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ABSTRACT: For many years, the Roman water supply to Toledo was considered to be a single system transporting the necessary volumes to the city from the reservoir of La Alcantarilla on the River Guajaraz by means of a
canal of over 50 kilometres in length. However, recent research undertaken over the last two years has enabled us to show that, in order to sup ply Toledo with water, the Romans resorted to a far more complex model
involving the construction of three distinct systems. This paper is a partial summary of the results of the “Study
and documentation of the water supply to Toledo in the Roman era”, undertaken since 2006 on behalf of the
Tajo River Authority (Confederación Hidrográfica del Tajo) and which are fully laid out in a book entitled The
supply of water to Toledo in the Roman era (V.A., in press). In addition to the signatories of this paper, the following have participated in the study as well as the subsequent publication: Fernando Gutiérrez, Carlos
Cauce, Juan Carlos Gómez, Mariano Martín, Julián Conejo, Pedro Rodríguez and Yolanda Muñoz.

INTRODUCTION
The existence of only one significant system for the supply of water to the city of Toledo in the Roman era has
traditionally been accepted. The most significant remains of this are well-known and have been studied,
chiefly since the eighteenth century. The supposed system would have originated from the dam of La Alcantarilla, more than 20 kilometres to the south of the city of Toledo. This dam would have retained the waters of
the River Guajaraz in addition to those of the nearby stream of San Martín de la Montiña, by means of a small
transfer. The said waters would have been conveyed towards the city by a channel whose entire route enabled it to access the Toledan ridge from the south east, crossing the River Tajo over an imposing aqueduct.
This largely theoretical route was proposed by Ángel Ortiz Dou in 1948 and has been generally accepted since
then.
The results obtained from our study have implied a significant change in these reference points, showing that
the ruins previously considered to be those of a single system in reality belonged to two: La Alcantarilla and la
Rosa. A third has likewise be located, independent from the aforementioned and smaller in terms of structure
and flows: la Pozuela. The investigations undertaken on the previously assumed transfer from San Martín de la
Montiña have additionally enabled the link to the general supply network for Toledo to be broken. The aforementioned has required the general reassessment of the study and the subsequent development of a survey
which has been much wider, complex and time-consuming than initially envisaged.
Of the three systems identified, those of la Rosa and la Pozuela were to date unknown although their waters
were reused in the second half of the nineteenth century and the first half of twentieth, again to supply the city
of Toledo. In the case of la Pozuela, the nineteenth century works also reused part of the Roman water
catchment, with the persons involved scarcely reporting on the ancient structures on which they were working.
The spring known as fuente del Cardenal had likewise previously collected this flow since the end of the sixteenth century, very probably also using part of the ancient works. With regard to the system of La Alcantarilla,
this would also be reflected in modern times, as a new dam was built in the 1970s on the River Guajaraz itself.
Although this was closer to Toledo, it followed the same supply pattern as that of the Roman era (V.A., in
press).
The repetition of the Roman supply plan in modern times should come as no surprise as the problems relating
to the supply of drinking water to the city, directly related to the geology and hydrology of the area, have

Proceedings of the Third International Congress on Construction History, May 2009
been a constant feature in its history and remained unresolved until well into the twentieth century (Macías;
Segura 1999).

Figure 1: The three systems supplying water to Toledo in the Roman era
Toledo stands upon an outcrop of metamorphic rocks surrounded on three sides by the River Tajo, too far
above the river to provide an easily accessible supply from the river itself. In fact, this significant difference in
altitude, of up to 100 metres to the highest point in the city, has always led to complex solutions which have
only recently been satisfactorily achieved. Recourse to the water from open wells in the crag on which the city
stands has also been impracticable, due to the impermeability of the substrate and characteristics of the
rocks of which it is composed, giving rise to high salinity in the water extracted from the wells. The frequently
used collection of rainwater in cisterns has also proved to be a fairly ineffective solution given the low rainfall
of the area. This has only satisfied the needs of very small settlements and even then, to a very limited extent.
The only potable water resources which the city has had available, with more or less significant flows, are those
corresponding to the streams located along the left bank of the Tajo, between the hills of Montes de Toledo
and the city. These were the flows used in the Roman era to provide water for the settlement and resorted to
from the nineteenth century onwards to supply the city.
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THE ROMAN SUPPLY SYSTEMS FOR TOLEDO
In this paper we shall focus on the two systems which are most important with respect to structure and flow for
the supply to Toledo in ancient times: la Rosa and La Alcantarilla. The third, that of la Pozuela, was the subject
of a previous paper presented by us at the Fifth National Construction History Congress (Barahona et al. 2007).
