The Aqueduct of the Roman Town Salona — Croatia

K. Marasové*, J. Margeta*, S. Perojed, M. Kati¢**, D. Bojanic¢*

* University of Split, Faculty of Civil Engineeringrchitecture and Geodesy 21000 Split, Matice Hskat
15, Croatia

(E-mail; katja.marasovic@gradst.hr; margeta@gradst.bmjezana.perojevic@gradst.hr;
davor.bojanic@gradst.hr)

** Ministry of culture Republic of Croatia, Consetion Department in Trogir, 20220 Trogir, Gradska#24
Croatia

(E-mail: miroslav.katic@min-kulture.hr)

Abstract

This paper presents a study of The Aqueduct ofridalgapital of the Roman
province Dalmatia) built in the 1st century BC. Tagueduct once transported
water from the Jadro river spring, situated apprately 3 km east from the city.
Even though it was built for the city of 15 ha iizes two centuries later it
succeeded in managing the supply and demand of featde city of 73 ha.

In the 7th century Salona was destroyed by the f\aard Slavs, consequently
aqueduct ceased to function. Due to intensive ésbion of marlstone and
uncontrolled urbanization in the 20th century, sahthe aqueduct sections were
destroyed.

The research of Salona and its aqueduct startedrdsas the mid-19th century,
however, the aqueduct and its route have never $gstamatically explored until
2014/2015. This paper provides the results andirfged of the latest research
including the following: the route of the aqueduds longitudinal profile,
capacity and typical cross-sections, and the metifocbnstruction in different
terrain conditions. The channel was built in thealsnanner in accordance with
the practice of Roman builders, using local maleria
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HISTORICAL OVERVIEW

The ruins of the ancient city of Salona, the lardg&sman city on the east Adriatic coast, are latate
5 kilometers north of the city of Split, in the aref the town Solin (Figure 1). The city was built

a very convenient place: in the middle of the Atlcigoast, in a well-protected part of the KaStela
Bay, at the mouth of the river Jadro surroundedabge fertile fields. It is only 4 kilometers far
from the passage to the inland and 3 kilometerdréan the Jadro river spring, characterized by
good water quality, large capacity and favorabéyation in relation to Salona.

The earliest traces of human presence in Saloadate back to the late Bronze Age (Suta, 2012).
During the Iron Age the Jadro river mouth with thie Vranjic was an important port and the point
of contact of indigenous lllyrian tribe DelmataethviMediterranean world. Delmatian fortified
settlements were located on elevated positionsnarthe port (Kati, 2010).
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Figure 1. Position of Salona in the middle of east Adriabast

The earliest mention of Salona, in written recomistes back 119 BC, when the consul Lucius
Caecilius Metellus with his army spent the wintegre after taking Siscia. The oldest nucleus of the
city, the so-calledUrbs Quadrata”,was located to west of the mouth of the river daadrd had a
trapezium shaped plan of 15 ha. As the capitahefRoman province Dalmatia, Salona underwent
a significant development after 9 AD when the Rosnfamally defeated the last Delmatian uprising
after which the pacification of lllyricum starte@ihe city gradually spread to the east and west of
the old nucleus forming the large suburbs whichensrrrounded by defensive walls and towers in
the 2%century, during the invasion of Quadi and Marconafihe area of the city within the walls
expanded to 73 ha. In subsequent centuries thesthe city did not change, but in th8 éentury,
due to new enemy penetration from the north, thewalls were reinforced and the new towers
were built (Figure 2). In the"7century the city was destroyed by Avars and Slhes population
fled to the islands and some of them settled ingdesafe walls of nearby Diocletian's Palace,
laying the foundations of the medieval town of §@ialona was never reconstructed again.

