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E[ploring Whe operaWion of AWhenV' Hadrianic aqXedXcW

LecWXUe RUgaQi]ed b\ SZediVh IQVWiWXWe aW AWheQV 
29/10/2019

1. SchRRl Rf CiYil EQgiQeeUiQg, NaWiRQal TechQical UQiYeUViW\ Rf AWheQV
2. WaWeU SXSSl\ aQd SeZage CRmSaQ\ (EYDAP AE)

Main WopicV

PreVenWaWion of ancienW Hadrianic h\droV\VWem
� WaWeU VXSSl\ Rf AWheQV fURm ClaVVical WR RRmaQ SeUiRd
� OSeUaWiRQ Rf HadUiaQic h\dURV\VWem
� CRQVWUXcWiRQ Rf Whe WXQQel (h\dUaXlicV)
� WaWeU UeVRXUceV (gURXQd aQd VXUface ZaWeU SRWeQWial)
� WaWeU maQagemeQW (WUaQVSRUWaWiRQ, UeVeUYRiU, ciVWeUQ)
� WaWeU cRQVXmSWiRQ Rf RRmaQ ciW\
� SSecific iVVXeV (KifiVVRV, PeiViVWUaWeaQ YV HadUiaQic)
� S\QRSViV Rf Whe HadUiaQic h\dURV\VWem

EnhancemenW and promoWion of ancienW engineering 
heriWage
� CRRSeUaWiRQ 
� IQfRUmaWiRQ V\VWem
� E[SlRUaWiRQ-iQVSecWiRQ Rf Whe aTXedXcW
� DiVVemiQaWiRQ acWiRQV
� WaWeU XVe 
� ScieQWific UeVeaUch
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RenaWe Toelle-KaVWenbein -
DaV ArchaiVche 
WaVVeleiWXngVneW] fXer AWhen

PeiViVWraWean aqXedXcW 

FURm Whe eaUl\ begiQQiQg Rf Whe AWheQiaQ VWaWe, ZaWeU VcaUciW\ caXVed iQVWiWXWiRQal aQd 
WechQRlRgical adYaQceV, iQ RUdeU WR eQVXUe Whe VXSSl\ Rf Whe ciW\ ZiWh fUeVh ZaWeU.

AWhenV¶ ZaWer VXppl\ before RomanV

SeYeUal aTXedXcWV ZeUe cRQVWUXcWed dXUiQg ClaVVical 
aQd HelleQiVWic SeUiRdV fRUmiQg a QeWZRUk Rf 
ZaWeUZa\V WhaW SURYided ZiWh ZaWeU Whe flRXUiVhiQg 
ciW\ Rf AWheQV (ChiRWiV aQd ChiRWi 2012)

The fiUVW majRU h\dUaXlic SURjecW iQ AWheQV ZaV 
PeiViVWUaWeaQ aTXedXcW cRQVWUXcWed aW Whe eQd Rf 6Wh

ceQWXU\ BC.  The aTXedXcW ZiWh a leQgWh Rf aboXW 8 
km, ZaV caUYed aV a WXQQel aW deSWh UeachiQg 14 m 
aQd cRQYe\ed ZaWeU fURm H\meWWXV aUea 

OWher aqXedXcWV 

WaWer VXppl\ of Roman AWhenV
TR VaWiVf\ Whe iQcUeaVed ZaWeU QeedV Rf AWheQV dXUiQg RRmaQ SeUiRd Whe ZaWeU UeVRXUceV Rf 
VXUURXQdiQg mRXQWaiQV ZeUe e[SlRiWed.  FRU WhaW dXUiQg Whe 2Wh ceQWXU\ AD a laUge Vcale 
h\dURV\VWem ZaV cRQVWUXcWed WhaW iQclXded VeYeUal h\dUaXlic ZRUkV aQd iQ SaUWicXlaU:  

� a 20 km WXQQel aQd abRXW 500 
ZellV WhaW cRllecWed 
XQdeUgURXQd ZaWeU, maiQl\ 
fURm Whe PaUQiWha mRXQWaiQ 
bXW alVR fURm RWheU ViWeV 
alRQg iWV cRXUVe. IW GLIIHUV 
WRWDOO\ IURP RWKHU ZDWHU 
WUDQVSRUWDWLRQ SURMHFWV RI 
WKDW HUD, DV LW ZDV 
FRQVWUXFWHG HQWLUHO\ 
VXEWHUUDQHDQ. 

� laWeUal aTXedXcWV WhaW 
eQUiched Whe maiQ WXQQel iQ 
iWV begiQQiQg bXW alVR alRQg 
iWV URXWe WUaQVSRUWiQg VXUface 
aQd VSUiQg ZaWeU fURm RWheU 
aUeaV 

� KRlRQaki UeVeUYRiW aW L\cabeWXV hill aQd a SiSiQg V\VWem fRU ZaWeU diVWUibXWiRQ WR Whe ciW\
� OWheU VmalleU ZRUkV VXch aV ChalaQdUi ciVWeUQ WhaW ZaV RSeUaWed aV deVilWeU
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WaWer VXppl\ of Roman AWhenV
LaWeral aqXedXcWV 

� KiWhaUa aQd KaU\dia aTXedXcWV 
ZeUe SaUW Rf Whe iQiWial 
h\dURV\VWem aQd Whe\ WUaQVSRUWed 
PaUQiWha¶V VSUiQg ZaWeU WR Whe 
eQWUaQce Rf Whe WXQQel.