Both la Rosa and La Alcantarilla take their water from two streams which flow to the south of the city, along
the aforementioned fringe between the Montes de Toledo hills and the Tajo, into which they discharge.
The stream of la Rosa has its source in the mountains of Nambroca y Layos, bordering to the south with the basin of the River Algodor. Its source, historically associated with the springs of Alimán and Sielma (Jiménez 1962);
(Viñas; Paz 1971) must be associated with the upwellings occurring in Cambrian limestone strata, layered between the slate and quartzite which predominate in the area (Aparicio 1971). The stream flows northwards
from its head through a fairly wide, smooth sided valley which, in its final stretch, is enclosed by the migmatite
massif. On the left bank of the stream the Romans constructed a subterranean collector-conduit, of some 12
kilometres in length, to address the water requirements of the city of Toledo. Through this they channelled the
flows from the upwellings located in the higher part of the valley and also those draining from the gallery for at
least the first few kilometres of its course.
The system of La Alcantarilla, on the other hand, was planned as a transfer for the waters from the River Guajaraz to the conduit of la Rosa, which joins and shares the final stretch of the conduit until a point facing
Toledo where a head tank was located at an altitude of around 550 metres. The water left by siphon, crossing
the Tajo over a siphon bridge (venter), which enabled the water to be carried to the highest areas of the city,
above an altitude of 540 metres.

Figure 2: Remains of the siphon bridge of the la Rosa system
The system of la Rosa
Although we have not been able to locate the exact site of the start of the gallery, we can define, to a reasonably approximate degree, the area in which it must have been located, associated no doubt with the
aforementioned upwellings.
In the first place, we have located three secondary galleries, close to the head of the system which, in a herringbone shape, descended towards the gallery of la Rosa, draining the slopes of the Sierra de Layos according to the lines of maximum slope. The traces of various wells remain, aligned towards the gallery of la Rosa, as
demonstrated following a georadar survey. The layout of these galleries and the locations of their lowest wells
enable the lengthening of the course of the conduit towards the source.
Besides this, we have demonstrated the tendency of the gallery, in their middle and lower sections, to generally follow long, straight alignments always adjusted to the most favourable topographic conditions. We have
additionally verified the proximity of the conduit to the Roman road from Toledo to Córdoba which, in this high
area of the borough of Burguillos, coincides with the road of Ajofrín, very straight and relatively close to the
course of la Rosa. Lastly, as a result of a study of the documentation conserved in the Toledo Municipal Archive, we have become aware of the existence of springs in the areas of Sielma and Alimán, used at the beginning of the twentieth century to serve the city (V.A., in press). This last point led us to consider the possibility
of encountering the same system as we had previously demonstrated for la Pozuela (Barahona et al. 2007).
That is to say, the reuse of the springs used by the Romans many centuries before.
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Figure 3: Traces of manholes in one of the secondary galleries of the la Rosa system
Based on this still uncertain source, the conduit led northwards following the valley of la Rosa, while receiving
from the three aforementioned secondary galleries on the left. It later bends slightly towards the west, probably in order to drain the underground runoff from the ravines which descend from the Sierra de Layos towards
the northeast. At the end of this section, the conduit of la Rosa is located at the closest point to the ridge of
San Juan de Dios (Layos) where, as we shall see, it linked up with the system of La Alcantarilla.
Following this junction, and once again travelling northwards, the conduit comes close to the city following a
layout which, broadly speaking, closely follows the Roman road from Toledo to Córdoba (normally indicated
on maps as the Camino Real de Toledo a Sevilla).
Approximately 4 kilometres from the Tajo, the gallery of la Rosa is situated above a narrow spur which marks
the watershed between the streams of la Rosa and la Degollada. Having travelled some 7.5 kilometres from its
source, at this point it has fallen around 80 metres in altitude, giving an average slope of slightly greater than
one percent. This drop corresponds to the general fall in altitude of the land over the entire course. The gallery
has, logically, been adapted to this. The slope of the conduit is not, however, constant and is achieved by
means of dropshafts strategically situated in the sections where the land is more inclined; in the remainder of
the course, the tunnel keeps a gentle slope, as verified by georadar soundings.
Nevertheless, in the last section up to the siphon bridge over the river, the average slope of the land increases,
practically doubling. This implies a descent for the conduit of around 80 metres in slightly more than 3.5 kilometres until it reaches the siphon head tank, which would probably be of reduced size and must have been
located on the northern side of the Cerro Cortado ridge, between 550 metres and 560 metres in altitude
(Aranda et al.1997). This is consistent with the maximum altitude of the city, 544 metres in the square of San
Román, and with the position of the gallery in this final section. Remains of these works have not, however,
been found.