As the capital, Salona was the administrative cesftgreat Dalmatia - in that time 7.5 time bigger
than today. During the rule of Augustus and Tiberia regional road network was built, starting
from Salona. The economy was based on agricultadefarming, but also on fishing, crafts and
maritime affairs. The Dalmatian inland (present-dgsnia and Herzegovina) was known for its
richness in iron, lead and silver which were exgarthrough Salona port. According to some
assumptions, at its peak Salona had 60,000 inlmabita

[ 1st century BC [ 2nd century AD EEEEE Aqueduct route

Figure 2. Map of SalongAuthors)



The development of the city was followed by the elegment of infrastructure including water
supply, surface water drainage and regulation dewmside and outside the city. Based on the
inscriptions on lead pipes, C.JUL.AN.X. (Carrara91pPlulius Eucarpus and C. lulius Xantus
(Gerber 1917), Salona aqueduct can be dated tintkeammediately after Salona gained the status
of a colony in the ?[centurx BC (Abrand, 1991, Kahler, 1991). It is considered that theealyct
ceased functioning in the"7century, after it was damaged during the siegéhefcity (Novak,
2005). According to Bud in the late 19 century slabs from Salona aqueduct were takeoverc
the channel of the Diocletian aqueduct which wadeameconstruction (Cambi, 1991). Over 1000
meters of Salona aqueduct channel were destroydiXX century due to intensive exploitation
of marl for cement production in the local factsri®esidents of this area also contributed to the
destruction of the ancient agueduct by demolisttiegparts of the channel on their private plots.

An ltalian professor, abbot Pirona, was first téenime remains of the Roman aqueduct of Salona in
1842. In his letter to Francesco Carrara, who wascir of excavations from 1842, (et
Radong, 2010), he stated that Salonea’s covered with underbrush and grass and aparhftbe
remains of the aqueduct almost no other remaingatd to the buried city(Carrara 1991). The
same year a lead water pipe was found near thé gate (Carrara 1991). In 1846 Carrara began
large research works in Salona and, among otheoriaiut findings he found parts of Salona
agueduct (Carrara 1991). Frane Buliirector of the Archaeological Museum from 18841826
recorded the existence of Salona aqueduct channgveral places. He re-explored the channel
within Salona, previously explored by Carrara, whitad remained visible to this day. (Buli
1892, 1895, 1899, 1901, 1911) (Figure 3)

Salona city water supply, surface water drainage sewerage were first described by Gerber in
1917 (Gerber, 1917). He described the way the aHamwas built, its dimensions and observed

calcification on its walls that shows the limitwdich the channel was filled. Based on the section
of water in the channel and slope of 0.2% he catedl for the first time the potential capacity of

the aqueduct, which according to him is 0.140per second, i.e. 12000°per day.

Salona aqueduct was researched by the Danishentckjnar Dyggve as part of his work in Salona
from 1922 onwards. From the late"™@entury to the present Salona aqueduct mostly gena
archaeologists from the Conservation Departmen$plit, especially Jasna Jgli-Radon¢ and
Miroslav Kati (Kati¢, 1999). New research conducted in 2014 - 2015ngife to give, for the first
time, a complete reconstruction of Salona aqueflact the spring to the city.



RESULTS OF AQUEDUCT RESEARCH 2014-2015

The research of Salona aqueduct included a detarlddcomprehensive analysis of archival data,
drawings, old photographs and archaeological exmma In order to plan new archaeological
excavations, a map with all the previous findingshe aqueduct was made. In addition, based on
old maps, photographs and drawings, the originahite configuration, which has significantly
changed over the time, was reconstructed. Aftersyatide field research started: cleaning and
geodetic and architectural recording of the seveawk and accessible parts of the aqueduct
channel. Thanks to the new data it was possibldraw the reconstruction of Salona aqueduct
route, based on assumption that channel average E®.25% (Vitruvius, 1997) and that it follows
the contour lines. During field reconnaissancegegbasn presumed aqueduct route map and GPS
measurements, the channel was found in four m@eepl (Figure 4). Archaeological excavations
on those spots and topographic survey allowed anstaiction of the channel route, altitude
relations and determination of different buildireghnique. Limited funds didn’t allow probing in
some other places where the channel is expecteel flaund.
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Figure 4. The route of Salona aqueduct with position ofghebes(Authors)

Characteristics of the aqueduct route

Thanks to the new research the aqueduct route thendadro river spring to the north-east corner
of the oldest centre of Salona has been definedhiorfirst time. The assumption that the route
meanders following the configuration of the terrpnoved to be correct. No significant structures
were built on the route, such as bridges, nor sipito span the valleys to shorten the route. The
reason for this is the adequate elevation of waike at the Jadro spring (33 m a.s.l.) which
allowed gravitational water supply to the city adl&a whose highest point of terrain is at 10 m
a.s.l.

