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WATER AND ITS MANAGEMENT is a necessity for every
society and each individual. This book compiles ancient
approaches to water management from different times,
places, and perspectives. In antiquity, a great variety of
techniques for how to store, deliver, and also lift water
had evolved, especially during the Hellenistic and
Roman times.

This book examines the different governance structures,
water management bodies, and relevant legislation that
were developed to ensure that water was used and
delivered in specific ways. These are explored utilizing
examples from ancient Mesopotamia, Egypt, Spain,

and Italy.

To prevent water from delivery problems, theft, and
pollution, water was often conveyed via closed sys-
tems, which were sometimes subterranean in nature.
Two respective closed system techniques are presented
in this book: the Qanat-technology, with examples
from the Iberian Peninsula, and the Roman Aqueduct,
with an example from Sicily. Additionally, this book
looks at how water has been used in societies as a way
to display power, for leisure, to show technical hubris,
or to simply harness its power, for example to document

time passing, as was done via ancient water clocks.
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Jonas Berking

Water Management in Ancient Civilizations: Editorial

Summary

This volume brings together papers on Water Management in Ancient Civilizations. It en-
velops a great variety of ancient means to harvest, supply, distribute, and dispute water in all
its forms. Contributions range in time period from the early means of water management
in Mesopotamia and Egypt, to the Epochs of Hellenistic and Roman Eras, into medieval
times and beyond. The fascinating momentum of ancient water management include not
only the great solutions and applications that were already at hand thousands of years ago,
but its implications and importance for present and future problems, since water is, was,
and will continue to be the most precious resource for human wellbeing.

Keywords: water availability; water technology; social organization; irrigation strategies;
water lifting devices; water economy; water legislation

Dieser Sammelband vereint Beitrige zum Wassermanagement antiker Zivilisationen. Er
umfasst dabei die groe Bandbreite antiker Methoden zum Wasser sammeln, zur Wasser-
versorgung, zur Verteilung oder zu Verteilungsproblemen. Die Beitrage reichen von den An-
fingen des Wassermanagements in Mesopotamien und Agypten, tiber die Hellenistische-
und Rémische Epoche, bis hinein in das Mittelalter und die Neuzeit. Das Faszinierende am
antiken Wassermanagement sind dabei nicht nur die frithen Lésungen und Anwendungen,
sondern insbesondere auch ihre Wirkung und Wichtigkeit bis in die Gegenwart und Zu-
kunft, denn Wasser ist und bleibt die wichtigste Ressource fiir menschliches Wohlergehen.

Keywords: Wasserverfiigbarkeit; Wassertechnologie; soziale Organisation; Bewésserungs-
strategien; Wasser-Hebe-Systeme; Wasserwirtschaft; Wasserrecht

This study is part of the Key Topic Watermanagement within the Excellence Cluster 264 Topoi
— The Formation and Transformation of Space and Knowledge in Ancient Civilizations. It brings to-
gether papers presented at the 2016 workshop on Water Management in Ancient Civilizations.
The workshop further developed the topic of ancient and historical water management
within the Excellence Cluster Topoz, after a first workshop on this topic in 2014 at the Freie
Universitit Berlin, Germany.

Jonas Berking (ed.) | Water Management in Ancient Civilizations | (ISBN 978-3-9818369-6-7; ISSN
(Print) 2366-6641; ISSN (Online) 2366-665X; DOI 10.17171/3-53) | www.edition-topoi.org
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1 Scope of the volume

Water is one of the most important ingredients in nature and daily life, and the study of
this very common substance is a subject of many different disciplines." The majority of
modern water studies are concerned with issues of water management, including: water
quality and quantity, the broad agenda of human agency, and institutions of water distri-
bution and sanitation. This volume brings together papers presented at the 2016 work
shop on Water Management in Ancient Civilizations. The workshop further developed the
topic of ancient and historical water management within the Excellence Cluster Topoz,
after a first workshop on this topic in 2014 at the Freie Universitit Berlin, Germany.
The workshop in 2016 only encompassed part of this broad field of water studies and
disciplines. The idea of the workshop was to bring together approaches from different
disciplines that contextualize water management within a historical perspective. The
outcome of this fruitful and multidisciplinary workshop is a compilation of contribu-
tions from geosciences, classical archaeology, ancient oriental studies, history, history
of science, and legal studies in this volume.

Within much of the research in water management, there is a growing interest in
how to bridge water research from different disciplines, since water has been a topic high
on the political and scientific agenda for several decades now.® Increasing effort is being
putinto the incorporation of different academic disciplines, so that their knowledge can
help solve a diverse range of global water problems.

However, in historical, and especially archaeological approaches, water research
has a long tradition that predates the popular discussion by several decades. The of
ten claimed “hydraulic hypothesis” put forward by Karl Wittfogel in the 1950s,* was
one of these earlier approaches that combined the social and political consequences of
controlling and managing water. Although the hydraulic hypothesis has been critiqued
and rejected by many scholars since, it still forms the basis for many modern discus-
sions.’ One of the main aspects of this hypothesis is that extensive water distribution for
irrigation purposes produces the need for regulation (an institution), which in turn for-
mulates a major aspect of cultural and social dimensions. As a far-reaching consequence
of this, irrigation endeavors could have been a major aspect in the first marked transi-
tion in human history (the transition from hunter-gatherer to state-urban cultures), and
maybe also in the establishment of social stratifications.®
Hence, any single deterministic view of water solely as a resource is misleading for

water studies, especially when set against the background of this workshop about water

1 Mays 2010b. 4 Wittfogel 1957, 2-3.
2 Berking 2016. 5 Harrower 2009.
3 Weisz et al. 200T1. 6 Huntetal. 1976.
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management in ancient civilizations. Such a view would eclipse the great variety of water
in all its forms. That is to say, water management can be approached in several ways and
thought about on a number of different levels.

2 Water management: aspects and approaches

However, since water management is such a broad term, there is no simple approach
to it. The great variety of disciplines and agendas which deal with water management
issues describe complex relations between natural environmental conditions and social,
technical, governmental, and legal structures. A straightforward definition, according
to Scarborough is: “[...] water management is the human interruption of the natural
water cycle undertaken by a society”” This definition covers the three important aspects
of water management, including: (a) the natural movement of water (water availabil-
ity), (b) the redirection and collection of water (water technology), and (c) the social
organization, displayed, e.g. in governance or legal structures.®

More generally, this means that:

(a) Water availability refers to natural water sources. The primary source is precip-
itation and the subsequently generated surface, or groundwater, run-off. It is impor-
tant to note that the specific climatic conditions, hydrological regime, and landscape or
catchment characteristics make water availability a dynamically changing and manifold
process.

(b) Water technology refers to all technical measures of water management. Specif-
ically these are: (i) wells and springs, (ii) open and closed canals, (iii) open and closed
reservoirs, (iv) temporal and permanent dams, as well as (v) water lifting devices.

(c) The social organization with respect to water management refers to the way in
which water is shared, provided, and used among individuals or groups. Often societies
develop(ed) special governance structures to regulate water as a resource.

Water and water management have various other dimensions; for example, water
can be classified and analyzed in terms of its function and purpose. Water is used as
fresh water (domestic, drinking, tap, and portable water); for food production (water for
irrigation and animal husbandry); fishery; navigation (transport); cult practices; energy
(hydropower); status (political power); hygiene; and for the purpose of entertainment,
protection, cooling, and recreation.’

Water management can also be seen through the lens of the prevailing climatic or

hydrologic conditions and the chronological time period of a particular study. The pre-

7 Scarborough 19971, 1. 9 Berking et al. 2016.
8 Berking et al. 2016.
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Fig. 1 Distribution of the main locations presented in this volume. Background colors represent the UNEP

Aridity Index, indicating the climatic setting of the specific sites.

vailing landscape and climatic setting of a specific study site concerns the type of water
management strategies applied in a particular case. For this volume, the geographic dis-
tribution and climatic classification of the contributions presented here are shown in
Fig. 1.

The most common means with which to group historical studies is to classify them
according to their chronology. The chronological framework for the contributions in
this volume are illustrated in Fig. 2. Due to the very long timeframes of several of the
studies, this chronological classification isn’t used to organize this volume.

3 Organization of the Volume

The original thematic concept of the workshop is used to organize this volume, and,
thus, the papers are grouped into four sections: (i) Water, Climate, and Society; (ii) Water
Techniques and Legislation; (iii) Water and Economy; and (iv) Water Management in
the Classical era. These present different aspects of ancient water management. It is not
the claim of this volume, however, that it presents a comprehensive book about ancient
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Fig.2 Chronological order of the main periods presented in this volume.

water management, but it brings together single case studies with new and original

research.

4 Sections

4.1 Water, climate, and society

Especially in arid and water scarce regions, water management is a fundamental need for
humans and societies. These regions are prone to drought and are prime examples of the
interactions between of water, climate, and society. One important aspect of coping with
low water availability is presented by J. Oleson, namely the provision of a well-organized
water distribution and storage system built on advanced technological knowledge. The
climatic conditions, as well as the technical knowledge, are very well represented in the
arid mountainous region of western Jordan, where the Nabateans evolved in the first cen-
turies BCE, with their capital of Petra. As J. Oleson points out, satellite settlements, such
as Harara (Humayma) to the south of Petra, were also characterized by a well-organized
water distribution and storage system. The technical realizations in water technology
from the Nabatean and later Roman times are still famous today.

II
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4.2 Water techniques and legislation

As mentioned above, most types of water technology can be grouped into five categories.
Whilst most of these technologies and techniques are well understood, it is sometimes
difficult to be sure of their origin or where and when they first appeared.

It seems that many techniques evolved during the first millennia BCE in
Mesopotamia, as well as in Egypt, especially in Alexandria in the first millennium BCE.
G. Strmelihindi, herein, undertakes a comprehensive overview of water technology
throughout antiquity. The special focus of this contribution is on water-lifting devices,
which sometimes were highly sophisticated machines. For example, the Roman force
pumps and the water mills were milestones of antique water lifting techniques, often not
contextualized with such a profound geoscientific background. Also, what is probably
the oldest water-lifting device, the shadif, plays a role in G. Siirmelihindi’s paper, and
is analyzed in much more detail by E. Nenci in his contribution. E. Nenci describes
the shaduf from its first appearance in Egypt and follows its fast spread into different
regions. The sophisticated technical details of this practical and easily recognizable tech-
nique are often neglected and it is only possible to date such devices by examining all
existing records and sources as presented here.

The other major aspects of this chapter include water rights and water law, and their
legislation. Here questions arise such as: Who owns the water? Is water a public or pri-
vate good? What societal structures — states, cities, communities, or organizations — are
in charge of this legislation? The best known example of a highly sophisticated system
from antiquity presented in this volume, is the Roman water law. L. Maganzani presents
excellent examples in her contribution, focusing on local irrigation systems organized
by villages and communities in the Roman world and jurisprudential sources belonging
to Justinian’s Digest on the topic. The fact that joint water use generated disputes that
were then addressed by jurisprudence, allows a perfect evaluation of the relationships
between communities and their respective members concerning their water and irriga-
tion needs. In a similar way, M. Ronin analyzes the problems Roman jurists had to cope
with when facing problems related to water sharing and irrigation in the periphery of
Rome. She argues that Roman jurists applied legal solutions that were directly linked
with the development of the city of Rome itself, including the increasing competition

for water resources due to economic and environmental reasons.

4.3 Water and economy

Water is vital for agriculture, and in most cases agricultural prosperity grows with the
availability of fresh water. Hence, the economic value of water is often very high, espe-

cially in agricultural regions with hot and dry climates or a pronounced seasonality in
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water availability.

A prime example of such a region is Middle and Lower Mesopotamia, where the hot
and dry climate makes rain-fed irrigation nearly impossible. From here, I. Schrakamp
introduces the oldest water management system presented in this volume. He focusses
on the information provided by cuneiform inscriptions on the socio-economic and wa-
ter management issues from the 3rd millennium BCE, focusing on the arid area around
the Euphrates at Lagash.

In contrast to the riverine societies of Mesopotamia, which had little rain through-
out the year, the Mediterranean regions typically have a rainy season in winter and hot,
dry summers. Here, different techniques of groundwater tapping and distribution sys-
tems evolved that were especially important to provide water throughout the growing
seasons during the summers months. Some especially well known and prominent ex-
amples of water distribution and irrigation strategies developed in the Iberian Peninsula
at the end of the Classical era and with the beginning of medieval times. The mélange
of Roman and Arabic influences at the time led to the development of special water
management systems and irrigation techniques and communities, some of which are
still in use today. One such technique is presented by C. Gerrard and A. Gutiérrez, pro-
viding new insight into the ganat technology in northern Spain, while Isselhorst et al.
focus on water management strategies from Andalusia, of southern Spain, that partly
still function today (Fig. 2).

4.4 Water management in the Classical era

During the Hellenistic and later Classical era, water management and water techniques
flourished in a formerly unprecedented way. The societies that have flourished in the
Greek territory since the last millennium BCE developed several sophisticated technical
works.!” Some of these structures were related to water use. The application of hydraulic
technology in combination with knowledge of processes, allowed the ancient Greeks to
set up water supply and drainage systems, as well as flood protection, sanitary systems,
and, maybe for the first time, recreational and sport facilities with water, such as pools
or bath houses. This is the focus of the comprehensive study on Greek baths by M.
Trimper, focusing mostly on the Peloponnese, but setting them into the context of the
whole era of Greek baths throughout the Mediterranean.

When Rome later became the dominant power of the Mediterranean, they influ-
enced vast regions through their large scale building projects and logistics. Roman con-
struction and management of cities and settlements, and their way of exploiting and

interacting with natural environments, especially water, was extensive and uncontested.

10 Mamassis and Koutsoyiannis 2010.
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One aspect of water supply in Roman settlements that was probably rather new at the
time was to provide large quantities of water with high quality. This was only possi-
ble through the usage of regularly available, relatively pure groundwater sources, which
were tapped and canalized and often transported over long distances via aqueducts."!
From the classical area, Bouffier et al. present the famous aqueduct of Syracuse, the Aque-
duct of Galermi, which is still in good shape and restored.

Finally, the contribution of A. Schomberg opens up the field of water application
and technology, which is important to a rather new area of research into the invention,
distribution, and functioning of ancient water clocks. She evaluates how and when time
measurement began to take place in antiquity; the important role of the complicated but
practical water clock, starting with its origin in the 2nd millennium BCE in Egypt; and
how they later spread during Roman times, until the era of the water clock ended with
the invention of the mechanical clock during the Middle Ages.

11 Cf. Mays 2010a.
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John Peter Oleson

Strategies for Water Supply in Arabia Petraea during
the Nabataean through Early Islamic Periods: Local
Adaptations of the Regional ‘“Technological Shelf’

Summary

Excavation by the author at the site of al-Humayma, ancient Hawara, allowed detailed re-
construction of the water-supply system that supported this isolated settlement in the hyper-
arid Hisma Desert of Southern Jordan. A re-evaluation of the regional water-supply systems
in Arabia Petraca from the Nabataean through the Early Islamic phases, shows that some
aspects of the systems at Nabataean sites, such as Petra and Hawara, had precedents in the
technologies of the Late Bronze Age and Iron Age settlements in the region, while others
can be traced to developments in the Hellenistic Aegean. Sites such as Petra, Hawara, Iram,
and Hegra show that the overall flavor of the water-supply systems remain strictly regional,
mostly due to climate, topography, and hydrology.

Keywords: Nabataeans; hydraulic technology; technological shelf; cistern; aqueduct

Die vom Autor geleitete Ausgrabung in al-Humayma, dem antiken Hawara, ermdglichte
eine detaillierte Rekonstruktion des Wasserversorgungssystems, das die isolierte Stitte in
der extrem ariden Hisma Wiiste im stidlichen Jordanien versorgte. Eine Neubewertung der
Wasserversorgung in der Arabia Petraca von der nabatiischen bis in die islamische Zeit
zeigt, dass die in nabatidischen Siedlungen wie Petra und Hawara gebriuchlichen Systeme
technisch teils aus der regionalen Spitbronze- und Eisenzeit hervorgehen, teils in die helle-
nistische Agiis zuriickverfolgt werden kénnen. Es kann gezeigt werden, dass der generelle
Charakter der Systeme in Siedlungen wie Petra, Hawara, Iram und Hegra regional bleibt,
hauptsichlich aufgrund von Klimabedingungen, Topografie und Hydraulik.

Keywords: Nabatier; Hydrauliktechnologie; technologisches Repertoire; Zisterne; Aqua-
dukt
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A Survey and excavation conducted by the author between 1983 and 2005 at the site of
Humayma, in the Hisma Desert of Southern Jordan, produced an enormous amount of
data about the details of the water-supply system that allowed this isolated settlement to
flourish in a hyper-arid environment.'

Humayma, ancient Hawara, was founded by a Nabataean King, Aretas, either the
third or fourth of that name, sometime in the first century BC. An oracle told his son
Obodas to, “seek a place called “White””, a punning reference to the literal meaning of
the name Hawara, and the vision of a white camel led him to the site (Fig. 1).? Essen-
tially a colony of Petra, Hawara was located at a spot on the King’s Highway in the
Hisma Desert, which was well suited to pastoralism, agriculture, and trade, and the small
Nabataean settlement continued to flourish under subsequent Roman, Byzantine, and
Abbasid occupiers.

The regional water-supply system included 27 km of aqueduct, five reservoirs, 57
cisterns, and three containment dams, along with a few wadi barriers and terraced fields
(Fig. 2).

A complete analysis of the local and regional water-supply system of Hawara for the
first final report of the Humayma Excavation Project, published in 2010, made a full
evaluation of the historical and technological context from the Nabataean through the
Early Islamic periods possible. The regional system, in fact, is almost entirely Nabataean
in origin, and the original design functioned almost without change across 8co years.
This remarkable stability and effectiveness raises questions about Nabataean hydraulic
technology. Was there a distinct repertoire of techniques and structures that is recogniz-
ably Nabataean? If so, did all these techniques originate with the Nabataeans themselves
as they gradually sedentarized in the course of the second century BC? In particular, did
this technology evolve at Petra, which seems early for it to have had special economic,
religious, and political importance? Did engineers trained or experienced in some nor-
mative tradition of water supply carry this knowledge outward from Petra in the same
way that much of the Nabataean painted fine ware was exported from that central place?
Was there a Nabataean Vitruvius or Frontinus, some paragon of hydraulic engineering
or administration who spread his ideas in written form? Finally, how do the chronol-
ogy and technology of the water-supply systems at Hegra, or in the flourishing cities of
the Negev, compare with the systems the core settlements of Arabia Petraea, such as Pe-
tra and Hawara. Naturally, [ want to develop this discussion of Nabataean water-supply
technology in a way that will contribute to the workshop theme of Water Management in
Ancient Civilizations, and to the session theme of Water, Climate, and Society.

See the bibliography and account of the excavation 2 Oleson 2010, 50-53.
in Oleson 2010.



STRATEGIES FOR WATER SUPPLY IN ARABIA PETRAEA
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At the start, I have to emphasize that the variety of environmental conditions across

Fig. 1 Locator map of

Humayma.