� KRkkiQaUa aQd ChalaQdUi
aTXedXcWV iW iV SRVVible WR be 
cRQVWUXcWed iQ Whe Vame SeUiRd WR 
WUaQVSRUW VXUface aQd VSUiQg ZaWeU 
fURm PeQWeli

� The RWheU aTXedXcWV haYe beeQ 
cRQVWUXcWed dXUiQg mRdeUQ WimeV

HadUiaQic aTXedXcW iV a SaUadigm 
Rf UHVLOLHQFH DQG VXVWDLQDELOLW\, aV 
iW ZaV XVed almRVW cRQWiQXRXVl\, 
dXUiQg iWV lRQg hiVWRU\. IW ZaV 
UeSaiUed iQ Whe eQd Rf Whe 19Wh 
ceQWXU\ aQd VXSSRUWed AWheQV¶ 
ZaWeU VXSSl\ XQWLO 1976. EYeQ 
WRda\ iW caUUieV VigQificaQW 
TXaQWiWieV Rf ZaWeU. 

OperaWion of Whe h\droV\VWem
WaWer recoXrVeV-Hadrianic

and laWeral aqXedXcWV
WaWer managemenW-

h\draXlicV, reVerYoir, ciVWern
WaWer conVXmpWion 

of Roman ciW\

�Whe SRWeQWial Rf VXUface aQd 
gURXQd ZaWeU
�Whe iQWeUacWiRQ beWZeeQ WXQQel 
aQd gURXQd ZaWeU 

�Whe h\dUaXlic RSeUaWiRQ Rf Whe 
aTXedXcW
�Whe RSeUaWiRQ Rf KRlRQaki
UeVeUYRiU? 
�Whe RSeUaWiRQ Rf ChalaQdUi
CiVWeUQ

�Whe ZaWeU demaQd Rf Whe 
RRmaQ ciW\
�VWRUage caSaciW\ Rf 
ciVWeUQV iQ Whe ciW\

IVVXeV WhaW mXVW be 
reVearched

WhaW ZaV?
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13.9 m
15.5 m

64 m

0.6[0.8 m

0.6[0.8 m

RecWangXlar Well 278
RecWangXlar Well 279

TXnnel 278-279

The conVWrXcWion
The WXQQel ZaV cRQVWUXcWed XViQg Whe WechQiTXe Rf VXcceVViYe ZellV, Zhich ZeUe dXg eYeU\ 40 m 
RQ aYeUage. The miQimXm diVWaQce iV 35-37 m bXW iQ maQ\ aUeaV Whe diVWaQce iV mXch lRQgeU (eg
ZheQ cURVViQg VWUeamV). TRda\ 367 ZellV haYe beeQ UegiVWeUed aQd iW iV SURbable WhaW maQ\ Rf Whe 
aQcieQW iQiWial ZellV ZeUe abRliVhed b\ Whe RRmaQV.

GroXnd leYel

Well 278
13.9 m

Well 279
15.5 m

Well 280
17 m

Well 277
12.2 m

279-278: 64 m

277-278: 62 m

280-279: 65 m

The conVWrXcWion
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The conVWrXcWion

Ɣ The caUYed XQdeUgURXQd WXQQel (cRaWed RU XQcRaWed) haV aQ aYeUage VecWiRQ Rf 0.50 m Zide 
and 1.20 m high; hRZeYeU, Whe heighW caQ lRcall\ Ueach 2 m RU eYeQ mRUe. 

Ɣ AUWificial URRf VXSSRUW cRQViVWV XVXall\ Rf SUefabUicaWed WeUUacRWWa SieceV, eiWheU Rf RUWhRgRQal 
SlaWeV RU Rf cXUYed bUickV. SRme imSUeVViYe cRQVWUXcWiRQ deWailV aUe (a) cRllecWiQg ZaWeU fURm 
Whe ZallV, Whe mRXQWiQg Rf Whe URRf, aQd (b) Whe flRZ UaWe cRQWURl WhURXgh lRcal leYel 
deSUeVViRQ RU Vmall VhafW iQcXUYaWiRQ.
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The conVWrXcWion
Profile of Whe aqXedXcW from Ol\mpic Yillage Wo AgioV DemeWrioV

GURXQG OHYHO

NXmbeU Rf Zell
DiVWaQce fURm AgiRV DemeWUiRV (km)
AlWiWXde Rf WXQQel (m)

IW iV QRWed WhaW 316 ZellV aUe deSicWed alRQg Whe 
WXQQel iQ RldeU VecWiRQV, ZiWh Whe fRllRZiQg deSWhV: 
� 21 ZellV (6.7%) aUe VhallRZeU WhaQ 10 m, 
� 118 (37.3%) UaQge beWZeeQ 10 m aQd 20 m, 
� 113 (35.8%) beWZeeQ 20 m aQd 30 m, aQd 
� 64 ZellV (20.2%) aUe deeSeU WhaQ 30 m, ZiWh Whe 

deeSeVW RQe beiQg 41.4 m. 
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GroXnd ZaWer poWenWial

