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SALUTO DEL SINDACO DI FELTRE

L’Amministrazione comunale di Feltre è ben lieta di poter ospitare anche per questa terza edizione la Summer 
School dedicata all’idraulica antica realizzata dall’Università degli studi di Padova. Come nelle due prece-
denti edizioni un ruolo fondamentale per lo svolgimento dell’iniziativa lo hanno svolto ancora una volta la  
prof.ssa Paola Zanovello e il nostro concittadino dott. Eugenio Tamburrino a cui va il nostro più caloroso 
ringraziamento. L’appuntamento ormai consolidato a Feltre ha visto il coinvolgimento di studiosi prove-
nienti da tutta Europa che in molti casi ricoprono incarichi importanti anche nella gestione di alcuni tra i 
siti archeologici più importanti del panorama occidentale. In un momento in cui anche la città di Feltre sta 
compiendo importanti passi avanti nella gestione e nella valorizzazione del proprio patrimonio archeologico, 
ospitare momenti di formazione di questa levatura rappresenta senz’altro un onore per la nostra cittadina.
Pochi mesi fa, nell’ottobre 2015, è stata concretizzata la prima parte del progetto Feltria che ha visto il ri-
torno, dopo quarant’anni, della grande statua dell’Esculapio, simbolo dell’archeologia territoriale. Un serio 
progetto di recupero e riqualificazione del patrimonio culturale non può tuttavia basarsi ‘semplicemente’ sul 
patrimonio cittadino e limitarsi a valorizzare quest’ultimo a fini turistici. Se infatti l’ambizione della città 
di Feltre è quella di presentare se stessa come una città archeologica, allora i momenti di formazione, specie 
quelli di altissimo livello, rappresentano una parte integrante di questo progetto. L’auspicio resta ovviamente 
quello che la Summer School possa potenziarsi ulteriormente nei prossimi anni, di pari passo con quanto 
succederà in città con la prosecuzione degli obiettivi prefissi sul tema dell’archeologia.

 Il Sindaco Il Consigliere delegato alla Cultura
 Paolo Perenzin Alessandro Del Bianco
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SALUTO DEL DIRETTORE DEL DIPARTIMENTO DEI BENI 
CULTURALI

È con grande soddisfazione che il Dipartimento dei Beni Culturali dell’Università di Padova accoglie la 
pubblicazione di questo volume, avvenuta con il suo patrocinio ed il suo contributo.
Lo studio delle infrastrutture idrauliche antiche e storiche è da lungo tempo oggetto di attenzione all’interno 
delle linee di ricerca del Dipartimento, che in questo campo può quindi vantare una consolidata tradizione. 
In questo senso, quindi, la serie di tre Summer School promosse a Feltre dal Gruppo di Ricerca sull’Idraulica 
Antica, sotto il coordinamento della collega Paola Zanovello, ha rivestito un ruolo importante per riannodarsi 
ad un fi lo rosso sempre presente all’interno della scuola archeologica patavina. 
La scelta di declinare questo importante tema mediante il ricorso a dei corsi intensivi, particolarmente 
incentrati su un argomento e spesso decentrati da Padova, come sono per loro natura le Summer School, 
risponde inoltre a diverse richieste che spesso vengono avanzate all’Università moderna. Innanzitutto, il 
volersi aprire anche ad un pubblico diverso rispetto a quello degli studenti universitari in senso stretto; in 
questo senso, l’esperimento dei corsi estivi del Gruppo di Ricerca sull’Idraulica Antica può dirsi pienamente 
riuscito, dal momento che vi hanno partecipato giovani studenti con un diverso grado di preparazione, 
avviati professionisti ma anche privati cittadini con un particolare interesse per il tema. La cosiddetta “terza 
missione”, che prevede l’allargamento della possibile platea di persone coinvolte dall’azione delle Università, 
è stata quindi al centro di questa operazione, grazie anche alla localizzazione del corso presso Feltre, con il 
cui Comune si è avviata una profi cua collaborazione. Infi ne, la varia provenienza di docenti e discenti delle 
Summer School corrisponde in pieno all’esigenza di rendere sempre più internazionale tanto l’off erta quanto 
l’audience dei moderni atenei; in questo senso, la scelta di lingue veicolari diverse dall’italiano per le lezioni 
diventa un elemento di particolare rilievo.
In conclusione, non mi resta che complimentarmi ancora una volta con Paola Zanovello e con tutto il 
Gruppo di Ricerca sull’Idraulica Antica per la felice conclusione della Summer School di cui in questo 
volume si raccolgono gli atti. 

Jacopo Bonetto
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PRESENTAZIONE DEL DIRETTORE DEL CORSO