Nabataean territory presents some problems for any hypothesis of a unitary Nabataean
technology.® The northern portion of the kingdom, which I can only touch upon in this
context, was relatively well watered and well endowed with agricultural land. For these
same reasons, this region was also rich in traditions of water management and water sup-
ply that originated as early as the Bronze Age, and were modified or supplemented by
various regional cultures through the Hellenistic period. At present, the annual precipi-
tation at Damascus averages 202 mm, which is below the threshold for grain production,
but the Barada River, originating in the Anti-Lebanon mountains, has emptied into the
al-Ghutah oasis since antiquity, on the edge of which Damascus was founded long be-
fore the Nabataecan hegemony, allowing irrigation agriculture. The site of Bosra to the

south, in contrast, receives only 150 mm of rainfall a year, and must rely on reservoirs

3 National 1984; Shehadeh 1985; al-Kurdi 2008.
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Fig. 2 Map of Humayma region with hydraulic installations.
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Fig. 3 View of “Ain Brak, Petra.

and cisterns to store the run-off. This run-off water was directed to reservoirs and agricul-
tural fields by shallow earthen channels. The same goes for Umm el-Jamal and the other
sites that flourished in the Hauran during the Nabataean period. All of these techniques
were in use in the region since the Bronze Age.

Between Bosra in the north and Ras en-Nagb far to the south, on the high el-Sherah
escarpment that forms the boundary of the Hisma Desert increased rainfall coincides
with higher elevation. The settlements at the higher elevations, such as Jerash, Madaba,
and Kerak and the lands around them receive between 200 and 400 mm of precipitation,
sufficient for growing grain. The lower, dry steppe regions to the east receive between
100 and 200 mm, which allowed an active pastoral economy but restricted agriculture.

Farther south, the capital city of Petra gave its name to stony Arabia Petraea, but
enjoyed water resources far exceeding those elsewhere in the region. The site of Petra
receives only 40 mm of precipitation a year, but Wadi Musa higher up to the east re-
ceives 177 mm, and the run-off flows, for the most part, through Petra. In addition, the
abundant spring of ‘Ain Musa and several lesser springs flow from the high stratum of
limestone down towards the settlement center (Fig. 3).*

Conditions to the southeast around the Jafr depression, to the south in the Hisma
Desert, and in the Hejaz, qualify as hyper-arid, with more or less 50 mm of precipitation
annually and very high evaporation rates. The cities of Nabataean origin in the Negev
enjoyed both higher rainfall — between 100 and 300 mm annually — and more fertile
soil than Arabia Petraea, although conditions were not as favorable as in the northern
Nabataean territory.’ Nevertheless, despite all these regional anomalies, modern schol-
ars often assume that all the settlements between Avdat and Bostra that shared in the
Nabataean cultural veneer formed part of a unitary technological system. Was this really

4 Bellwald 2008; Oleson 2010, 417-446. § Evenari, Shanan, and Tadmor 1982, 95-119.
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Fig. 4 Iron Age Cistern, Umm
Biyara.

the case? What is the cultural flavor of hydraulic technology in this large and varied re-
gion, and what does it tell us about Nabataean culture in general? First, we must consider
the origins of these techniques.

Many aspects of Nabataean hydraulic technology had precedents in the technolo-
gies of the Bronze Age and Iron Age settlements that later became part of the Nabataean
kingdom.®

Cisterns are the most obvious example of this connection since they appear in large
numbers at nearly every Bronze and Iron Age settlement, both cut into the bedrock
and built of blocks. There are numerous Iron Age examples at Sela and at Umm Biyara
above Petra (Fig. 4). The terracing of agricultural fields was another common and effec-
tive method throughout the eastern Mediterranean from at least the Late Bronze Age
onward. This was a technique designed to capture both run-off water and eroded soil,
and transform a difficult slope into a series of narrow but fertile horizontal fields.” There
are many examples of these throughout the Nabataean kingdom, including a large num-
ber around Petra. Dams are a more technically demanding type of structure, but even so,
attempts were made to block the flow of run-off water by the Early Bronze Age at Jawa,
and - to move somewhat outside the Nabataean cultural area — at Ugarit by 1300 BC, a
masonry dam was put across a flowing stream near the Royal Palace. Earth or masonry
dams were a typical method of water control for the Late Bronze Age cultures of Egypt
and Mesopotamia.® The Nabataeans made use of both techniques.

Earthen water channels were an essential part of the river valley cultures in the
Bronze Age, but shallow, unlined earth channels were also used in dry regions in ev-
ery period to carry run-off water, although they seldom survived. Rare examples can

6 Oleson 1992; Oleson 2001; Heemeier et al. 2008. 8 Helms 1981; Garbrecht 1991; Oleson 1992, 890-891;
7 Oleson 1992, 890-891; Oleson 2001, 605-608; Ole- Oleson 2001, 608; Philip 2001, 173-174.

son 2010, 479—481; Price and Nixon 2005.
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Fig. 5 Late Bronze Age conduit
blocks, Ugarit.

be seen at Nabataean sites such as Umm el-Jimal and Sobota.” By the Late Bronze Age
rock-cut conduit blocks were a well-known method that was used throughout the east-
ern Mediterranean and the Levant (Fig. 5).

These were essentially pre-fabricated channels that conducted the flow of water
from springs or other water sources across open land or through settlement centers into
water storage structures. The Nabataean conduit blocks are generally more neatly carved
than their Bronze Age predecessors, but in terms of design and function, they are iden-
tical.!?

9 Oleson 2000, 184-205; Oleson 2001, 467. 10 Oleson 2001, 608-610.
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An alternative to the open earth channel or the open stone channel was the ter-
racotta pipe, specially designed with male and female terminations to allow a tight-
fitting conduit. Pipes were used from the Late Bronze Age onward where a closed flow
was needed, as in removing sewage, protecting water quality, conducting water below
ground level, or providing a pressurized head.!" Pipelines appear at many Nabataean
sites, notably Petra and Hawara, although they had the disadvantage of becoming easily
clogged by debris or water-deposited calcium carbonate.

Other aspects of Nabataean hydraulic technology can be traced to developments in
the Hellenistic Aegean. It is likely, for example, that Nabatacan engineers or military per-
sonnel borrowed the idea of long-distance terracotta pipelines from an outside source,
and applied specific principles to the conduits that brought spring water to Petra. Pos-
sible nearby models include the pipeline built in the early first century BC to serve the
Hasmonean and Herodian Palace complexes at Jericho and Kypros, but these pipelines
were buried, small in scale, and not easily seen. They were themselves most likely mod-
eled on the long-distance terracotta pipelines built to serve the citadel of Pergamon in
the third century BC. Since the Pergamon pipeline climbed the slope above ground,
Nabataean merchants or mercenaries in the area could easily have noted the impressive
hydraulic installation.'?

A particularly striking example of Hellenistic techniques adopted by the Nabataeans
is the built or rock-cut cistern roofed with slabs carried on cross-arches, which the
Nabataeans adopted enthusiastically sometime in the first century BC. Philon of Byzan-
tium describes this roofing technique in the third century BC in the context of military
architecture, and sometime afterwards a clever engineer applied the system to roofing
rectangular cisterns on the treeless, arid island trade center of Delos (Fig. 6).'?

The technique is actually quite rare for cisterns elsewhere in the Hellenistic world,
although it had the advantage of allowing roofing without the use of long timbers as
supports. This was an obvious advantage for applications both on waterless Aegean is-
lands and in the deserts of Nabataea. Nabataean merchants trading around the Aegean
in the first century BC probably saw the design while visiting Delos and borrowed it for
both cistern and house architecture at Petra. The design remained in use in the region
through the early modern period for roofing both types of structures.

Are there any important methods of water supply already known in the Eastern
Mediterranean in the pre-Nabataean period that the Nabataeans did not adopt? The
only one that stands out due to its later popularity is the ganat system. This involves the

11 Jansen 2000, 104-110. Nabataeans in the Mediterranean world see Roche
12 Garbrecht 1987; Netzer, Laureys-Chachy, and 1996.
Meshorer 2001, 27, 31, 33; Meshel and Amit 13 Philon, Mechanike Syntaxis, pl. 87. 11-18; Oleson
2002; Oleson 2010, 489—490. For the presence of 2010, 481-487.
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Fig. 6 Theater cistern, Delos,
3rd century BC.

tapping of a water source below ground by means of an excavated shaft, then digging
a tunnel at a carefully regulated slope below a downward sloping ground surface, until
the tunnel meets the surface and flows into the open to its destination. The surface in-
dication of a ganat is a series of shafts that were used to plot the direction and depth of
the channel, to remove the spoil from digging the tunnel — which forms characteristic
mounds around the shaft openings — and to allow periodic access for maintenance.'*
This technique probably first appeared somewhere in the area of Persia or eastern Ana-
tolia in the early first millennium BC, and it seems to have arrived in the Levant by
the Late Roman or Byzantine period. In my opinion, ganats only became common in
the region in the Early Islamic period. Although dating a ganat is difficult, none so far
can be connected with a documented Nabataean context. There are two ganat sites in
the southern Nabataean homeland; the one at Yotvata is probably Early Islamic and the
extensive ganat systems between Udhruh and Tahuna are Byzantine or Early Islamic in
date. There are eight ganat sites in northern Jordan, some of which originated in the late
Roman period, but with significant Early Islamic intervention. This technique was not
taken up by Nabataean engineers in Arabia Petraea simply because the topography and
hydrology usually did not allow it. In the north, it may not have been used during the
Nabataean period because the other systems we have reviewed were sufficient.

From this repertoire of designs, or — as historians of technology call it — this techno-
logical shelf, Nabataean engineers developed a suite of techniques and materials appro-
priate for urban water-supply systems and rural run-off agriculture in the regions under
their control. That this suite of designs seems so characteristically Nabataean results
from the enthusiasm with which their engineers applied the various borrowed designs

Goblot 1979; Lightfoot 1997; Abudanah and Twaissi
2010; Oleson 2010, 447.
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Fig. 7 Aqueduct channel in the
Siq, Petra.

to a uniquely arid and stony landscape in Arabia Petraca and the Hejaz, with transfor-
mative results. The dry environment and low population have also fostered remarkable
preservation of the structural remains.

How does Hawara, ancient Humayma, fit into this system? Does it closely reflect
developments at Petra, the central place of Nabataean culture, or did the inhabitants of
Hawara develop their own strategy and techniques for water supply? Petra and Hawara
are good test sites for the relationship between the cultural capital and a rural offshoot,
since the water-supply systems at both have been thoroughly studied and published. We
can then have a look at the more distant Nabataean settlements in the Hejaz and Negev.
We have to examine Petra first.

By the mid-first century BC, and possibly more than a century earlier, the inhabi-
tants of Petra enjoyed a sophisticated and adaptable water-supply system."> The regional
springs were harnessed to supply at least five separate conduits or pipelines, following a
variety of routes, using a variety of techniques, and supplying drinking water to various
parts of the settlement (Fig. 7).

The multiplicity of channels and routes reflects both the number of sources and the
number of areas supplied, but this approach also provided redundancy in the event of
renovations, natural disaster, or enemy action. In addition, there were numerous large
and small cisterns in and around Petra filled by run-off water. These served a variety of
ongoing public and private functions but also supplied back up in the event of the dis-
ruption of the aqueducts. Some of these cisterns were formed by blocking a large crevice
or small wadi with a substantial barrier wall in order to retain a pool of run-off water.
This type of arrangement saved most of the effort of excavating an entire cistern tank.

Bellwald 2008; al-Muheisen 2009, 31-129; Oleson
2010, 417-446.
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The Nabataeans occasionally built diversion dams, as at the entrance to the Siq. Another
type of blocking wall was apparently unique to Petra. Several dozen small dams block
watercourses that drain into the Siq, the narrow passageway into Petra from the east, but
they do not retain the water for use. There are discharge openings at the base of these
dams that allow the water to run out slowly. In this way the small dams detain the water,
rather than refaining it, preventing the sudden large rush of run-off that would fill the
Siq and endanger people and property.'® This unique feature, now in use in many mod-
ern water-control systems, was produced by the special topography of Petra and local
patterns of precipitation. Finally, the landscape in and around Petra was transformed by
hundreds of terraces and wadi barriers that enhanced local agricultural productivity by
holding back both soil and water.

How does this sophisticated and successful hydraulic technology relate to that
found at Hawara? The very concept of a long-distance conduit fed by a spring, as seen at
Petra, undoubtedly provided both the inspiration and the engineering skills that con-
tributed to the construction of the Hawara aqueduct system sometime in the first cen-
tury BC (Fig. 8)."7

The same aqueduct technology was applied at both sites, with the exception of the
long-distance terracotta pipelines, which were present at Petra but absent at Hawara.'®
While short local pipelines were used within the settlement of Hawara, some of them
apparently pressurized, they do not appear outside the settlement center. The much
longer distances to be travelled, the lower average slope, and the lower output of the
available springs were probably all factors that made use of a long-distance pipeline
impractical. It is possible, however, that the occasional use of pipes within stone gutter
blocks at Petra inspired the use of inverted roof tiles in the gutter blocks of the Jammam
aqueduct in the fourth century AD, perhaps after the earthquake of 363."” This curious
and unparalleled modification, which involved the recycling of approximately 18 ooo
terracotta cover tiles taken from structures in the Roman fort at Hawara, probably was
meant to solve a supply problem caused either by the settling of the foundations of
the aqueduct, or a substantial decrease in the water flow from the springs (Fig. 9). The
use of tiles may also have helped solve the problem of the build-up of sinter, calcium-
carbonate deposits, in the aqueduct channel, since the tiles could be replaced or cleaned
periodically without dismantling the aqueduct structure.

Although the Hawara aqueduct conduits were cut into the bedrock where that was
possible, about 95 percent of the course was built of stone gutter blocks.?

Bellwald 2008, 67—69; Bellwald and Ruben 2003, 18 Oleson 2010, 181-187, 255-288, 330331, 394-396.
71-76; Oleson 2010, 421-422. 19 Oleson 2010, 102-107, 112-115, 328-330.
Oleson 2010, 74-115, 386-394. 20 Oleson 2010, 74-115.
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Fig. 8 Nabataean aqueduct

channel to Hawara.

Gutter blocks of the same design appear where necessary in the Petra system, but the
main channels were often slightly larger than at Hawara, to accommodate the greater
flow of the springs. In all the cases where the capacity of the conduits or pipelines serv-
ing Petra has been calculated, the potential maximum flow seems far in excess of the
probable available spring flow. The calculated capacity of the conduits in the Siq alone
(208 cum/hr), for example, is 34 times the recent discharge of the ‘Ain Musa. The same
disparity was noted for the Hawara aqueduct system as well (2.2-19.6 cum/hr), although
only at a factor of 4.5.%" Since it is unlikely that either spring was correspondingly more

abundant in antiquity, several technical explanations for this over-building are possible.

21 Oleson 2010, 365368, 434—435.
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Fig.9 Nabataean aqueduct with

inverted roof tiles added, Hawara.

First, the excess capacity gave the engineers greater leeway for errors in leveling and cal-
culation of gradient when dealing with constantly changing slopes; a larger channel area
made it less likely that poor leveling would cause an overflow of water that would dam-
age the aqueduct structure. Alternatively, the excess capacity could have been meant to
compensate for the formation of calcium carbonate deposits in the channels and pipes
over the decades. Sinter seems to have been removed regularly from the Hawara con-
duits, since the deposits surviving in the conduits usually show only four to 10 annual
growth rings, and chunks of discarded sinter are found there and along the course of the
aqueduct. It was more difficult to clear pipes, and one pipeline in the Siq at Petra finally
became so clogged with sinter that the pipes were broken open to allow unconfined
channel flow.”

In the ‘Ain Musa system, it is likely that a distribution basin at the Zurraba reser-
voir allowed the flow from the spring to be directed to any one of the three outflow
conduits as special needs arose in various parts of the city. Diversion of the entire spring
discharge to a single channel, naturally required careful attention to capacity. Inten-
tional over-engineering by individuals uncertain about flow rates, slopes, and levels is
probably the most likely solution. Roman engineers, such as Frontinus, often took the
same precautions in their calculations of water flow in the aqueducts.?®

There are other parallels between the Petra and Hawara aqueduct systems.** For
example, both make use of occasional settling tanks within the flow regime to remove
sand and silt. Both systems also provided draw tanks or drinking tanks isolated from
the flow by short branch lines. Large stone basins with multiple exits and sluice gates
allowing the diversion of water into various subsidiary channels have been found at both

22 Bellwald and Ruben 2003, 58, 87-90. 24 Oleson 2010, 444-446.
23 Hodge 1992, 215-245.
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Fig. 10 Nabataean pool fed by
aqueduct, Hawara.

sites. Both systems also fed reservoirs or pools that made the water directly available or
serviced local pipe systems. The aqueduct system at Hawara discharged its water into
a large shallow pool (27.6 X 17 m, depth 1.34 m) with a capacity of 629 cubic meters
(Fig. 10).

The overflow water then spilled into a downstream conduit that supplied a bath
building and possibly some cisterns in the town center. The pool was designed to dis-
play, rather than to store, the water or to make it accessible. It seems very likely that
the Hawara pool was modeled on the Garden Pool complex in Petra, which was the
centerpiece of a garden complex, a Near Eastern paradeisos. There was even an island in
the Petra pool for banquets.” This comparison, however, has the remarkable implica-
tion that the major motive for the construction of the 27 km long Hawara aqueduct was
royal or cultural prestige, meant as a dramatic proof of the Nabataean ability to con-
trol the desert. The intended audience may have been the caravans travelling the King’s
Highway, particularly those heading north through Hawara towards Petra. Many of the
monuments in the Siq were also meant to impress visitors arriving by that entrance: the
arched entrance, water basins, betyls, inscriptions, bas-reliefs of camel caravans, and the
spectacular al-Khazneh tomb facade. Once inside the city, visitors might have gaped at
the waterfalls at the termination of the ‘Ain Brak and North Khubtha conduits, and at
the paradeisos associated with the Garden Pool. Although compromised in quality, the
overflow from both the Petra Garden Pool and the Hawara aqueduct pools was suitable
for baths, industrial purposes, and agriculture.

The basic technology of the reservoirs and cisterns at Hawara also resembles the
equivalent structures at Petra. At both sites most cisterns were cut down into a leveled
rock surface and provided with slab roofs carried on cross arches (Fig. 11).

25 Oleson 2010, 181-187, 381-383, 439—443.
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Fig. 11 Nabataean arch-roofed
cistern, Hawara.

One disparity is that only one cistern and one reservoir at Hawara were provided with
stairs into the pool to facilitate periodic cleaning, a feature that was common at Petra. It
is possible that the settling basins commonly associated with cistern intakes at Hawara
represent a local practice that made frequent cleaning less urgent. Settling basins were
only rarely associated with cisterns at Petra.

A more striking anomaly at Hawara is the appearance in the settlement center of
cylindrical cisterns built of blocks. In the Hawara center, cisterns and reservoirs had
to be built of stone blocks rather than cut into the rock, because the bedrock was out
of reach beneath the surface soil. It is no particular surprise to see the usual rectangu-
lar design constructed entirely of blocks. What is surprising is the appearance of seven
built domestic cisterns with the typical arch supported roof, but with a cylindrical form
(Fig. 12).2¢

I have found no close parallels for this design in Nabataea or anywhere else in the
contemporary Mediterranean world.” The design certainly makes sense, since the cylin-
drical shape not only provides more volume in proportion to the amount of masonry
than rectangular plans, but it is also easier to waterproof and is better able to resist pres-
sure from the surrounding soil. Did an innovative Nabataean engineer responding to
the local situation possibly introduce the design to solve problems at Hawara? If this is
the case, these cisterns provide striking evidence of the adaptability and sophistication
of Nabataean hydraulic engineers, and their willingness to deviate from accepted de-
signs. On the other hand, the fact that this design did not spread to other Nabataean

Oleson 2010, 199-202, 206-213, 377-378. ever, is quite different from that of the arch-roofed

Bruneau and Bordreuil 1982, 499502, record a cir- cisterns at Humayma, and it is not a cistern. The ad-
cular well at Delos built of dry stone masonry, with jacent stairwell suggests that it might have served
three transverse arches that support a roof like a as a ritual bath (miqueb) for the nearby synagogue. I
truncated cone. The design of this structure, how- owe this reference to Monika Triimper.
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Fig. 12 Cylindrical arch-roofed

cistern, Hawara, reconstruction.

sites may indicate that this engineer only worked locally, and the exchange of technical
information was limited.

