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La ricerca analizza l’evoluzione storica dei sistemi di approvvigionamento idrico della città di 
Benevento (Italia meridionale) nel corso dei secoli. In particolare, il lavoro si concentra sui tre 
principali periodi storici della città, ovvero il periodo Romano, Longobardo e Papale, oltre che 
sull’attuale sistema di approvvigionamento idrico e su quello in programma per il prossimo 
futuro. Nel corso delle varie epoche, la quantità e la qualità delle forniture idriche sono cambiate 
molte volte e ciò ha probabilmente influito sulla crescita e sul benessere della città. La migliore 
fornitura idrica ha caratterizzato l’epoca Romana, durante la quale sono state captate importanti 
sorgenti carsiche che hanno alimentato la città per secoli; in questo periodo si è anche verificata 
la maggiore espansione demografica della città. Il periodo più depresso coincide probabilmente 
con quello Papale, durante il quale la città risultava isolata dal contesto, essendo un’enclave dello 
stato pontificio. In tale lungo periodo, le forniture idriche provenienti da fonti esterne risultavano 
vulnerabili e comunque difficili da manutenere. La città sfruttava principalmente le acque locali 
(fiume e piccole sorgenti), normalmente di bassa qualità. Solo dopo l’unificazione d’Italia, e anche 
dopo la Seconda Guerra Mondiale, l’approvvigionamento idrico è notevolmente migliorato, con 
nuovi acquedotti provenienti da acquiferi carsici. Attualmente, la gestione dell’approvvigionamento 
idrico di Benevento è ancora oggetto di discussione. In futuro, il rifornimento idrico sarà garantito 
dall’invaso della diga di Campolattaro, lungo il Fiume Tammaro. La conoscenza dell’evoluzione 
storica dell’approvvigionamento della città di Benevento rappresenta un presupposto necessario al 
fine di analizzare consapevolmente la futura pianificazione e gestione della risorsa idrica

The research analyses the historical evolution of the water supply systems of the city of Benevento (southern 
Italy) during centuries. We focused on three main historical periods, namely the Roman, Lombard and Papal 
times, and the recent-present times. During this long historical time, the water supply amount and quality 
have changed many times, and this has probably affected the well-being and growth of the city. The best water 
quality characterized the Roman times, when large karst springs were tapped, feeding the town for centuries. 
In this period, the town experienced the largest population expansion. On the other hand, the most depressed 
period was the Papal times, coinciding with the isolation of the city, as it was an enclave of the Pontifical 
State. During this period, the water supply from external sources was not guaranteed and therefore it primarily 
derived from the local, low-quality water resources. Only after the unification of Italy, and also after the Second 
World War, the water supply systems have been improved, and new aqueducts have brought again high-quality 
waters to Benevento coming from karst aquifers. Nowadays, the drinking water management of Benevento is 
still a matter of debate. In the near future, the water from a dam-reservoir (Campolattaro dam, Tammaro 
River) will be exploited to guarantee the water needs of the city, and water-supply systems will undergo further 
changes . The knowledge about the historical evolution of the water supply of Benevento represents an essential 
requirement for consciously analyzing the future planning and management of water resources. 
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Introduction
The development and growth of societies are strictly 

connected to water availability, both in term of quality and 
quantity. Since the ancient times, important societies have 
populated the areas of the central-southern Apennine (Italy), 
a sector of the Italian Peninsula characterized by significant 
surface water and groundwater resources, the latter are stored 
mainly in karst and porous/alluvial aquifers. Karst aquifers 
hosted in carbonate massifs naturally provide large quantities 
of high-quality water. On the other hand, porous aquifers 
characterize intermontane and vast coastal plains, and are 
mainly hosted in alluvial Quaternary deposits.

The specific hydrogeological, topographic and climate 
features of this Campania-Latium region represented key 
factors for the growth of important settlements and cities, 
which developed advanced hydraulic works to ensure the 
continuous availability of good-quality waters. In particular, 
given the topographic position of karst springs, water can 
be transferred for long distances by gravity via aqueducts, 
connecting the karst spring to urban areas.

The most relevant ancient example is probably the city 
of Rome, built along the Tiber River, initially representing 
the primary source that guaranteed the water needs. 
However, the Romans soon understood the importance 
of springs in mountain areas and built, as is well known, 
ingenious aqueducts to have higher-quality water, favoring 
the economic and demographic growth of the cities and, 
therefore, of the empire. The towns near Rome were interested 
by constructions of long aqueducts as occurred initially in the 
Latium and Campanian regions, and in the Mediterranean 
area later. In central-southern Italy, these aqueducts have 
worked for centuries, until recent historical times in some 
cases. In other cases, these aqueducts were destroyed after 
the fall of the Roman Empire. The political instability that 
characterized Italy until its unification in 1861 did not 
provide the conditions for planning the building of new and 
long aqueduct systems. 

Even in Rome, the city’s water supply system from Acqua 
Marcia springs was restored only after the unification of Italy. 
The Naples Aqueduct was built in 1888, which conveyed 
water from Serino springs toward the city, as in Roman times.