In order to take advantage of the topography of the aforementioned interfluve between the streams of la
Rosa and la Degollada, the Romans adapted the layout of the conduit to landforms, with long, almost horizontal sections in the flattest areas and other shorter, more steeply sloping sections on the hillsides connecting the
aforementioned. In the former areas, the gallery was laid at a low depth, and on the slopes the necessary
dropshafts were available, thus optimising the works through the reduction in the lengths of manholes and the
need to deviate from a straight line.
Many of the ruins which exist in this last section of the conduit have been known since at least the sixteenth
century. They had been recognised in the eighteenth century and described in the manuscripts of the Jesuit,
Pérez Bayer (V.A., in press), together with a sketch in which a series of remains were included which he identified as belonging to the supply system for the city without anyone having engaged themselves in determining
their position to date.
In addition to other ruins, some of which we have been able to identify, the writings of this scholar make reference to a full flowing spring (which he considered to be natural and identified as the source of the system), as
well as two water towers, one of which had been known since ancient times by the name of ‘The Glass Kiln
(Horno de Vidrio)’ (V.A., in press). It seems clear from the description that the spring corresponds to an ancient
source of the Roman conduit, as the abundant flows which are referred to are unheard of within the migmatite massif; in fact, they may well be related to those of a partially ruined, ancient gallery.
With regard to the final section of the conduit and its journey over the Tajo from the siphon head tank, the water would be carried under pressure in lead pipes, the only type capable in this era of withstanding the head
of water. These would descend down the steeply sloping hillside, probably protected within a stonework casing, substituted in some areas by a series of arches of which some ruins remain. The purpose of this would be
to regularise the layout. Following a sudden turn in the hillside, the pipes would reach a siphon bridge (venter)
by means of which they crossed the river to climb to the highest part of the outcrop of Toledo.
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Figure 4: The Glass Kiln (Horno de Vidrio) water tower
Though only some remains of the siphon bridge existed, they were sufficient for Fernández Casado (1983) to
reconstruct the original works. Of some 40 metres in height above the river and three arches, this reconstruction is undoubtedly the most rational and substantiated of those which have been proposed.
No section of the layout of the siphon pipework on the ascending stretch has been identified; nor has the exact position of the final storage tank for the conduit been determined. In our opinion, this must have been
sited in the area of the highest point of the outcrop – San Román, at an altitude of 544 metres. Nevertheless, it
is possible that some of the pipes turned towards the area of the Alcázar fortress, similarly of high altitude,
where another significant distribution point could have been established to attend to the needs of the eastern
part of the city. Other known storage cisterns, such as the historic Cueva de Hércules or those situated below
the Inland Revenue Offices (Delegación de Hacienda), must, in any case, be elements of a secondary nature
at lower altitudes (Aranda et al. 1997); (Arribas et al. 2005); (Arribas 2008); (Fernández Calvo 1996); (Fernández
Calvo 2005); (Tsiolis 2005).
The system of La Alcantarilla
The system originates in the reservoir formed by the La Alcantarilla dam castellum ad caput on the River
Guajaraz, a left bank tributary of the Tajo, whose source is located on the northern side of the Sierra del
Castañar, in the Montes de Toledo hills.
The site chosen by the Romans to erect the dam and form a flow regulation reservoir currently falls within the
municipal borough of Mazarambroz and lies some 22 kilometres from the city of Toledo. In this stretch the river
has left its tightly enclosed headwaters and runs through an extensive and gently sloping esplanade linking the
mountains with the Tajo, where it has opened a wide, smooth sited valley through the Palaeozoic granites.
These landforms, together with the established capacity of the reservoir (V.A., in press), determined the sizing
of the dam 18 metres from the foundations and more than 700 metres in lengths, being the fifth highest preserved Roman dam in the world (Schnitter 1994) and the longest of those constructed in Hispania. This produced a reservoir of some three million cubic metres capacity (V.A., in press), or, in other words, a quantity
comparable to the average contribution of the Guajaraz up to the dam (V.A., in press).
The dam of La Alcantarilla was planned as a transfer between the River Guajaraz and the previously constructed system of la Rosa (V.A., in press) and was intended to significantly increase the flows transported by
the latter. In order to achieve this, the Romans necessarily had to begin with the older system and, first of all,
established the link between the valley of la Rosa, on whose left side the first conduit ran, and that of the Guajaraz, located more than 3 kilometres to the west. They achieved this using the shortest, most logical route: an
underground east-west conduit, situated under the lower foothills of the Sierra de Layos, where, to undercut
the base of the ravines, they constructed a gently sloping gallery reaching the valley of the Guajaraz at the
ridge of San Juan de Dios, with an increase in altitude of only 10 metres compared to the gallery of la Rosa.