Another anomaly at Hawara is the rarity of agricultural terraces and wadi barriers in
comparison with the hundreds seen at Petra.?® The best soil around Hawara is found in
the two depressions north and south of the settlement center, below the bedrock jebels,
but very few traces of ancient wadi barriers survive there. Perhaps the flow of water
in these wadis was either too violent for earth barriers to survive, or too intermittent
for earth barriers to be of use for agriculture. Agriculture was practiced around Hawara,
but, if the recent Bedouin practices preserve the ancient ones, near the foot of sandstone
ridges or jebels that provided reliable and manageable catchments. The fields probably
were furnished in antiquity, as today, with earthen barrier walls and conduits rather than
with constructions of stone. Earthen features naturally were more likely to disappear
over time, but Nabataean examples have survived here and there around Petra and at
etTelah in the Arabah.”’

There were at least three retention dams on the outskirts of Hawara, designed to
hold back large pools of run-off water (Fig. 13).3° The water would have been of low
quality and probably used to water animals. This type of large open pool retained by a
barrier wall does not appear at Petra, either because spring water sources were available,
or because of the generally steeper topography.

There is a striking contrast between the agricultural practices at Hawara and those in
the wadis around the Nabataean through Byzantine mining settlement of Phaino, 35 km

28 Oleson 2010, 161-169, 370-372. 30 Oleson 2010, 155-161, 372-373.
29 Oleson 2010, 448—452.
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Fig. 13 Nabataean dam,
Hawara.

northwest of Petra in the Wadi Arabah. Although the function of the settlement was very
different from that of Hawara, and much of the water supply in the Byzantine period
was intended for use in processing ore, there are some similarities in topography and in
soil and water resources. A recent survey catalogued a few structures similar in function
to those at Hawara, but later in date and following the Roman design traditions: an
aqueduct, reservoirs, a few cisterns, and two dams.?! The most prominent surviving
remains of the water-supply system of Phaino are the numerous field boundaries built
of water worn boulders, barrier walls with spillways, and earthen, stone framed water
conduits built on and just above the wide, braided plane of the Wadi Faynan. Barrier
walls diverted and guided the flowing water and delayed it so it could soak into the
soil. The survey recognized 85 simple field systems, 10 complex field systems, and 6

31 Barker, Gilbertson, and Mattingly 2007.
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Fig. 14 Aqueduct channel,
Ramm.

side terraces. An area of at least 253 ha was prepared for agriculture in this manner,
beginning in the Nabataean period. This irrigation system illustrates techniques that
could have been applied at Hawara to make use of the braided flow in the wadis that
pass by the site, but which apparently were not.

The well-known temple of Allat at [ram, modern Ramm, was built on a slope of
scree at the foot of the precipitous cliffs characteristic of Wadi Ramm. The spring that
served the site is tucked back into a recess in the west wall of the main wadi, framed by
smaller wadis that climb into the cliffs to the north and south. Hawara lies 43 km to the
north, but otherwise there were no Nabataean settlements of any size in the Hisma. The
precise character of the sanctuary and settlement is still not entirely clear, but the water-
supply system shows some striking parallels with that serving Hawara.>? The design of
the spring-fed aqueduct is identical, as is the use of several branch lines to supplement
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the main conduit, and the conduction of the water to a pool or reservoir (Fig. 14).

There were numerous arch-roofed cisterns and small dams in the region, as around
Hawara, providing privately owned water. Although no one seems to have noticed, the
modest Nabataean dam at al-Kharaza near Jebel Ratama, between Wadi Ramm and
Hawara, may be the earliest well-documented vertical wall dam with an arched plan
— a brilliantly innovative design that continues to be used throughout the world to-
day.?? This structure is also remarkable due to the presence of an inscription that pro-
vides both the owner’s name and the date of construction: “Belonging to Seba, son of
Eleh [this dam; J. O.] was prepared the year forty-one of Aretas [AD 32; J. O.], king of
the Nabataeans, lover of his people’3* Could this structure be another example of the
innovative genius of the Nabataean engineer who designed the cylindrical cisterns at
Hawara? Given the proximity of Hawara and Ramm, there were undoubtedly social, re-
ligious, and political bonds between them. In fact, Wadi Ramm may be the site of the
oracular shrine referred to in the foundation story of Hawara, the oracle that told Obo-
das to “seek a place called ‘white™??S Hydraulic engineers probably moved freely among
Petra, Hawara, Ramm, and rest of the Hisma.

Although Hegra, modern Meda’in Saleh, lies 400 km south of Hawara, the two sites
were connected by an active trade route. The topography of the sites is similar, and the
amount of precipitation is approximately the same: 50-80 mm. Some parts of the site
were served by rock-cut conduits with settling tanks, collecting run-off water for cisterns,
but there are far fewer rock-cut cisterns at Hegra than at Hawara or Petra. Instead, the
presence of ground water at a depth of only 18 m apparently fostered a water-supply
system dependent on wells, which are not seen at Petra or Hawara.*® The wells are very
wide, up to seven meters in diameter, and seem to have served as a type of cistern fed by
the percolation of ground water rather than by run-off.

The early stages of the Nabataean occupation of the Negev remain obscure, but the
Nabataeans seem to have established trade routes across the region to emporia at ancient
Gaza and Pelusium by the late fourth century BC. These routes attracted watchtowers
and settlements possibly as early as the second half of the third century BC. Incense
and other high value commodities imported from the Arabian peninsula and the In-
dian sub-continent were carried along this ‘incense road; and they contributed to the
development of six main Nabataean settlement centers that by the Byzantine period
may have had a total population of 20 coo: Oboda, Sobata, Nessana, Mampsis, Elusa,

Oleson 2010, 452-456. documented, and the date is approximate; Hodge
Fares-Drapeau and Zayadine 2001, 207-213; Oleson 1992, 81.

2010, 456. A Roman dam with arch plan at Glanum 34 Fares-Drapeau and Zayadine 2001, 212-213.

in Southern France may have been constructed in 35 Oleson 2010, §0-53.

the first century BC, but its design can no longer be 36 Nehmé et al. 2006.
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and Ruheiba. The average annual precipitation around these settlements varies from
100-300 mm. To support the human and animal populations in this arid environment,
sophisticated water-supply systems were developed that provide interesting parallels and
contrasts with the Hawara system.?’

There are several problems in evaluating the relevance of the Negev archaeological
evidence to the systems at Hawara and Petra. Most important is the question of chronol-
ogy. The region remained well populated and prosperous through the seventh century
AD, and it is often not clear to which period various water-supply structures such as wadi
barriers belong.*® Although the designs are often compatible with a first-century BC or
AD Nabataean origin, is very likely that many of the water-supply systems visible in the
region today date to the Byzantine or early Islamic period. At Hawara, in contrast, the
Nabataean aqueduct continued to serve the settlement well into the Byzantine period,
and none of the five Byzantine churches built there were provided with a cistern. In the
Negev, by contrast, nearly all the churches were provided with one or more cisterns fed
by run-off from the roof and adjacent courtyard.

A second problem is that, although the Negev is arid, in many areas the soil is gen-
erally more extensive and better in quality than that around Hawara or the rest of Arabia
Petraca. Furthermore, there are varying ways to calculate the amount of useable run-off
generated by the hills, which are earth rather than bedrock.” As a consequence, even
though the ancient cities of the Negev are often cited as close cousins to the Nabataean
settlements of Arabia Petraea, the parallels are frequently only approximate and the
chronologies are very different.

As in Arabia Petraea, both rural and ‘urban’ cisterns were an important part of the
water-supply system in the Negev. Due to the regional geology, however, the most com-
mon design in the Negev was a regular or irregular tank carved in soft chalk bedrock,
with a natural roof formed by a stratum of limestone. This technique was easier and gen-
erally more durable than building roofs over a rock-cut tank. The slab roof supported by
cross-arches on block built walls occasionally appears on cisterns in the Negev, and it was
ubiquitous for roofing houses.*’ The first-century cistern at Bor Nekarot on the ‘Incense
Road’ looks particularly similar to the type seen at Hawara and Petra, perhaps because
of its early date. Where cisterns are associated with houses in the Negev, they usually
appear beneath the courtyard, as at Hawara, but they seldom have arch-supported roofs.

As at Petra and Hawara, dams were occasionally employed to retain water where
the topographical circumstances allowed. A particularly impressive series of Nabataean

dams survives at Mampsis.*!

37 Oleson 2010, 460—478. 179-219.
38 Shereshevski 1991. 40 Oleson 2010, 464, 477—478.
39 Evenari, Shanan, and Tadmor 1982, 95-147, 41 Oleson 2010, 470-474.
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Fig. 15 Stone piles, Sobata.

Reservoirs, usually unroofed because of their size, formed the largest part of the Negev
water systems, occasionally built of blocks, but more often cut into the bedrock. Due to
their exposure to the sun and wind-blown debris, the quality of the water was likely to
have usually been poor. The water was collected from precipitation run-off, lifted from
wells, carried in from dammed pools by porters or draft animals, and, in only one case,
at Sobata, filled at least in part by an earthen aqueduct that carried in run-off from a
nearby catchment. At Hawara, Petra, and Wadi Ramm, in contrast, the largest reservoirs
were filled entirely by spring-fed aqueducts. In fact, the only long aqueduct in the Negev
with engineering features, such as a built viaduct and distribution tanks, was the dirt
channel at Sobata. Nothing has been found that resembles the ten to twenty kilometer
long channels built of stone conduit blocks found in Arabia Petraca. Water channels
made of stone gutter blocks very similar to those used at Hawara, can be seen in all the
Negev settlements, but only to carry water short distances within a house, along a street,
or between a reservoir and a bath. Stone distribution basins also appear in these same
circumstances. Springs existed in the Negev, but inconveniently deep or distant from
the site of the larger Nabataean settlements. Wells 40 to 70 m deep at Oboda, Ruheiba,
and Nessana represent the typical regional solution to this problem. Wells were of no
use at Petra or Hawara, where groundwater was either too deep or non-existent.**
Despite the similarities in climate and cultural development, and despite a few su-
perficial similarities, the water-supply systems serving the ancient settlements in the
Negev are actually quite different from those at Petra and Hawara. Above all, the cre-
ation of fields at Oboda and Sobata through the terracing of wadis and the piling up of
surface stones in regular patterns on hillsides to enhance run-off did not occur at Petra
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(Fig. 15).

There are in fact stone piles on three slopes at Hawara, but not associated with fields
suitable for agriculture. They may represent a failed experiment, or they may have had
some sort of ceremonial or religious significance.* There may simply have been enough
bedrock slopes in the vicinity of Hawara suitable for channeling water to agricultural
fields that it was not necessary to enhance the run-off from a few slopes with rocky soil.
The intensive agriculture in the Negev, particularly the bulk production of wine for
export in the Byzantine period, was an extension of the needs of the adjacent Mediter-
ranean economy. Arabia Petraea was too distant to have served this trade in bulk goods,
and food production very likely was intended for local consumption.

Judging from its foundation story, the nearly exclusive use of ceramics from Pe-
tra, and the character of the water-supply system, Hawara was a political, cultural, and
technological colony of Petra. Petra provides the closest and earliest parallels for all as-
pects of the water-supply system, although the system at Petra was more complex and
monumental. The neighboring water-supply system at Ramm constitutes the one other
close parallel to the arrangements at Hawara. The water-supply systems at the other sites
of Nabataean origin differ from one another, since Nabataean engineers naturally re-
sponded to local variations in climate, topography, geology, and population. There were
also differences in chronology, and possibly in engineering traditions as well.

There was no single methodology for supplying Nabataean settlements with water.
There was an established repertoire of techniques, probably carried from place to place
by engineers. It is unlikely, however, that any Nabataean Vitruvius or Frontinus com-
posed a written compendium of engineering knowledge. Nevertheless, the cylindrical,
arch-roofed cisterns in the center of Hawara are a testimony to the activity of at least one
local genius, along with the nearby arch dam at al-Kharaza.

What does all this mean for the concept of Petra as a central place with an admired
and imitated technological shelf? It seems likely that hydraulic engineers who worked at
Petra also worked at or had some influence on the engineers who worked at Hawara and
Ramm; so, here we see the projection of a central technology in a similar environment.
Farther afield, however, the systems seem very different, in tune with varied local circum-
stances. Even allowing for their probable later chronology, the Negev settlements used
water-supply strategies and designs different from those seen in the Petra region. The
fall-off of central influence with distance did not, of course, imply a decline in effective-
ness of the systems. There is much we still do not know about the processes of Nabataean
technology. At Hawara and near Ramm, we find the apparently unique technological

Oleson 2010, 460-478. in northeast Jordan that have no apparent practical
Oleson 2010, 167-169. Kennedy 2012, 497498, re- purpose and thus might have served some ceremo-
ports the presence of ca. 2000 similar cairns at a site nial need.
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footprints of the strikingly innovative hydraulic engineer or engineers who created a
new cylindrical cistern and an arch-walled dam. Other issues that remain unsolved are
the sources of funding, planning procedures, surveying techniques, the composition
and organization of the work teams, the local administration of water from springs, and
the ownership of run-off flow from natural or enhanced catchments. We still need to
throw light on the details of the hydraulic technology for which the Nabataeans were

so famous in antiquity.
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Palaeo-Environmental Condition Factor on the
Diffusion of Ancient Water Technologies

Summary

Thales of Miletus wisely declared that water is the vital element for life. Being the core sub-
stance for human survival, the management of water has always been an important mat-
ter. Early attempts to improve water-lifting devices for agricultural endeavors have been
detected in Hellenistic Alexandria. However, aside from the limitations of the different de-
vices, variations in geology also limit the use of some of these machines in specific areas.
Some of these devices were used daily, whereas others remained impractical or were of mi-
nor importance due to their complicated nature, and some were even forgotten until they
were later rediscovered. Water also became a basic power source, providing energy, e.g. for
cutting stone or milling grain, and such applications constituted the first attempts at Roman

industrialization.
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Roman; aqueduct

Bereits Thales von Milet erklirte Wasser zum wichtigsten Element allen Lebens. Entspre-
chend kam dem Management dieser Ressource schon immer groe Bedeutung zu. Erste
Versuche, Wasser-Hebesysteme in der Landwirtschaft einzusetzen, lassen sich im Hellenis-
tischen Alexandria nachweisen. Die Nutzbarkeit solcher Hebesysteme war eingeschrinkt
einerseits durch ihre individuelle Konstruktion, andererseits durch die Geologie vor Ort.
Wihrend dabei einige dieser Wasser-Hebesysteme taglichen Einsatz fanden, blieben andere
ungenutzt oder gerieten auf Grund ihrer geringen Bedeutung oder ihrer Komplexitit bis
zu ihrer Wiederentdeckung in Vergessenheit. Wasser wurde damals auch als Energiequelle
eingesetzt, wie zum Beispiel beim Schneiden von Steinen oder beim Mahlen von Korn. Sol-
che Anwendungen stellen gleichsam den Anfang der antiken rémischen Industrialisierung

dar.

Keywords: antike Wasserstrukturen; Hellenistische Wissenschaft; Diffusion; Geologie;
Geographie; romisch; Wasserleitung

Jonas Berking (ed.) | Water Management in Ancient Civilizations | (ISBN 978-3-9818369-6-7; ISSN
(Print) 2366-6641; ISSN (Online) 2366-665X; DOI 10.17171/3-53) | www.edition-topoi.org

43



GUL SURMELIHINDI

44

This publication was conceived while working for the Excellence Cluster Topor at the Max
Planck Institute for the History of Science in Berlin. The guidance of Dr. Matteo Valleriani
is gratefully acknowledged.

If only there is water, there will be life... and water always finds its way. (G. S.)

1 The short history of human adaptation to nature

The history of the relationship between Homo sapiens and the nature in which they lived,
was reshaped about 10 0co years ago during the Holocene period. A constantly growing
population in North Africa made it necessary for the people to develop a reliable water
supply for multiple needs, such as preparing agricultural lands to provide food for the
people. One of the first places where the transition from hunting-gathering to cultivation
happened was the Middle East, about 10 0o to 9 ooo BP. Thereafter, Central Europe
began cultivation, with a delay of at least a thousand years, due to severe cooling periods
and a strong advance of glaciers. This transition period, from nomadic to farming, was
a fruitful turning point for Homo sapiens, since it created food security and stopped the
long tradition of following wild herds.

Global warming during the Holocene finally opened the way for building advanced
civilizations. At the onset of the Holocene, nomadic hunters started to build fixed set-
tlements where water management was necessary. They benefited from the power of
the available natural resources." The traces of the structures of these fixed settlements
can be found associated with irrigation and drainage channels in the Near East and
early mining sites. Subsequently, gravity driven aqueducts and water and animal driven
mechanisms were invented to provide bathing facilities and increase food production
to satisfy the growing human population.

The first more advanced civilization formed during the mid-Holocene period was
called the Atlantic; this was a warm and long period that provided the foundation for the
development of the complex human cultures of the Phoenicians, Carthaginians, Greeks,
and finally the Romans.” This is also the time when enhanced task-division was first
apparent, making life easier, as people worked by means of a division of labor, working

as merchants, soldiers, engineers, and craftsmen.’

1 Roberts 2014. 3 Behringer 2009.

2 Perry and Hsu 20c0.
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The techniques used to make tools were improved and, subsequently, people started
to use these tools in their daily life. Seafaring was improved through the development of
wooden sailing ships to make discoveries overseas. This brought together new ideas and
technologies that people had observed in foreign lands during their travels. This travel
also helped to build cultural connections and trade while climatic conditions were sta-
ble. Aside from trading goods such as ivory, pottery, and wine, the people also observed
how those from different lands dealt with water and land management issues on a daily
basis. After the first optimistic and unsatisfactory attempts to use these same technolo-
gies in their own areas, the people began to realize that some things worked differently
in other geographical settings; this was the decisive point where innovation processes
took place and different types of machinery and structures were constructed.

First, building a waterproofed cistern or digging a well in a private garden became a
common and simple way of solving the water problems of individual citizens, although
the latter required a technique to lift the water to the ground level, where the water
was needed. Meanwhile, others had the idea to transport water over short distances via
conduits, which was followed by the tapping of water sources from even further away by
opening channels and constructing tunnels or building high-level bridges with channels
or pipes. Early examples include the Minoan Aqueducts of Crete, the aqueduct of archaic
Samos with the famous Eupalinus Tunnel, and Athens and Syracuse and the aqueducts
and well-houses of Megara.* The technique of building aqueducts was not very common
until the Roman era, since it was quite an expensive solution, even though it involved
water being driven in a natural way by gravity, without any additional labor. In most
cases, well or cistern technology fulfilled the daily needs of the people, although the
simple lifting mechanism of a bucket and rope system did not always answer their needs,
since in some areas, a well could be more than 9o m deep. Therefore, this practical way
of obtaining a regular water supply had to be improved through the innovation of water-
lifting techniques, which are discussed in this contribution.