L’uscita della pubblicazione dei materiali della terza Summer School dedicata all’idraulica antica e storica, 
dedicata in questo caso alla gestione della risorsa idrica nei climi aridi e semi-aridi in età romana, è – per chi 
scrive – motivo di grande soddisfazione. Il corso estivo, e quindi la presente pubblicazione, si pongono come 
punto di arrivo di un primo ciclo triennale di Summer School ospitate a Feltre, in provincia di Belluno, grazie 
alla disponibilità della locale Amministrazione. Il corso, svoltosi dal 22 al 26 agosto 2016, ha visto la parteci-
pazione dei migliori esperti di questo peculiare campo di indagine e di numerosi studenti internazionali, così 
come la presentazione di diverse esperienze di studio provenienti dai più vari ambiti geografici. 
L’attenzione all’acqua nell’antichità – fosse essa addotta, gestita o smaltita – è aumentata notevolmente negli 
ultimi anni, probabilmente anche grazie a una sempre maggiore consapevolezza sui delicati equilibri che 
regolano lo sfruttamento di questa e di altre risorse naturali, che i recenti cambiamenti climatici mettono se-
riamente a repentaglio. In questo contesto, la scelta della gestione dell’acqua in climi aridi e semi-aridi come 
tema dell’evento è apparsa quanto mai opportuna, non solo per i richiami tecnologici che esso consente, 
ma anche per i riflessi sociali ed economici che esso consente di mettere in luce e che sono, nelle loro linee 
generali, fonte di riflessioni senza tempo. 
In ossequio alla cornice istituzionale in cui il corso – che era, per l’appunto, finanziato grazie a fondi d’A-
teneo appositamente erogati dal Servizio Relazioni Internazionali per iniziative didattiche di questo tipo 
– grande spazio si è dato a relatori stranieri e all’uso di lingue veicolari diverse dall’italiano. Ad un solido 
nucleo di esperti italiani, si sono infatti aggiunti relatori stranieri provenienti da cinque Paesi differenti, tanto 
europei quanto extraeuropei, che hanno fornito un ventaglio di esperienze e di metodologie che ha di sicuro 
arricchito i nostri corsisti. Proprio loro, infatti, sono il cuore di una Summer School che si configura sicura-
mente come un’attività di nicchia, per la peculiarità degli argomenti affrontati, e anche per questo fortemen-
te formativa e motivante per gli iscritti, visto il rapporto eccezionalmente favorevole tra docenti e discenti. 
Accanto a questa consolidata internazionalizzazione dei docenti, si è assistito negli anni ad una provenienza 
straniera sempre più accentuata anche degli studenti, che anche quest’anno ha rappresentato uno dei punti 
di forza del corso, con ragazzi e ragazze provenienti da tanti Paesi europei e non. 
Pare il momento adeguato per tracciare un primo bilancio delle Summer School svoltesi a Feltre tra il 2014 e 
il 2016. Queste iniziative hanno da una parte permesso di coltivare la famosa terza missione a cui è chiamata, 
una volta di più, l’Università del terzo millennio, cioè la diffusione delle conoscenze nei territori che la ospi-
tano e anche a fasce della popolazioni non altrimenti coinvolte nella didattica universitaria. Da questo punto 
di vista, la Città di Feltre ha rappresentato un contesto ottimale, sia per le strutture che l’Amministrazione 
ha saputo metterci a disposizione, sia per l’interesse con cui i corsi sono stati accolti dalla popolazione. Le 
Summer School sono state però anche la leva per riattivare l’interesse – mediante la costituzione del Gruppo di 
Studio sull’Idraulica Antica – nei confronti dell’idraulica antica e storica, ambiti di ricerca nei quali l’Univer-
sità di Padova ha svolto un ruolo considerevole sin dai tardi anni Ottanta. Nel complesso, quindi, l’eredità 
che ci lasciano questi corsi estivi è di rilievo e sta a noi (docenti, studenti, ricercatori, pubblico interessato) 
fare in modo che non si disperda. 

Paola Zanovello
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SUMMER SCHOOL
“WATER MANAGEMENT IN ARID AND SEMIARID CLIMATES IN 

ROMAN TIME”

PROGRAMME

MONDAY 22ND AUGUST 
10.30 - 12.00  Lesson: Ancient hydraulic systems: status quaestionis  

and new prospects for the research Italo Riera
12.00 - 13.30 Lesson: Water supply in the Roman world Italo Riera
15.00 - 16.30  Lesson: Water management in Tyana (Turkey)  

during Roman times Guido Rosada
16.30 - 18.00  Lesson: Water harvesting on Pantelleria Island. 

Archaeological survey and analysis of the bottle-shaped cisterns  Simone  
Mantellini

TUESDAY 23RD AUGUST
9.00 - 10.30  Lesson: Survey in man-made caves: theoretical accounts Fabrizio Frignani

11.00 - 12.30  Lesson: Aspects of Roman water provision  
and related hydraulics Paul Kessener

14.00 - 18.00 Excursion: Tour: Tridentum archaeological areas 

WEDNESDAY 24TH AUGUST
9.00 - 12.30  Laboratory: Survey in man-made caves: practical experience  

(Monte Grappa) Fabrizio Frignani
15.00 - 16.30  Lesson: Water management and steep chutes: the example  

of Baelo Claudia (Spain) Laetitia Boreau 
16.30 - 18.00  Lesson: Water collection and distribution system in ancient  

Akragas/Agrigentum  Maria Concetta 
Parello

THURSDAY 25TH AUGUST
9.00 - 10.30  Lesson: Nymphaea in the Near East: Utility vs Aesthetics? Julian Richard

11.00 - 12.30  Lesson: Urban water distribution systems Paola Zanovello
14.00 - 15.00  Lesson: Redrawing Ashby’s maps Donato Cioli
15.00 - 16.30  Lesson: The aqueducts in Cyrenaica (Lybia)  

and the water supply of Cyrene in Roman age Lorenzo Cariddi
17.00 - 18.30  Lesson: Roman intercity water distribution and modern times Paul Kessener

FRIDAY 26
TH AUGUST 

9.00 - 10.30  Lesson: The sewers systems of Baelo Claudia and Carteia.  
Water management in the Strait of Gibraltar  Jose-Angel  

Expòsito-Alvarez 
11.00 - 12.30  Lesson: Water system and food production in ‘Rehovot  

in the Negev’ in the 4th - 7th c. AD Uzi Dahari
14.00 - 15.30  Excursion: Tour of Feltre’s archaeological area 
15.30 - 16.30  Presentation of some works by the “Idraulica Antica”  

group of study members 
16.30 - 17.00 Summer School conclusion



proceedings 
materiali
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PREMESSA FOREWORD