QXaWernar\ WalXV 
VedimenWV

Older fooWhill 
coneV

Pikermian red 
VedimenWV

Kalogre]a miocene
VedimenWV ZiWh ligniWeV

AWhenian 
SchiVWV

Pikermian red 
VedimenWV

WaWer recoXrVeV

� CKLRWLV, E.D. DQG CKLRWL, L.E. 2012. WaWeU VXSSl\ Rf AWheQV iQ aQWiTXiW\. IQ EYROXWLRQ RI :DWHU SXSSO\ TKURXJK WKH MLOOHQQLD, edV. A.N.
AQgelakiV, L.W. Ma\V, D. KRXWVR\iaQQiV, aQd N. MamaVViV, IWA PXbliVhiQg, LRQdRQ, SS. 407±442.

� CKLRWLV, E.D. DQG MDULQRV, P.G. 2012. GeRlRgical aVSecWV RQ Whe VXVWaiQabiliW\ Rf aQcieQW aTXedXcWV Rf AWheQV, BXlleWiQ Rf Whe GeRlRgical
SRcieW\ Rf GUeece, 46:16±38, hWWS://ZZZ.geRVRcieW\.gU/imageV/QeZV_fleV/EGE_XLVI/2_CHIOTIS_S16-38.Sdf.

InfloZ of ZaWer

InfloZ of ZaWer
in a deep Zell

GroXnd ZaWer poWenWial
WaWer recoXrVeV

The cRQWiQXRXV iQfilWUaWiRQ Rf gURXQdZaWeU 
flRZiQg fURm Whe ZellV aQd Whe WXQQel ZallV iV 
SUeVeQWl\ RbYiRXV.
IW iV lRcall\ aVVRciaWed ZiWh iQcUXVWaWiRQ Rf 
calciWe, SaUWicXlaUl\ iQ Whe URRfed VecWiRQV Rf 
lRRVe VedimeQWV. 
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15.1 km2

57.6 km2

10.5 km2

20.3 km2

WaWer baVinV poWenWial 

Baribobi

N. KifiVVoV

KokkinaraV

Chalandri

SXrface 
WaWer

(hm3/\) 

GroXnd 
WaWer

(hm3/\) 
BaVin

1.8-2

5.1-5.8

0.9-1.1

1.4-1.5

0.8-2

2.2-6.2

0.4-1.1

0.6-1.6

Baribobi

NorWhern KifiVVoV

Kokkinara

Chalandri

WaWer recoXrVeV

IQLWLDO JURVV HVWLPDWLRQV

MRUH GHWDLOHG PRGHOOLQJ 
LV QHHGHG

MeaVXremenWV in Zell 18ǹ, monWhl\ YalXeV (m3)
Time period: 1/1997-9/1999

MeaQ dail\ diVchaUge: 4733 m3/d - 55 l/V
EVWimaWed aQQXal ZaWeU YRlXme: 1.7 hm3

AnnXal ZiWhdraZalV (hm3) from Hadrianic and Kokkinara aqXedXcWV 
for ZaWer VXppl\ of AWhenV (1941-44 and 1952-76)

MeaQ aQQXal diVchaUge Rf HadUiaQic: 
1.6 hm3/\ - 4470 m3/d - 186 m3/hU - 52 l/V
Ma[imXm aQQXal diVchaUge Rf HadUiaQic: 

4.0 hm3/\ -10890 m3/d - 453 m3/hU-126 l/V
Ma[imXm aQQXal diVchaUge Rf bRWh aTXedXcWV: 

5.2 hm3/\ - 14379 m3/d -599 m3/hU - 166 l/V

The diVcharge aW Zell 275 ZaV 
meaVXred 86 l/V-7440 m3/d (11/2013)

MeaVXremenWV and eVWimaWionV of Whe ZaWer poWenWial
WaWer recoXrVeV

KRkkiQaUa
TRWal

HadUiaQic
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WaWer managemenW
TranVporWaWion-YelociWieV

AccRUdiQg WR h\dUaXlic aQal\ViV  Whe ZaWeU Qeeded 8-9 hoXrV (deSeQdiQg RQ Whe 
diVchaUge) WR be WUaQVSRUWed fURm Whe VWaUW Rf Whe WXQQel WR KRlRQaki UeVeUYRiU 

SRXUce Rf dUaZiQgV :
ULEN, 1934

WaWeU iQflRZ 
fURm aTXedXcW

WaWeU RXWflRZ WR Whe ciW\

Top YieZ and croVV VecWion of reconVWrXcWed reVerYoir 

CaSaciW\ Rf UecRQVWUXcWed UeVeUYRiU:
26.09 m*9.36 m*1,85 m=452 m3

WaWer managemenW
Hadrianic UeVerYoir aW Kolonaki
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WaWer infloZ 
from aqXedXcW