2 Hellenistic science, technology, and the first attempts to diffuse
them

Looking at history, it is curious that most of the ancient large civilizations emerged at
about the same latitude: the Mediterranean, Mesopotamia, Iran, China, and India, and
in the southern hemisphere, Peru. The most common aspect of all these countries was

a climate that was not overwhelmingly hot, nor one with a cold Nordic atmosphere.

Angelakis, Savvakis, and Charalampakis 2007; Kien- Tolle-Kastenbein 1990.
ast 1995; Koutsoyiannis et al. 2008; Crouch 1993;
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The favorable conditions of having a moderate climate and fertile land led local people
to be at the center of the technological improvements connected to irrigation. Presum-
ably for this reason, Hellenistic Alexandria was the birthplace of important scientific
innovations.

The Alexandrian school of engineers in Hellenistic Egypt triggered a breakthrough
in natural philosophy between the 3rd and 1st century BC. Early scientists were encour-
aged to concentrate on the development of mechanisms to lift great masses, resulting in
lever, pulley, and cogged wheel systems being developed, and the invention of the first
practical equipment to increase the harvest.

In fact, Egyptians triggered the first agricultural work in the Nile Valley. This may
have been driven by a sudden population increase, the largest human population in any
area until that time, and growing based on the controlled use of the clay-rich, abundant
water of the Nile.’

Meanwhile, in another Hellenistic city, Syracuse, the inventor of many theorems
and practical devices, Archimedes (287—212 BC), was working along the same lines to
understand how things work in nature. Although his invention of the catapult was rel-
atively destructive in the hand of others, the common use of the Archimedian screw he
developed is a good example of his lasting inventions.

Two additional Greek engineers worth mentioning by name are Ctesibius (285-
222 BC) and Heron of Alexandria (AD 10—70), who are known until today as the fathers
of pneumatics. Nevertheless, their inventions, such as water-clocks, a steam-powered
engine, and an automatic door opener, were not practically used for a long time. They
were also criticized by many scholars of their time as being nothing more than toys to
entertain and amuse the public.® The early written sources on the lever and pulley system
demonstrated their use in daily life,” but scholars did not show the same attention to
Hero’s (Heron of Alexandria) labor saving cogged wheel mechanism perhaps because it
was not used widely for some time. The force-pump, however, is an exception that after
several modifications was distinguished from other inventions by being a life-saving
device that was utilized as a fire-extinguisher and also for its practical application in
lifting water to a higher elevation. Otherwise, most of these first inventions of Greek
engineers from the Alexandrian School were either only locally in use or seen as nothing
more than scientific experiments.

The innovation process of the force-pump and many other mechanisms was not
a coincidence; it coincided with the date when the Romans started to create written
records of history. The Romans ruled the Mediterranean region for more than five

hundred years and made great improvements in all aspects of life; therefore, some big

5 Butzer 1976, 76-92. 7 Pleket 1967, 39-40.
6 Granger 1931.
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changes took place in the practical use of the inventions mentioned above. Starting
from this point, diffusion of the machines increased consciously by the Romans, who
improved these machines, allowing them to shift from only purely scientific inventions
to becoming applied devices in their time. However, why and how Romans became in-
volved in the diffusion of water technology is a curious issue that needs to be examined
in order to understand the needs of the people of that time and ancient trade policies.

Plato (427-347 BC), in his De Re Publica, indicated that “love of money” was a char-
acteristic of the Phoenicians and Egyptians. This was seen as the main difference they
had from the Greeks, who were seen as having a “love of knowledge”® The love of mak-
ing money might have also been a dominant character of the Romans and their trade
policies. Certainly, the contribution of Romans to technology and engineering issues
was mainly in the field of practical application.” During the Roman era, not only practi-
cal technologies were in common use, additionally, entertainment machines were well
diffused and available almost everywhere throughout the Empire. They were a top re-
quest of Roman nobles and land owners for their new villas, such as a force-pump to
spray a water jet from a pool to where they were reclining and dining on couches to
impress their guest, or raising water for their gardens or opening a temple door auto-
matically, using the principle of Hero’s pneumatics. These devices played an important
role in showing Roman prosperity to the rest of the world, and led others to admire
the Roman lifestyle. More importantly, the diffusion process and common use of water
technologies was part of the growing Roman economy. A number of waterwheel re-
mains from mining sites in Hispania, Britannia, and Dacia and the watermill complexes
for grinding flour to provide annonae, proved their common application for industrial
use. The Roman military played a powerful role in the diffusion of ancient water tech-
nologies and the widespread use of water-powered machines by means of their strong
military organization and colonial administration.°

In the following, I discuss these technologies and the important features that played

a role in their diffusion, other than the palaco-environmental conditions.

3 Comparison of ancient water technologies

3.1 Water-lifting devices

People needed to raise water for various applications. Water-lifting was indispensable for
mining sites and for extinguishing fires. After simply digging wells to reach the ground-

8 Griffith 2000. 10 Spain 2002, S1.
9 Landels 2000.
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water level, people constructed a rope and bucket as the first mechanism for lifting water
to the surface level. However, as wells got deeper, more efficient devices were needed as
deeper wells would require longer ropes, which were in turn much heavier, resulting in
it being much more laborious to obtain water from the deeper wells. Several types of

water-lifting devices were invented, which are compared below.

3.1.1  Shaduf

The device known as shadiif in Arabic, keloneion in Greek, is also called folleno or swipe.
It is one of the simplest and earliest water-lifting systems, and was invented even earlier
than the Hellenistic period, during the Early Bronze Age. It is still in use in Egypt and
many areas in North Africa and the Middle East today. This crude mechanism involves
only a bucket, or something similar to a bag, and a rope; however, it is different from a
bucket-rope arrangement, as it also includes a heavy counterbalance bound to a wooden
arm and a supporting skeleton. There are no historical remains at the archaeological
sites, due to its perishable nature, but there are illustrations of the shadif on frescoes,
mosaics, and vases; e.g., the example of a wall painting from Thebes, depicting the use of
a shadif from 1300 BC.!! This system was not an ambitious one, but was rather modest
in nature, and was only meant to raise water from a river or a ditch for agricultural
purpose. The shadif is a low-lift device, but nevertheless has a relatively high discharge
volume, providing up to 6 m3/hour at a height of 3 m.!?

The biggest advantage of the shadiif is its low-cost and simple nature. It can also raise
water from narrow shafts, and this made it one of the most practical devices available for
lifting water. However, the shadif can only raise water over short distances due to the
limited height of its beam, and its capacity is also low compared to other water lifting

mechanisms.!'?

3.1.2 Waterwheels with a compartmented body (tympanum or tympanon/drum) and

compartmented rim

Waterwheel technologies were powered by natural resources, such as water, wind, an-
imals, or manpower. The tympanum or tympanon (drum) in Greek is the oldest known
complex water-lifting mechanism, which even inspired Archimedes in his invention of
the water-screw.'* It was a machine composed of a closed wheel with openings that al-
lowed water to enter at the bottom of the wheel and let it escape again at the top. The

Latin word tympanum was first mentioned in De Architectura by Vitruvius (70-15 BC) as

11 Oleson 2008, 350. 13 Oleson 2000, 227.
12 Oleson 1984, 369. 14 Oleson 1984, 298.
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a device to lift water for irrigation purposes or for supplying the needs of salt works."
It is clear that the sympanum has a few advantages over Archimedes’ screw, due to the sim-
plicity of its construction; however, it is only able to lift water to a height of two thirds
of the wheel’s diameter, limiting its use. Another disadvantage was related to problems
with clogging. Additionally, its torque was not as efficient as that of the water-screw.
The waterwheel, with its compartmented rim, was a similar mechanism to the tym-
panum, but using the rim of the wheel only. Waterwheels were first mentioned in Apol-
lonius’ treatise (262-190 BC) of about 240 BC.'® The invention of both types of water-
wheel, with compartmented rim and body, dates back to the mid-third century BC. The
earliest known evidence of an animal-driven wheel for lifting water was at Perachora,

Greece from the 3rd century BC.

3.1.3  Water-screw or cochlias (Archimedean screw)

The water-screw can be found under the name cochlias in Greek literature. It was al-
legedly invented especially for one area, the Nile Delta and its surrounding terrain, and
is known as the Egyptian or Archimedean screw (tambour), since its invention during the
3rd century BC is mostly credited to Archimedes (Fig. 1). Some scholars believe that it
was already in use before Archimedes’ visit to Egypt, but he saw its value and worked on
a design to improve it for the needs of the Egyptian farmers. It has a quite simple con-
struction: a large helix open at both ends in a cylinder with water scooped at the end of
the helix. It was low-lift, with a constant rise, but still effective and easy to handle. More-
over, its most important advantage in comparison with the force-pump or tympanum
was its low susceptibility to clogging, which is a real problem in the Nile Delta, where
alluvium-rich fields with solid matter such as mud, sand, silt, and gravel were subject to
draining. Aside from these considerable advantages, a high level of friction reduced the
efficiency of the water-screw. The advantage of raising quite large amounts of water was
overshadowed by its low-lift nature — not as high as a waterwheel — which limits its use
in some fields.

Archacological finds and textural sources indicate that the screw was used for irriga-
tion purposes, mostly in Egypt, along with draining water from mines and dewatering
bilge-water from ships. The earliest known evidence for its use in a ship was a screw
designed by Archimedes for Hieron II of Syracuse in the third century BC.

On the map of diffusion of water technologies, we can see widespread use of the
water-screw in Spanish mines, due to its capacity to assist in effective drainage (Fig. 2).
Posidonius (135-51 BC) noted that it can drain a great amount of water with relatively

minor labor.”” Although most examples date back to the Imperial Age, a depiction of

15 Oleson 1984, 113. 17 Oleson 1984, 89.
16 Wilson 2002, 7.
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Fig. 1 A reconstructed
Archimedean screw in Israel. This
low-lift device has the advantage
of draining quite a reasonable
amount of water by a simple
manual system. In antiquity, the
device was turned with the feet.
Photograph and reconstruction

work, Yeshu Dray.
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Fig. 3 a) Wooden force-pump
found in Bertrange, Luxembourg.
The pump dates back to AD 270
and was found in the Roman fort.
The original remains are in the
National Museum of History and
Art in Luxembourg. b) This ex-
ample of a force-pump is made
of bronze and was used in the
Sotiel Coronada copper mine

in southwest Spain, either as a
fire-extinguisher or to spray cold
water on rocks to fragment them.
This force-pump dates back to the
Imperial Roman period and is
housed at the National Archaeo-

logical Museum in Madrid.

one water-screw operating on Egyptian agricultural land was found in the Casa dell’
Efebo, Pompeii, proving its use before AD 79."® Another screw from Ciudad Real was
discovered in a mining site in Spain that dates back to the post-Roman period.

3.1.4 Force-pump

Vitruvius’ comment in his treatise De Architectura on, “useless objects that flattered the
senses by amusing the eye and ear’}'” was most likely a criticism of the water-organ or sim-
ilar automata mechanisms. However, when he describes all the water-lifting machines in
his treatise, he provides a separate chapter for force-pumps, emphasizing their practical
use and clever invention by the Greek engineer Ctesibius of Alexandria (Fig. 3). In fact,
Vitruvius is the only scholar who attributed the invention of the force-pump to Ctesi-
bius and, therefore, the device is referred to by some people as the Ctesibica machina.
This exceptional machine is, “extremely useful and necessary’, according to Vitruvius’
account.”

Compared to all the others, the force-pump was the most advanced water-lifting
mechanism. The mechanism was originally made of bronze and consisted of pistons
working in two vertical cylinders connected by transverse pipes that led pressurized wa-
ter to a central delivery pipe. The water was locked in under the force of gravity by one-
way valves at the base of the delivery pipe. The lower part of the pump was submerged
into a water body. The literary sources mainly mentioned the bronze force-pump as a
fire-extinguisher and it was used to spray fresh perfumed water during games in theaters

18 Oleson 1984, 241. 20 Oleson 1984, 124.
19 Oleson 1984, 24.
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or ampbhitheaters, as it was a portable mechanism.?! There are some rare examples, such
as the bronze, portable pump from the Sotiel Coronado mine in Spain, which was used
as a fire-extinguisher or, more interestingly, to spray a cold water stream on top of heated
rocks to fragment them for mining.?* These special applications were related to the ad-
vantageous features of the pump: being portable and also providing a jet of pressurized
water.

There are some other recorded uses of the force-pump, e.g. for raising water for an
orchard in a Roman villa and for kiln-production. Of all of the water machines, the force-
pump had the most delicate nature and was relatively expensive to build and maintain.
These features played an important role throughout its diffusion process to the provinces
of the Roman Empire. Nevertheless, after the first century BC, some radical innovations
established a new design where wood replaced the original bronze; this process helped
the force-pump become more affordable and easier to produce and maintain. After this
adaptation process, the force-pump became more widespread and appeared in several
areas with several different applications, as a multitask machine for gardening and for
raising drinking water from the wells in villas or on rich farms. Another advantage of this
adaptation, was that the wooden apparatus was less affected by water than the bronze
ones, and this led them to remain preserved at their original locations; broken bronze
pumps could be recycled for their metal value, while broken wooden ones would have
no value, and would be left in place. The 20 known examples from domestic areas are
mostly wooden, but also include eleven bronze pumps and one lead example.??

The force-pump was also commonly used as a bilge-pump in ships after the 1st
century AD. In fact, there were a number of other possibilities to drain bilge water from
the hold of a ship, such as the chain-pump and water-screw. The chain-pump had properties
of both bucket-chain and force-pump and consisted of a series of wooden disks on a rope
that were pulled though a cylinder. This was allegedly more effective than the water-
screw, since the screw might be handicapped by its low lift and required horizontal
placement. The chain-pump also shared the same advantages of the Archimedean screw,
in that it did not need any maintenance for cleaning muddy water and was more stable

under the pitching and rolling conditions of the ship at sea than the screw installation.?*

3.1.5 Bucket-wheel

The design of the bucket-wheel machine (polykadia ‘multi-bucket’ in Greek) was forgotten
for centuries and only rediscovered in the Middle Ages. It is similar in its reappearance to
the force-pumps.” It is known to be the simplest of the ‘higher-head’ devices. In contrast

21 Stein 2014, 21, 31. 24 Wilson 2011, 42.
22 Stein 2014, 24. 25 Landels 2000, 67.
23 Stein 2014, 34-35.
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Fig. 4 Bucket-chain installation
reconstructed for the Roman
bath of the local inn at the Xan-
ten archaeological site in the
ancient Roman town of Colo-
nia Ulpia Traiana in Northern
Rhine-Westphalia.

to the previous devices, the bucket-wheel was apparently driven by animal power in
Greek speaking communities in Egypt. The bucket wheel consists of a series of buckets
fixed around the rim of a wheel. The buckets were probably wider at the bottom, so they
could scoop up a reasonable amount of water and lift it to a narrow opening at the top
level.2¢

3.1.6 Bucket-chain

The bucket-chain, or halysis in Greek, is another type of ‘high-head’ water-lifting mech-
anism, most likely the improved model of the bucket-wheel (Fig. 4). It consists of a
tread-mill on a horizontal axle with two parallel endless chains where the buckets are
fixed to the chains at relatively equal intervals. Since the buckets are bound to the chain
and due to the elaborate nature of the iron-work, this device was likely to be more ex-
pensive to build than the bucketwheel. However, in some places where there was not

26 Landels 2000, 67.
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enough space to build a bucket-wheel, it was a preferable device. The advantage of the
device was related to its working principle being independent from its diameter. More-
over, the percentage of spillage was reduced to a minimum by the rapid turning of the
buckets only after reaching the axle. Nevertheless, if the water amount was not high
enough, there was the problem of the chain slipping around the axle due to the heavy
weight of the chains and buckets.

It is most likely that the bucket-chain was used more often in small-scale settings,
such as a villa or for a farm, where the water would be used for drinking, cleaning, and

other needs of a household.

3.1.7 Noria (Egyptian wheel) and Saqiya (Persian wheel) or wheels of pots

The word sagiya is often used to describe a water-lifting mechanism using ceramic pots,
although it actually refers not to a water-lifting machine but to the driving mechanism
(sdgiya gear) that drove it, usually powered by an animal (Fig. 5).* The earliest known
example is from Alexandria, in a fresco representation that dates back to the 2nd century
BC.?® It basically consists of a pair of cog-wheels oriented at right angles to one another,
designed to transfer the rotation of a vertical shaft driven by an ox into a more easily
applied horizontal motion. The sdgiya with a bucket-chain wheel was very common in
Fayyum, Egypt. Several sigiya examples were continuously in use for up to one hundred
days along the Nile River, to irrigate farms outside the period of the annual Nile flood.

The noria has many similar features as the sdgiya, although it is usually driven by
water-power. The gear-driven noria examples have a short shaft and were commonly used
in the Iberian Peninsula and Morocco.? Its application was generally for irrigation pur-
poses, just as the sdgiya was. The first known example of the noria is a representation
of a mosaic in Apamea, Syria from the 2nd century AD.*® Their common appearance
in Spain, especially during the Arab conquest, may be due to their simplicity and effi-
ciency, which helped their widespread distribution, resulting in their use becoming a
tradition.’! A nice example of a hydraulic #oria is situated along the Orontes River near
Hama, Syria®? and another example from the Islamic period has recently been restored
in Cérdoba, Spain (Fig. 6).

3.1.8 Relations of water lifting devices

Like the shaduf, the sagiya and noria are examples of relatively crude water machines.

According to many scholars, their widespread distribution was related to their simplic-

27 Oleson 2000, 267-272. 30 Oleson 2008, 42.
28 Oleson 1984, 382. 31 Wilson 2003, 141.
29 Schieler 1973. 32 Oleson 2000, 236-238.
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Fig. 5 A reconstructed medieval
sagiya example from Alcdzar

of Cérdoba. This machine was
powered by manpower to lift
water from the cistern below, and

was used to irrigate the garden.

Fig. 6 This typical example of

a noria (water-wheel) was recon-
structed on the Guadalquivir
River in Cérdoba. Possibly, it was
originally built by the Romans
and modified in medieval times
to provide water for Alcdzar de los
Reyes Cristianos (a medieval cas-
tle) for gardening and for milling
grain. This noria was powered by

the river.
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Fig. 7 An ideal deep rectangular
shaft for a sizeable bucket-chain in
Pompeii, the main installation for
the Stabian Baths. The carbonate
incrustations can be clearly seen
along the left side wall. The origi-
nal wheel driving the installation
was positioned in the room be-
hind the modern fence. The onset
of the arc, visible in the back wall
of the shaft, held the bucket chain

installation.

ity.>* They functioned according to the same principle, although the roria was driven by
water-power, whereas the sdgiya was powered by an animal. The most practical feature
of the sagiya is its ease of use, even without practical knowledge. The large number of
sagiya and noria that were found in countries such as Egypt and Spain, and in North
Africa shows that they were used in connection with agriculture, and indicates the ease
with which they could be installed and used.

The bucket-chain, the most applied of all the water-lifting machines, raised water
from deep shafts (wells); however, its large structure required a wide, usually rectan-
gular space (Fig. 7). The compartmented waterwheels, the noria and tympanum, also
required special room for their installation. These waterwheels were also some of the
most commonly used machines to lift water. Here, however, the limitation was due to
their structure, since the lower part of the wheel must be immersed in the water body to
carry water to the higher level, which could not exceed the top of the wheel.* The same
set-up is needed for a water-screw; placing its lower part within a water body limits the
height to which water can be lifted. Therefore, unlike the force-pump and bucket-chain,
they are unable to lift water from a narrow and deep shaft. Conversely, the force-pump
had the disadvantage that it could only move small volumes of water, which limited its
application; however, the biggest advantage of the force-pump was not only its ability
to raise water from a deep and narrow shaft, but also that it could produce jets of water
under pressure. This led it to be classified as a more ingenious but elaborate device than
the other mechanisms, and expanded its application to be used as a fire-extinguisher or

fresh water or perfume sprayer.?