The publication of the proceedings of the third 
International Summer School organised by the 
Study Group “Idraulica Antica” (University of 
Padova, Department of Cultural Heritage) is the fi-
nal achievement of a high-level edition for this event 
that has become well established over the years. The 
course, that took place in Feltre from 22nd to 26th 
August 2016, was participated by several lecturers, 
Italian as well as foreign, as well as by a fair number 
of Italian, European and International students.
While the first two Summer Schools had a  
methodological (the course held in 2014) focus and 
a special attention to the relation between ancient 
cities and water (the Summer School held in 2015), 
the 2016 edition started a coverage that places side 
by side some general issues with a specific theme. 
This topic is mainly related with the topographical 
and ecological variables that the project of an an-
cient hydraulic system had to face. 
In that respect, we are far from proposing a mere 
deterministic approach, but it is however indisput-
able the role that those issues played in the ways of 
water access and use that were chosen. Moreover, 
the water supply and management in arid climates 
as well as in water shortage conditions is nowadays 
particularly relevant and it represents one of the 
most problematic issues that in the next years will 
have to be faced in terms of international policies.
The book you hold in your hands directly reflects, 
therefore, some features of the course: a valuable 
qualitative level of the contributions on one side, 
a strong educational and didactic purpose on the 
other. The reader should not underestimate that the 
contributions represent a didactic tool that aims to 
lead the new generations of archaeologists in the 
ancient hydraulic structures field of study. 
As I have already explained, this publication aims 
to be in direct continuity with the previous ones 
(Tamburrino 2016; Tamburrino 2018) and with 
the future ones.

La pubblicazione dei materiali della III Summer 
School internazionale promossa dal Gruppo di 
Studio “Idraulica Antica” dell’Università degli 
Studi di Padova giunge, pur tardivamente, a sugel-
lare un’edizione di alto livello per questo appunta-
mento, divenuto negli anni ormai tradizionale.
Il corso, che si è svolto a Feltre dal 22 al 26 agosto 
2016, ha visto la partecipazione di numerosi do-
centi italiani e stranieri e di un buon numero di 
studenti italiani, europei ed internazionali. 
Dopo le prime due Summer School, che avevano 
avuto un’impronta metodologica la prima e ge-
neralmente riferita al rapporto tra acqua e città la 
seconda, con il corso del 2016 si è iniziata una trat-
tazione che a nozioni di tipo generale affiancasse 
un tema specifico, perlopiù legato alle variabili to-
pografiche ed ecologiche che la progettazione di un 
sistema idraulico dovette affrontare.
Lungi dal voler proporre un approccio meramente 
deterministico, è tuttavia indubbio il ruolo fonda-
mentale che questi fattori ebbero nella scelta delle 
caratteristiche della modalità di fruizione dell’ac-
qua. Il tema dell’approvvigionamento e della ge-
stione dell’acqua in climi aridi o in situazioni di 
siccità, d’altro canto, è particolarmente attuale e 
rappresenta uno degli aspetti più problematici che 
ci si troverà a dover affrontare a livello di politiche 
internazionali nei prossimi anni. 
Il volume che avete tra le mani è un diretto riflesso, 
quindi, delle caratteristiche del corso: da una parte 
quello che speriamo sia un buon livello qualitativo, 
dall’altro una forte vocazione didattica. Non dovrà 
essere sottovalutato dal lettore, quindi, che i con-
tributi qui presentati costituiscono uno strumento 
didattico, che possa guidare le giovani generazioni 
all’interno dei temi idraulici, spesso studiati in ma-
niera specialistica ma manchevoli di strumenti utili 
a favorire l’approccio agli stessi.
Come detto, questa pubblicazione si pone in di-
retta continuità con le precedenti (Tamburrino 
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2016 e Tamburrino 2018) e con le successive; non 
sono quindi stati ripetuti i primi due interventi di 
Italo Riera («Ancient hydraulic systems: status quae-
stionis and new prospects for the research» e «Roman 
water supply systems»), imprescindibili nella didatti-
ca della Summer School ma già inseriti nei materiali 
dell’edizione 2014. Allo stesso modo, anche l’in-
tervento di Guido Rosada («Water management in 
Tyana (Turkey) during Roman times»), già inserito 
nel volume precedente, non è stato presentato in 
Aquam Ducere III. Ugualmente non inclusi nel vo-
lume sono stati alcuni contributi che gli autori non 
hanno potuto proporre per la pubblicazione, o per 
il carattere strettamente laboratoriale delle lezioni 
(Simone Mantellini) o per eccessivi impegni (Uzi 
Dahari). 
Non resta, quindi, che ringraziare chiunque ab-
bia contribuito a questo volume, dagli Autori, ai 
revisori (ogni contributo è stato sottoposto a una 
double blind peer review), a Paola Zanovello e Italo 
Riera che hanno fortemente voluto questa pubbli-
cazione e all’Editore che è stato a lungo a nostra 
disposizione, e augurare a chi ha tra le mani l’opera 
una buona lettura.