This solution is remarkably precise as only small deviations towards the north or south would have given rise to
longer, deeper galleries.
This point is the real determining factor for the siting of the dam, as the River Guajaraz had to be reached by it
upstream. As a result, the best option was the channel which was constructed: gently sloping seven in ten
thousand and with the corresponding cross-section and necessary flows. A gentler gradient would have enabled the shortening of the channel, although not by much given the landforms in the area, but at the cost of
increasing the cross-section to ensure the necessary flows. Additionally, and more importantly, significant displacement upstream or downstream from the chosen location for La Alcantarilla would have required a
greater height for the dam to guarantee the same reservoir capacity. A tunnelling solution would also have
been viable, but much more costly despite the significant reduction in length which would have been
achieved. It seems obvious however that the exact position of the dam must have been conditioned by the
conditions of the surrounding area chosen in a first approach.
The conduit of La Alcantarilla, with a total length of 33.5 kilometres, is divided into two radically different sections. The first is an open-air channel of 30.1 kilometres in length which runs from south to north along the right
side of the valley of the River Guajaraz, between the intake tower of the dam and the western side of the hill
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Figure 5: The dam of La Alcantarilla seen from upstream
of San Juan de Dios (Layos). The conduit changes radically in style at this point, becoming a 3.4 kilometres
tunnel leading eastwards which links up with another gallery, that of la Rosa, in the borough of Burguillos de
Toledo.
The conduit begins at the intake tower of the dam of La Alcantarilla, at an altitude of around 714 metres (V.A.,
in press). The channel leads northwards from the dam to foot of the hill of San Juan de Dios (Layos), losing 22
metres in altitude. Is gives an average gradient of slightly more than seven in ten thousand (V.A., in press), a
figure which is within the range of values seen for large Roman canals (Bonnin 1984).
From the existing remains, a layout may be deduced which systematically corresponds to the landforms,
though not to an unnecessarily excessive degree. To achieve this, the Romans overcame small irregularities by
raising the frame of the channel over foundations (substructio) which were slightly wider and had the necessary, though variable, height to establish a less sinuous route. The same criteria were followed with watercourses, which were crossed by means of bridging works rather than continuing along the stretch of the watercourse following the gradient curves. Resultingly, the length of the canal was significantly reduced. By
means of the aqueducts which have been identified (V.A., in press), of lengths of between 15 and somewhat
more than 100 metres, reductions were achieved, in the majority of cases, of around seventy per cent over the
length which would have resulted from strictly following the levels of the landforms. In accordance with what
may be seen in the better preserved stretches, these structures must have been bridges with few spans, one in
the majority of cases because watercourses are always narrow even though the valleys are wide and the dimensions are difficult to establish as they are all currently ruined, earthed up and in some cases overgrown
with dense vegetation. The links which may be seen between the channel and the aqueducts follow right angles, without interposed transition curves. This illustrates the clear intention of simplifying the building process
while also taking account of the fact that, with such a gentle gradient for the channel and the consequent
low speed of water flow, such an apparently simple solution would not, in practice, present significant operational problems.
The geometry of the channel is also quite simple, although well adapted to its purpose. Specific, logical criteria were applied to the definition and construction of the different forms of masonry of which is composed. The
channel itself is a rectangular structure comprising two vertical walls, of some 60 centimetres in height and 30
centimetres thickness, with a separation of 60 centimetres between the two (V.A., in press). These walls rested
on a base whose thickness is difficult to determine as the complete cross-section is not preserved or observable at any point. Nonetheless, from partial data obtained in different areas, it may be deduced that it is
formed of two layers of opus caementicium. The lower layer is 10 to 12 centimetres in thickness with mediumsized pebbles, and the upper, of no more than 8 centimetres, is formed in turn by various layers each of 2 centimetres thickness with a quartz aggregate of less than a centimetre. In the better preserved remains it may be
seen that these correspond to layers, whose constituents, mortar and aggregate, were mixed prior to laying.
The frame of the channel, of 115 centimetres exterior width, rests on a foundation (substructio) which is slightly
wider and of a height which is variable according the irregularities of the terrain over which it runs. This wall is
composed of two masonry faces (opus incertum) rendered with lime mortar, which serve as a lining for the
concrete fill (opus caementicium), composed of large decimetric pebbles (caementa) of granite within a
plentiful mass of mortar (materies). The base of the channel rests directly on this. In the walls, also of opus
caementicium though with centimetre sized pebbles (i.e. smaller than those of the substructio), the marks of
the wooden frameworks used in the construction may be seen. The traditional technique of alternating layers
of mortar and coarse aggregate with subsequent mixing by means of wooden pistons must have been used.