33 Schieler 1973. 35 Stein 2014, 32.
34 Oleson 1984.
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3.2 Comparison of watermills

The invention of the watermill allowed converting the natural power of flowing water
in order to utilize it for mechanical work. The idea of the watermill wheel was not dif
ferent from the wheel used for raising a heavy volume of water to higher levels, and one
may have influenced the other. Later on, however, the contribution of the watermill
to establish the mass production of flour was a landmark for the advancement of the
Roman economy. There were also other types of mechanical systems utilized; for exam-
ple, quite simple ones like the trip-hammer, which work with the power of the water.
There was no way to use the trip-hammer for continuous production; hence, it remained
part of a small-scale farmer’s economy.>® The water-driven pestle was also an alternative
way to pound and pull grain. Its common use in Italian provinces was pointed out by
Pliny the Elder (NH 18.97). However, none of these methods were appropriate for a
larger population and larger-scale production. Thankfully, the invention of the water-
mill, helped to solve the problem of discontinuity in mass production and it also helped

.3 The similar shape of different

to increase per capita productivity with its great outpu
watermill models may even mean that one was invented from the shape of the other.

Two types of mills are briefly discussed below.

3.2.1 Norse and Greek mills (horizontal-wheeled mills)

The Norse and Greek mills were presumably simple, inefficient types of mills from a

t.® The biggest advantage of mills

primitive model that involved low capital investmen
using the horizontal-wheeled system was the ease of construction, since there was no
gearing involved. The water comes in as a jet with a very high speed and is used to
turn the paddles via the sharp slope of the millrace or with a drop-tower installation
for producing a fast water flow. The mills were commonly used in Northern Europe, in
particular after the Middle Ages; the term ‘Norse mill’ presumably originated from its
find location.* Since it is the simplest mechanism of the mills, it was probably invented
as a first watermill mechanism, while the other types of watermills were probably de-
rived from it.** It was not known to have been installed for industrial purposes, as no
archaeological evidence has come to light yet.

The geographical setting played a crucial role when choosing a wheel type. Most
examples of the horizontal-wheeled mills were located in areas with limited amounts
of water, but also at locations where a high velocity jet of water could be produced
by a sufficiently high hydraulic head, particularly in mountainous areas.*! The known

36 Wikander 2000, 406-407. 39 Lucas 2006, 34.
37 Wilson 2002, 30. 40 Wikander 2000, 395.
38 Wikander 2000. 41 Forbes 1964.
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examples are mainly from the Southern and Eastern Mediterranean, such as Algeria,
Palestine, Jordan, Naxos, and some others. These examples with drop-tower (arubah)
installations, where water was stored at a higher level to provide pressurized water for
turning the mills, were common in North Africa; a typical example is Oued Mellah in
Algeria.42 An example of a related type of mill (helix-turbine) from Roman times was
found in Chemtou and Testour with a remarkably extended size, with three waterwheels

at each mill, is worth mentioning.*

3.2.2 Vertical wheel (undershot-overshot)

The vertical wheel mill can only be used with a right-angled gearing system, which can
convert the water-power from the vertical rotation of the mill wheel to the horizontal
rotation needed for the millstones. Due to the complicated nature of the gear mech-
anism, it was probably developed later than the Norse (Greek) mills. There are some
criteria that determine the type of vertical wheel to be used, overshot or undershot,
such as meteorological, geological, and topographical conditions in the subject area.
The overshot wheels can be optimal for a limited water supply and a high hydraulic
head. For overshot mills, which are the most common types, an aqueduct that can pro-
vide water-power would have been the best option, since it can be easily regulated for
maintenance work. Overshot mills were more efficient mills, although their construc-
tion needed much more work than undershot mills. Undershot mills are mostly fed by
a river with a larger water supply and a lower head and are, therefore, easier to build,
since there is no need for a hydraulic arrangement. However, they can only work when
there is a strong and rapid water flow, such as from a river.

4 The role of geological settings and other factors on the
diffusion of water technologies

A database was set-up in collaboration with the Excellence Cluster Topoi and the Max
Planck Institute for the History of Science to see the geographical distribution of ancient
water technologies. In the following section, the discussion concentrates mainly on the

outcome of this “diffusion of the ancient water technologies” database, and the resulting

interpretations.*
42 Wikander 2000, 377. //drupal.mpiwg-berlin.mpg.de/watermachines/ (vis-
43 Wilson 1995, 503. ited on 25/05/201 8). The database has a dynamic
44 The “diffusion of the ancient water technologies” map where the distribution of water machines is
database can be visited under following link: https: shown.
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4.1 Water-lifting devices

The geological setting played a significant role in the diffusion process of water tech-
nologies and structures, and it is, therefore, surprising that it has not been discussed in
detail before elsewhere. People were aware of natural resources and the importance of
their power, like ores and water. This can be clearly seen if one looks at the ancient set-
tlements of Greek colonies in Sicily or Italy. For example, the important settlements of
ancient Athens (Greece), Nimes (Southern France), Syracuse (Sicily), and many others
were chosen because they were especially close to springs where a perennial, continuous
source of water was present;** even today, some of these sources are still in use. Greece is
dominated by a limestone geology, where ancient Greeks benefited from groundwater
sources, without needing to make investments to bring the water from greater distances,
e.g. in Athens and Corinth. The main reason behind this choice was that a karstic system
would not reflect the extreme seasonal variation in rainfall, since groundwater sources
are generally well-mixed and provide a continuous water supply. Hence, Greek tribes
also looked for a similar geological setting wherever they settled elsewhere. An exam-
ple is Empuries in Northeast Spain, where the ancient Greek city was built on top of
a karstic source, covering the people’s water needs. In Sicily, the conditions were simi-
lar, in that Agrigento and Syracuse were located where Greek colonies benefited from
the same type of karstic geology as found in their home towns, and they applied the
same methods to supply water for their settlements.* The Greek founders of Syracuse
originated from Corinth and specifically settled there due to the similar geology, cli-
mate, and natural water sources available in the cave settings. The geology of both areas
consist of penetrable rocks that overlies a layer of impermeable clay, where Corinthians
could benefit from their experience and know-how from their homeland, and could ap-
ply the same technologies here for water management. Therefore, until the population
climbed up the hills of Syracuse, due to a significant growth of the city, people were sat-
isfied with the water supply, only taking water from cisterns and wells, lifting the water
by using simple lifting mechanisms and hydrias. There was, therefore, no need to build
an aqueduct until the 3rd century BC.

Another factor that may have played a significant role in the diffusion process of
water-lifting machines, suggested by a number of scholars, was the complexity of some
machines that discouraged people of North Africa and the Middle East from using them
in their daily life.¥’ This might be one of the reasons that played a role in the widespread
use of some of the crude machinery, such as the sagiya and shaduf in these arid areas.
Large-scale farming activities must have required a continuous production of water with

45 Crouch 1993, 71-72. 47 Murphey 1951.
46 Crouch 1993, 83-90, 96-99.
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Fig. 8 Wooden fragments of the
large tread wheel with compart-
mented rim from the Rio Tinto
copper mine from Huelva, Spain.
The water-wheel was used to drain
water from the mine site. The
water-wheel dates back to the 1st
to 2nd century AD. It is presently
displayed in the British Museum,
London.

minimal expense and the lack of a water source to feed a gravitational aqueduct supply
in many semi-desert regions gave rise to the common use of these simple machines.
Meanwhile, there are very few finds of mechanical irrigation systems in use in rural areas
in Italy. This was probably due to the abundance of small farms, which were unable to
carry the expense of organizing animal or manpower to power the water-lifting system
and the system’s maintenance.*®

Another powerful and relatively expensive installation is the tread-wheel with a
compartmented rim, driven by animal or manpower. These are located mostly in ore
rich geological settings with lead, silver, and gold deposits, in mining areas where slave
power was also available (Fig. 8).

Force-pumps were mostly found at archaeological sites in Western Europe, where
precipitation is relatively abundant throughout the year. Even though water scarcity
was never dramatic in these areas, most of the eighteen force-pumps found in the wells
were defective, most likely due to the decreasing of the ground water level after years of
drought.”

Although the more advanced devices were presumably invented at a very early age,
their diffusion took a long time. There are three main factors behind this delay worth
mentioning, though other factors should also be considered. The first factor might have
been the expensive and laborious construction of machines such as the waterwheel and
force-pump. Aside from the expense of building and installing those machines, operat-
ing them by means of slave or animal power added additional expenses, and postponed

48 Hodge 2002, 248. 49 Stein 2014, 31.



PALAEO-ENVIRONMENTAL CONDITION FACTOR

their diffusion and widespread use. For many agricultural sites, it was not possible and
often not necessary to incur such expenses due to the small size of the plots.

A second factor in the delay of diffusion was the complicated nature of some of
the devices like the force-pump, which was temperamental in some ways and required a
reasonable knowledge of the technology used. There was always a danger that it would
stop working due to its complicated nature, and it was difficult to maintain and repair,
something that was unlikely to be done by simple farmers without know-how.

The last, but not least, factor was the amount of water that could be lifted, which
was relatively low for some mechanisms. Some of the technologies were limited in their
capacity, with the total amount of water they could raise being related to their diameter,
as with the tympanum.

4.2 Watermills

Another issue in taking advantage of natural sources is the application of water mills.
Mills were used earlier than the Classical period but were especially common during the
Roman era, when they became a part of early industrialization. The water machines that
were driven by water-power required a reliable water source for economic profit, since
the machinery could turn without interruption, with the added possibility to control
the activity. Therefore, these water-powered machines were consciously located in geo-
graphical settings where the precipitation is almost year round, providing a continuous
water source. Wikander, however, explains in a plausible way, that there was not really a
geographical constraint on the diffusion of mills.’® Indeed, in the Mediterranean, there
seem to be many areas with reasonable sources that have a continuous water supply that
would have been suitable for mills. Although no earlier watermill examples have yet
been found by archaeologists, one well-known watermill for grinding flour was identi-
fied in Ephesos that dates back to the early Byzantine period, and a saw-mill was iden-
tified at Hierapolis that dates back to the 3rd century AD.>! Both of these examples are
from Asia Minor. It might, in fact, have been an even larger problem to obtain a water
supply from the rivers of Western Europe, where there is usually a problem with flood-
ing of the rivers, which might have caused an interruption in flour production and even
damage to the installations. As a consequence, the limitation issue regarding environ-
mental conditions should be regarded skeptically, taking poor archaeological remains
into account.

Most examples of watermills for industrial use were overshot wheels that usually had

a connection with a costly aqueduct supply; the water moved continuously through the

50 Wikander 2000, 378. 51 Wikander 2000, 378.

61



GUL SURMELIHINDI

62

52
53
54
55

Fig. 9 Undershot wheel installa-
tion of a reconstructed Byzantine
water mill at the river Nahal
Taninim. This structure is a good
example of ancient water-mills
that still function.

channels and chutes to the waterwheels, which turned the paddles. The Barbegal water-
mill complex in Southern France was one of the best examples of this kind of expen-
sive and large-scale arrangement.>? Being part of an ambitious setup, water machines
driven by water-power from aqueducts needed to be located in a specific geographical
setting, located on a top slope where aqueducts brought the water from a higher posi-
tion to turn the wheels by gravity. Until today, some of the locations where overshot
wheels were located in archaeological sites benefited from similar topographical setting
for grinding flour as at Barbegal: the Janiculum,*® the Baths of Caracalla in Rome,**
Venafro,”® Saepinum in Southern Italy,*® and the Agora of Athens in Greece.”” Fortu-
nately, some of these watermill installations preserved their carbonate incrustations: this
has helped researchers to determine the design and size of the watermill structures and
to improve our understanding of the activities of these machines through their work
ing period, such as their upkeep, which indirectly contributes to our knowledge of the
Roman economy.*®

The second type of watermill, the undershot wheel, also required a continuous wa-
ter supply, although these mills could be located directly in rivers or streams where water
could turn the paddles. Most present-day examples come from tidal rivers in England,
where the current can move the paddles in both directions. The Mediterranean climate
is a typical bimodal one, where rainfall amount varies quite dramatically throughout
a year due to the only serious precipitation taking place during the winter. The lack
of powerful perennial rivers in the Mediterranean basin, due to seasonal precipitation,

Leveau 2006; Sellin 1981; Hodge 1990. 56 Guendon 2007.
Wilson 2001. 57 Parsons 1936.
Schioler and Wikander 1983. 58 Surmelihindi et al. 2018.

Reynolds 1983, 34.
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may have played a role in the paucity of undershot mills in this basin. A rare example
consists of the Byzantine mills at Nahal Taninim in Israel (Fig. 9).

s Adaptation processes

Ancient water mechanisms changed in nature as “one species turns into another”, due to
geographical advantages or disadvantages, analogous to “natural selection? as described
by Charles Darwin (1809-1882), but driven deliberately by the people of that time. A
number of adaptations were made by engineers or workers, to amend the disadvan-
tages of some water-lifting devices, such as the wheels with compartmented rim and the
force-pump, to make them more practical, cheaper, and finally, more applicable to peo-
ple’s needs and circumstances. For example, the wheel with compartmented rim was
equipped with inexpensive pots, another innovation process helped increase the com-
mon use of the sdgiya in Egypt and North Africa as well. Probably between the 1st and
3rd centuries AD, terracotta pots replaced wooden buckets, since this was more afford-
able due to the local scarcity of wood.>” Finally, for many waterwheel applications, it
was a tradition to use available material for their construction. Therefore, the examples
of terracotta pots found were generally from Egypt, whereas in Western Europe, wooden
buckets were commonly in use.*

The force-pump was probably the most altered by innovation processes. The re-
mains of all found force-pump examples from wells were wooden in design and, there-
fore, the adaptation process from bronze to wood most likely took place because bronze
pumps could have decayed more easily under water and very quickly gone out of order.
Here, the advantage was not only about making devices more practical, but also making
them cheaper.

The three types of watermills discussed above, with three different designs, were
chosen due to their functionality in their geographical location. The horizontal-wheeled
mills were replaced by either overshot or undershot ones, due to their low level of water
capacity in some areas.’' Another study also discussed the more common use of under-
shot wheels, even though overshot ones were more efficient;®? the reason for this lies
in the availability of the geographical setting. The overshot mills required a large head
(2-10 m) and were more often located in steep areas where supplementary construction
was necessary, such as a millrace, pond and shaft, and sluice, which requires a signifi-
cant patronage to finance the expenses. On the other hand, the advantages of undershot

wheels were numerous, as they could operate with a low head of less than 2 m, which

59 Oleson 2008, 352-353. 61 Wikander 2000, 378.
60 Wilson 2002. 62 Denny 2004.
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made their diffusion more widely applicable and practical in areas close to the popu-
lation centers, utilizing small brooks or streams in any flat area with a relatively less
ambitious output.

6 Comparison of the factors of diffusion of aqueducts, ganats, and
water-lifting devices

An aqueduct was a symbol for prosperity, a luxurious life, and a so-called ‘civilized com-
munity’®® Public latrines and big bathhouses projects were difficult to build without
economic support, and were a way of winning a large number of supporters and an
important position or concrete power for a tyrant or an emperor. If one traces the lo-
cations of the Roman aqueducts, one can recognize their extensive distribution in the
Western provinces of the Empire.** These provinces were Romanized over time, espe-
cially through Roman invasions. There is a general postulated opinion about the aque-
ducts in the Near East that these were built mainly for Roman soldiers to provide them
with a Roman-approved life style, and not to attract the local population.®> Natives of
the invaded lands kept using their traditional technologies to raise water from wells and
cisterns and to irrigate their land.®

There is a common underestimation of the nature and science perception of Graeco-
Romans.*’ Hodge remarks, “[t]here is no evidence of any real or systematic geological
understanding of the ancients?®® Nevertheless, ancient Greeks consciously and success-
fully sought karstic locations for a place to settle. Such locations can easily be recognized
due to the weathering of the limestone. Apparently, the Greeks knew about the pres-
ence of water in this setting, and probably also knew how to extract it.®” There are several
example sites that support this idea, but one well-known site is the Greek colony of Em-
purias (Ampurias), Spain, where an installation, possibly a bucket-chain, lifted water for
a bath.”® This installation worked for a considerable time, as can be seen from the floor,
which has carbonate incrustations from the carbonate-rich groundwater. This incrusta-
tion was due to the location of the ancient city on top of karstic geology, where there
would have been enough water due to the abundant water storage in karstic caves under
the city. Despite the growing population during the later Roman epoch, people never
needed to build an aqueduct on this site.

Hodge 2002, 51. 67 Hodge 2002, 51.
See for example www.romag.org (last accessed 68 Hodge 2002, 51.
25/05/2018). 69 Crouch 1993, 83-99.
Hodge 2002, 252. 70 Buxd 2008, 9-16.

Wittfogel 1956.
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The common distribution of ganats in the Middle East and North Africa were as-
sociated with specific geological settings too. Most desert regions in Syria and North
Africa supported the widespread use of ganats because of the advantageous geological
setting formed by impervious layers of calcium carbonate and quartz. Moreover, there
is a strong correlation between the location of ganat sites with the amount of rainfall
and evapotranspiration in relation to topography and geology.”!

How force-pump installations were diffused is difficult to track because many bronze
examples were likely recycled. One possible explanation for their seeming non-existence
in the Near East is likely related to the unreliable climatic conditions where the ground-
water level was subject to change. The representation of the Archimedean screw examples
from Egypt maybe also provide proof that people of this time understood that the silty
plains of the Nile Delta were not an ideal place to use delicate mechanisms such as a
force-pump. Also, there were no mills with undershot wheel mechanisms, as the famous

flooding of the Nile River might have destroyed a fixed installation.

7 Conclusions

The importance of population dynamics in the evolution of tool and machine tech-
nology is nowadays a well-accepted fact. The East African Rift Valley was a center of
innovation because Homo sapiens populated this dry land, where the production of food
and water was a primary concern. The breakthrough of scientific innovations and de-
velopments of water technologies during the 3rd century BC by Hellenistic scientists
was driven by the Ptolemy Dynasty’s desire to increase the food production and make
advances in water management. However, some scientific inventions stemming from
this time remained without a practical application for many centuries until the Romans
came to power. The Romans triggered the advances that resulted in these devices be-
ing applicable to daily life, and also helped diffuse these technologies throughout the
Empire, even involving the Roman army in their distribution. The diffusion process
of water technologies not only helped the Romans to have more comfort in activities
of every-day life but also brought about economic benefits through the trade of these
machines. Although the diffused ancient water machines were well-developed and elab-
orate, people recognized some of the disadvantages and limitations of the different ma-
chines and how those related to the paleo-environmental conditions of the working ar-
eas. Therefore, especially in the ancient settlements of the Middle East and North Africa,
people commonly continued using the same techniques from their own tradition that

they had learned long ago from their ancestors, instead of applying new techniques.

71 Lightfoot 1996.
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Moreover, some of the water-lifting devices, with their limited water capacity, remained
small-scale applications and were never part of ambitious irrigation projects, as far as is
known today. The best example of this are the force-pump installations.