WaWer oXWfloZ 
Wo Whe ciW\

Hadrianic reVerYoir aW Kolonaki
WaWer managemenW

PhoWo 2

VieZ of phoWo 1

VieZ of phoWo 2

VieZ of phoWoV 3, 4
PhoWo 1 PhoWo 3

PhoWo 4

PreVenW-da\ 
oXWfloZ pipeV

CaSaciW\ Rf UecRQVWUXcWed 
UeVeUYRiU 26.20 m*9,35 m*1.9 m=465 m3

24.5 m*10.1 m*1.8 m=445 m3

Leigh, 1998

CaSaciW\ Rf aQcieQW UeVeUYRiU LabegXe,  1871

26.09 m*9.36 m*1,85 m=452 m3 ULEN draZingV, 1934

� OXWflRZ Rf ZaWeU XViQg a lead SiSe ZiWh diameWeU = 0.18 m (Leigh, 1998- ZilleU, 1877)
� DiffeUeQW RSiQiRQ: KRUdelaV, 1879: TZR elliSWical SiSeV ZiWh XQkQRZQ diameWeU

AUea Rf ciUcXlaU SiSe (d = 0.18 m): ǹ = ʌ d2/4 
= 0.025 m2

EVWimaWiRQ Rf RQe ciUcXlaU SiSeV diVchaUge: 
Qǯ =ȝ (2 g h)0.5 A =  0.105 m3/V (ȝ=0.7).
IW iV eqXiYalenW Wo 9070 m3/d

AUea Rf elliSWical SiSe (Į = 0.18 m țĮȚ ȕ= 0.12 
m): ǹ = ʌ Į ȕ/4 = 0.017 m2

EVWimaWiRQ Rf WZR elliSWical SiSeV diVchaUge: 
Qǯ =ȝ (2 g h)0.5 A =  0.14 m3/V (ȝ=0.7).
IW iV eqXiYalenW Wo 12100 m3/d

CapaciW\ of ZaWer pipeV WhaW fed Whe ciW\ 

WaWer managemenW
Hadrianic reVerYoir aW Kolonaki
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FUagmeQW Rf Whe iQVcUiSWiRQ ZaV XVed iQ Whe 
eaVWeUQ gaWe Rf AWheQV WhaW ZaV cRQVWUXcWed  
dXUiQg 18Wh ceQWXU\ b\ Whe OWWRmaQV, (ZaWeU 
cRlRU SaiQWiQg b\ Ǽ. DRdZell)

FUagmeQW Rf Whe iQVcUiSWiRQ iV 
lRcaWed WR NaWiRQal GaUdeQ Rf 

AWheQV

Hadrianic reVerYoir aW Kolonaki
WaWer managemenW

EnWrance of ancienW reVerYoir 
IMP CAESAR T AELI9S (HADRIAN9S ANTONIN9S) 

A9G PI9S COS III TRIB POT II PP AQ9AED9CT9M IN NO9IS 

(ATHENIS COEPT9M A DI9O HADRIANO PATRE S9O) 

CONS9MMA9IT (DEDICA9ITQ9E) 

SRXUFH: LHLJK,  1998

The inVcripWion

WaWer infloZ from Chalandri VWream

WaWer oXWfloZ Wo Hadrianic aqXedXcW (Well 102)

DLDPHWHU 2.5 P, DHSWK: 2 P, 9ROXPH 12 P3

Chalandri ciVWern
ChalaQdUi VWUeam WUaQVSRUWed VXUface aQd VSUiQg ZaWeUV 
fURm PeQdeli mRXQWaiQV WR eQUich HadUiaQic aTXedXcW. 
A Vmall aTXedXcW cRllecWV ChalaQdUi ZaWeUV aQd feedV a 
Vmall ciVWeUQ WhaW iV a deVilWeU. FURm ciVWeUQ a Vmall 
WXQQel leadV Whe RYeUflRZed ZaWeU WR Zell 102 aQd WR 
HadUiaQic aTXedXcW WhaW aW WhiV SRiQW SaVVeV 12 m belRZ 
Whe VWUeam.

WaWer oYerfloZ Wo Hadrianic aqXedXcW (Well 102)

WaWer managemenW
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Chalandri ciVWern
E[ploraWion of WXnnelV

WaWer managemenW

E[caYaWion of 
ciVWern

DomeVWic XVe in \ear 2010 (liWerV per capiWa per da\)
WaWer conVXmpWion

AW Whe begiQQiQg Rf 21Wh ceQWXU\ Whe TXaQWiW\ Rf 20 l/c/d 
fRU dRmeVWic h\gieQe SXUSRVeV fURm a VRXUce lRcaWed 
ZiWhiQ 1 km Rf a SeUVRQ¶V dZelliQg iV cRQVideUed aV Whe 
minimXm amoXnW of ZaWer WhaW a perVon can VXrYiYe 
(WHO /UNICEF, 2000).  ThiV UeTXiUemeQW ZaV fXlfilled 
fRU Whe 82% Rf Whe glRbal SRSXlaWiRQ iQ \eaU 2000. 

