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The Romans built aqueducts to supply water to cities whenever the local supplies were insufficient for the city’s needs.  And like much of Roman construction, these structures were built to last - there are a large number of ruins and remains of Roman aqueducts still to be seen today, from Britain to North Africa and the Middle East, still standing as testaments to that civilization’s engineering skills.  The Romans built their first aqueducts to serve the city of Rome.  Of the 271km of aqueducts built from 232BC to 2BC to bring water to Rome, 238km was underground and the remainder on the surface or on bridges.  Earlier researchers, such as Ashby, have described the courses of these aqueducts outside of the city from the vast amount of archaeological evidence still visible in Italy today.  But inside the city, there is almost no archaeological evidence of what happened to the water of the aqueducts after they reached their terminal distribution tanks. The Romans followed Vitruvius’ model for a water distribution system:  

“When [the aqueduct] has reached the city, build a reservoir with a distribution tank in three compartments ... From this central tank, pipes will be laid to all the basins and fountains; from the second tank, to baths, ..., and from the third, to private houses, so that water for public use will not run short.”

These distribution pipes were most commonly made from lead, so they have long been stolen and re-used for other purposes in medieval or modern Rome. With little archaeological remains, the best evidence for the water distribution system in Rome is literary: the manuscript “De Aquaeductu Urbis Romae - On the Water Supply of the City of Rome” was written in 97 AD by Sextus Julius Frontinus, who was the water commissioner at the time.


This paper will begin with a brief discussion of Frontinus’ “De Aqua”, and then will discuss each of the seven aqueducts that existed in Augustus’ time.  It will examine the distribution of each of the aqueduct’s water within the city, attempting to answer the question: did Augustus have a specific purpose for each aqueduct?  Please see Figures 1 and 2 at the end of the paper for maps of the aqueducts outside and inside the city of Rome.


The primary manuscript of Frontinus’ “De Aquis” dates from the 12th century.  It was found by Poggio Brocciolini at the Monte Cassino monastery in 1429, and nine copies were made from it.  It is only those copies and original that exist today.  The state of preservation of these manuscripts is sometimes not very good, and there are many sections where the text and figures are either missing or unclear.  There have been several attempts made to reconcile Frontinus’ figures and totals from these manuscript errors.  We will note where discrepancies in Frontinus’ figures bear on our discussion.  A more serious problem with the manuscript is that Frontinus did not really understand how to measure water volume. For Frontinus, the capacity of the pipe, specifically its cross-section, provided the principle basis for determining the quantity of water delivered.  His unit of measure for water volume was the quinariea, which, according to Vitruvius, was defined as a pipe 1.25 digits in diameter and was made from a sheet of metal 5 digits wide
.  Modern calculations place the quinariea at 0.48 litres/second or 42.5 cubic metres in 24 hrs, which translates to mean that a total of just over 1 million cubic metres of water was delivered by the aqueducts to Rome every 24 hrs
.  Other factors that have a bearing on water volume delivered that Frontinus did not consider include velocity, the size of the channel (ie, a 20-digit pipe is not the same as four 5-digit pipes), the height of the water in relation to the outlet pipes, and the height of the consumer’s outflow in relation to that of the height where the pipe leaves the tank.  The result is that Frontinus’ calculations are pretty much useless as an exact indication the supply and consumption rates of water for Rome.  However, there is general consensus that even if Frontinus’ figures are not reliable, they are still the only clue to the capacity of Rome’s ancient aqueducts, and as such, their evidence can still be exploited.


Frontinus divides his water use into these different types: nomine Caesaris - literally “in Caesar’s name”, for the imperial palace and buildings under his control; privatis - to certain citizens for private use (as granted by the emperor); and usibus publicis - public uses, which was further subdivided into castra - camps, which were military installations; opera publica - public works, which included public buildings, structures, and monuments for public use, benefit, or amusement, including baths, meeting places, theatres, circus' markets, latrines, and porticoes; munus - ornamental fountains; and finally lacus - public basins or troughs, which would have been the primary source for water for most Roman citizens.  The following descriptions of each of the aqueducts will examine their usages based on these different distribution types.


The Aqua Appia was built in 312BC by consul Appius Claudius Crassus.  It travels 16.2km from its source in the hills east of the city to its terminus in the Aventine.  All but 90m of its length was underground
, including travelling under both the Caelian and Aventine.  The line had been reworked three times by the end of the first century AD, including by Augustus, who added another source line to it which greatly increased its capacity.