Other main and strategic aqueducts were projected 
and built from the beginning of the twentieth century. In 
particular, the Apulian aqueduct was built to bring water 
from the Caposele karst spring first, and then from Cassano 
Irpino springs, to Apulia, solving one of the chronic problems 
of this region and favoring its economic development. 

This study describes the historical evolution of the water 
supply of Benevento (southern Italy) since the Roman period 
and discusses the different types of water resources used, 
highlighting the incredible change regarding the water 
supply of the town. This problem still needs to be solved 
completely, and further important changes are expected in 
the near future.

Perhaps it is superfluous to underline that a high-quality and 
sufficient water supply is fundamental for the development of 

communities, without which the conditions for the economic 
and social growths always appear threatened.

Nowadays, the management of water resources, and in 
particular their redistribution and uses, is a hot topic due 
to increasing urbanization, economic development, and 
climate changes. Of course, any decision on the water supply, 
should firstly come from the knowledge of the hydrology and 
hydrogeology of a wide area, and then from technical and 
economic considerations, inside a broad context that considers 
many factors; thus, final political choices should be guided by 
avoiding prejudices and partisan interests.

The example of Benevento highlights the complexity of this 
topic. It represents a case-study in this field, thanks to its 
millenarian history that has seen the succession of different 
historical periods and societies (Samnite, Roman, Lombard, 
Papal, Post-unification of Italy, Current status), accompanied 
by changes in the water supply strategies during each 
transformation.

The aim of this study is the reconstruction of the historical 
evolution of water supplies of city the of Benevento, from 
the Roman times until nowadays, with a focus on the future 
of the water resource management accounting social and 
environmental problems

Study area
The city of Benevento is located at the confluence between 

the Calore and Sabato Rivers, in an area characterized by hilly 
slopes that degrade toward the alluvial plain near the river 
network. 

Geologically, alluvial deposits outcrop in the area, 
constituted by different sedimentary cycles from Early 
Pleistocene to Holocene, covering a marine substratum, made 
by argillaceous sequences. Other geological details can be 
found in Amato et al. (2017) and Senatore et al. (2019). 

The alluvial aquifer of Benevento Plain (about 30 Km2) 
is mainly constituted of Quaternary deposits related to the 
dynamics of Calore and Sabato Rivers. The heterogeneity of 
these deposits (in terms of lithology and grain size) gives rise 
to a complex groundwater circulation, relying on “multiple 
superimposed layers” interacting with one another at a large 
scale (Celico et al., 1998; Esposito et al., 2005a). Moreover, 
the aquifer-river interaction with the river stage strongly 
influences groundwater flow, representing the primary driver 
of groundwater circulation (Leone et al., 2024). Since 1960s, 
this aquifer was exploited by several pumping wells for 
drinking purposes to feed the town. 

Except for the alluvial aquifer of Benevento Plain, there 
are no other significant water resources near the city, and, 
consequently, a large part of the water supply came, and still 
comes, from karst massifs, such as those of Terminio-Tuoro, 
Taburno-Camposauro and Matese Mountains (Fig. 1; Celico, 
1978; Fiorillo et al., 2015). Karst massifs are constituted by high-
permeability limestone and limestone-dolostone sequences of 
Triassic-Miocene age, having a thickness of 2500-3000 m, and 
are bounded by less permeable marine argillaceous complexes 
(Paleocene) and flysch sequences (Miocene).
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Fig. 1 - (a) Map of the Italian Peninsula and (b) of the 
western Campania region. Red rectangles bound the areas 
shown in Figures 2 and 6.

Fig. 1 - (a) Carta della penisola italiana e 
della Campania occidentale. I rettangoli rossi 
delimitano le aree mostrate nelle Figure 2 e 6.

Karst aquifers feed powerful basal springs, which have had 
great relevance for Benevento, as well as for other ancient 
cities. More specifically, the Serino springs (Acquaro-Pelosi 
and Urciuoli springs) are the major outlets of Terminio karst 
massif (Civita, 1969a; Celico, 1978; Esposito, 2001; Fiorillo 
et al., 2018), with an overall mean discharge of 2.25 m3/s; 
during Roman times these springs were tapped to supply 
Benevento (Urciuoli springs) and other cities of Neapolitan 
area (Aquaro-Pelosi springs). Other springs of the Terminio 
karst massif, the powerful Cassano springs (mean discharge 
of 2.65 m3/s), fed Calore River and sustain river discharge 
during dry periods; these springs have been tapped since the 
1960s, and mainly feed the Pugliese Aqueduct . 

The Matese karst massif is characterized by several basal 
spring groups, mainly located on the southern and northern 
sides. The first group is that of Piedimonte Matese (Torano 
and Maretto springs), with an overall mean annual discharge 
of about 3 m3/s. On the northern side, there is the Boiano 
group (Maiella, Pietrecadute and Riofreddo springs); it has 
an overall discharge of 2.80 m3/s (Civita, 1969b) and is also 
known as Biferno springs, as it is located at the head of Biferno 
River. All these springs are tapped by Campano Aqueduct to 
feed mainly the Neapolitan area and by Molisano Aqueduct 
to feed the Campobasso province. A minor amount of Boiano 
group spring discharge is conveyed toward Benevento city.