IQ Whe conWemporar\ ciW\ of AWhenV Whe dRmeVWic ZaWeU 
cRQVXmSWiRQ iV abRXW 300 l/c/d a TXaQWiW\ WhaW iQclXde lRVVeV

AccRUdiQg WR Gleick, 1986 aW 
leaVW 50 l/c/d aUe UeTXiUed WR 
meeW hXmaQ QeedV, Qamel\: 
5 l/c/d fRU dUiQkiQg, 
10 l/c/d fRU fRRd SUeSaUaWiRQ, 
15 l/c/d fRU baWhiQg aQd 
20 l/c/d fRU VaQiWaWiRQ
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AccRUdiQg WR Ma\V eW al., 2012,  Whe ZaWeU cRQVXmSWiRQ iQ aQcieQW cRmmXQiWieV WhaW had 
QR diUecW acceVV WR ZaWeU UeVRXUce ZaV eVWimaWed WR 10-20 l/cap/d aQd eVSeciall\ fRU Whe 
ciW\ Rf JeUXValem iQ 1000 BC ZaV eVWimaWed WR 20 l/cap/d

A PLQLPXP UHTXLUHPHQW RI 40 O/G SHU KRXVHKROG UeVXlWV fURm Whe legiVlaWiRQ Rf SRlRQ, 
iQ Whe begiQQiQg Rf Whe 6Wh ceQWXU\ BC (KRXWVR\iaQQiV aQd MamaVViV, 2018). 
³SLQFH WKH DUHD LV QRW VXIILFLHQWO\ VXSSOLHG ZLWK ZDWHU, HLWKHU IURP FRQWLQXRXV IORZ 
ULYHUV, RU ODNHV RU ULFK VSULQJV, EXW PRVW SHRSOH XVHG DUWLILFLDO ZHOOV, SRORQ PDGH D ODZ, 
WKDW, 
� ZKHUH WKHUH ZDV D SXEOLF ZHOO ZLWKLQ D KLSSLFRQ, WKDW LV, IRXU VWDGLD >710 P@, DOO 

VKRXOG XVH WKDW; 
� EXW ZKHQ LW ZDV IDUWKHU RII, WKH\ VKRXOG WU\ DQG SURFXUH ZDWHU RI WKHLU RZQ; 
� DQG LI WKH\ KDG GXJ WHQ IDWKRPV >18.3 P@ GHHS DQG FRXOG ILQG QR ZDWHU, WKH\ KDG 

OLEHUW\ WR IHWFK D K\GULD (SLWFKHU) RI VL[ FKRDH >20 L@ WZLFH D GD\ IURP WKHLU 
QHLJKERXUV; 

IRU KH WKRXJKW LW SUXGHQW WR PDNH SURYLVLRQ DJDLQVW QHHG, EXW QRW WR VXSSO\ OD]LQHVV.´

SRXUFH: POXWDUFK, SRORQ, 23. 7UDQVODWLRQ E\ JRKQ DU\GHQ (KWWS://FODVVLFV.PLW.HGX/ 
POXWDUFK/VRORQ.KWPO) DIWHU DGDSWDWLRQ.

WaWer conVXmpWion
WaWer needV in AncienW Zorld

EVWimaWion of ZaWer conVXmpWion in AncienW Rome

ThoXVandV m3

per da\ per XVe

PercenWage per XVe

CDHVDU
(RXWVLGH 
WKH FLW\)

PULYDWH 
SDUWLHV 
(RXWVLGH 
WKH FLW\)

CDHVDU PULYDWH 
SDUWLHV

95 SXEOLF 
ZRUNV-
EDWKV

591 
FLVWHUQV 

IRU 
GRPHVWLF 

XVH

39 
IRXQWD

LQV

�TRWal ZaWeU cRQVXmSWiRQ ZaV 
eVWimaWed WR 14,018 TXLQDULDH
(aboXW 550,000 m3) SeU da\. 
�25% XVed b\ CaeVaU aQd 45% WR 
XSSeU claVV UeVideQceV. WiWh 
WheVe TXaQWiWieV, hXQdUedV Rf 
WhRXVaQdV Rf VlaYeV ZeUe alVR 
fed. 
�The 591 middle- aQd lRZeU-claVV 
ZaWeU ciVWeUQV VeUYed 
aSSUR[imaWel\ 900 UeVideQWV 
each, a popXlaWion of 530,000.
SR dRmeVWic cRQVXmSWiRQ iQ 
WheVe QeighbRUhRRdV iV eVWimaWed 
Wo 85 l/cap/d.
�IQ addiWiRQ, Whe\ alVR had acceVV 
WR SXblic ZaWeU cRQVXmSWiRQ 
(baWhV, fRXQWaiQV, baWWleVhiSV) 
Zhich cRUUeVSRQdV WR anoWher 
200 l/cap/d 

MLOLWDU\ 
FDPSV

WaWer conVXmpWion

Se[WXV IXliXV FronWinXV, DH ATXDHGXFWX 8UELV 
RRPDH, On Whe ZaWer managemenW of Whe ciW\ 
of Rome. TranVlaWed b\ R. H. RodgerV, The 
UniYerViW\ of VermonW 

CDHVDU (RXWVLGH WKH FLW\)
PULYDWH SDUWLHV (RXWVLGH WKH FLW\)
CDHVDU
PULYDWH SDUWLHV

95 SXEOLF ZRUNV-EDWKV

591 FLVWHUQV IRU GRPHVWLF XVH
39 IRXQWDLQV

MLOLWDU\ FDPSV
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EVWimaWion of popXlaWion