The length of the aqueduct from the Jadro sprirtgedast preserved point north of "Porta Cesarea”
city gate is 4879 m, while the air distance betw#ese two points is 3238 meters. These data
show that the average slope of the channel bottasiabout 0.36% which is slightly steeper than
the minimum slope recommended by Vitruvius. The sneaments show that the longitudinal slope
of the channel varies from 0.18% to 0.27%. Howetlex,average longitudinal slope of the section
between probes 7 and 9 is 0.69%, which signifigadiffers from the rest of the route so this
section should be additionally explored and thegitdinal drop of the channel checked, with
possible correction of the route (Fig. 5). Likewislee last part of the channel in the length of 250
meters between probes 10 and12 also has an undosgatdinal slope of 0,89% (from probe 10 to
11) and even 1.77% (from probe 11 to 12), whichukhbe further explored and explained.
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Figure 5. Longitudinal section of Salona aqueduct (Authors)

Structures on the route of the aqueduct

Every aqueduct, i.e. the main supply channel, hgbals two main structures: water intake on the
spring, river or lake and distribution tank at #rgrance to the city, i.e. at the beginning ofdhgs
water supply network. There are other structuresgthe channel route, necessary for stabilization
and protection of the channel and its maintenance.

The Jadro spring is a permanent karst water soofidarge and variable capacity (4-60°/8)
characterized by good quality water, which is stded today only with water disinfection process.
The concentration of suspended matter is very si8hbrter periods of intensive rainfall and high
flows when the turbidity of water is significanteagxception. At the Jadro spring there are neither
preserved ancient intake structures (castellumidpiaff Salona aqueduct nor of the aqueduct of
Diocletian's Palace. Due to the reconstruction ifctian's aqueduct in the late™@entury and
the construction of hydro power plant channel ir089the Roman remains were covered or
destroyed (Figure 6). It can only be assumed winatiritake structure of Salona and Diocletian’s
palace water supply looked like. Therefore, thevadien of the starting point of reconstructed
Diocletian's aqueduct, which is at absolute elevatif 33.00 meters (Katahil972), was taken for
the assumed elevation of the starting point of Eaklqueduct.

Figure 6. The existing structures at the Jadro spring (Mshdv)

The channel fully followed the terrain contour knffom the spring to the city of Salona. On its
route, in six places it crossed small intermittsinéams, of relatively narrow gorge, which flonoint

the Jadro. In these places there were probably lemhbtidges or other structures (siphons,
incomplete siphons, barriers) and reinforcementctvhprotected the channel from water and



stabilized it. However, these structures have m@nbfound or recorded and should be explored.
The last section of the aqueduct channel in frérthe city, in the length of about 25 meters, was
laid on the bridge (Kahler, 1991; Re&dviiocevi¢, 1991) because at that point the terrain drops
abruptly (Fig. 7). The bridge was built of stonesmary piers 185x205 cm in size on which 35 cm
thick massive stone beams/plates rested. The ehams built on the top of them.

PORTA
SUBURBIA Il

: gt & Ve Loy
2 o L W "
2. uu AT e R 28 TR

Figure 7. Aqueduct bridge south of Porta  Figure 8. Water distribution structure north
Suburbia Il (Authors) of Porta Suburbia Il (Authors)

According to the Roman building practice, aqueddicannel ended in the water distribution
structure inside the citycéstelum divisorium, castellum aqydeom which lead pipes transferred
water to the consumer or to the tanks. The tanisima function to maintain a constant water level
or pressure in the distribution system (fountaibathrooms and the like). One water tank, of
approximate dimensions 4x4 m, is situated direnotiyth of 'Porta Suburbia Il (Carrara, 1991;
Buli¢, 1911) before the water supply channel enteredbltiecity (Fig. 8). It can be assumed that
this water distribution structure supplied the eestension of the city. The main city water
distribution structure has not yet been found, @nd assumed to be located at the site of the
channel entrance into the old cityrbs Quadratd, as is the case in Pompeii (Adam, 2008). The
channel continued further south, in the thicknelsshe eastern city wall, passing aboveotta
Cesared to the another water tank which was located anttiickness of the east city wall next to
the city gate. There are remains of public fountadympheum (Kahler, 1991), on the western side
of the water tank, which should be explored moréetail.

