KOl GTOVG POUAIKODS ypdvovus elvon
adldAemTn N xpNom ANYUS®V, KUKAIKNG M opBoy®OVIKNG TOUNG, WLE TOLYMUOTO
KATOTE AOUOPPOTO £MC TNV VTOYEW VOPOPOPic. cuVNO®MG OUMG ETEVOLUEVO
dAhote pe TAVOLG dOKTLATOVG, GAAOTE pe apyoAlBodoun, pe 1 dlymg GuVOETIKO
VAKO, GALOTE O e YOVIaoUEVOUG AiBovg, 68 OTPMGEIS IooDWElG N avicoDYELC.
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Type 2: Alov, vopaywyeio, mnyéc-topeio, aymyog, amdAnén ot deaevn.
(Dion, aqueduct, water sources, water line, castellum divisorium).

Aglypo TponyHEVOL TOATIGLOD Kol TEXVOAOYING, 1) OITOYETEVTIKT VITOSOUT| TV
MokedovIKDY TOAEWV, OTOTEAOVCE GLUVEXN UEPLUVA GE WOIOTIKO Kot ONUOCLO
eninedo. 'Htov katd Kavova [UKTNG AEITOVPYIOG KO VAOTO0VTAY TOPGAANAN LE TN
Y0pa&n T®V 0IKOV apTNPIOV HE TIC HEAETNUEVES KATA KOVOVO KAGELS, dALd Kot
MV Kotaokevn Tov Ktipiov. Kab  oAn 1t Jdidpkelo tov EAAMNVIGTIKGOV Kol
POUATKAOV XpOVOV OV TapPoLclalel HETAPOAEC 00TE O TPOG TO VAIKE doUng ovTe
WG TPOG TNV TuToAoYia, eEgAicoeTol OUMG MG TPOG TOV TPOTO OPYAVMOONG Kol
OYEOLAGLOD TNG.

To amoyetevTika dikTva UE TO TEPAGUA TOV YPOV®V YIvovTal TOAVTAOKOTEPQ,
MOTE VO KOADTTOVY ETAPKMG TIG OAOEVO AVEAVOUEVES OVAYKES TOV OMLLOVPYOVGE 1
yevikevon kot ovamtuén Aovtpov kot faraveiov (Kaidea 2008, 2011, 2012). 'Eva
NNPO TaPAdEYHa givol 1 cOVOETN ATOYETEVTIKT VITOdOUN TV Meydiwv Oepucdv
Tov Alov. Xt0 mAaiclo owtd Kataypdeetol TAN00C OmO AMOYETEVTIKES APTNPIES,
Srchadilopeveg kot EUTAEKOUEVES KATA TEPIMTWOT, LE PPEATIO KOTA SOCTNLLOTA
Y0 TN UEI®ON TOV OCUMDV, TNV OVOYXOITIOTN TS OPUNG VOATOVY Kol AVUAT®V KOl TOV
kaBapiopd. Aafevtég oto @uowd Ppdyo Koiteg, mAAvEG 1N HOALPIVES
COANVOGELS, GALOTE EVOOUATMOUEVEG GTIG TOLYOTOLIES, KTIOTEG OPTNPIES LE KAALYT
eKQOPTILOV TO PLTTOPO TEPIEYOUEVO GE UEYOADTEPOVS KTIGTOVG, TAOKOGKETELG 1)
Bolookeneic afE0TOVg VTOVOLOLE Y0 TNV TEAIKN OTOUAKPLVOT TOV €@ amd TIC
TOAELS, LECH GTOUIV ATOPPONG oTa TElYN. ATO aVTAd, To Wi1dlovso Kot TdAL eivot
N TEPIMTOOT TOV EAANVIOTIKOD GLGTHUOTOG OTOUAKPLVONG opfpiov Kot Avpdtov
670 Popeto teiyog TS AUQITOANG, EXOVIANYT TOV KLOGIKOD TTOV giye emymOet.