Another important spring group along the southern side of the 
Matese massif is that of Grassano-Telese Terme (Fiorillo et al., 
2019), where the relative fresh water is only partially exploited.

Finally, the Taburno-Camposauro karst massif supplies 
many minor springs, some of which were exploited to feed 
Benevento city in the past.

Main historical periods
The city’s strategic position, especially during the 

Roman period, the favorable climate conditions, and the 
geomorphological features of the plain have allowed different 
civilizations to develop here. 

Some archaeological remains, dated Neolithic (8th century 
B.D.), were found in the city centre (Vari Square), testifying 
to the first human settlement in the area (Amato et al., 2017). 

The city’s history is intimately linked to Samnites, which 
built the first organized and defendable settlement in the 
area (IV Century B.D.; Torelli, 2002 ). In 268 B.D., after the 
Roman and Samnite wars, Benevento became a Roman colony 
located at the crossroads of Appia and Minucia Roads (the 
future Appia Traiana Road; Iasiello, 2007). During Roman 
times, the city reached its maximum growth (Rotili, 1958), 
as testified by several remains and hundreds of epigraphic 
inscriptions (Caruso, 2013). The prosperity of the city was 
guaranteed by its position located near the Appia Road and 
near the confluence between the Sabato and Calore Rivers. 
This last condition provided the water supplies needed for 
agricultural and drinking purposes. 

After the fall of the Roman Empire (476 A.D.) and the Gothic 
Wars (490 A.D.), Lombards, led by King Zottone, conquered 
the city (570 A.D.), making it the capital of their duchy. 

In 1077 A.D., after several civil wars between Salerno 
and Benevento (849 A.D.), and after Saracens and Normans 
invasions (about 1077 A.D.; Zigarelli, 1979), with the death of 
the last Lombard’s king, Landolfo VI, the papal domination 
of the city started (Borgia, 1763). De facto, Benevento City 
became an enclave of the Papal State inside the Kingdom of 
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Two Sicilies (Zigarelli, 1979). During this long period, the city 
has undergone several alternating facts (De Antonellis, 2008), 
becoming a possession of the Swabian house. Fief of the Papal 
State, the city was governed by a rector first and a governor 
then. In 1688, there was a period of equilibrium and serenity 
due to the Cardinal Vincenzo Maria Orsini government, next 
Pope Benedetto XIII. He really loved the city and, especially 
after the 1688 and 1702 earthquakes, funded several public 
and reconstruction works. This domination lasted until 1860, 
in consequence of the Italian Independence Wars.

After the occupation by Napoleon’s soldiers (in 1806), the 
domination of the city came back to the Papal State (in 1815)
and ended with the unification of Italy in 1861. Thus, the papal 
period of the town lasting for about eight centuries..  

Therefore, Roman, Lombard, and Papal times represent the 
three main historical period of the town. There were periods 
of expansion and retirement of city walls that affected the 
urbanistic framework of the city. From the primitive Roman 
nucleus, constituted by a castrum romano and a part outside 
the city walls (Borgia, 1763-1769; Mazarini, 1823; Rende, 
2004), the city expanded during the Lombard period. During 
the IX and X centuries, city’s walls expanded following the 
left side of the Calore River; the expansion then reached the 
right side of the Sabato River. Still today, this part represents 
the shape of the city. During Papal times, no expansion and/
or modification of the city’s urbanistic framework occurred, 
but several churches and historical monuments were built (De 
Lucia, 1930; Zazo, 1980). Finally, after World War II and the 
destruction of a great part of the city, there was an uncontrolled 
expansion of the city until the 1970s. These historical phases 
have caused a complex evolution of aqueduct systems until 
they reached the aqueduct scheme that currently supplies the 
city. This complexity results in difficulties in supplying and 
managing water resources. 

Benevento’s historic water supply
Historical information about the three periods considered 

in the study has been collected. Many documents, among 
which there are notarial transcriptions, deeds, papal bulls, and 
epigraphic transcriptions, were consulted. These documents 
were found at the State Archives of Benevento Province and at 
the Provincial Library of Benevento; the Cultural Association 
Benevento Longobarda has also been contacted. Moreover, 
some archaeological sites have been directly inspected. 

Roman times
During Roman times, the Sannitico Aqueduct fed 

Benevento (Fig. 2). Long about 32.5 km and with an average 
slope of 5 ‰, this aqueduct was built in I century A.D. (Tolle 
Kasteinbein, 1993) and primarily picked up the Urciuoli spring 
discharge (caput aquae), located in Cesinali municipality (near 
Avellino city). As shown by Figure 2, it followed the path 
of the Sabato River, crossing the municipalities of Atripalda 
(ancient Abellinum), Prata di Principato Ultra (some remains 
were found in Parata del Molino locality), Altavilla Irpina, 
and Chianche (Cristilli, 2006; De Feo et al., 2009). 