Another disadvantage with a force-pump or a wheel with compartmented rim is
that they were quite elaborate to build, operate, and maintain, along with the capital ex-
penses involved. Following the progress of innovative work, the force-pump was used for
a number of applications, some of which were very important tasks (done by the bronze
ones): fire-fighting, bilge-pumping for dewatering a ship, and more casual, luxury tasks,
such as spraying fresh perfumed water in the Roman theater and amphitheaters to cool
the air. Especially in the Western provinces of the Roman Empire, changing the original
bronze apparatus of pumps to a wooden design triggered their common use for lifting
water from wells for drinking and gardening. By using wood, some disadvantages were
solved; wood, was more commonly available in Western Europe and was less subject to
decay under water, in comparison to bronze pumps. Nevertheless, the number of pumps
in use may have been quite limited compared to other water-lifting devices that had a
higher capacity and were cruder, such as the noria, the Archimedean screw, and the shaduf;
for large-scale irrigation. Especially the water-screw has a big advantage, with its robust
nature, that allowed its use in coarse-grained and gravel-rich settings, such as draining
a mine or using it on a river bank, although no actual remains of the latter have been
found. The tread-wheel, with compartmented rim, was also limited to specific areas, in
particular, to the mining sites In this respect, the most important issue was to drain high
quantities of water from the mines by means of machine power, and to use them for the
ore crushing.

From the archaeological remains, it is plausible that the diffusion of water-powered
mills started by the 1st century AD, matched with the first serious attempts at industrial-
ization. Generally speaking, the ambitious watermill installations of the Roman world
were located close to reliable springs or river sources, far from any dramatic water level
changes, and where there was a lot more capital involvement, an expensive aqueduct sup-
ply was built. The diffusion of the two main designs of undershot and overshot wheeled
mills depended on the features of the different geographical settings, profiting from the
power of streams and rivers in relation to changes in local paleo-environmental condi-
tions, or connected to a gravity driven aqueduct. A few examples of the ancient water
technologies that have been mapped are still in use today, such as the Archimedean screw,
norias, and gear-driven wheels with a compartmented rim. This means that even after
almost three millennia of history, and the accordant technological progress that took
place during the time, these mechanisms are still satisfying people’s needs in rural areas

today.
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Elio Nenci

The Water Lifting Devices and the Origin of Ancient
Mechanics: Shaduf and Pulley

Summary

Scholars have not paid much attention to the shadif and they often describe it without
studying the historical developments of the mechanical principles upon which its function-
ing is based. However, this water lifting device plays a very important role in the emergence
of some basic concepts of mechanics: equilibrium and the law of the lever. This paper looks
at the history of these concepts in relation to the use of the shadif and pulley. It allows us
to identify a set of basic principles that we can find both in theoretical works (the oldest
surviving text is the Pseudo-Aristotelian Mechanical Problems 300 BC) and in books more
focused on the practical applications of such principles.

Keywords: mechanics; hydraulic machinery; simple machines; lever; pulley

Dem shaduf zollt die Forschung im Allgemeinen wenig Aufmerksamkeit, und wenn, wer-
den oft historischer Kontext und mechanische Grundlagen dieser Technik vernachlassigt.
Dabei spielt gerade diese Wasser-Hebevorrichtung eine herausragende Rolle bei der Ent-
stehung wichtiger Grundbegriffe der Mechanik: dem Gleichgewicht und dem Gesetz des
Hebels. Dieser Beitrag versucht, die Geschichte der beiden mechanischen Konzepte in Be-
zug auf die Verwendung des shadiif und des Flaschenzugs nach zu vollziehen. Dabei ist es
moglich, eine Reihe von Grundkenntnissen zu identifizieren, die sich sowohl in theoreti-
schen Werken wiederfinden (éltestes Beispiel ist ein Text iiber die Pseudo- Aristotelischen
Mechanischen Probleme, um 300 v. Chr.), als auch in stirker praxis-bezogenen Biichern.

Keywords: Mechanik; hydraulischen Maschinen; einfache Maschinen; Hebel; Wellrad
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Most studies on ancient hydraulic machines treat the shadiif only very briefly (xnAao-
velov in Greek, tolleno in Latin).! The reason may be the fact that this machine, which
is thousands of years old, does not seem to have undergone any substantial changes
up to our time. Therefore, it has almost always been groundlessly assumed that only
one type of this machine existed, and it was described without studying the mechanical
principle that it’s based upon, a principle that began to be discussed in 300 BC in the
Pseudo-Aristotelian Mechanical Problems.

I shall try here to show that the first assumption is misleading and that it is not
possible to understand correctly the working of this machine without keeping in mind
the developments of the theory of the simple machines. I will not use the method of
research followed by many scholars, who have often neglected the idea of investigating
this development in later periods (the Middle Ages and the Renaissance). Instead, I will
make a wide ranging use of all of the documents available to me from these later periods.
These are often directly connected with the ancient writings on the subject, and which
are moreover of a great help for understanding the working and the construction of
many mechanical devices, since they belong to a stage in the development of technology
when the differences from the ancient practices were not so marked as later on.

The shaduf is a very simple machine made of two wooden beams, a weight, and a
bucket for water that is tied to a rope or to a staff. The first beam is thrust straight into the
ground, and works as a support for the other beam, which is placed crosswise along the
upper part of the first beam and rotates around its support. This support is not placed
under the middle point of the crosswise beam, but is placed at a point that divides the
crosswise beam into two different parts, one of which is much longer than the other. The
bucket hangs by the rope or by the staff from the end of the crosswise beam that is more
distant from the support, whereas the weight is tied at the other end of this beam. This
machine is placed near a river, a canal, or a well and is usually operated by a single man
who draws the rope or the staff with the empty bucket downwards so that the bucket
is lowered towards the surface of the water; once the bucket has been filled with water,
the man lifts it with the help of the counterweight, and then he pours the water out.

I think that the first true depiction of the shadif is found in the frescoes of the
tomb of Apy at Thebes (tomb no. 217) (Figs. 1-2). In the past it was believed that the
shaduf was represented on an Akkadian cylindrical seal, which is going back to the year
2300 BC, and in an Egyptian tomb discovered at el-Amarna (18th dynasty), but these
identifications appear to be strained and hypothetical.? In the tomb of Apy (19th dynasty
about 1300 to 1180 BC), on the other hand, we can see three complete representations of

Humphrey, Oleson, and Sherwood 1998, 309; Ole- 147; Laessoe 1953, 12; Salonen 1965, 250-251; Bagg
son 2000, 225-229; Wilson 2008, 350-351. 2000, 76 and pl. 17b. For the Egyptian tomb at el
2 For a description of the seal, see Ward 1910, 146— Amarna, see Davies 1903, 41-42.
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Fig. 1 Tomb of Apy at Thebes,
left-hand side of the fresco.

Fig.2 Tomb of Apy at Thebes,
right-hand side of the fresco.

the machine, together with the men who operate it.* The support, the crosswise beam,
the counterweight, and the bucket are clearly depicted, and the men who are about to
lower the buckets towards the water or to lift them from the water are shown at the
beginning or at the end of their effort. A fragment behind the figure on the right shows
a hand that is about to pour the water that had been picked up with another shadif that
is no longer visible.

Though these representations show the whole of the machine, not all of the ques-
tions concerning its means of operation are solved. On the contrary, from what can be
seen in the frescoes and in the other representations on the tomb of Nefer-hotep (tomb
no. 49, Fig. 3), the arrangement of the crosswise beam would turn out to be completely
unfavorable for the proper working of the machine, since in all these representations the
part of the beam between the support and the counterweight appears always to be longer
then the part between the support and the rope or the staff attached to the bucket. In
this arrangement the beam would turn out to be a lever with the moving power placed

3 For literary evidence of the existence of this water 1953, 12-13.
lifting device in old Babylonian period, see Laessoe
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near the fulcrum, and with the weight, which is to be movable, placed far away from the
same fulcrum. This arrangement would make it difficult both to lower the bucket and
to raise it, since the bucket would not be raised by a slow lowering of the counterweight,
but the worker would have to apply a force in a direction contrary to that in which the
force was applied for lowering the bucket.

We are here facing a real mechanical problem that should have immediately drawn
the attention of those who have described and analyzed these representations, but such
a problem does not appear to ever have been considered. A proper consideration of this
problem was probably prevented both by the observation of the various shadiif that are
still used along the Nile, and by the modern mechanical theory of the machine: these
facts favored an interpretation of those representations that was distorted by ideas de-
rived from more recent developments of technology; whereas it would have been more
useful to explain those representations on the basis of the description of the object rep-
resented.

If we want to try to explain the way in which the machine is depicted in the repre-
sentations I have described, without assuming that the Egyptian artists were not capable
of correctly depicting the real machine used in their time, we must try to understand the
reason for the particular arrangement of the parts of the machine. To do that, we must
assume that the way in which it was operated was useful for raising the water without
great effort. Now, in all these representations of the shadif, no fixed connection between
the vertical support and the horizontal beam is ever shown: this suggests the possibil-
ity that this beam was able to slide forwards and backwards (Figs. 1—2). The lack of the
fixed point around which the beam could rotate, however, would seem to hamper the
continuous operation of raising and lowering the bucket, unless the curved shape of
the beam together with the width and the hollow shape of the top part of the vertical
support could compensate for the unfavorable arrangement.

It is, therefore, possible that when the machine was operated, the crosswise beam
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Fig. 4 Drawn from a bas-relief
from the palace of Sennacherib at
Niniveh.

was placed almost at an equilibrium on the support and then was made to oscillate on
it; this movement being helped by its curved shape, which would have prevented the
crosswise beam from sliding forwards, while the possible lateral shifting would have
been avoided because of the curved shape of the top of the support. If this hypothesis
is correct, then the man who was operating the machine would have first drawn the
beam towards himself, so that the distance between the support and the rope or the
staff which was holding the bucket would increase, after which, he would keep the beam
in that position while the bucket was lowered and lifted. It would have been difficult
for a single man to empty the bucket, though, because the beam would have had the
propensity to slide back towards the side of the counterweight.

The lack of a fixed connection between the support and the crosswise beam would
have made the working of the machine more complicated, slowing down operation,
and, in the end, diminishing the quantity of water raised in a day. Perhaps the machines
depicted in those ancient documents were not up to the task of supplying irrigation,
which could mean that those unfavorable conditions were not considered very impor-
tant.

All of these difficulties seem to disappear all together with the types of shadaf de-
picted in a bas-relief from the palace of Sennacherib at Niniveh, going back to the 7th
century BC. Here, the machine is represented according to its classical form, with the
crosswise beam almost always straight or slightly curved; with the weight attached to
the end of the beam nearer the support; and with the bucket placed at the other end,
more distant from the support. Even the connection between the vertical support and
the horizontal beam seems clearly represented. This arrangement is not, to be true, visi-
ble in all the types of shadif represented in the bas-relief, but it is clearly visible in one of
them. The machine is arranged so that it can function with the greatest efficiency, and
the workers engaged in raising the buckets could raise a great quantity of water from
one level to other, so it could go to the places where it would later be distributed in
smaller quantities (Fig. 4).

Let me summarize: the mural paintings of some tombs in Thebes show a device that

is partially different from that which is portrayed in a bas-relief of Sennacherib’s Palace
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Fig. 5 Representation of a shaduf

using a movable counterweight.

at Nineveh. As a matter of fact, the lack of a stable connection between the pivot and
the transversal beam in the Egyptian reproductions, implies that the way in which the
machine was operated was fundamentally different from how it worked later on, and
raises many problems from a mechanical point of view. The effectiveness of the machine
depends on the different ratio in the lever between the weight and the bucket, therefore,
the more distant the weight is from the pivot, the more difficult it would be to operate
the machine to lower the bucket.

The result obtained by using a fixed point of rotation offers a great advantage when
one has to repeat the same operation, but the versatility of the use of the machine is lost.
No wonder, then, that in the Greek-Roman world we find the shaduf with a crosswise
beam that is not fixed. It is surprising, however, that a variation is introduced in the rela-
tion between the weight, the fulcrum, and the power by using a movable counterweight
(Fig. 5). This arrangement appears reproduced on a vase that shows the description of
a satyr and another man who operates the shadiif, waiting for two women near a well.
Here, the smaller length of the crosswise beam on the side of the rope attached to the
bucket makes up for the weight being nearer to the support. Another device is shown
in a mosaic floor from a house at Oudna, now in the Museum of Bardo at Tunis (Fig. 6),
where we can notice another beam that is similar to the support of the shaduf, but a bit
shorter, to prevent the part of the crosswise beam with the counterweight from getting
completely lowered down, making it easier to lift.

As I said, the working of this machine had been analyzed in the most ancient Greek
treatise on mechanics that has survived, the Pseudo-Aristotelian Mechanical Problems. In
it, the author tried for the first time to base the explanation of the workings of ‘simple
machines’ (such as the lever, the windlass, the wedge, and the pulley) on a single math-
ematical principle, and to solve a series of questions that could be answered by referring
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Fig. 6 Mosaic floor from a house
at Oudna, now in the Museum of
S| Bardo at Tunis.

to that same mathematical model. The starting point of the whole treatise was the as-
tonishment roused by the operations carried out by means of a lever, such as the lifting
of great masses that man was unable to move without that instrument. An even greater
astonishment was roused by the fact that, by adding weight to weight, that is the weight
of the lever to the weight that had to be lifted, the whole thing could be moved more
easily.

For it is strange that a great weight can be moved by a small force, and that,
too, when a greater weight is involved. For the very same weight, which a man
cannot move without a lever, he quickly moves by applying the weight of the

lever.*

This fact upset the obvious relationship between the force needed to move a certain
body and its weight; in fact the experience clearly shows that things ‘weighing less’ are
easier to move than things ‘weighing more?

The author of the Mechanical Problems moved on to discover the principle that was
able explain this remarkable fact: This principle was directly related to the movement
of the lever, so that the working of the machines was reduced to the circle. He also
considered it remarkable that the circle is an even more astonishing figure, since it is
made up of opposites, a fact that becomes obvious when the circle is generated by a
rotating line fixed at one end:

1. The generation of the circle is made by what is stationary, i.e. one end of the radius,
and by what is moving, i.e. the other parts of the radius which move round and
produce the surface of the circle.

4 Aristot. mech. 847br1-15.
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2. The circle includes at the same time the concave, inside the circumference, and the

convex, outside the circumference.

3. The rotating circle moves simultaneously in opposite directions, for it moves simul-

taneously forwards and backwards.

4. The circle is generated by the movement of one line drawn as a radius from the
center, but no two points on that line travel at the same pace, but that which is
further from the fixed center travels more rapidly.®

Having explained why the point more distant from the center travels more quickly than
the point closer to it, though impelled by the same force, the author of Mechanical Prob-
lems moved on to explain in Question 3 why small forces can move great weights by
means of a lever.®

The discussion of the lever, referring back to the paradox pointed out at the begin-
ning of the treatise, not only explains the way this instrument works by relating it to
the movement of different points of the radiuses of a different length than the lever,
but tries at the same time to establish some sort of connection between the weight, the
power needed to move it, and their relative distances from the fulcrum. This is an utterly
new aspect of the problem that is not discussed in the later questions; certainly not in
the case of the knAdvetov-shadif (Question 28), which could have been seen as a special
form of lever. On the contrary, when this appliance is being discussed, the principle
that explains how the different velocities of the points of the radius that generate the
circle, is also totally ignored. Here, no reference of any sort is made to the theory of
the lever, and the whole chapter is focused on the operation of drawing water, which is
analyzed in the two essential movements of lowering the empty bucket (by raising the

counterweight) and lifting the bucket full of water (by lowering the counterweight).

Why do men make swing-beams at wells in the way they do? For they add the
weight of the lead to the wooden beam, the bucket itself having weight whether
empty or full. Is it because the machine functions in two stages (for it must
be let down and drawn up again), and it can easily be let down whereas it is
difficult to draw up? The disadvantage, then, of letting it down rather more
slowly is balanced by the advantage of lightening the weight when drawing it
up. The attachment of lead or a stone at the end of the swing-beam produces
this result. For thus, when one lets down the bucket by a rope, the weight is
greater than if one let the bucket down alone and empty; but when it is full,

5 Aristot. mech. 847b15-848a19. 6 Aristot. mech. 850a30-850b9.
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the lead draws it up, or whatever weight is attached to it. So that on the average
the two processes are easier than they would be in the other case.”

The structure of the machine is assumed to be known to the reader, and so the author
ignores a whole series of specific details that must be known to assure that the working
of the appliance would be favorable for the man who has to draw the water. The relation
of the distances and of the weights with the bucket full of water should produce a state of
almost equilibrium, for if the counterweights weigh more heavily, the entire operation
would be less easy. Those who were constructing such appliances, and probably some
of those who were using them, must have somehow been aware of this fact, but it does
not seem that this basic knowledge of mechanical principles resulted in pointing out
the fundamental geometrical principle of the inverse proportion between the weights
and the distances from the fulcrum.

Let us now analyze the mechanical operation accomplished by the shadif and com-
pare it with other operations generally employed for lifting weights, both with the help
of machines and without them. The use of special technical devices for raising water
from wells must have started very early in the history of mankind: the need of increas-
ing the quantity of water drawn up was probably the cause of inventing such devices.
The increased dimensions of the bucket involved an increased effort necessary to lift it,
and this needed the employment of several workers, the use of animals, or the construc-
tion of specific contrivances for helping the men to bear more and more weight, and
at the same time making it easier to lift that weight. The placement of those who had
to perform this task was determinated by the operation that they had to execute, but
required that they should be near the water. There was also a difference in respect to the
lifting of solid weights: in our case it was impossible for one who was lifting the weight
to put himself under it. The fact that the machines used for both operations showed
aspects that were partly similar and partly dissimilar seems not to have ever been clearly
pointed out.

Drawing water from above using only a bucket tied to a rope requires a remarkable
effort, since during the lifting the entire weight of the bucket must be borne for a short
time by one hand only. Drawing water from wells and rivers with the help of the shadif
was less difficult and required less effort. This was also true when one used the trochlea,
a wheel placed above the well that could rotate about an axis, with a rope wound round
its circumference and tied to the bucket. Instead of a wheel, any cylinder could be used
with a rope wound around it several times.

On the contrary to what I pointed out for the shadif, in the Mechanical Problems,
the analysis of the workings of the trochlea (Question 9) is related both to the general

7 Aristot. mech. 857a34-857b8.
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mechanical theory treated in that work, and to that which had been reported in the first
Question concerning bigger and smaller weighing machines. Since the shape of a wheel
is directly related to the circle, the wheels rotating around their pivot actually behave
like balances; so, bigger wheels move and lift the weights with greater ease and more
quickly than smaller wheels.

Why is it that we can move more easily and quickly things raised and drawn by
means of greater circles? For instance larger pulleys work better than smaller
ones and so do large rollers. Surely it is because, the distance from the centre
being larger, a greater space is covered in the same time, and this result will still
take place if an equal weight is put upon it, just as we said that larger balances
are more accurate than smaller ones. For the cord is the centre and the parts of
the beam which are on either side of the cord are the radii of the circle.?

This way of explaining the working of a wheel was an immediate application of what had
been said at the beginning of the Mechanical Problems: the reason for the presumed greater
ease with which the bigger trochleae were operated was once more seen in the greater
velocity of the points that were more distant from the center. In this case, the ease with
which the weight was lifted was related to speed; this assumption was sharply criticized
in the 16th century. In the Pseudo-Aristotelian treatise, the trochea was discussed from
a general point of view, and was not in any way related to its possible use in lifting a
bucket full of water from a well: this specific function was left to the knAdverov-shadif
alone. In the Mechanical Problems, neither the use of cranks attached to wheels nor the
use of windlasses (Question 13 where their use is strictly related to the theory of the axle

in the wheel) were treated in connection with our subject.