Characteristics of the channel

The channel of Salona water supply is of a rect@mgtross-section in the whole length, built of
massive slabs of local limestone (floor board, sid®ver) mainly on a slope/cut (Fig. 9). Solid
stone slabs form the basic flow section of the o&rOn the outer side, in relation to the slope of
the terrain, the channel is protected by a wabkragller format stone in lime mortar. On the other
side which leans against a cut, between the lagéabl of the channel and the cut there is a fill of
crushed stone in lime mortar. In some places cdidinek is added to lime mortar. In order to
prevent leakage in the most sensitive place, ajuihetion of the floor and side slabs, a triangular
gasket of waterproof mortar was made, approx. 20 xm big. On a particularly steep terrain the
channel is placed on a retaining wall made of nvassione blocks. Only in probe 3 the channel
structure entirely deviates from the usual. Heeedhannel is made with slabs of smaller thickness,
of different quality in the way that the lateradiss don't lean on the bottom slab, but againStrity
there the whole interior of the channel (bottom aitks) is abundantly plastered with waterproof
mortar for reinforcing water tightness (Fig. 10).
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Figure 10. Different cross-sections of the channel (Authors)



Only two openings of rectangular shape have beend@o far on the whole aqueduct route, which
were used for revision, cleaning and repairinghef¢hannel, one in probe 6 and the other in Salona
west of the Episcopal centre. Considering the lemdtthe channel, there should have been more
shafts. Until now, no floodgates have been found.

On the channel walls, in a number of places, daltibn is preserved (calcite bound to walls and
channel bottom), which clearly shows the levelhsf water in the channel and the quantity of water
that constantly flowed through it. As the chansainiore distant from the Jadro spring there is more
calcification. This is a normal feature of karstt@ra

Figure 11.Probe 4 (Authors)

Figure 11.Probe 6 (Z. Sunko)

Capacity of the channel

Based on the collected data a hydraulic calculatibehannel capacity was made for different
drops, i.e. for different sections and filling hieig. Assuming that the average filling of the clelnn
was about 50 cm (about 50% of the channel) andlalesmughness 5 mm, about 400 |/s flowed
through the channel at the speed of 1.0 m/s, tatafa0 I/s at the speed of 1.5 m/s, depending on
the section, i.e. the drop and cross section otlamnel and adopted channel roughness (Fig. 12).
Acording to this, around 34,560%day of water flowed into Salona, which is sigrafitly higher
than the previous calculation (Gerber, 1917). Asagrthat 300 l/capita/day were spent in the city



(quantity which is assumed to have been spent md}othis capacity could supply up to 115,200
inhabitants. Salona never had so many inhabit&nigher research will explore these issues in
more detail.
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Figure 12 Flow curves of the channel at two typical sectiwith different bottom slopAuthors)

CONCLUSION

Salona aqueduct was built in th&ckntury BC. At the beginning it supplied the cifyabout 15 ha

in size and at the end the city of about 73 haualé completely built as gravity supplier with free
water table.

Dimensions of Salona aqueduct channel range frorhO82cm in width and from 72-121cm in
height. Changes in size and construction technique® conditioned by local features of the
terrain. The channel follows the terrain in thereniength and is built on the terrain or is shallp
buried beneath the ground surface. Where the chanlaéd under the ground it is about 1.2 m high
and about 60 cm wide. Where is built on the grotirslwider and its height is slightly smaller. The
channel does not have any significant structureh |18 bridges or siphons, except for a small
bridge before the entrance to the old city. It @wpehat the route and the construction of the
channel without major facilities was an optimalugimn hydraulically and economically. Average
longitudinal channel slope is about 0.36 %.

Salona aqueduct illustrates good engineering meaclihe channel or the water supply system was
in function for more than six centuries, which clgalemonstrates the quality of performance and
even more about the quality of maintenance and gamant of this important urban water system.
It is once again shown that the Romans made syymtade sufficient quantities of quality water to
their cities in order to strengthen the sustainmgbdf life in the cities. This paper presents the
current, preliminary results of a one-year reseafatalysis of available data and archaeological
research will continue in order to study in mordadethis valuable historical hydro-technical
facility, as well as the Roman practice of condinrcof urban water systems on the east coast of
the Adriatic Sea.
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