Another minor spring, the Fonte dei Formosi spring, 
and located near Altavilla Irpina village, also supplied the 
aqueduct but with negligible discharge compared with the 
Serino springs.

The ending of this aqueduct system was represented by a 
reservoir in Castellum Aquae, whose remains are currently 
located under Rocca dei Rettori castle (Preziosi, 2001;  
Fig. 3). From this reservoir, it branched off an underground 
urban aqueduct network that supplied several parts of ancient 
Benevento town, including several thermal facilities, whose 
location is shown in Figure 4. In XVIII and XIX centuries, the 
remains of this network were found during the reconstruction 
of some buildings following the 1702 earthquake and are 
still visible along Avellino Street (De Nicastro, 1719; Isernia, 

Fig. 2 - Carta del tracciato dell’Acquedotto Romano (I secolo d.C.) che convogliava le acque della sorgente carsica Urciuoli verso la città di Benevento. Legenda: 1) 
Percorso dell’acquedotto ipotizzato; 2) Principali sorgenti; 3) Castellum Aquae (Rocca dei Rettori); 4) Principali toponimi; 5) Vette; 6) Città; 7) Reticolo fluviale.

Fig. 2 - Map showing the path of the Roman Aqueduct (I Century A.C.) conveying waters of the Urciuoli karst spring to Benevento city. Legend: 1) Hypothesized Aqueduct path; 
2) Main springs; 3) Castellum Aquae (Rocca dei Rettori); 4) Main toponyms; 5) Mountain peak; 6) Towns; 7) River network.
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Fig. 3 - Sannitico Aqueduct (I century B.D.): a) beginning 
of the aqueduct tunnel near the Urciuoli Spring of the Serino 
group (Caput Aquae); b) ruins located along Avellino Street 
in Benevento city; c) the opus reticulatum highlights the main 
channel remain under Rocca dei Rettori building; d) detail of 
the main channel inside Rocca dei Rettori building.

Fig. 3 - Acquedotto Sannitico (I secolo d.C.): a) inizio 
del tunnel dell’acquedotto vicino la sorgente Urciuoli 
del gruppo di Serino (Caput Aquae); b) resti ubicati 
lungo Via Avellino in Benevento; c) l’opus reticolatum 
indica i resti del canale principali sotto l’edificio della 
Rocca dei Rettori; d) dettaglio del canale principale 
all’interno dell’edificio della Rocca dei Rettori.

Fig. 4 - Map of Benevento showing sites 
of interest, including the arrival of the 
Roman aqueduct and thermal facilities, 
Lombard wells, and Orsinian fountains. 
Site names were taken from local elements 
(streets, rivers, monuments, etc.). The 
Lombard city wall was drawn based on 
a topographic map by Carlo Antonini 
(about 1780).

Fig. 4 - Carta della città di 
Benevento che mostra l’ubicazione 
dei siti di interesse, quali l’arrivo 
dell’acquedotto e le strutture termali 
di epoca Romana, i pozzi Longobardi 
e le fontane Orsiniane. I nomi dei 
siti si riferiscono a elementi locali 
(strade, fiumi, monumenti, etc.). Il 
perimetro delle mura longobarde è 
stato tracciato sulla base di una carta 
topografica di Carlo Antonini (1780 
circa).

1895; Zazo, 1977; Zazo, 1980; Fig. 3c). During the first half 
of II century A.D., the Roman aqueduct represented the 
main water supply for several thermal facilities built into the 
town, such as the thermal complex of San Cristiano Street 
(Isernia, 1895; Rotili, 1986), Thermae Commodiane located 
in the underground of Cardinale Pacca square and in Posillipo 
Street, and the thermae located in Episcopio Street (Rotili, 
1986; Fig. 4). The remains of these thermal facilities, located 

in city walls, are still partially visible (Fig. 5a).
Despite several injuries (Joannowski, 1983; Cristilli, 

2006) and maintenance interventions, among which the 
reconstruction of the channel during the IV century (Rea, 
1978; Pescatori Colucci, 1996), the Sannitico Aqueduct was 
still functioning until VIII-XI century A.D. Next, following 
several Lombard civil wars and natural catastrophizes (mainly 
floods of Sabato River, landslides, and seismic events), Roman 
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Fig. 5 - (a) Remains of Roman Thermae 
facilities in Posillipo Road; (b) Lombard 
well in headquarters of Benevento Longobarda 
Association; (c) Public well supplying 
Benevento city during Papal times located 
in the actual Mercato Plaza; (d) Fountain 
in Orsini square fed (papal times) by the 
Orsinian Aqueduct

Fig. 5 - (a) Resti dell’edifcio delle 
Terme Romane in via Posillipo; (b) Pozzo 
Longobardo nella sede dell’Associazione 
Benevento Longobarda; (c) Pozzo 
pubblico che riforniva Benevento durante 
l’epoca Papale ubicato nell’attuale 
Piazza Mercato; (d) Fontana in Piazza 
Orsini alimentata (periodo papale) 
dall’Acquedotto Orsiniano.

aqueduct was destroyed (Peduto, 1992). Consequently, the 
Urciuoli spring was no longer tapped and fed the Sabato 
River. Several centuries later, at the end of the XIX century, 
both Serino spring groups (Acquaro-Pelosi and Urciuoli) were 
re-tapped by Serino Aqueduct to supply the metropolitan 
area of Naples by a gravity tunnel joined to a pressure conduct 
(Fiorillo et al., 2007).