ToWal area
234 ha

SeYeUal eVWimaWiRQV caQ be fRXQd iQ Whe liWeUaWXUe, WhaW UelaWe Whe aUea Rf Whe ciW\ ZiWh 
SRSXlaWiRQ iQ perVonV per hecWare. IQdicaWiYe aUe: 
� AQcieQW MeVRSRWamia 300-500 S/KD (FUaQkfRUW, 1950); 
� Ale[aQdUia 326 S/KD, DiRdRUXV SicXlXV (17.52.6); 
� PRmSe\  100-150 S/KD
� EXURSeaQ ciWieV 14-19Ƞȣ ceQWXU\ 100-500 S/KD, MRlV, 1955; 
� MedieYal EXURSe 100-200 S/KD, RXVVell, 1958; 
� AccRUdiQg WR HiSSRdameiaQ V\VWem iQ PiUaeXV a blRck Rf 8 UeVideQceV iQ HelleQiVWic SeUiRd 

ZiWh WRWal 40 dZelleUV haV aQ aUea Rf 0.2 ha. ThaW giYeV a SRSXlaWiRQ deQViW\ Rf 200 S/KD. 

WaWer conVXmpWion

PopXlaWion

To
Wa

l d
ai

l\
 

co
nV

Xm
pW

io
n 

(m
3 )

ToWal dail\ ZaWer conVXmpWion (m3) for YarioXV VcenarioV of 
popXlaWion and dail\ demand per capiWa

Dail\ demand per capiWa (l/c/d)

The ZaWer recoXrVeV are VXfficienW Wo coYer ZaWer conVXmpWion eYen 
in VcenarioV ZiWh high YalXeV of popXlaWion and ZaWer demand

WaWer conVXmpWion
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Specific iVVXeV
KifiVVoV paVVage

The WXQQel SaVV VXcceVVfXll\  belRZ KifiVVRV RiYeU aQd RWheU VWUeamV 
:K\ RRPDQV GLGQ'W FRQVWUXFW ZDWHU EULGJHV?

Did RomanV folloZ Whe Greek Za\?
PeiViVWraWean YerVXV Hadrianic

Hadrianic
CRQVWUXcWiRQ SeUiRd: 2Wh ceQWXU\ AD
DUaiQiQg WXQQel
Fed alVR fURm PaUQiWha VSUiQgV aQd laWeUal 
aTXedXcWV
LeQgWh: 20 km

Ma[imXm deSWh: 41 m
SXVWaiQable RSeUaWiRQ (MRdeUQ AWheQV ZaWeU 
VXSSl\ 1870-1976)

PeiViVWraWean
CRQVWUXcWiRQ SeUiRd: 6Wh-4Wh ceQWXU\ BC
DUaiQiQg WXQQel
Fed alVR fURm H\meWWXV VSUiQgV aQd laWeUal 
aTXedXcWV
LeQgWh: 8 km
Ma[imXm deSWh: 14 m
SXVWaiQable RSeUaWiRQ (iUUigaWiRQ Rf NaWiRQal 
GaUdeQ 1875-SUeVeQW)

Specific iVVXeV
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Did RomanV folloZ Whe Greek Za\?

PeiViVWraWean YerVXV Hadrianic

Specific iVVXeV

WaWer recoXrVeV
More Whan 10.000 m3/d

ReVerYoir capaciW\
450 m3

WaWer conVXmpWion of 
Whe ciW\

5.000-10.000 m3/d

S\nopViV

CapaciW\ of pipe WhaW WranVferred Whe 
ZaWer Wo Whe ciW\: 9.000-12.000 m3/dTKH OLPLWHG UHVHUYRLU FDSDFLW\ (FRXOG VWRUH 

WKH LQIORZV RI 1-2 KRXUV) SURYHV WKDW LW ZDV 
UHJXODWRU\ (CDVWHOOXP GLYLVRULXP).

TKH K\GUDXOLF RSHUDWLRQ RI WKH V\VWHP ZDV 
VLPLODU WR WKDW RI D VSULQJ WKDW KDV EHHQ 

³WUDQVIHUUHG´ WR L\FDEHWWXV KLOO

OperaWional figXreV 
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S\nopViV

� The cRQWUibXWiRQ Rf Whe aTXedXcW WR Whe ciW\ Rf AWheQV iV diachronic aQd UeflecWV a WimeleVV
YalXe Rf Whe aQcieQW h\dUaXlic ZRUkV. E[SlRiWiQg Whe WechQRlRg\ aQd maWeUialV Rf iWV age, iW
ZaV XVed aV Whe maiQ VRXUce Rf AWheQV' ZaWeU VXSSl\, abRXW1800 \eaUV afWeU iWV cRQVWUXcWiRQ.

� AQcieQW GUeek h\dUaXlic cRQVWUXcWiRQV ZeUe mRVWl\ XndergroXnd iQ cRQWUaVW WR laWeU
RRmaQ RQeV. IQ caVe Rf HadUiaQic Roman engineerV e[ploiWed Whe local e[perience.
AQcieQW VXbWeUUaQeaQ h\dUaXlic ZRUkV all RYeU Whe ZRUld aUe chaUacWeUi]ed b\ endXrance
and VXVWainabiliW\, aV be SUeVeUYed beWWeU aQd iQ maQ\ caVeV haYe a lRQg-WeUm RSeUaWiRQ.
IQ cRQWUaVW VXUface aTXedXcWV Rf Whe Vame age haYe beeQ alUead\ deVWUR\ed.