Why are the larger handles more easy to move round a spindle than smaller
ones, and in the same way less bulky windlasses are more easily moved than
thicker ones by the application of the same force? Is it because the windlass and
the spindle are the centre and the parts which stand away from them are the
radii? Now the radii of greater circles move more quickly and a greater distance
by the application of the same force than the radii of smaller circles; for by the
application of the same force the extremity which is farther from the centre
moves more. This is why they fit handles to the spindle with which they turn
it more easily; in the case of light windlasses the part outside the centre travels
further, and this is the radius of the circle.’

8 Aristot. mech. 852a14-22. 9 Aristot. mech. 852br1-21.
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Fig.7 Representation of a tol-

leno.

From Pliny’s Naturalis Historia, we learn that in the Latin world the specific function of
the shaduf seemed to be known: the tolleno, as well the trochlea and the pump, was used
as a device to be placed near a well for the irrigation of the gardens of country houses.'

However, in late Antiquity the word tolleno was used to indicate a machine that
worked like a normal lever; this lever, by having a very tall support, would have lifted
the soldiers to the height of the walls of the city (Fig. 7)."*

The tolleno had become an instrument in the hands of soldiers: without a coun-
terweight, it seemed to have lost any connection with the xnAdveiov-shadif, and with
the original function of a machine for raising water. In this case also, things are not so
simple as they look. In a painting of an Egyptian scene found during the excavation at
Ercolano, a device for raising water from a cistern is represented that works in a way very
similar to the folleno used during a siege (Fig. 8).

The later works on theoretical and practical mechanics produced in the Greek-
Roman world do not seem to have paid any attention to these two mechanical devices.
We had to wait until the Mechanical Problems were rediscovered at the beginning of the
16th century and were later studied and commented upon for finding a renewed inter-
est for the knA®velov-shadif, together with attempts to integrate the Pseudo-Aristotelian
text. Lacking a direct connection with the general mechanical principle of that work or
with the treatment of the lever, the question concerning this machine seemed to be
somehow incomplete to many authors who studied that book. Nicolo Leonico Tomeo
(AD 1486-1531), the author of the Latin translation that most helped to make the work
to be known for centuries, felt the need of adding an important specific commentary

10 Plin. Nat. XIX, 60. militaris IV, 21.
11 Flavius Vegetius, 4th to sth century AD, Epitoma rei
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Fig. 8 Representation of a device for raising water found in Ercolano.

that actually related the device to the balance with the support placed underneath the
pivot, a particular kind of balance discussed in the second mechanical problem.'? This
trend was followed decidedly by Alessandro Piccolomini (AD 1508-1578), the author
of a Paraphrase of the Pseudo-Aristotelian work, in which for the first time, the mechan-
ical reason for the advantage offered by the shadif in the operation of raising water
was pointed out and explained.'® Finally, in the work In Mechanica Aristotlis Problemata
Exercitationes (Mainz, AD 1621), written by Bernardino Baldi (AD 1553-1617), the me-
chanical operation performed by this machine was studied more deeply by pointing out
the role played by the weight of the body of the person who was involved in the action
of the lifting. He noticed in the first place, that in order to draw water by means of the
knA@velov-shaduf one had to reverse the way in which the effort was normally applied
with the use of only the hands. He wrote:

Truly, with a hand, by means of a rope, the empty bucket can be easily lowered,
but it is lifted with difficulty when it is full, whereas by using the xnAdvelov
the things are reversed. The worker who lowers the bucket is helped by the
weight of his body, while the one who lifts the bucket by means of a simple
rope is hampered by the weight of his own body; certainly the help given by
the weight of the body make it much easier to lift the bucket.'

This observation is very important, since it makes us better understand the dynamics of
the various moments of the lifting of a weight, and it makes it possible to compare the
operation made by hand, with that performed by means of the trochlea.

The use of a pulley has the advantage mentioned at the end of the passage I quoted:
in this case, “the person who draws the water, by adding the weight of his own body to
his forces, finds it easier to lift the bucket full of water”,

All of these considerations make us reach a deep understanding of the working of
this very ancient machine, which in its relative simplicity contained a complicated series

12 Aristot. Quaestiones Mechanicae, §1. 14 Baldi 2010, 331.
13 Piccolomini 1547, 60-61.
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of applications of the law of the lever. It seemed that the working of the shadif was at
last recognized as different from that of the common lever, but the similarities were
still considered very strong, even by Baldi. At the conclusion of his discussion of the
problem, he did not hesitate to state: “the machine used in the war that is called fo/leno,
is not at all different from the xnAcvetov both for its form and for its way of operating”'s

The discovery of all the documents concerning the ancient machines helped to
attain a high level of theoretical investigation that took advantage of the recovery of
Archimedes’ work containing the law of the lever. What happened to the basic knowl-
edge of mechanical theory during the previous centuries, though? The medieval works
on the scientia de ponderibus are silent on this point, but that knowledge was not com-
pletely lost; something of it remained under the unexpected form of an esopic tale con-
tained in the Roman de Renart.

This poem, written toward the end of the 12th century, was translated into many
languages during the Middle Ages and has been very popular until our own time. In the
fourth ‘branch’ or chapter (verses 151-364), it is told that a fox who had jumped into a
bucket placed on top of a well, caused it to go down to the bottom of the well, raising
at the same time the bucket tied to the other end of the rope. Not knowing how to get
out of this situation, she managed to tell a wolf, who had just arrived near the well, that
there was food at the bottom of the well. By persuading the wolf to jump into the bucket
that was at the top of the well to go down to reach the food, the fox managed to raise
the bucket that was at the bottom and therefore to save herself.!® The basic idea of this
tale seems to have very ancient origins, and is probably related to a traditional comment
on some biblical passages of the Talmud.'” Aside from the problem of the historical
origin of the tale, its interesting point is the description of the use of the trochlea, or of
a turning cylinder, which exploits the weight of the empty bucket that goes down, to
make it easy to lift the full bucket. This trick reminds us of the function played by the
counterweight in the shadif and show us that the base knowledge of mechanics acquired
in the second millenium BC was never lost, but was maintained in the popular memory
through both the use of mechanical devices and moral tales, very different from the texts

usually studied by historians of science.

15 Baldi 2010, 333. f84.image (visited on 07/05/2018).
16 See http://gallica.bnf.fr/ark:/12148/btvibs2505725s/ 17 Varthy 2000, 245-248.
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Summary

This paper deals with local irrigation systems organized by villages and communities that
existed in the Roman world. It will examine some epigraphic and literary texts and rele-
vant jurisprudential sources belonging to Justinian’s Digest on this topic. In all these cases,
the need for joint water use led to the development of at least initial forms of ‘associations’
among so called rivales. These ‘associations’ dealt with different matters such as: a) the distri-
bution of water; b) the regulation of the hydraulic work, such as digging and maintenance;
and c) the arbitration of possible disputes between users. For their part, the juridical texts
provide a good insight into the ‘legal status’ of these communities, namely how internal
relationships between rivales were considered.
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schriftliche als auch relevante juristische Quellen, die zu Justinian’s Digesten gehéren. In al-
len untersuchten Fillen entwickelte sich aus dem gemeinschaftlichen Wasserverbrauch For-
men der Gerichtsbarkeit zwischen den Gemeinschaftsmitgliedern, in Bezug auf a) Wasser-
zuteilung, b) Wartung, etwa durch Kanalarbeiten oder Instandhaltungsmanahmen und c)
Schlichtung von Streitfragen zwischen Nutzerinnen und Nutzern. Die juristischen Quellen
geben einen guten Einblick in den ,Rechtsstatus dieser Gemeinschaften und beschreiben,
wie interne Beziehungen zwischen rivales gehandhabt wurden.
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1 Introduction

Today, as in the past, water resources play a key role both in the organization and occu-
pation of territory and in the economic and social structuring of groups. A fundamen-
tal distinction can be made between general irrigation systems, as in the Nile Valley or
Mesopotamia, and local irrigation systems.! In this paper I will cover local irrigation sys-
tems, organized by villages and communities, with particular reference to the Roman
world (but also with a look to our most recent past).

The topic of irrigation communities in the Roman world has only become a matter
of interest for classical scholars in recent times, in particular after the publication of the
2006 edition of the so-called Lex rivi Hiberiensis by Francisco Beltrén Lloris.?

After this edition, other inscriptions that have already been edited (for example
the famous Tabula of Lamasba, the plans of Aventine and Tivoli, and so on) and some
literary texts concerning these types of communities have been re-evaluated.’ Through
this work, it has become clear that these forms of communities were quite widespread
in the Roman world.*

In all these cases the common element was the provision of rules regarding the
rights of the various water rivales, as well as the associated obligations (like cleaning
and maintaining the channel, etc.). The distribution of the water used to take place at
different times and in different quantities depending on the size of the ground to be
irrigated. There were also measures to prevent or solve the frequent disputes between
beneficiaries that would arise. Those disputes were so frequent that the Italian word
‘rivali} derived from the Latin rivales, refers to individuals who argue and contradict
each other.

It is also notable that some material relating to the existence and organization of
these local communities for the joint exploitation of canals for irrigation still exists
in various parts of the world. For example, they are widely present in South Tyrol,
Vingschau (Fig. 1), and in the Swiss Alps, where you can still find kilometers of canals
for the irrigation of the Alpine region. They are also widely present in Spain, in the Va-
lencia region. Here, from time immemorial, there was also a special water court used
to solve disputes between beneficiaries. Even in these cases, rules are usually given to
the community for all its members and every individual has to provide for the mainte-

nance and cleaning of the channel, without which, the flow of water would inevitably

Oleson 2000, 184-215; Bédoucha 2009, 476-478. 185; Maganzani 2012¢, 195-213; Leone 2012; Ronin
Beltrdn Lloris 2006, 147-197. 2012; Beltrdn Lloris 2010; Debidour 2009; Bannon
Maganzani 2014b; Maganzani 20124, 103-119; Ma- 2009.

ganzani 2012d, 121-124; Maganzani 2012b, 171- 4 Bernigaud et al. 2014.
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Fig. 1 Archacological findings
of water channels used between
the Bronze Age and AD 5o (hill
of Ganglegg above Schludern,

Vingschau).

be interrupted. In addition, it is often possible to find measures to prevent or solve the
frequent disputes between beneficiaries.®

Antiquarians have generally taken no interest in such material remains, considering
them a medieval legacy rather than a Roman one.® In light of new epigraphic evidence,
which I will speak about in a moment, it cannot be excluded that there might be a con-
tinuity between the organization of such communities in the Roman period and those
communities whose remains are still visible on the ground; for example, Francisco Bel-
trdn Lloris and Anna Willi recently demonstrated this for the Valencia region.” Even in
the Alpine region, we could be surprised by the similarity between some archaeological
findings of water channels used between the Bronze Age and AD 50 (for example, those
found in Vingschau above Schludern on the hill of Ganglegg: Fig. 1), and channels built
at least at the end of the 18th century, like the one in Val d’Ultimo near Merano (Fig. 2).3

All these new data invite me to investigate this topic with a special regard towards
Roman law and Roman classical jurisprudence. In recent years, following the publica-
tion of the Lex rivi Hiberiensis by Francisco Beltrdn Lloris in 2006, the theme of irrigation
communities has become a subject of interest for the Roman Law doctrine.” However,
as far as I know, this topic is still alien to Roman private law scholars:'° in fact, they
have largely studied water servitudes on the basis of the fragments of Justinian’s Corpus

5 Beltrdn Lloris 2011; Bodini 2002. Ruiz 2013a; Torrent Ruiz 2013b; Torrent Ruiz 20125
6 Beltrdn Lloris 2011. Maganzani 2014b; Maganzani 2014a; Maganzani
7 Beltrdn Lloris 2011. 20124, 103-119; Maganzani 2012d, 121-124; Maga-
8 Bodini 2002, 11-12. nzani 2012b, 171-185; Maganzani 2012€, 195-213;
9 Norr 2008, 108-187; Capogrossi Colognesi 2014, Mentxaka Elexpe 2009, 1-46.
75-91; Capogrossi Colognesi 2012, 151-160; Buzza- 10 But see Capogrossi’s remarks in Capogrossi Colog-
cchi 20155 Buzzacchi and Maganzani 2014; Buzzac- nesi 2012, 151-158 and Capogrossi Colognesi 2014.

chi 2013; Platschek 2014; Torrent Ruiz 2014; Torrent
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11

Fig.2 Channel built at least at
the end of the 18th century, Val
d’Ultimo near Merano.

Juris Civilis dealing with these easements,'! but they have rarely connected this research
to the archaeological and epigraphic findings on irrigation communities. Now that the
knowledge on this topic has expanded, thanks to recent discoveries, it is my opinion
that even indirect references to Justinian’s sources become clearer and show that Ro-
man jurists did not ignore the legal issues related to the community’s use of water ad
irrigandos agros at all. On the other hand, I think that these juridical texts can be better
understood not only in the light of the inscriptions, but also with regard to the material
remains available today that can help us better understand the problems discussed by
the jurists in their concrete contexts.

This is the reason why in this paper I am going to study not only the most impor-
tant epigraphic and literary texts on this subject, but also some jurisprudential sources

Gardini 2013; Vallocchia 2012, 17-33; Basile 2012; 51-197; Cursi 1999; Capogrossi Colognesi 1966. See
Moller 2010, 78-90; Tuccillo 2009; Fiorentini 2003, also Bannon 2001, 34-52; Bannon 2009.
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belonging to Justinian’s Digest and in my opinion connected to the topic of irrigation

communities.

2 Some epigraphic, literary, and juridical sources on irrigation
communities in the Roman world

Epigraphic remains of Roman irrigation communities come from different parts of the
Roman Empire, such as Spain, Africa, and Italy.!?

The inscription of the Hadrian era, known as Agon bronze or Lex rivi Hiberiensis, is
particularly significant (Fig. 3)."* It was discovered in 1993 in the town of Agon, about
5o km from Zaragoza, and since then it has been kept in the city’s archaeological mu-
seum. It concerns an irrigation community that includes three villages located on the
right bank of the Ebro River: the pagi Gallorum and Segardenensis belonging to the colony
of Caesaraugusta (Zaragoza) and the pagus Belsoninensis belonging to the Latin municip-
itum Cascantum. This inscription contains the regulation of the individual duties of the
community members. They exploited a long artificial canal diverted from the river Ebro
and obtained water for their farms through locks placed along the canal. That is why
they had to provide for the periodic maintenance and cleaning of the canal and the
locks. The magistri pagi, who used to hold this office for one year starting from the cal-
ends of June, were liable for the good administration of the rzvus. For this purpose, they
were authorized to impose fines and seize the rivales assets. Moreover, in the five days fol-
lowing their appointment, they had to convene an assembly to accomplish the annual
operation of emptying and cleaning out the channel with the community members. If
the landowners did not perform these works, the magistri pagi could delegate the local
publicans to carry them out instead.

Another significant example is offered by the Lamasba Table,'* an inscription of the
time of Elagabalus (AD 218-222) from Roman Africa.® Itis a regulation partially pre-

served on the table drawn up by an arbitration committee (of which a certain Valentinus

12 Maganzani 2014b, 225-231. Garcia 2009; Castillo Garcia 2008; other bibliogra-
13 Editio princeps: Beltrdn Lloris 2006; cfr. Lannée phy in Maganzani 2012b, 184-185; Beltrdn Lloris
épigraphique 1993, 1043; Beltrdn Lloris 2006, 676; 2010, 33-34.
Beltrdn Lloris 2010, 634. — See also Crawford and 14 Corpus inscriptionum Latinarum VIII.4440e. 956;
Beltrdn Lloris 2013, 233; Maganzani and Buzzacchi VIIL.18587¢. 1780-1782; Ephemeris Epigraphica
2014 (texts of Beltrdn Lloris, Capogrossi Colognesi, V.1279; VII.788; Inscriptiones Latinae selectae 5793;
Hermon, Lagdstena Barrios, Torrent, Platschek, Ma- Pachtere 1908, 373—405; Maganzani 2012e, 195-213.
ganzani, Buzzacchi); Buzzacchi 2015, 49-66; Buzzac- 15 Leone 2012; Maganzani 2012a, 103—119; Magan-
chi 2013; Tarpin 2014, 265-272; Torrent Ruiz 2013a; zani 2012¢, 195-213; Ronin 2012; Debidour 2009;
Torrent Ruiz 2013b; Torrent Ruiz 2012; Ronin 2012; Meuret 1996; Trousset 1986; Shaw 1982; Shaw 1984;
Beltrdn Lloris 2011; Norr 2008, 108-187; Le Roux Pavis d’Escurac 1980.

2009, 19—44; Mentxaka Elexpe 2009, 1-46; Castillo
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Fig. 3 Lex rivi Hiberiensis.

is a member). The commission was established on the basis of a decree enacted by the
ordo decurionum and the residents of Lamasba. The table shows the resolution of a con-
flict between members of the community regarding the distribution of the water that
was coming from a perennial source or from an aqueduct (called Aqua Claudiana).

This is an arid region, with irregular precipitation that usually falls from October
to April. These winter rains, however, could also be delayed until January, which would
irreparably ruin the harvest. To avoid the catastrophic consequences of a possible winter
drought, the farmers of Lamasba created a system of irrigation which would begin on
September the 25th and perhaps end in late March. These rules, surely common to
other agricultural areas, were probably passed down orally, at least in the arid parts of
the empire. In this case, the regulation was written down as a result of a dispute that
arose between community members.

The land to be irrigated was worked into scalae, i.e. terraces. The water had to be
carried through small channels, which started from a larger horizontal channel, called
matrix. This main channel ran along each terrace and was fed by a catchment basin or a
tank, connected to the perennial source cited above, called Aqua Claudiana.

The available text, divided into columns, contains a list of the water recipients and
indicates the name of each of them, the duration and the date of irrigation and the
amount of the water attributed, expressed in K, a unit of uncertain meaning. On the
basis of the number of K to which he was entitled, every owner would obtain the water
for a specified period of time, measured in hours and half hours.

Speaking of Italy, I would like to mention in particular the so-called Priorate or
Aventine Plan, belonging to the Augustan Age.'® It concerns a distributio aquaria for the

16 Corpus inscriptionum Latinarum VI.1261;
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Fig. 4 Anirrigation channel in
Vinschgau from the beginning to
the end: it starts from the mouth
of the Glacier then proceeds with
deviations and locks passing by
both the catchment basins and
the lodge of the person assigned

to control the channel.

irrigation of an area of land in the vicinity of Rome. It is probably the deviation from a
city aqueduct made through a channel with small bridges and tanks. The original text
has gone missing. Here we see a reproduction of a work by Raphael Fabretti (1680),
entitled De aquis et aquaeductibus. The plan shows two arms of a channel or an aqueduct
on whose sides there are both the names of the water beneficiaries and the irrigation
timetable.

The so-called Plan of Tivoli is very similar to the one just discussed and equally inter-
esting.'” It is a marble table divided into two sections. Each part describes the irrigation
system of land, whose owner is indicated by name: the fundus Domitianus belonging to
a certain M. Salluius or Saluius and Fundus Sosianus belonging to a certain Primus.