Lombard times and Middle Ages
During the VI century, Lombards conquered Benevento 

city and primarily occupied the highest part of the town, 
(Fragnito & Grella, 2023). Consequently, strategic human 
settlements near Sabato River were abandoned, and the 
area was exploited for agricultural (farming, grazing) and 
productive purposes (Tomay, 2009). 

The Roman aqueduct still guaranteed water supply and 
fed the thermal facilities located in the city center. During 
barbarian invasions, the Roman aqueduct was wholly 
destroyed; then, in the IX Century, King Radelchi funded 
its reconstruction (De Feo et al., 2009). Water coming from 
the aqueduct was still employed to feed the thermal facilities 
(Fig. 5a) and was integrated by several sources, including 
groundwater from wells drilled in the plain (having depths 
ranging from 8 to 12 meters), a few cisterns catching rainfall 
water, Calore River, and some minor springs located near the 
city (among them there was Fontana Fabbricata spring; De 
Lucia, 1930; Zazo, 1980). Following the destruction of the 
Roman aqueduct, the city’s water supplies were assured only 
by these latter sources. Two examples are represented by the 
remains of three wells belonging to this period: the first was 
realized entirely into a Roman capital and located in the 
Cloister of Santa Sofia Church (XII century); the other two 
wells, realized with some Roman rests and reached a depth of 
several meters, were used for water supply of a ceramic factory 

(Fig. 5b). These latter are still present in Triggio District, 
addressed by the headquarter of the Cultural Association 
Benevento Longobarda (Fig. 4)

Papal times
After the Middle Ages, Benevento City underwent further 

phases of rebuilding and reshaping, especially after destructive 
earthquakes and floods.

Until the XVI century, there were five public wells (De 
Lucia, 1930), known as Porta Rufina well (near the public 
marketplace, now Mercato square; Fig. 5c), Pietà well (in 
front of the chapel of the same name), San Giovanni fuori 
Port’Aurea well (in front of Commenda di Malta church), 
Calore well (near Saint Onofrio’s Church, break down in 1927) 
and Sépare or Sepete well (near the Orphanage of San Filippo 
Neri). Furthermore, some private wells provided water to the 
population (Bencardino, 1991), while part of the productive 
activities (such as mills, factories, etc.) employed the waters 
of Sabato and Calore Rivers (Isernia, 1895; Bencardino, 1991; 
Del Prete, 2009). Some centuries later, in the XX century, 
mills were replaced by the Santa Barbara hydroelectric power 
plant that exploited the Sabato river flow energy; the plant was 
then to acquired by the Rummo factory and later dismissed 
(Del Prete, 2009).

In 1598, Architect Valente de Valenti drafted a project to 
uplift the Sabato River’s water flow for local supplies. In 1599, 
however, this project was set aside in favor of another project 
realized by Engineer Carlo Sorrentino, which involved the 
tapping of the Monte della Guardia springs, located in the 
hilly zone 1 km south of the city. 

During the XVIII century, after the 1702 earthquake, 
cardinal Vincenzo Maria Orsini, future Pope Benedetto XIII, 
funded the design and construction of the new aqueduct of 
Benevento, known as Orsinian Aqueduct (Gambardella, 
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Fig. 6 - Map showing the path of the XX Century (Cautano 
Aqueduct) and present aqueduct (Biferno Aqueduct). Legend: 
1) Biferno Aqueduct; 2) Cautano Aqueduct; 3) Main springs 
feeding aqueduct systems; 4) Main aqueduct facilities; 5) 
Dam; 6) Mountain peak; 7) Elevation points; 8) Towns; 9) 
River network. 

Fig. 6 - Carta che mostra l’andamento dei sistemi 
acquedottistici del XX secolo (Acquedotto di Cautano) 
ed attuale (Acquedotto del Biferno). Legenda:  
1) Acquedotto del Biferno; 2) Acquedotto di 
Cautano; 3) Principali sorgenti che alimentano i 
sistemi acquedottistici; 4) Principali infrastrutture 
acquedottistiche; 5) Diga; 6) Vetta; 7) Punti quotati; 
8) Città; 9) Reticolo fluviale.

1979; Pezone, 2008). In 1705, Carlo Buratti resumed the 
project about tapping Monte della Guardia springs by an 
underground tunnel. 