The Appia was the lowest-lying of all the aqueducts.  Frontinus states that the Appia supplied regions II, VIII, IX, XI, XII, XIII, and XIV, and was distributed from 20 tanks in the following manner:

	in Caesar’s  Name
	Private Uses
	Public Uses
	Total

	151 q
	194 q
	camps
	public works
	ornamental fountains
	public basins
	Total
	699 q

	
	
	1
	14
	1
	92
	354 q
	

	
	
	4 q
	123 q
	2 q
	226 q
	
	


Source: Frontinus, 79.2.


From this data a couple of observations can be made.  Almost a third of the Appia’s total capacity, 226 quinariea, were distributed to 92 public basins, which is comparable in total volume to other aqueducts with a much larger total volume.  An average of 2.45 quinariae to each basin is a consistent figure for all of the aqueducts that Frontinus records.   The 123 quinariae to 14 public works would indicate that these were small baths or structures.  Overall, these figures suggest that the Appia served a utilitarian sole, supplying a comparatively small amount of water to low-lying areas of the city, mainly for public uses and imperial buildings.  Although we have no information about any changes that Augustus made to its distribution, the changes that Augustus made to increase the Appia’s capacity were not an insignificant improvement.


The Aqua Anio Vetus was built in 273BC by Consul Marius Curius Dentatus.  It ran 63.9km from its source up the Anio River to its terminus distribution tank on the Esquiline.  All but 328m of its length was underground
.  Unlike the Appia, the Anio Vetus’ line can be traced within the city from physical remains.
  It underwent three known restorations, the last being by Augustus in 11-4BC.  Augustus has also been linked with a branch line of the Anio Vetus called the Octavianus which distributed in regions I and XII.  However, there are doubts about his association with this branch.
  Because of its higher elevation, the Anio Vetus could distribute to more regions of the city.  Frontinus reports it serving these regions I, III, IV, V, VI, VII, VIII, IX, XII, and XIV, with this distribution from 35 tanks

	in Caesar’s  Name
	Private Uses
	Public Uses
	
	
	
	
	Total

	64.5 q
	490 q
	camps
	public works
	ornamental fountains
	public basins
	Total
	1106.5 q

	
	
	1
	19
	9
	94
	552 q
	

	
	
	50 q
	196 q
	88 q
	218 q
	
	


Source: Frontinus, 80.2.


There are several problems with the figures Frontinus gives in the text, not the least of which is that he gives three different figures for the total quinariae that are distributed by the Anio Vetus. The figures in the above table are used because of their detailed breakdown and because when their total is added to Frontinus’ figure of the Anio Vetus water distributed outside of the city, an approximate consensus can be reached with his other totals.
  Despite the problems with the figures, the following observations can be made.  In comparison to the Appia, a much higher percentage of the Anio Vetus’ water went to fountains and a lower percentage went to public basins.  Frontinus explains that this is because of the lower quality of the water, especially after rains when the Anio River would become muddy.  It has been speculated that the public basins that the Anio Vetus supplied were animal watering troughs.
  This poor quality meant that, overall, the Anio Vetus water was reserved for industrial uses and irrigation.
  It would appear that the Anio Vetus was intended to compliment the Aqua Appia, serving higher areas of the city not reachable by the Appia, but, because of the low quality of its water, it was relegated to non-drinking industrial, irrigation, and ornamental uses.


The Aqua Marcia was built in 144BC by praetor Q. Marcius Rex.  It travelled 91.7km from its sources up the Anio River to its terminus distribution chamber.  11km of this distance was on or above ground, mostly on bridges, and the remainder underground
.  To supplement it, Augustus added another source 1km beyond the original sources.
 There exists archaeological evidence that shows the Marcia’s route to the city and its travels along sections of the Servian Wall within the city.
  The Marcia underwent three restorations prior to Frontinus’ time, including by Augustus, who also added a branch-line to supply the Caelian.


The Marcia had a high enough elevation to supply every part of the city with water.  Frontinus’ lists it supplying every region of the city except XI and XII from 51 distribution tanks in the following manner:

	in Caesar’s  Name
	Private Uses
	Public Uses
	
	
	
	
	Total

	116 q
	543 q
	camps
	public works
	ornamental fountains
	public basins
	Total
	1102.5 q

	
	
	4
	15
	12
	113
	443.5 q
	

	
	
	42.5 q
	41 q
	104 q
	256 q
	
	


Source: Frontinus, 81.2.