ZopumepacpoTikd, ot Maxeddves and v KAootkn enoyr] avETTuEay VOPOSOTIKA
KOl AITOYETEVTIKA O1KTVA GTIC TOAELS TOVG, OV KATA TN SIUPKELN TOV EAANVICTIKOV
KoL POUATKOV XPOVAOV £YIVAY TTLO OPYOVOUEVO, Kol AEITOVPYIKA, GUVAKOAOVOL TV
avayk®v Kol orortoemv g kdbe emoyne (Kaidpo 2008, 2010, 2011). Kdamoteg
eopéc Moy Bovpootod peyéBovc, mAVIO O TPOCHPUOGUEVE GTNV  TOTIKN
VOOTpOTia, OAAG Kol 6T E50QIKA YOPUKTNPIOTIKA TNG TEPLOyNS Tove. H téyvn tov
vepov oe kKaBe Mokedovikn TOAN EQPAPUOCTNKE GE OAOVC TOVG OPYITEKTOVIKOVC
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TOMOVG TAVTA GE oLVOLOCUO HE KEVIPIKA vOpovAukd diktva. 'Eva mAnbog
OTOEI®MV, OTOYETEVTIKOL KOl VOPOSOTIKOL aymyol, PPeAtia, OeUUEVES SoPOp®Y
APNOEDV, KPNVES, VOUTOTLPYOL, GTOLEOBETOVV Lo a&IOAOYT] EKPPOCT] VYNAOD
EMTEOOV TEYVOLOYIOG KOl TOALTIGUOD.

Ewova 4: ApoimoAdr, GOGTNLO ATOYXETEVGT] GTOV BOPELO OYVPMUATIKO TEPIPOAO,
EAANVIGTIKGOV Kol poUATKOV YPOVAV.
(Amfipolis: Wastewater system on north city wall).
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Urban water and waste water systems in ancient Macedonia

A. Kaifa
Archaeologist, PhD of Architecture AUTh
G. Karadedos
Dept. of Architecture, AUTh

Water management in ancient Macedonia has been related to environmental
conditions, hydrographic profile and organization of its settlements over the
centuries.

The privilege of the rich presence of water in Macedonian area has been
recognized since antiquity. That is obvious in ancient Greek literature. Rivers and
streams of Macedonia have been imaged on coins and vases as human figures, have
been taken part in greek myths or have worshiped as gods in temples.

During prehistory water in Macedonia was the most crucial reason for the
distribution and remaining in one place. Prehistoric sites in both Neolithic and
Bronze Age map are listed next to springs, permanent streams or along rivers and
lakes. Apart from these conventional settlements the Neolithic settlement of
Dispilio was a permanent establishment in the middle of the lake, developed due to
the productive power of its waters. The water in these settlements has been stored
in large jars, and cisterns opened in impermeable soils. In prehistoric Macedonia
urban hydraulic networks did not exist, such as in Cretan-Mycenaean world,
because settlements in Macedonia, unlike those in southern Greece, hadn’t been
classified as urban since then. Well organised settlements with government
appeared there since 7th century BC and developed during 6th century BC.

The creation of urban centers, the implementation of Hippodamian system
and the stabilisation of architectural types in Classical time in Macedonia, were
combined with the construction of water supply and waste water systems. The
aqueducts in Pydna, Stagira and Amphipoli were based on the use of clay pipes
buried in the soil or protected in underground tunnels carved into the rock, not to
be exposed to aliens. They were always following topographic contour lines. In
Olynthus water was transported through an underground aqueduct by closed
earthenware pipes, with cleaning and venting holes on their walls. In its latter part
pipes were laid in a vaulted tunnel with cleaning shafts. They were supplying a
fountain at the edge of the town, with a cistern with permanent taps on the front
side, from where the water was flowing into a shallow basin.

Apart from the aqueducts in classical cities of Macedonia, saving water and
vases maintained. Moreover, several wells were used for drawing drinking water,
lined with stone or clay. Alternatively water could have been saved in public or
private cisterns, round, rectangular or of bottle form. On the other hand bathtubs in
homes or in worship places, show the use of water at the level of everyday life.
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In parallel, sewer and drainage systems in Macedonian cities included
underground clay drainage pipes or built channels which were eventually driving
rain water and waste water quantities out of towns, through special shaped
openings in fortifications. An excellent sample of technical experience and
expertise is the sewer system of vertical slits in the north fortification wall of
classical Amphipolis.