In addition, other primary water sources, already found by 
Engineer Sorrentino a century earlier, were represented by 
some little springs located in the low permeability deposits, 
which are all extinct except three. These latter are Fontana 
Fabbricata, Fontana del Cantaro, and Fontana Sorici springs; 
probably, the first two, having a discharge lower than  
1 L/s, are those actually located in Torrecuso and Pietrelcina 
municipalities, respectively (Esposito et al., 2005b). 

In 1711, the aqueduct building ended and the first public 
fountain, located in front of Cappuccini convent in S. Felice 
locality, was inaugurated (Pezone, 2008). The other two 
fountains were inaugurated in 1718 (Fig. 4); the first fountain 
was located inside the city walls, near S. Sofia’s Church 
(Pezone, 2008), while the second was located in Orsini Plaza 
(Zazo, 1980), near Saint Bartolomeo’s Church (De Lucia, 
1930; Fig. 5d). 

In 1719, with the realization of the fourth fountain in 
Fragola District, the Orsinian Aqueduct fed the lower part of 
the city (S. Domenico, S. Vittorino, Carmelitani, S. Antonio, 
Badia di S. Sofia, Collegio dei Gesuiti, Vescovato and Palazzo 
Apostolico districts) and, consequently, the whole city had a 
water supply (Zazo, 1980). In 1740, the aqueduct was partially 
dismissed because of the maintenance costs. In subsequent 
years, new water sources to the aqueduct system were added; 

however, they could not supply the growing water demand of 
the city (Zazo, 1980; Del Prete, 2009). Several years later the 
aqueduct was finally completely dismissed. 

Moreover, to supplement the Orsinian aqueduct in the 
city’s water supplies, another water source was found: a 
tunnel, realized in clay materials, that picked up the water 
flow of Torrente San Nicola was realized. This hydraulic 
infrastructure was still functioning until the early XX 
century when it was dismissed in favor of new supplies from 
the Cautano Aqueduct (Fig. 6). 

From the unification of Italy to today
Until the fascist dictatorship, the city of Benevento 

underwent a series of urbanistic interventions, among them 
there was the recovery of the town’s aqueduct systems 
(Bencardino, 1991). 

During 1930s the Orsinian Aqueduct was renovated 
and re-used with the tapping of some new springs (Zazo, 
1980), including the Sorienza, Spezzacarafa, Mensareina, 
Abazia, Sambuco, and Gamberi springs (Cautano springs in  
Fig. 6), which also provided the water supply to several small 
neighboring towns (Civita et al., 1970; Civita et al., 1971). 
They are located in Prata Valley (Fig. 6), between Taburno 
and Camposauro reliefs, and have a discharge ranging from 
50 to 80 L/s. The aqueduct network followed the path of 
the current Vitulanese road and finally joined the Orsinian 
aqueduct. This aqueduct system was still functioning at the 
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Fig. 7 - Hydrogeological cross-section of Pezzapiana industrial area of Benevento, with the localization of wells and monitoring piezometer (water level refer to February 2023). 

Fig. 7 - Sezione idrogeologica dell’area industriale di Pezzapiana di Benevento, con l’ubicazione dei pozzi e del piezometro (livello falda riferito a Febbraio 2023).

beginning of the 1980s, when it was definitively dismissed. 
Successively, new and modern aqueduct systems were built.

Nowadays, the city of Benevento has a complex aqueduct 
scheme, and the water supply involves a city division into 
three different areas. 

The main water source is represented by water coming from 
Campano Aqueduct (Fig. 6). In particular, the discharge of 
Biferno karst springs is conveyed through a tunnel crossing the 
eastern sector of Matese Mountain toward the Gioia Sannitica 
hydraulic divider, located in Auduni district (EIC,2021; Leone 
et al., 2023). Then, karst groundwater is transported through 
a conduit crossing the Volturno and Calore Valleys and reaches 
the highest zones of Benevento city (Capodimonte district, 
Cancelleria district, city center, Avellino street, etc.). The 
overall discharge is 0.2 m3/s. The lowest zones of the town, as 
Triggio, Ferrovia, and Libertà districts, are fed by groundwater 
pumped by the two wells located in thePezzapiana district 
alluvial aquifer, a part of the wider Benevento alluvial 
plain aquifer. The maximum pumping discharge is about  
0.12 m3/s. A recent study by Leone et al. (2024) highlighted 
the hydraulic connection between the Calore River 
and alluvial aquifers in this area. The cross-section in  
Figure 7 shows the groundwater flow in the Pezzapiana 
district with the localization of drinking wells and the 
monitoring piezometer. The local groundwater flow has a 
strict connection with river Calore; water is abstracted by 
pumping as well (Leone et al. 2024). Therefore, Pezzapiana 
district’s wells could be susceptible to contamination, 
eventually due to surface water contamination or local 
sources.

Discussion and Conclusion
The historical and urbanistic evolution of Benevento 

showed how the city’s water supply has represented a complex 
and articulated issue (Tab. 1). 

Romans first solved this problem by tapping the Urciuoli 
spring (Preziosi, 2001). The water from this spring was 
conveyed toward the city via the Sannitico Aqueduct. Given 
its karst nature and its hydraulic mechanism characterized 
by ascendent flow (Fiorillo et al., 2018), this spring had to 
ensure a large amount of high-quality water to Benevento 
inhabitants. 