There are serious problems with Frontinus’ manuscript in regards to the distribution figures for the Marcia.  There are faults and missing lines in the text, and Frontinus gives two different figures for total distribution of the Marcia in different chapters.  The above figures are generally accepted, for two reasons.  They are more detailed, and the average of 2.26 quinariea per public basin is consistent with figures for the other aqueducts.


Despite the problems with these figures, it is apparent that the Marcia’s water had a specific purpose.  72% of it was distributed for personal use, either private individuals or to the general public.  The Marcia had a high reputation for quality, and Frontinus mentions making special efforts to preserve its integrity (making repairs and preventing theft) so that it could be kept for human consumption within the city.
  The Marcia’s distribution to most regions of the city makes sense if its purpose is for drinking water for the city’s citizens.


The Aqua Tepula was built in 125BC by censors Ganaeus Servilius Caepio and Lucius Cassius Longinus to bring water to the Capitol
.  It travelled approximately 22km
 from its source south-east of Rome into the city.  Its original purpose and route (if it was indeed to serve the Capitoline) has been lost, because in 33BC it was heavily re-worked by Marcus Agrippa for Augustus, which included cutting off its source.  Frontinus’ evidence describes its usage after that re-working.  It is probable that the Tepula came into Rome on the same arches that brought the Marcia.  Being of tepid quality (hence its name), it may have been intended for industrial purposes only, and so it was not economical to build structures solely for a low quality line.  Agrippa’s re-working mixed the water of the Tepula with that of his new aqueduct, the Aqua Julia, in order to lower its temperature, and he also supplemented it with water from the Marcia and Anio Vetus.  This re-working meant that, under Augustus, the Tepula, with no source of its own, became a composite of other lines. Frontinus records that it did not even supply the Capitoline anymore, instead serving regions IV, V, VI, and VII from 14 distribution tanks as follows:

	in Caesar’s  Name
	Private Uses
	Public Uses
	
	
	
	
	Total

	44 q
	237 q
	camps
	public works
	ornamental fountains
	public basins
	Total
	331 q

	
	
	1
	3
	0
	13
	50 q
	

	
	
	12 q
	7 q
	0 q
	32 q
	
	


Source: Frontinus, 82.2.


Almost three-quarters of the Tepula was delivered to private citizens, very little to imperial buildings and public basins, and none for ornamental fountains.  Although it entered the city at a high enough level for widespread distribution, its limited capacity and poor quality precluded this.  The evidence suggests that Augustus used the Tepula as a line for private users on the eastern hills of the city.


The Aqua Julia was built in 33BC by Marcus Agrippa for Augustus.  It travelled from new springs near the source of the Tepula in the Alban Hills 22.9km into the city, 10.4km above ground and the remainder underground
.  Along with the Tepula, it came into the city on the arches of the Marcia.  From its entry into the city, the Julia split into a number of branches.  One branch ran north-west, to a number of distribution tanks that fed lines to the Quirinal and Capitoline.
  Frontinus specifically mentions a branch of the Julia that suppled a distribution tank on the Caelian.
  


The Julia had a high elevation, and so it was able to supply many regions of the city with water.  Frontinus’ lists it supplying regions II, III, V, VI, VIII, X, and XII from just 17 distribution tanks in the following manner:

	in Caesar’s  Name
	Private Uses
	Public Uses
	
	
	
	
	Total

	18 q
	196? q
	camps
	public works
	ornamental fountains
	public basins
	Total
	597 q

	
	
	2?
	11?
	3?
	28
	383 q
	

	
	
	69 q
	181 q
	67 q
	65 q
	
	


Source: Frontinus, 83.2.


There are problems with Frontinus’ figures for the Julia.  He reports two different totals of distribution within the city,
 and there are omissions within the text of the volume given for private uses, and the number of camps, public works, and fountains that were supplied (hence the question marks in the above table).  The above figures are agreed to by most authors, but they represent a “best-guess” to the distribution figures for the Julia.
  Despite these problems with the figures, there is enough information to make some observations.  Almost 65% of the water was supplied for public-uses, and nearly half of the public-uses water was supplied to public works.  Along with the few number of distribution tanks, these figures suggest that the Julia was specifically planned to met the water needs of Augustus’ building program in the central and eastern districts of the city.  This building program included the Porticus Liviae and in the Forum.  The Julia also had a wider distribution than the Tepula, and was able to compliment it with the regions that were served.