For this reason, two lectures given by Italo Riera 
(«Ancient hydraulic systems: status quaestionis and 
new prospects for the research» and «Roman water 
supply systems»), even essential for the course, have 
not been included in this book, as they are already 
part of the proceedings of the Summer School 
2014. For the same reason, the paper by Guido 
Rosada («Water management in Tyana (Turkey) 
during Roman times»), is not part of this volume, 
since it was included in Aquam Ducere II. Other 
contributions likewise have not been included in 
this publication, both for the mainly practical fea-
ture of the lessons (Simone Mantellini) and for the 
massive undertakings of the authors (Uzi Dahari). 
Now I would like just to thank anyone who has 
cooperated with this volume: the Authors, the re-
viewers (every paper has undergone a double blind 
peer review), Paola Zanovello and Italo Riera, who 
strongly pursued the issue of this book as well as the 
Publisher, that has been enormously available to us. 
Finally, I would like to wish to anyone who hold in 
his hands this book, a good read.

Tabula GraTiTudinis

Il curatore desidera ringraziare chi, a vario titolo e in vario modo, ha contribuito a portare alle stam-
pe il presente volume: Paola Zanovello e Italo Riera; gli Autori, il Comitato Scientifico e i Revisori; 
Marco Hubert Campigotto, Mario Carazzai, Eleonora Zampieri, Janet Sofia Dunkelbarger, Amanda 
Kelly, Vanni Veronesi, Federico Zannin; Silvio De Boni, Mario D’Incau e tutto il personale della DBS 
Edizioni; il Sindaco e gli impiegati del Comune di Feltre e il personale amministrativo del Dipartimento 
dei Beni Culturali dell’Università degli Studi di Padova.
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WATER MANAGEMENT AND CHALLENGING TOPOGRAPHIES: 
THE AQUEDUCTS SUPPLYING THE ROMAN CITY  

OF BAELO CLAUDIA (SPAIN)

Laetitia Borau
CNRS researcher, Ausonius Laboratory, University of Bordeaux Montaigne 

laetitia.borau@u-bordeaux-montaigne.fr

absTracT - Located on the southernmost tip of the Iberian Peninsula, in Andalusia, the city of Baelo Claudia is 
one of the major Roman sites along the Straits of Gibraltar. The city had extensive hydraulic infrastructure per-
taining to its water-supply: three aqueducts, a castellum aquae, a monumental fountain, several lead pipes and 
baths. In this paper, I will concentrate on engineering issues relating to slope, with a focus on bridges and other 
technical features, such as dropshafts and settling tanks or piscinae limariae. This first section presents the progress 
of a research programme that began in 2013 with a survey, and supplemented in 2016 with strategically-placed 
archaeological test trenches. 

The city of Baelo Claudia in Andalusia lies at 
the southernmost tip of the Iberian Peninsula. 
Archaeological research began at the site almost a 
century ago and Baelo Claudia remains one of the 
major sources of Roman material evidence along 
the Straits of Gibraltar1. Despite this, only specific 
areas of the site have been subject to excavation2 
and, while we know that the city had an extensive 
hydraulic system, no targeted study of this system, 
not least the aqueducts, had ever been undertak-
en3 and they remained rather poorly understood 
until recently4.
In 2013 the water-supply network became the sub-
ject of a new research programme5. These investiga-
tions involved both topographical and architectural 
surveys (including drone imagery) of the water sys-
tem within the city footprint. The work included 
a study of the building techniques and architec-
tural features along, and associated with, the wa-
ter network (including channels, pipes, fountains 
and baths). The initial project produced the first 
detailed systematic inventory of the sections along 
the civic aqueducts.
This study was supplemented in 2016 by archaeo-
logical soundings along one of the aqueducts in the 
northern area of the city. The results of this study 
demonstrate the state of progress of research into the 
water supply network of the ancient city. This first 
report, presented here in summary, allows us to con-

sider some technical peculiarities of the water supply 
system, specifically those related to its gradient and 
the challenging slopes of the natural terrain. 

The roman ciTy and iTs GeoGraphical seTTinG

Founded under the Republic, the city substantial-
ly developed in the Augustan period, when we see 
the construction of the city walls, the grid-like street 
pattern, and probably the development of a first fo-
rum. The city reached its floruit between the mid-
first and early second centuries AD, as a direct result 
of its intensive economic engagement in fish-salting 
industries. Several buildings were constructed dur-
ing this period: the monumental centre (including 
the forum and the Capitolium), the theatre and the 
houses next to the cetariae (the vats used for pro-
cessing fish). But, there are still large areas yet to be 
explored, especially in the northern half of the city. 
It is likely that an earthquake destroyed the main 
buildings in the third century AD. The Late An-
tique city is not very well documented, but recent 
archaeological excavations show that both domestic 
and public buildings were constructed directly over 
the remains of the earlier imperial city6. The city was 
finally abandoned in the seventh century AD. 
The city stands in an exceptional position in a bay 
close to the African coast and at the junction be-
tween the Mediterranean and the Atlantic. This 
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location, while particularly beneficial in terms of 
trade and economy, also had climatic implications; 
its positioning leaves the cityscape exposed to both 
land and sea breezes which blow across the site all 
year round. The location is subject to low annual 
rainfall with dry summers and mild winters. 
The city, while coastal, is also flanked by low 
mountains, the Sierra de la Plata to the West 
and the Loma de San Bartolome to the East. 
The urban area has a 9% gradient, reaching an 
elevation of 55 m above sea-level to the North 
and falling to just 4 m near the seafront. Natural 
terraces cross the city from East to West be-
tween the Capitolium and the forum and extend 
as far as the theatre7. This dramatic topography 

in part informs the overall lay-out of the city.
Baelo Claudia is also surrounded by numerous 
torrential streams. The main springs, which were 
tapped by the aqueducts feeding the city, rise at the 
foot of the sandstone mountains. The city is mainly 
founded on a base of clay-sand overlying limestone 
and sandstone beds, but unstable and shifting dunes 
lie to the East8. These particular geologies and ge-
ographies affected both the development of the wa-
ter supply system and the construction techniques 
which it incorporated. 