Figure 3d shows a view of the aqueduct channel in Rocca 
dei Rettori castle. The original channel has a maximum 

width of about 0.54 m and a height ≥ 0.84 m. The channel 
is filled by a layered deposit, mostly made by precipitation of 
calcium carbonate and debris. Calcium carbonate is directly 
precipitated from the flowing water, considering the karst 
origin and the calcium bicarbonate nature of the Urciuoli 
spring. Generally, this type of deposit characterizes the 
transport and storage elements of ancient hydraulic works 
sourced from karst environments (Keenan-Jones et al., 2022; 
Sürmelihindi & Passchier 2023).

It forms below the water level, and, as shown in Figure 3d, 
its overall thickness is not uniform as it decreases upward. 
The layers are almost parallel, and the materials at the 
channel wall are the oldest. The maximum height reached by 
the deposition level is about 0.65 m from the channel floor, 
despite the uppermost and thinnest part of the deposit having 
been eroded over time. This deposition level should provide 
the maximum water flow height throughout the original 
channel at the beginning of the precipitation-sedimentation 
process. In particular, aqueduct discharge can be obtained 
by Manning’s equation (Chow et al., 1988) based on channel 
features. Approximating the original channel section to a 
rectangle, the discharge Q is related to flow height hf by:
  

( ) ( )
2 13 2

f
f

R h S
Q A h

n
⋅

=

where R(hf) is the hydraulic radius and A(hf) is the flow 
section, both function of hf, S is the bed slope, and n is 
Manning’s roughness coefficient. Figure 8 illustrates the 
relationships between flow height and aqueduct discharge 
for different values of coefficient n. The box plot provides 
the discharge data distribution for the Urciuoli spring, 
characterized by a mean m = 1.27 m3/s (1934-2019 period), 
with a standard deviation s = 0.2 m3/s. Assuming a maximum 
water flow level of 0.65 m, with a coefficient n between 
0.01-0.015 (Chow, 1959), the maximum aqueduct discharge 
ranges from 0.58 to 0.86 m3/s. Assuming the past and recent 
spring discharge regimes are similar, this amount would be 
guaranteed also during extreme hydrological drought which 
affected the Urciuoli spring (Q < m – 2s), and only a part of 
the total spring discharge was conveyed toward Benevento. 
However, water leaks along the aqueduct path cannot be ruled 
out, and probably the whole spring discharge was tapped. 
Under such hypothesis, more than 50% of the water tapped 
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was lost during the path, but a minimum approximately of  
0.5 m3/sec, seemed guaranteed to the city also during 
droughts.

The deposit accumulation has caused the narrowing of 
the flow section and an increase of the wall roughness. This 
suggests a decrease in the aqueduct discharge, probably due 
to the abandonment and degradation of the hydraulic work 
rather than natural factors. 

The analysis highlights that the Urciuoli karst spring has 
probably been the largest and best-quality water supply of 
the city since today. It is particularly interesting to note that 
the amount of karst groundwater feeding Benevento during 
Roman times was probably higher than today, considering 
that the Biferno aqueduct and Pezzapiana wells provide about 
0.2 m3/s and 0.1 m3/s, respectively.

This suggests that during the Roman times the maximum 
number of inhabitants could be compared with the current or 
more, according to extraordinary public infrastructures left 
by Roman as the amphitheater (Galasso, 1999), the theater 
(Meomartini, 1889), the thermal sites already described 
and so on, but this is a difficult topic which merits specific 

analyses outside the scope of our study.
After the destruction of the Roman aqueduct, during the 

Lombards (partially) and Papal periods, the city was supplied 
by poor-quality waters from several wells and other sources 
located inside and close to the city bulk. In any case, these 
sources were inadequate to satisfy the water demand of the 
population. Indeed, during the XVI Century, citizens of 
Benevento protested against the Spanish viceroyalty about 
the tapping project of Serino springs for the supply of the 
Neapolitan area because these springs fed the Sabato River 
and their possible exploitation led to a decrease of the river 
flow (Zazo, 1980). It must be stressed that we did not find 
any documents about an agreement between the Benevento 
enclave and the Kingdom of the Two Sicilies on the city’s 
water supplies. Considering this condition of geographic and 
geopolitical insulation, it can be reasonably hypothesized that 
the main water supplies of Benevento were represented only 
by sources that fell inside the city territory or outside and near 
the city walls (Zigarelli, 1979). Following the unification of 
Italy, the city of Benevento was involved in the local context, 
ending his isolation. Then, several regional aqueduct systems, 

Historical period
Number of 
inhabitants 
(maximum)

Water source
Main distribution 
system

Estimated water 
quality at the source
H, high
M, medium
L, low
P, poor

Minimum estimated 
water amount 
(dry period)

Roman Times
(I Century A.D. – V A.D.)

60,000?1 Karst springs, Serino 
(Picentini Mts.)