The Aqua Virgo was built in 19BC by Marcus Agrippa for Augustus.  From its sources in the Anio Valley to its terminal distribution tank in the Campus Martius, it travelled 20.9km, of which 19.1km was underground and the remainder on or above ground on bridges
.  Since this aqueduct is still functioning and in use in today in modern Rome, more is known about this line than any of the others.
  Its route into the city is curiously circuitous, quite possibly to avoid expensive tunnelling through heavily populated areas.  One branch of the Virgo, likely travelling beside the Euripus, crossed the Pons Agrippa into the region XIV, the Transtiber.
  The Virgo runs at a low elevation, the second lowest of all the aqueducts, so Frontinus reports that the Virgo only distributed water to regions VII, IX, and XIV from 18 distribution tanks in the following manner:

	in Caesar’s  Name
	Private Uses
	Public Uses
	
	
	
	
	Total

	509 q
	338 q
	camps
	public works
	ornamental fountains
	public basins
	Total
	2304 q

	
	
	0
	16
	2
	25
	1457 q
	

	
	
	0 q
	1380 q
	26 q
	51 q
	
	


Source: Frontinus, 84.2.


These figures clearly show that the purpose of the Virgo was to supply a small number of public works with a large amount of water.  61% of its volume went to works that included the Thermae Agrippa, Stagnum, and the Euripus.  The Euripus, which was a recreational stream running from the area of the Pantheon to the Tiber, alone received 460 quinariae.
  Although the Campus Martius was not a residential area, the Transtiber was, and the Virgo crossed the Tiber to that region as its highest point of elevation, so it is likely that most of the private usage and public basins were in that region.  The specific uses of the Virgo’s water accounts for the relatively small number of distribution tanks. From these figures it is fairly clear that the Virgo’s purpose was to supply water to Augustus’ building program in the Campus Martius and to provide water to regions that up until that time were inadequately served.


The Aqua Alsietina was the last of the Augustan aqueducts.  Augustus built it in 2BC to provide water for his naumachia and for estates in the Transtiber.  It travelled 32.9km
 from its source at Lacus Alsietinus to its terminus at the naumachia, running underground for nearly the entire distance.  Frontinus reports its water to be unwholesome, the result of which was that none of it was distributed for public needs, as follows:

	in Caesar’s  Name
	Private Uses
	Public Uses
	
	
	
	
	Total

	254 q
	138 q
	camps
	public works
	ornamental fountains
	public basins
	Total
	392 q

	
	
	0
	0
	0
	0
	0 q
	

	
	
	0 q
	0 q
	0 q
	0 q
	
	


Source: Frontinus, 85.


The water supplied for private uses was likely used for irrigation and industrial purposes.  Archaeological evidence of a fish hatchery and parts of the Alsietina’s channel support this hypothesis.
  Although Frontinus reports that the Alsietina could also serve as an emergency backup line for public basins in the Transtiber, with its limited volume and poor quality, this would appear to be an unusual arrangement.  Clearly, the Alsietina was the most specialized, and the least widely distributed, of all of Augustus’ aqueducts.


This paper has shown, using Frontinus’ somewhat faulty, and yet consistent, document “De Aquis”, and archaeological evidence where available, that Augustus did a lot of work on the water distribution system of Rome.  He added new sources to the Appia and Marcia to increase their capacity.   He added new distribution lines to the Anio Vetus and Marcia.  And he reworked the Tepula to compliment the three new aqueducts that he built, the Julia, Virgo, and Alsietina.   The evidence of Frontinus indicates that these last four aqueducts were designed to permit a more efficient and systematic water use across the city.  The Tepula, Julia, Virgo, and Alsietina lines complimented each other both in the regions that they served, and in their distributions for different uses.  The Tepula specifically distributed to private uses while the Julia significantly increased the total volume and supplied water for his building program as well as public needs.  The Virgo also supplied his building program, specifically in the Campus Martius, as well as providing for public uses in regions under-supplied by the other aqueduct lines.  Augustus’ last line, the Alsietina was specifically built to supply his naumachia.  The answer to the question “Did Augustus have a specific purpose for each aqueduct?” is a definite “Yes!”.
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