The Three aqueducTs of Baelo Claudia

Water was supplied to the city by three aqueducts 
(fig. 1). The main problem in building any aque-

Fig. 1 - Layout of the Aqueducts of Baelo Claudia. [copyright: Laetitia Borau]
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duct is maintaining the sufficient gradient for grav-
ity flow from the spring to the city. Roman survey-
ors and architects used several levelling techniques 
to ensure a constant incline and to overcome, or 
avoid, any obstacles along the aqueduct’s trajectory. 
At Baelo Claudia, two architectural solutions were 
employed to cross obstacles: bridges and drop-
shafts. Special attention was given to the design of 
the steep chutes (or dropshafts) which were built 
when the aqueduct had to cross very steep inclines 
on a mountainside9. In a dropshaft arrangement, 
the aqueduct channel flowed into a chute or “drop-
shaft”, from the base of which, another channel 
flowed downhill, effectively relieving the pressure 
and volume in the chute. The height of the drop 
varied, of course, depending on location and to-
pography. When the horizontal and vertical dis-
tances to cross became too great, several chutes or 
dropshafts were combined to form a stairway, a 
cascade. This arrangement temporarily slowed the 
current in the channel but, once the obstacle was 
crossed, the channel generally resumed its normal 
course. 

The Molino Aqueduct

The length of the Molino aqueduct measures 1,46 
km as the crow flies10, but its actual length was 
longer due to the meandering nature of the con-
tours which it followed. So far, we have only been 
able to study three sections of its trajectory: the vi-
cinity of the spring, a feature that was probably a 
cistern11, and an area to the West of the city walls. At 
the latter site, the channel (specus) measured 0,33 m 
in width and 0,20 m in depth. Its walls were com-
posed of mortar with an aggregate of small pebbles. 
This conduit must have supplied the baths12 which 
were located 300 m to the East. The steep gradient 
is estimated at 9,6%. The cistern mentioned above 
might have served to attenuate the flow midway. In 
that case, it could be called a “stilling pool”. 

The Realillo Aqueduct

The Realillo aqueduct must have been nearly 4 km 
long13. Its source lay to the North of the city and 
fed a structure that has always been viewed as a cis-
tern, located in the northern quarter of the city; 
however, only the section of the aqueduct with-
in the city has been studied. At the northern end 
of this trajectory are two dropshafts: one of them 

(number 1) is preceded by a 1 m high substructure 
wall which originally supported the culvert where 
it emerged from the ground. A second dropshaft 
(fig. 2) can still be seen above ground and this was 
excavated in 2016. The interior of the shaft was 
cleared, as was the channel both upstream and 
downstream of the dropshaft, although it was ul-
timately found that the channel upstream has dis-
appeared due to erosion along this steep section. 
We can assume, however, that this tract would have 
been supported by a low substructure wall, as was 
the case near dropshaft number 1. 
Conversely, the channel downstream from the 
dropshaft is well conserved. It measures 0,20 m 
across and its side walls measure 0,40 m in width. 
Only its cover slabs have disappeared. The chan-
nel is small in size and the opus signinum lining its 
interior is thick and forms a double ridge, further 
reducing the already-narrow channel cross-section. 
Nonetheless, the dropshaft connected to it is rather 
imposing. This circular dropshaft is perfectly con-
served and stands 2,60 m high, with a diameter 
of 0,90 m. The waterproof sealing lining the in-
ner walls and the bottom of the shaft is virtually 
intact, except for a trace of wear where the water 
must have dropped with some force. Lastly, a film 
of limestone concretions can be seen on the walls 
on which tool marks indicate that the shaft was 
cleaned during its functional life. 
It is possible then to piece together the manner 
in which this feature functioned. The difference 
in height between the upstream and downstream 
channels is 1,80 m. Despite this drop, the channel 
gradient remains steep, at around 7%. The excava-
tion of this dropshaft is particularly notable as it 
constitutes the first time in Spain that a shaft of this 
type has been excavated using modern stratigraphic 
methods. 
A second trench was opened 45 m downstream 
with a view to clearing what was thought to be a 
continuation of the channel. Excavation of this 
structure confirmed that it was not the aqueduct 
channel per se but an unexpected structure: a square 
tank measuring 3,30 m x 3,60 m. The excavation 
of the tank established that it was a settling tank. 
The downstream channel of the aqueduct emptied 
the tank at a level 0,30 m lower than the channel 
filling it, which was also evident in the opposing 
wall. The downstream channel must have been re-
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Fig. 2 - The Dropshafts of the Aqueducts of Baelo Claudia and the comparison with the Valdepuentes Aqueduct 
of Cordoba. a: Dropshaft ot the Realillo aqueduct excavated in 2016; b: Dropshaft ahead the Chorrera bridge 
(aqueduct of Punta Paloma); c: Dropshaft ahead the Churriana bridge (aqueduct of Punta Paloma); d: Dropshaft 
ahead the Valdepuentes bridge (aqueduct of Cordoba). [copyright: Laetitia Borau]
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paired or reconstructed during its functional life as 
two layers of opus signinum are visible. Although 
the walls have somewhat deteriorated (due to either 
seismic movement or slippage of the clay terrain), 
the whole structure is rather well preserved to a 
depth of over 1,70 m. The lining of opus signinum 
on its floor is still intact. Fragments of fallen ma-
sonry with evidence of curve within the tank sug-
gest that the structure had a vaulted roof. 
The settling tank was positioned just 50 m before 
the terminal of the aqueduct, as marked by its cis-
tern which was excavated in the 2000s14. The termi-
nal cistern is substantial, measuring 29 m x 4,60 m, 
with a depth of 5 m, providing a capacity of 667 m3 

when full. The side walls are reinforced by unevenly 
spaced buttresses. The terminal cistern is unusual in 
plan in that, while it is rectangular, it has one apsed 
end. The cistern was originally covered by a vaulted 
roof which gradually collapsed, adding to the dif-
ferent contexts filling its interior. 