� AW Whe Wime Rf iWV cRQVWUXcWiRQ, Whe HadUiaQic ATXedXcW ZaV caSable Rf deliYeUiQg ZaWeU
TXaQWiWieV WhaW WRda\ meeW Whe ZaWeU QeedV of a modern ciW\ of aboXW 50.000 inhabiWanWV.
The UeVeUYRiU ZaV able WR VWRUe Whe iQflRZ Rf RQl\ 1-2 hRXUV, VR Whe ZaWeU SURbabl\ ZaV
VWRUed iQ Whe ciW\'V VmalleU ciVWeUQV aQd QXmeURXV baWhV, RU UaQ abXQdaQWl\ iQ N\mShaea.
CRQVeTXeQWl\, Whe RSeUaWiRQ Rf Whe h\dURV\VWem Vk\URckeWed Whe liYing VWandardV iQ
RRmaQ AWheQV.

� TRda\ Whe ZaWeU Rf Whe aTXedXcW iV eTXiYaleQW WR abRXW 1% of Whe ZaWer demand Rf
mRdeUQ ciW\ Rf AWheQV. AlWhRXgh Whe e[SlRiWaWiRQ Rf ZaWeU iV QRW a SUiRUiW\ fRU Whe ZaWeU
VXSSl\ cRmSaQ\, Whe iQViVWeQce Rf Whe aTXedXcW WR caUU\ ZaWeU SURYeV Whe VXVWainabiliW\ Rf
Whe VWUXcWXUe.

� The eQhaQcemeQW aQd SURmRWiRQ Rf HadUiaQic h\dURV\VWem iV aQ obligaWion Rf Whe mRdeUQ
ciW\ Rf AWheQV aQd a WribXWe WR aQcieQW GUecR-RRmaQ ZaWeU WechQRlRg\

IVVXeV WhaW mXVW be emphaVi]ed

CooperaWion of VeYeral VWakeholderV

DXUiQg Whe laVW SeUiRd, VeYeUal acWiRQV ZeUe dRQe WR e[hibiW WhiV XQiTXe h\dUaXlic ZRUk WR 
e[SeUWV aQd WR Whe SXblic. AmRQg Whem, Whe V\VWemaWic e[SlRUaWiRQ Rf Whe aTXedXcW, Whe Zeb 
daWabaVe deYelRSmeQW aQd Whe h\dURlRgical - h\dUaXlic VimXlaWiRQ Rf Whe h\dURV\VWem, mXVW 
be meQWiRQed. FRU WheVe acWiRQV, aQ iQWeUdiVciSliQaU\ cRRSeUaWiRQ ZaV eVWabliVhed amRQg Whe 
fRllRZiQg VWakehRldeUV: 
� The WaWeU SXSSl\ aQd SeZage CRmSaQ\ Rf AWheQV EYDAP SA
� WhUee EShRUaWeV Rf AQWiTXiWieV (WeVW AWWica, EaVW AWWica aQd CiW\ Rf AWheQV )
� Whe NaWiRQal TechQical UQiYeUViW\ Rf AWheQV. 

The Qe[W VWeSV WhaW haYe beeQ VchedXled iQclXde Whe: 
� UeVWRUaWiRQ aQd maiQWeQaQce ZRUkV iQ VSecific SaUWV Rf Whe aTXedXcW, 
� e[SlRiWaWiRQ Rf ZaWeU fRU SXblic XVe aQd 
� SURmRWiRQ Rf Whe SURjecW aQd SURYidiQg acceVVibiliW\ WR VSecific ViWeV Rf Whe WXQQel.

TRda\ HadUiaQ’V aTXedXcW iV concXrrenWl\ 
� aQ aQcieQW mRQXmeQW, 
� a ZiWhdUaZQ (bXW VWill aYailable) ZaWeU UeVRXUce aQd 
� a UeVilieQW aQd VXVWaiQable laUge-Vcale h\dUaXlic V\VWem, WhaW iW ZRUWh WR be VWXdied 

fRU edXcaWiRQal aQd UeVeaUch SXUSRVeV.

EnhancemenW and PromoWion 
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EnhancemenW and PromoWion 
E[ploraWion of Whe aqXedXcW

The XQdeUgURXQd 
e[SlRUaWiRQV aUe 
caUUied RXW fURm 
membeUV Rf ³Urban 
Speleolog\ UeVeaUch 
Weam´. The\ haYe 
beeQ WUaiQed iQ Whe 
TUaiQiQg PURgUamV Rf 
Hellenic 
Speleological SocieW\ 
(ESE) aQd fRllRZ all 
UeTXiUed VecXUiW\ 
meaVXUeV, meWhRdV 
aQd eTXiSmeQW. 

The YiViWRU Rf Whe 
WXQQel cRmeV iQWR 
diUecW cRQWacW ZiWh Whe 
SURjecW aQd Whe meWhRd 
Rf iWV cRQVWUXcWiRQ. 