Sannitico Aqueduct H Up to 500 L/s6

Lombard Times
(VI-XI Century) 10,000

Karst springs, Serino 
(Picentini Mts.)

Sannitico Aqueduct, 
until VIII Century

H ?

Alluvial aquifer, 
Benevento

local wells and 
cisterns

L -

Papal Times
(XI-1860) 14,0002

Local springs, 
Monteguardia-Benevento

Orsinian Aqueduct M 0 L/s

Alluvial aquifer, 
Benevento

local wells L -

Water river, Benevento
hydraulic derivation 
(channels)

P -

Post-unification of Italy
(1860-1950s)

40,0003 Karst springs, Cautano 
(Camposauro Mt.)

Cautano Aqueduct H 50 L/s7

Current status
(since 1960s)

60,0004

Karst springs, Boiano 
(Matese Mt.)

Biferno Aqueduct H 178 L/s8

Local springs, Pietrefitte-
Torrecuso

local aqueduct M 3.2 L/s8

Alluvial aquifer, 
Benevento

local wells, 
Pezzapiana locality

L 120 L/s8

Near future 50,0005 Dam water, 
Campolattaro

Aqueduct under 
construction

L 362 L/s9

Tab. 1 - Main Historical periods, number of inhabitants and water supplies of Benevento city. References: 1-Up to 250,000 following Collarile (2023); 2-Galanti (1789); 3-ISTAT (1960); 
4-ISTAT (2023); 5-Inferred by the Authors; 6- Estimated by hydraulic considerations; 7-Data from Civita et al. (1971); 8-Data provided by GESESA Aqueduct Company; 9-Data from 
Technical Report of the Project of the Potabilization of Campolattaro Dam. 

Tab. 1 - Principali periodi storici, numero di abitanti e approvvigionamento idrico della città di Benevento. Riferimenti: 1-Fino a 250,000 ipotizzato da Collarile 
(2023); 2-Galanti (1789); 3-ISTAT (1960); 4-ISTAT (2023); 5-Ipotizzati dagli Autori; 6-Stima da considerazioni idrauliche; 7-Dati da Civita et al. (1971); 8-Dati 
forniti dall’Azienda acquedottistica GESESA; 9-Dati reperiti dalla relazione tecnica del Progetto di Potabilizzazione della Diga di Campolattaro.
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Fig. 8 - Relationship between Sannitico aqueduct discharge, Q, and water flow height 
(hf) estimated by Manning’s equation for different values of roughness coefficient n. The 
dark blue area represents the aqueduct discharge for a maximum flow height of 0.65 
m. The box plot provides the distribution of discharge data of the Urciuoli karst spring 
(period 1934-2019; μ is the mean and σ the standard deviation). 

Fig. 6 - Relazioni tra la portata dell’acquedotto Sannitico, Q, e l’altezza del 
flusso (hf) stimate utilizzando la formula di Manning per differenti valori 
del coefficiente di scabrezza n. L’area blu rappresenta i valori di portata per 
un’altezza del flusso pari a 0.65 m. Il box plot descrive la distribuzione dei 
dati di portata della sorgente Urciuoli (periodo 1934-2019, m è la media e s la 
deviazione standard).

such as the Serino Aqueduct (1880s), Pugliese Aqueduct 
(1910s), Alto Calore Aqueduct (1930s), Campano Aqueduct 
(1950s), and so on, were built. 

In this framework, water supply of Benevento city is 
granted by both Campano Aqueduct and GESESA Aqueduct 
Company (Fig. 6 and 7).

Anyway, the water supply of Benevento city is going to 
change entirely again in the future when the infrastructural 
work (purifier and hydraulic distribution works) of the 
Campolattaro dam is completed; however, these works 
are only financially supported by the Campania Region 
authority but not still beginning. The Campolattaro dam is 
an earth dam located in a middle-upper part of the Tammaro 
River, built in the first half of the 90s, with a reservoir of  
156 ∙ 106 m3 and a catchment area of 253 km2 (Magliulo et al., 
2021). When the aqueduct system will be completed, a new 
water source will supply Benevento City , never used in the 
past: the water of the Tammaro River. The advantage of this 
supply lies in the definitive independence on extra-regional 
water, as the Biferno springs are disputed by both the Naples 
urban area and Molise region, and should guarantee more 
stable water supplies during droughts. However, the quality 
of the dam water reservoir cannot be compared with that 
of karst springs. In this term, the advantage of this further 
changing of water supplies of Benevento is controversial.

The evolution and the future perspectives on the water 
supply of Benevento City show the precise requirement for 
drinking water and the difficulties related to the provision 
and management of water sources. In a framework of 
limited water resources, also related to climate change and 
groundwater pollution, water supply became an essential issue 

in city life. Therefore, sustainable management of ground and 
superficial waters is desirable, considering local water sources 
and applying serious management and protection policies 
of water sources. These latter should be linked to a sort of 
“adaption” of human activities in the local environmental 
setting, minimizing the anthropic impact and protecting the 
water sources from quantitative and qualitative degradation. 
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