During the late Classical and Hellenistic periods, the development of hydraulic
technology in all over Greece influenced Macedonia. The urbanized settlements,
built according to Hippodamian system, developed and applied various
technologies for collecting, transporting and using water from rainfall, surface and
ground resources, always based on the principles of aesthetic, safety and hygiene.
The developement is evidenced in hydraulic infrastructures of private buildings
and public complexes, such as the Agora of Pella gymnasium in Amphipoli.

Advanced hellenistic aqueducts based on clay pipes, well fitted with mortar,
were found in Dion, and Amphipolis. Water distribution systems have been
provided through a network of teracotta piping locating beneath the roads in
various diameters equipped in its way with stoneblocks or earthen jars. These
joints in distribution lines ensured safe water flow and cleaning Such
infrastructures were identified in the town of Veria, in Pella, Dion.

In Roman times, the progress of hydraulic technology was based on the Greek
knowledge. Romans developed high engineering skills and were able to expand
these technologies on large scale projects and improve urban supply and drainage
systems. This definetely is related to the fact that in Roman era baths and latrines
played a major role in the lifestyle and demanded continuous water flow.
Macedonia, under these conditions, also developed water supply, sewerage and
adequate sanitation systems. In addition, new water constructions appeared, such as
decorative pools, fountains or impluvia, sometimes very complicated, like that in
the house of Dionysus at Dion.

Agueduct barrel vault channel, plastered with water proof limemortar, with
cleaning manholes, were receiving water from springs in Kefalari of Drama, and
supplying the city of Philippi, Similar aqueduct line, in which the water was
flowing by gravity, has been found in several places in Toumba and Thermi in
Thessaloniki, with unknown destination. as well as in Edessa and Amphipolis. Free
flow aqueduct channels more simply constructed, flat covered, have been
encountered in Veria, Thessaloniki and Pydna.

In Dion, a typical model of a Roman town water was collected from sources in
the foothills of Mount Olympus and was flowing by gravity through an
underground enclosed vaulted stone built conduit. In its latter part it was built on
an arcade and carried the water to the main distribution tank (castellum) located in
the westside of the town wall. From this tank it was going to town controlled via
three secondary castellums. Pipes of clay or lead were used to branch the supply to
individual customers, public fountains and public baths. The well organized
network was also consisted of smaller cisterns and water-towers in central
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locations. Similar water distribution systems were also found in many other Roman
cities of Macedonia, also consisting of clay or lead pipes.

In addition to the long distance water supply lines the hellenistic and roman
water system included cisterns and especially wells, with circular or rectangular
ground plan, coated with terracotta rings or stone lined

Apart from water supply, Hellenistic and Roman cities were also equipped with
an advanced storm, drainage and sewer systems. They were planned
simultaneously with the development of roads and the construction of buildings.
Throughout the Hellenistic and Roman periods no changes have been shown in
material or types of structure. However, the sewerage networks over the years have
been enriched and have become more complicated according to the growing needs
created by the development of baths and latrines. Earthenware or lead pipes, visible
rockcut tunnels, underfloor stone or brick built channels, invisible vaulted or flat
cover sewers were evacuating the seweage through drainage openings in the
fortifications. Of these, the most peculiar again is the Hellenistic sewers on the
north wall of Amphipolis, which replaced the classic ones.

In conclusion, hydraulic engineering in Macedonia, especially urban water
supply and drainage, occurred during the 6th century BC, related to the appearance
of urban centers in the area. Macedonians since classical times created developed
water supply and sewerage networks in their cities. Urban water supply and
drainage systems in Hellenistic and Roman Macedonia were characterized by a
great technical and functional progress, planned and built in order to cover
everyday needs. They include simple or complicated structures, dealing with the
collection, conveyance, supply and use of water in cities, the drainage of storm
water and control and disposal of wastes. They were always adjusted to the local
culture, geomorphology, topography, hydrological and climatic conditions. It is
well documented that Macedonian engineers, since classical period, had a solid
experience and expertise and the ability to create developed and successful urban
water supply and drainage systems, in every well organized city.
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