The Punta Paloma Aqueduct

The eastern aqueduct of Punta Paloma is the long-
est tract, reaching nearly 6km in length, serving the 
city15. It is also the most complete example. The 
aqueduct channel was carried by several bridges, 
most of which have collapsed but their remains 
serve as good markers for tracking the aqueducts’ 
underground trajectory in the field. Without going 
into too much detail regarding the engineering par-
ticularities of each structure, several characteristics 
can be highlighted here. 
Not far from the spring, which is still tapped today 
to supply hamlets in the vicinity, the culvert can be 
clearly seen buried in the sand. The channel walls 
are composed of hydraulic mortar with an aggre-
gate of calcarenite stone covered with rather unu-
sual slabs. The cover slabs are nearly 1 m in length 
and are convex. The mortar forms quarter-round 
beading along the corners of each side wall. The 
channel (specus) is 0,40 m high and 0,46 m wide. 
Immediately downstream its continuation is im-
possible to trace due to dense vegetation. But, some 
2 km further on, the stone used in its construc-
tion changes, with sandstone now being used. This 
change in construction material is correlated with a 
change in geology and the available natural stone in 
the immediate vicinity. Here the stone-built chan-
nel is covered with flat slabs. The different meth-

od of construction and stone used shows that the 
builders adapted to the terrain through which they 
traversed. The culvert covered with convex slabs 
crosses through unstable terrain: dunes which shift 
and move yearly. The specific profile shape was cho-
sen so that the conduit would act like an “unbenda-
ble beam or girder”16 within a shifting terrain. 
The conduit alternates between running under-
ground and being carried by five bridges. The first 
bridge (the Conejo bridge) was over 110 m long 
and 6 m high. The second (the Churriana bridge) 
was 76 m long and 10 m high. The third (the Pulido 
bridge), which was destroyed by the construction 
of the modern road, was 65 m long but its height 
is unknown. The fourth (the Alpariate bridge) was 
more than 200 m long and must have been close to 
10 m high. The fifth, final and smallest, example 
(the Chorrera bridge) was 19m long and little more 
than 3 m high. The bridges are all constructed of 
masonry bonded with mortar. 
The combination of small and large arches is not 
very widespread engineering practice along the aq-
ueduct bridges of Roman Hispania. Apart from a 
few examples, such as the bridge in the neighbour-
ing town of Almuñecar, such features are mostly 
found on road bridges, as seen at Mérida17, where 
these “load-relief openings” generally facilitated 
water flow when the river is in flood. However, the 
archways of the Conejo, Churriana, and Alpariate 
bridges along the Punta Paloma aqueduct lie  
c. 9 m above the riverbed. Their excessive elevation 
implies that these small archways served some oth-
er function: they lightened the weight of construc-
tion. But this conjecture can be further developed 
through reference to the hypothesis of the architect 
Alfonso Jiménez18 who contended that the con-
struction of these archways was related to the ex-
tremely strong winds that regularly sweep the area 
and could weaken impassable constructions. 
Careful observation of their route, particularly by 
a drone fitted with a camera, together with US air-
force photographs, revealed that the aqueducts reg-
ularly formed a sharp bend where they crossed a 
stream. They ran straight and then turned at right 
angles to cross the valley. It can be surmised that 
these changes of direction were planned, and pur-
poseful, to slow the current and to facilitate the aq-
ueduct crossing the stream at its narrowest point. 
The photographic survey has made it possible to 
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understand how these structures fitted into, and 
adapted to, their topographical setting. 
When it reached the city, the aqueduct of Punta 
Paloma fed a four-sided structure resting against 
the city wall, thought to be a cistern. Its small di-
mensions, however, measuring only 2 m2 with a 
height of 1,95 m, would suggest that it served some 
other function. Beyond this point the channel is no 
longer visible and it is not known how the water 
from this aqueduct was distributed. 

The problem of GradienT:  
some oriGinal soluTions

Chutes and Dropshafts

There were at least three dropshafts on the Realillo 
aqueduct (one outside the city and two within 
the city precinct) and two on the Punta Paloma 
(figs. 2b-c). The circular dropshafts on the Realillo  
aqueduct are 0,90 m in diameter and those of the 
Punta Paloma 0,60 m, or three and two Roman 
feet, respectively. Interestingly, these dimensions 
are similar to those of the Valdepuentes aqueduct 
in Cordoba, the provincial capital19 (fig. 2d).
The Baelo Claudia aqueducts are not unique in 
having dropshafts, although in our current state 
of knowledge, there seem to be few aqueducts 
incorporating this type of feature. The documen-
tation is patchy and few such constructions have 
been recorded or excavated. Philippe Leveau and 
Jean-Louis Paillet were the first to conduct a proper 
study of such arrangements for the Cherchell aque-
duct in the 1970s20. In 1998, the hydraulic engi-
neer Hubert Chanson drew up an inventory recog-
nizing three types of chutes21: 
-  steep smooth chutes that are found along the 

Aqua Marcia, Anio Vetus, Anio Novus (Rome, It-
aly) Brévenne (Lyon, France), Cherchell (Algeria) 
and Carthage (Tunisia). 