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Figure 6: Remains of the canal of La Alcantarilla
The frame of the channel is lined with 2 centimetres of opus signinum on the inside. The overall impermeability
was improved with this interior lining, while the hydraulic capacity of the channel was increased, one of the
primary functions of opus signinum which it is important to remember (V.A., in press). The channel must have
been covered throughout its length with large slabs of granite resting on the walls.
With all of these characteristics, the channel of La Alcantarilla could transport flows of greater than 175 litres
per second (V.A., in press), though this figure was probably only reached at very specific times as it must be
remembered that the reservoir had limited capacity.
Starting at the ridge of San Juan de Dios (Layos) the conduit of La Alcantarilla became a tunnel which, running eastwards, connected to the gallery of la Rosa after a journey of 3.4 kilometres.
As previously explained when dealing with the siting of the dam, this layout, virtually a straight line, is the most
logical to link the two systems. Nevertheless, to begin the tunnel the Romans deviated slightly from this line in
order to minimise the problems which nearly always arose at the mouths of the galleries. To achieve this, they
located the mouth on one of the steeply sloping hillsides of the western section of the ridge. As a result, the
length of the tunnel in the surface deposits of moraine was reduced and the far more stable migmatite substrate was reached more quickly. Consequently, they oriented the gallery perpendicular to the slope, with an
enforced track towards the southwest. This direction was maintained over some 400 metres until reaching the
other side of the watershed, at a depth of greater than 30 metres. From this point the gallery again turned towards the south, crossing below the peak of the San Juan de Dios ridge and covering another 400 metres. At
this point the tunnel finally adopted the direct route to the gallery of la Rosa, heading eastwards.
By means of this sinuous route, whose explanation is based on the reasons already set out, the gallery is sited in
an area highly appropriate to achieving, in a straight line, the shortest link to the gallery of la Rosa. In fact, the
final layout largely fits this theoretical route, with maximum deviations of no more than 100 metres to the left or
right which, in all cases, may be justified by the geological conditions of the terrain.
It has additionally been demonstrated that, due to the depths obtained for various vents between the mouth
and the left side of the valley of la Rosa, the gallery maintains a gentle and probably homogeneous slope.
This, according to the altitude at the beginning of the section (692 metres), enables all of the low points of the
route to be undercut, and the lengths of the shafts in the highest sectors to be reduced.
As a result, from the ridge of San Juan de Dios, where the greatest depths are found, with recordings of more
than 30 metres, the tunnel heads eastwards, crossing the head of two ravines and finally reaches the watershed in the valley of la Rosa. At this point, before beginning the descent down the left side of the aforementioned stream, it has been demonstrated that the gallery loses only 2.5 metres in altitude compared to the
mouth. This confirms, after a stretch of 2.9 kilometres, the very gentle gradient of around nine in ten thousand
from the beginning of the tunnel in the ridge of San Juan de Dios. The 7 metres of difference which remain to
reach the altitude of the gallery of la Rosa in this area (682 metres approximately) are therefore achieved over
the last 500 metres of the route by means of successive dropshafts spread over the length of the hillside. In
other words, the Romans, as also demonstrated in the case of the gallery of la Rosa, used good judgment in
storing the majority of the loss of head in the final section of the tunnel, where the slope of the terrain enables
this to be done with vents which are not too deep. By these means, they significantly improved the characteristics of the works as a whole, achieving a significant reduction in the total length of the shafts constructed.
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CONCLUSION
With the above details, the only system for the supply of water to Toledo in the Roman era accepted to date
has been corrected both in terms of concept and the works of which it was composed, giving rise to two large
interconnected aqueducts and a third, smaller, independent aqueduct.
An extensive water supply network for the city is the result, with more than 50 kilometres of conduits of which
some 20 kilometres corresponded to galleries, a large dam of 18 metres in height and more than 700 in length
and two siphons which crossed the Tajo, each of more than 2 kilometres in length. In other words, a supply
network of at least the same scale as other large cities of the Roman era in Spain: Caesaraugusta, Tarraco,
Augusta Emerita and Italica, to name those which, with the available data, had the most comprehensive water supply systems. This situation is being confirmed by the numerous remains of the network which have been
identified in recent years within the city and which undoubtedly explain the importance which Toledo maintained following the fall of the Roman Empire (Sánchez-Palencia 1996); (Sánchez-Chiquito 2005).
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