EnhancemenW and PromoWion 
InVpecWion of Whe aqXedXcW

There are VeYeral damageV in Whe aqXedXcW 
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Google EarWh

Google 
PhoWoV

YoXTXbe

Web daWa baVe hWWpV://ZZZ.iWia.nWXa.gr/en/docinfo/1934/
EnhancemenW and PromoWion 

ReVWoraWion and mainWenance ZorkV 

� ReVWRUaWiRQ Rf WXQQel eQWUaQce aQd 
iQcliQed galleU\

� PURWecWiRQ Rf WXQQel eQWUaQce fURm 
flRRdV aQd VedimeQWV

� IQVWallaWiRQ Rf lighWiQg aQd iQVWUXmeQW 
fRU aiU TXaliW\ meaVXUemeQWV 

EnhancemenW and PromoWion 

Ol\mSic Yillage aUea ±iQcliQed galleU\
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ReVWoraWion and mainWenance ZorkV 
EnhancemenW and PromoWion 

Inclined galler\

Inclined galler\

Well 297
Well 296

Well 299

Well 298

An inWereVWed commXniW\ Zhere croVV-diVciplinar\ collaboraWion ZorkV
EnhancemenW and PromoWion 
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PropoVal for 14 Hadrian¶V AqXedXcW ViViW SiWeV
EnhancemenW and PromoWion 

10 of Whem Zill haYe a green ]one. A bike roXWe along Whe aqXedXcW connecWV Whem. 

E[iVWing ViWXaWion and fXWXre planV for Whe enWrance Wo Whe reVerYoir in Kolonaki

EnhancemenW and PromoWion 
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E[iVWing ViWXaWion and fXWXre planV of Whe open reVerYoir in Kolonaki

EnhancemenW and PromoWion 

E[ample of WaWer UVe Plan in PanormoX MeWro SWaWion

Ma\-JXQe: 35 m3 SeU da\ OcWRbeU-ASUil: 10 m3 SeU da\

EnhancemenW and PromoWion 
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WaWer and CXlWXral CapiWal for Whe planV of Chalandri MXnicipaliW\
EnhancemenW and PromoWion 

CreaWing a WaWer ManagemenW Plan-
SXpporWing aZareneVV aboXW ZaWer XVe of Whe Hadrianic

EnhancemenW and PromoWion 
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EnhancemenW and PromoWion 
UVing Whe ZaWer

PXmp VWaWion in MeWamorfoViV (cloVe Wo Zell 175)

60.000 m3 Rf ZaWeU SeU \eaU aUe SXmSed 
fRU iUUigaWiRQ Rf mXQiciSal gUeeQ aUeaV

PXmp VWaWion

Well 175

Well depWh and floZ anal\ViV in 
collaboraWion ZiWh VWXdenWV 

EnhancemenW and PromoWion 
ScienWific reVearch

� P.-N. SWefaQRX, H\dURlRgical UeVeaUch Rf HadUiaQic ATXedXcW, DiSlRma WheViV, DeSaUWmeQW Rf WaWeU
ReVRXUceV aQd EQYiURQmeQWal EQgiQeeUiQg ± NaWiRQal TechQical UQiYeUViW\ Rf AWheQV, MaUch 2019.

� C. TViRXUi, H\dUaXlic iQYeVWigaWiRQ Rf HadUiaQ aTXedXcW, DiSlRma WheViV, 260 SageV, DeSaUWmeQW Rf WaWeU
ReVRXUceV aQd EQYiURQmeQWal EQgiQeeUiQg ± NaWiRQal TechQical UQiYeUViW\ Rf AWheQV, OcWRbeU 2018.

Diploma WheVeV in NTUA 

ReVearch projecW

hWWSV://ZZZ.iWia.QWXa.gU/eQ/SURjecW_UeSRUWV/197/
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EnhancemenW and PromoWion 
ScienWific reVearch

E[SlRUiQg alWeUQaWiYe URXWeV fRU Whe laVW SaUW Rf HadUiaQic aTXedXcW

2,0001,5001,0005000

144

142

140

13�

136

AlWiWXdeV 
(m)

GroXnd profileV 
of WZo alWernaWiYe 

roXWeV 
(a) ZhiWe line  
(b) black line

(a) (b)

IW ZRXOG EH LPSRVVLEOH WR GR WKLV UHVHDUFK ZLWKRXW WKH DVVLVWDQFH RI VHYHUDO 
SHRSOH. EDFK RQH  FRQWULEXWHG LQ KLV RZQ ZD\. 
TKHLU FRPPRQ FKDUDFWHULVWLF ZDV WKHLU FXULRVLW\ IRU VXFK D QHDUE\ EXW 
XQNQRZQ K\GUDXOLF ZRUN DQG WKHLU LQWHUHVW IRU RQH RI WKH PRVW LPSRUWDQW 
PRQXPHQWV RI DQFLHQW WHFKQRORJ\ DQG RXU FXOWXUDO KHULWDJH. 
TKHVH SHRSOH FUHDWH D YLYLG QHWZRUN WKDW FRXOG RIIHU D ORW LQ WKH IXWXUH. 

AcknoZledgmenWV
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