-  stepped channels (on the supply lines of Lyon, 
Andriake, in Turkey, and Cherchell); the list can 
now be supplemented by the aqueduct of Zama 
in Tunisia. 

-  dropshafts and cascades (Autun and Lyon in 
France, Cordoba in Spain, Cherchell and Rusi-
cade in Algeria). 

Apart from these works, the archaeological liter-
ature records little on this topic, which is why it 
is important to develop this area of research. It is 
possible to present here a preliminary comparative 

chart of these dropshafts in the western Roman 
world and also the first map of their distribution 
(fig. 3). 
While there is great disparity in the data, several 
common points can also be highlighted here:
-  Firstly, the morphology: only two aqueducts have 

four-sided dropshafts: Lyon (Yzeron) and Autun. 
The aqueducts of Cherchell, Rusicade, Cordoba, 
and Baelo Claudia all have circular ones. 

-   Next the dimensions: this comparison shows that 
the Baelo Claudia dropshafts are the smallest of 
the recorded known examples. Moreover, depths 
can be considerable, with drops along the aque-
ducts of Cordoba and Lyon exceeding 6 m22. Else-
where, along the Lyon aqueduct, the difference 
in levels between the two channels is estimated 
at 2,50 m and these figures are comparable with 
those recorded from Autun23. At Baelo Claudia, 
the difference is about 1,80 m. 

-  The number of dropshafts: J. Burdy estimates 
the Lyon aqueduct must have had 50 or so drop-
shafts, spaced 30 m to 100 m apart, over a total 
length of 2 km along the first section (Grézieu) 
and seven others, 40 m apart, along the second 
section (Vaugneray). At Autun, I estimate that 
there were between 22 and 25 dropshafts over 
a distance of 120 m. In Cordoba, there were 
32 dropshafts over a distance of 400 m on the 
Valdepuentes aqueduct where the channel has to 
traverse a steep 33% slope24. Here, the dropshafts 
are perfectly standardized and identical in plan, 
that is, four-sided on the outside and circular on 
the inside. They are not, however, spaced regular-
ly and their depths also differ. This indicates that 
each dropshaft was adapted and positioned ac-
cording to the gradient of the terrain. This aque-
duct is particularly interesting because, according 
to our current state of knowledge, the dropshafts 
along the Cordoba aqueduct would seem to be 
the earliest in the Roman world, in dating from 
the time of Augustus25. They were of such high 
quality and sound functionality that they were re-
used in Umeyyad times. 

At Baelo Claudia, we cannot speak of a true cascade 
but rather of a series of dropshafts placed at critical 
points along the route. The gradients of the three 
aqueducts are: 6,5% to 8% (Molino), 7% to 11,6% 
(Realillo) and 1% (Punta Paloma). These broad 
gradient estimates will be fine-tuned in the future, 
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but the current record demonstrates the need for 
these structures in managing waterflow. 
In addition, it is possible to establish a correla-
tion between the “speed traps” and the aqueduct 
bridges, because a dropshaft is located ahead of 
the Churriana bridge and another ahead of the 
Chorrera bridge. Although these dropshafts are de-
signed to trap impurities carried in the water, they 
also act, and perhaps primarily, as flow regulators, 
whenever the channel crosses, or leaves, a bridge. 
This suggests that the dropshafts, when constructed 
ahead of a bridge, might have served as a “safety” 
device to connect the underground channel to the 
aqueduct bridge.
The engineers who planned the dropshafts at Baelo 
Claudia were probably inspired by familiar mod-
els. Similarities observed, especially those with 
Cordoba26, are perhaps an indication that techni-
cal knowledge spread outwards from the provincial 
capital to its towns. 

Settling Tanks and Regulation Tanks

The settling tank excavated this year can probably 
be added to these flow-check devices. The small 
Realillo aqueduct enters a tank with a depth of 
1,70 m (fig. 4). Compared with the depths of the 
two other settling tanks known in Spain, at Segovia  
(1 m) and Mérida (0,70 m)27, the Baelo Claudia 
tank seems relatively deep, or even oversized. Its ex-
cessive depth suggests that it also served as a regu-
lation tank, before the aqueduct’s connection with 
the “cistern”.
The Punta Paloma aqueduct may also have had a 
similar type of tank where it entered the town. For 
the time being, this is a working hypothesis which 
can only be confirmed through excavation. We can, 
however, still compare the settling tank of Baelo 
Claudia with those in several other cities:
-  At Merida (Spain), the tank or piscina limaria 

is located ahead of the bridge of Los Milagros 
aqueduct.

Fig. 3 - Map of the Distribution of Aqueducts with Dropshafts in the Western Roman Empire. [copyright:  
Laetitia Borau]
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-  On the aqueduct of Segovia (Spain), the piscina 
limaria is located before the bridge.

-  At Nîmes (France), there is a regulation tank, 
measuring 1,9 m x 2,2 m and 1 m high, before 
the Pont du Gard 28. 

-  On the aqueduct of Metz (Ars-sur-Moselle, 
France), the bridge of the Moselle valley is preced-
ed by a regulation tank measuring 4,2 m x 3,3 m 
and 1,3 m high29.

Like the aqueduct of Nîmes, where two tanks were 
built at strategic points30, the study of the drop-
shafts and the settling tank of Baelo Claudia show 
that there was considerable deliberate planning re-
garding the regulation of water flow at, and directly 
before, critical points along the aqueduct’s trajecto-
ry, such as a bridge or water tower. 

sToraGe and use of The WaTer in The ciTy

The cistern at the end of the Realillo aqueduct in 
the North of the town is, in practice, a castellum aq-
uae, a water tower (fig. 4). Few examples are known 
in Spain, but it is comparable to that at Ostia31 and 
to some extent also that of Italica in Spain32. I have 
recently demonstrated that while the water towers 
of Baelo Claudia and Ostia may differ in capacity, 
they are morphologically similar33. The water tower 
at Baelo Claudia is estimated to hold 667 m3 (if 
full to the brim), or 333,5 m3 (if filled to a depth 

of 2,50 m). At Ostia the capacity reached 845 m3 
(in measuring 62 m long, 6,50 m wide and 4,50 m 
deep). At Baelo Claudia, this structure is the only 
storage system known in the city but there are cer-
tainly other water towers connected with the aque-
duct of Molino and Punta Paloma. 
There are also many indications that several struc-
tures were fed by a pressurized water system supply 
ultimately fed from this aqueduct via a water tower. 
The pool in front of the temple of Isis, for exam-
ple, was supplied by a lead pipe that still remains 
in situ34. In the theatre, fountains, associated with 
lead piping35, decorated the pulpitum. The public 
baths to the West of the town were undoubtedly 
supplied by the public water distribution system36. 
Some private houses must also have had running 
water, tapped from the public supply, although this 
remains unconfirmed as yet. But the most signif-
icant structure to be supplied by aqueduct is per-
haps the monumental fountain which decorates the 
forum, where its location and unusual shape con-
tributes to the urban scenography. The difficulty 
in finding other comparable public fora flanked by 
fountains of this type37 is a clear indication of the 
novelty and originality of the Baelo Claudia layout. 
Although the pipes have not been discovered38, this 
feature could not have operated without an intake 
pipe through which pressurized water would have 
issued from its decorative fountain spouts. In the 

Fig. 4 - Model for the possible reconstruction of the settling tank and the castellum aquae of the Realillo aqueduct. 
[Florent Comte, Ausonius Laboratory, LaScArBx]
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early twentieth century, Pierre Paris39 described two 
discoveries inside the pool: a fragment of bronze 
mane, which he assumed belonged to a fountain 
spout, and a partial inscription, probably evoking 
an act of munificence, perhaps a financial donation 
to secure the water supply serving the monumental 
fountain.
These strands of evidence, when combined, demon-
strate how important water was to the city and 
they provide insight into the need to maintain the 
water supply through the successive, or simultane-
ous, construction of the city’s aqueducts. Assigning 
dates to these aqueduct lines remains problematic, 
especially as they have been so seldomly excavat-
ed, however, we can propose some new hypotheses 
based on secure evidence from the recent study. For 
the moment, the Molino aqueduct can only be dat-
ed through its relationship with the western baths 
of the city. Various scholars have dated the baths 
to either the second half of the first century or the 
second century AD40. We can now put forward a 
possible connection between the Punta Paloma 
aqueduct, the pool of the Temple of Isis41 and the 
monumental fountain42. Moreover, the aqueduct 
seems to cut a section of the latest eastern city walls 
which date to the second half of the first century 
AD43. This sequencing and potential structural as-
sociations suggest a date for the aqueduct either at 
the end of Julio-Claudian period or in the Flavian 
period. In addition, examination of the castellum 
aquae in the North of the city provided fresh ev-
idence for dating the Realillo aqueduct. The wa-
ter tower was deliberately located at the top of the 
town along its midline and within the city limits 
already laid out. Consequently, it was built either 
contemporaneously with this town plan, in the 
Augustan period, or when the town boomed in the 
Claudian period, but either way the establishment 
of the city limits supplies a terminus post quem for 
its construction.
If Baelo Claudia was a small provincial town, the 
large number of construction projects now identi-
fied shows that there was the political determina-

tion to develop and maintain a running water sup-
ply, perhaps as and when the population grew. The 
changing legal status of the city as a municipium 
may therefore have played a role in this. The study 
of the water-supply system shows that the civic au-
thorities invested financially in the installation of 
an abundant running water network. For example, 
the engineering ingenuity evident along the Punta 
Paloma aqueduct, with no fewer than five bridges, 
shows that the designers did not lack either the req-
uisite skills or financial resources for completing, 
and sustaining, this project. Most importantly, they 
found solutions to all the topographical challenges 
through multiplying flow-checking features, such 
as dropshafts or regulation tanks. 
The presence of dropshafts along these aqueducts 
in Hispania Baetica seems to have been inspired 
by - or even modelled on - those of the provincial 
capital, Cordoba. Equipping Baelo Claudia with 
three public civic aqueducts, the same number 
as at Cordoba or Mérida, can be interpreted in 
several ways: it suggests that the systems became 
ineffective over time, requiring new supply lines 
to be put in place; or perhaps that sources were 
insufficient to meet the growing demand for water 
within the developing imperial city; or indeed it 
may reflect the extent of a growing water short-
age in the arid climate where only a reliance on 
multiple systems could satisfy demand. In this 
specific climatic context, the importance of water 
was magnified to such a degree that the visual im-
pact of these hydraulic structures gained symbol-
ic weight. Their service became embedded in the 
heart of civic life, as evidenced by the monumen-
tal fountain installed, where else, but in the centre 
of the forum.
The longer-term aim of the project is to present a 
comprehensive study of how water was managed 
at Baelo Claudia, as has been conducted at other 
well-known Italic cities, and to compare and con-
trast our findings with other cities in the Iberian 
Peninsula.
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