VIII.4440.448; Maganzani 2012¢; Rodriguez- VIII.4440.448; Maganzani 2012¢; Rodriguez-
Almeida 2002, 23-27. Almeida 2002, 23-27.
17 Corpus inscriptionum Latinarum XIV.3676;
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Fig. 5 One can see the water
overflowing a wheat field. Then,
the presence of irrigation chan-
nels is noticeable in the bushy
landscape in the form of soft al-
most horizontal lines that finally
reach the valley floor near the
vineyards. Here, a service trail is
clearly visible and it is also used as
a comfortable biking trail.

Another example is the Tabula aquaria of Amiternum in UAquila."® It is an inscription
dating back to the first century BC that deals with the course of the local water. It shows
the castella, i.e. the water reserves, and the distances between them indicated in feet. At
the end of the text, there is the full extent of the path, 8670 feet, about 2564 meters.
Inside the title, the first letters have gone missing: if the integration ‘Purgatio’ is correct
it should refer to the works necessary to clear the path of the aqueduct.

The existence of irrigation communities in the Roman world is confirmed by other
sources (both legal and literary). Frontinus speaks about the existence of a secondary
channel of the Aqua Iulia, called Aqua Crabra, excavated by Agrippa in favor of the Tus-
culani possessores, and says: “It is the water that all villas in the area receive in turn, with
a distribution according to shifts and established quantities”"” Cicero refers to the same
aqua Crabra, stating also that there was an obligation to pay a vectigal to the city of Tus-
culum for this service.?

Another example is offered by the Plinian description of the oasis of Tacape, cor-
responding to the modern Gabes (NH 18188-18189) that even today is irrigated by a

Corpus inscriptionum Latinarum 12.1853; I Add. 19 Frontin. Aqu. 9.5.
I11. 1049; Suppl. It. N.S. 9.50; Maganzani 2012d, 20 Cic. Fam. 16.18.3; Leg. Agr. 3.2.9.
121-124; Segenni 2005, 603-618.
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source embedded in the rock: according to the author, this is a striking example of mul-
tiple cropping, as grain, legumes, and forage crops follow one after the other under date
palms and shrubs all year long. The reason for the extraordinary fertility of the soil is
precisely the abundance of water distributed to each of the inhabitants for a specified
number of hours.

The final legal source to be mentioned here is a constitution of the emperors Marcus
Aurelius and Lucius Verus, reported by jurist Papirius Iustus, that regulates the division
of water for irrigation between neighboring owners.?' The water had to be apportioned
according to the width of the land to be irrigated unless someone proved to have a
greater right.

3 The ‘legal status’ of irrigation communities in the Roman
world: preliminary clarification

It is interesting to think about what the ‘legal status’ of these communities might have
been, that is, how they were structured and how internal relationships between rivales
were considered. I think that it is possible to find some information about this in the
texts of Justinian’s Digest. However, this survey requires some preliminary clarifications.

From a legal point of view, we must first distinguish between the derivation of wa-
ter from a river or a public channel by the holder of a riparian plot of land and the
conduction of water derived from the same river or canal in favor of one or several
private terrains bordering the riparian one. Furthermore, in this second case, we must
distinguish further between water that traverses public land and water that traverses on
private land. In fact, the derivation of water from the river — which was usually carried
out through the barrage of its course with so-called saepta and the creation of an incile,
which is an inlet — was generally free. Ulpian, a jurist of the 2nd century AD, expressly
says so in two texts of Justinian’s Digest.>> Only when a common citizen (a quivis de pop-
ulo) asserted before the ‘praetor’ that the water derivation was detrimental to the public
interest or that of the neighbors could the ‘practor’ intervene, using his authority with
the so-called ‘interdicta’ in order to prohibit or order something. For example, when it

Papirius Iustus D.8.3.17 (I De Const.).

D.43.12.1.12 (Ulp. 68 ad ed.): Non autem omne, quod
in_flumine publico ripave fit, coercet praetor, sed si quid
fiat, quo deterior statio et navigatio fiat (“The praetor
does not absolutely prohibit any work being done
in a public river, or on the bank of the same’ trans-
lation by L. M.); D.8.3.3.3 (Ulp. 17 ad ed.): ad flumen
autem publicum idem Neratius eodem libro scribit iter

debere cedi, haustum non oportere et si quis tantum haus-
tum cesserit, nihil eum agere (“In the case of a public
stream Neratius states in the same book that the
right of passage to it must be granted, but the right
to draw the water is not necessary and where anyone
grants only the right to draw water the grant will

be void, translation by L. M.). See Fiorentini 2003,
59-157.
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was claimed that the derivation of the river prevented navigation and the use of public
banks, or that it damaged neighbors by altering the course of the river making it dry,
etc., the praetor, after a brief examination of the matter, could prohibit the derivation
and order the removal of the respective works.??

On the other hand, those who had a plot of land far from the river and wanted the
water to reach their plot through a canal had two options, depending on whether the
land on which the rivus was to be placed was public or private. In the first case, a public
grant had to be claimed by asking the princeps — Paul says in D.8.1.14.2 (15ad Sab.): ut
per viam publicam aquam ducere sine incommodo publico liceat, namely, “to conduct water
across a highway in such a manner as to cause no inconvenience to the public” In the
second case, an easement of aqueduct (servitus aquaeductus) had to be constituted on the
riparian plot of land starting from the so-called caput aquae.

If we try to relate this information to the concrete world described by the Lex rivi
Hiberiensis and the other sources mentioned above, we can understand that the mech-
anism described above, while simple in theory, in practice often had to be integrated
into complex systems. For example, in Agén, there was a big public irrigation channel
deriving from the river Ebro, from where the water entered smaller private channels
through locks. From here — as Capogrossi Colognesi recently argued® — the water had
to be further distributed to the surrounding farms through a scheme of praedial servi-
tudes; this could take place either through a single private channel connected to the
perennial source (that was common to the various owners to whom it brought water)
or through a channel from which the water flowed into a basin (/acus). From this basin,
many other private channels set off to bring water to each landowner. While the Lex rivi
Hiberiensis does not explicitly say this, both the legal texts and the many examples still
present on the ground (in South Tyrol, Switzerland, Valencia, etc.) allow us to make this
assumption (Figs. 4-5).

All of this means that public and private channels, public and private regulation,
public grants to run water, and praedial servitudes probably coexisted within a single
large community irrigation system (like the one of Agén).

Inscriptions — considering their purpose and their recipients — usually inform us
about the public law aspects of irrigation communities; however, the texts of Roman
jurists in particular deal with issues related to relationships between private individuals.

In the next sections, I will make some references to these jurisprudential discussions.

See for example D.43.12.1pr., 8, 12, 15, 19; D.43.13,1 24 Capogrossi Colognesi 2012, 151-160; Capogrossi
pr-1: Signorini 2014; Basile 2012; Moller 2010, 86— Colognesi 2014.
90; Fiorentini 2003, 159-275.
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4 Legal relationships between rivales

First of all, Roman jurists specify that it often happened that several neighboring owners
in need of water obtained the right to conduct it from a perennial source located on the
servant farm.?

As we can see in the inscriptions (for example, in the Lex rivi Hiberiensis), commu-
nity members usually reached an agreement about the cleaning and maintenance of
artifacts, such as fistulae put in the channel, so that each individual had to carry out the
maintenance and cleaning needed in his own section of the channel.

The Roman praetor also protected anyone who was prevented from repairing or
cleaning an aqueduct, canal, or reservoir, with a specific interdict whose words are re-
ported by the jurist Ulpian: Praetor ait: rivos specus septa reficere purgare aquae ducendae
causa quo minus liceat illi, dum ne aliter aquam ducat, quam uti priore aestate non vi non clam
non precario a te duxit, vim fieri veto.26 This, as Ulpian says in Dig. 43.21.3.3 (70 ad ed.),
was granted for the cleaning of a basin from which the water was conducted to several
beneficiaries.”

Through this common channel, each owner could use water at the same time or, if
this was not enough, the use of water could be divided into days or hours — diversis diebus
et horis*® or by measurement (mensuris).”

At this point, I am mainly interested in showing through some examples from Jus-
tinian’s Digest: (a) how jurists qualify the legal relationships between the irrigation com-
munity members and the servant farm owner, (b) how Roman jurists consider relation-
ships among the irrigation community members who at least partially use the same
channel, and (c) if there was any special provision about private irrigation communities
in the edict of the Roman Praetor.

(a) On the first issue, a useful indication can be drawn from a text of Proculus, a

jurist of the Augustan Era. The following describes the case:

Arg. ex D.8.3.35 (Paul. 15 ad Plaut.).
Ulp. Dig. 43.21.1 pr. (70 ad ed.). “1 forbid force to
be employed against anyone to prevent him from

Si aquae ductus vel haustus aquae sufficiens est, potest et
pluribus per eundem locum concedi, ut et isdem diebus vel

boris ducatur (“1. The right to conduct or draw water

repairing or cleaning any aqueduct, canal, or reser-
voir, which he has a right to use for the purpose of
conducting water, provided he does not conduct it
otherwise than he has done during the preceding
summer without the employment of violence, or
clandestinely or under a precarious title” (transla-
tion by L. M.).

Masuelli 2009, 149-183.

D.8.3.2.1-2 (IV reg.): 1. Aquae ductus et haustus aquae
per eundem locum ut ducatur, etiam pluribus concedi

potest: potest etiam, ut diversis diebus vel horis ducatur. 2.

over the same place can also be granted to several
persons; and this can be done on different days, or
at different hours. 2. Where the water-course or the
supply of water to be drawn is sufficient, the right
may be granted to several people to conduct the wa-
ter over the same place, on the same days, or during
the same hours™ translation by L. M.).

Ronin 2015; Ronin 2012, 219-242; Cursi 2014, 55—
§7; Zuccotti 2004; Zuccotti 1994; Fiorentini 2003,
140-140; Cursi 1999, 1§7-202.
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Aquam quae oriebatur in fundo vicini, plures per eundem rivum iure ducere soliti sunt,
1ta ut suo quisque die a capite duceret, primo per eundem rivum eumgque communem,
deinde ut quisque inferior erat, suo quisque proprio rivo.>

Therefore, an irrigation community was organized with a first channel of common prop-
erty, followed by a series of minor channels belonging to individual landowners placed
on their respective farms. This was probably a very common situation, and perhaps it
took place in Agén as well. The jurist continues, Unus statuto tempore, quo servitus amit-

titur, non duxit.>!

This raises the problem of whether the other rivales acquired the right
that he had lost, namely, if they were entitled to receive water on the days and times
allocated to him or whether that right was lost for all rivales and the water intended for
him ‘returned’ to the servant farm holder. Proculus provides this answer: Existimo eum
tus ducendae aquae amisisse nec per ceteros qui duxerunt eius tus usurpatum esse: proprium enim
cuiusque eorum tus fuit neque per alium usurpari potuit.>*

The jurist continues, Si plurium fundo iter aquae debitum esset.>> He says, per unum
eorum omnibus his, inter quos is fundus communis fuisset, usurpari potuisset.>*
In the case examined, however, there is a common channel used by several landown-

ers: therefore, several different water easements. The jurist repeats:

Item si quis eorum, quibus aquae ductus servitus debebatur et per eundem rivum aquam
ducebant, tus aquae ducendae non ducendo eam amisit, nihil turis eo nomine ceteris, qui
rivo utebantur, adcrevit idque commodum eius est, per cutus fundum id iter aquae , quod

non utendo pro parte unius amissum est: libertate enim huius partis servitutis frustur.>

Then, on the basis of this text, we can state that in a private irrigation community each

member had his own water servitude, even if the water channel was totally or partially

Proculus D.8.6.16 (1 epist.). “A number of men were of them as his own and neither of the rivales can
accustomed, as of right, to channel water, which encroach on it” (translation by L. M.).

had its source on a neighbor’s estate, along the same 33 “Itwould have been different if the right to the wa-
watercourse. The arrangement was that each man, tercourse had been attached to an estate owned by
on his appointed day, channelled the water from its several men” (translation by L. M.).

source, first of all along the afore said watercourse, 34 “In this case the servitude would have been the same
which they used in common, and then, according to for all co-owners and the portion of water not used
the distance of his land from the head of the course, by one of them could have been taken by the oth-
along a channel of his own” (translation by L. M.). ers”(translation by L. M.).

“In this context one of the men failed to channel 35 “Here if one member of the private irrigation com-
any water throughout the prescribed period, the munity loses his right by failure of exploiting it,
lapse of which results in the loss of a servitude” no right will accrue to the others; instead, the ben-
(translation by L. M.). efit of the right lost by a non-user will belong to
“My opinion is that the rivalis has lost his right to the landowner from whose farm water comes: the
channel water and the other rivales cannot encroach landowner will enjoy freedom from this part of the
on it. The fact is that the right belongs to each one servitude” (translation by L. M.).
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common. This means that each servitude holder was protected by the praetor against
anyone who prevented him from conducting water. This protection was offered by an
interdict (D. 43. 20) and on the other hand by a civil action called vindicatio servitutss. At
the request of a servitude holder, the praetor could promulgate an interdict by which he
administratively and urgently prevented a third party from exercising the servitude, and
in the case of a dispute between two rivales, Ulpian adds that the praetor would give a
mutual interdict.>® This means each rivalis could ask for the protection offered by the
praetor against each other. The action, however, was later brought by the servitude holder
to affirm the existence of his right and to condemn those who had hampered the exercise
of the servitude to pay damages.

(b) The second problem concerns the legal classification of the relationships among
rivales. One particular jurisprudential text can provide some information on this matter.

This is a text of Julianus, a jurist of Hadrian’s age, who presents the following case:

Tria praedia continua trium dominorum adiecta erant: imi praedii dominus ex summo
fundo imo fundo servitutem aquae quaesierat et per medium fundum domino concedente

in suum agrum ducebat.’’

I would like to draw attention to the Latin expression domino concedente, translated into
English with the words, “with the consent of its owner” The jurist continues:

Postea idem summum fundum emit: deinde imum fundum, in quem aquam induxerat,
vendidit. quaesitum est ‘numimus fundus id tus aquae amisisset, quia, cum utraque

praedia eiusdem domini facta essent, ipsa sibi servire non potuissent’>®

And this was the answer:

[...] negavit amisisse servitutem, quia praedium, per quod aqua ducebatur, alterius fuis-
set et quemadmodum servitus summo fundo, ut in imum fundum aqua veniret, imponi
aliter non potuisset, quam ut per medium quoque fundum duceretur, sic eadem servitus

etusdem fundi amitti aliter non posset, nisi eodem tempore etiam per medium fundum

aqua duci desisset aut omnium tria simul praedia unius domini facta essent.>’
Ulp. Dig. 43.20.1.26 (70 ad ed.). highest estate and then he sold the lowest estate on
Julianus D.8.3.31 (Iul. I ex Minic.). “Three estates which he had channelled the water. The question
which were the property of three owners respec- asked is: had the lowest estate lost its right to take
tively were situated next to one another. The owner water? In fact, as each of the two estates had become
of the lowest estate acquired a servitude giving the the property of the same man, there could be no
right to take water for it from the highest estate and, servitude between two such estates” (translation by
with the consent of its owner, he channelled water L. M.).
across the middle estate to his own land” (transla- 39 “[...] It was held that the servitude was not lost,
tion by L. M.). because the intervening estate, through which the
“Later the owner of the lowest land purchased the
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From this text, therefore, we can draw the solution adopted by the jurist — or at least
by Pomponius and his predecessor Minicius whose work the former comments upon
— about relationships among rivales. Each rivalis constituted a separate easement on the
farm where the perennial source of water was located (river, public channel, etc.): in fact,
it was possible to constitute an easement of aqueduct only from a caput aquae.* Instead,
the owner of the lower estate could let the water flow on the lands above through a
common channel only after reaching an agreement with the owners of the land above,
which probably had the form of a pactio or stipulatio.

(c) Finally, I consider if there was any special provision about private irrigation com-
munities in the edict of the Roman Praetor.

I would like to point out that in the edict of the Roman Praetor, there was a title
called De aqua et aquae pluviae arcendae. We learn about it through the commentaries of
the Roman jurists on the praetor’s edict reported in the Digest. This title was split into
two parts, the first generically concerning aqua, the second regarding actio aquae pluviae
arcendae. The content of this second part is well known and has been extensively stud-
ied: it deals with an action that can be brought by a landowner against a neighboring
landowner when the first suffers or is afraid of suffering a damage to his farm caused by
rain, due to a new construction or a new work carried out by the neighbor that changes
the state of the area. However, it has never been very clear what the part of the title
De aqua was specifically referring to. Otto Lenel, who reconstructed the content of the
Perpetual Edict (last edition Leipzig, 1927), considered that this part of the title was
referring to the servitude of water dealt with in this section, close to actio aquae pluviae
arcendae, because of the common theme represented by water. However, some texts con-
cerning servitutes aquarum are also found in the titles of the Edict expressly dedicated to
servitudes.

Both the reading of the epigraphic texts on irrigation communities and the exis-
tence on the ground of the material remains of these communities, lead me to believe
that in this part of the title the praetor (and the commentaries of the jurists) would not
deal with water servitudes as such — a theme already dealt with in the proper title — but
would address those situations in which water servitudes had been set up between var-
ious members of an irrigation community. The texts, as we shall see, seem to confirm
this. They also allow us to believe that proper water servitudes were created between the
members of the community, considering that those members used a rivus in common.

water was channelled, belonged to someone else, at the same time, the water ceased to be channelled
just as a servitude giving the right to channel water over the intervening estate as well or if all three of

to the lowest estate could only be imposed on the the estates became the property of the one owner”

highest estate if the water was also channelled over (translation by L. M.).

the intervening estate, so the same servitude, once 40 See e.g. D.8.3.36 (Paul. Il resp.); D.8.4.7 (Paul. V ad
attached to the lowest estate, could only be lost if, Sab.).
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Essentially, the first part of the title would deal with the problem of water administration
between several individuals; the second would concern itself with any damage caused
by the water itself to one of the neighbors, in the case of a new work carried out by one
of them.

The problems discussed by jurists in this context are various: for example, one won-
ders if it is possible to derive water from a public river to the advantage of more than one
person. Ulpian, in D.39.3.10.2, citing Labeo, says that, if a river is navigable, the praetor
must not let any water run from it that may make it less navigable, and the same goes if
another navigable river arises from the water run.

From this, we can draw the conclusion that the establishment of a water servitude
from a public river, also in favor of more people together in community, used to require
a prior authorization of the praetor, who had to make sure that the change would not
bring harm to the public.

Regarding the relationships between community members, it is frequently empha-
sized that, whenever an irrigation community wants to receive a new member, it is es-
sential that all members agree because — as Ulpian writes in D.39.3.8 — when the right
of the members is decreased, it is essential to investigate whether they agree to such a
decrease.

I could say more about these and other rules, and this matter is certainly worthy of
further investigation, which I hope to carry out in the future. For the moment, however,
I hope I have succeeded in highlighting once again how inter-disciplinary research can

be of great help to ancient world studies.

I0I
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1 Introduction

The matter of water sharing is discussed in many different documents from the Roman
world. Author Frontinus, in charge of the aqueducts of Rome at the turn of the 1st
century AD, provides information about diversions from the public water network. The
possibility of obtaining a concession is also confirmed for provincial cities.! Prominent
texts (i.e. the Table of Lamasba and the LRH) deal with the specific subject of what has
been called “communities of irrigation” and for which easy parallels may be found
in modern time Spanish rural communities,® or African and Middle East oases.* This
paper focuses on the question of water sharing in the texts of the Roman jurisprudence
compiled in the Digest. From these documents, we draw most of our knowledge of the
rights that regulated a multiplicity of uses of water in the Roman countryside, especially
the practice of sharing water between private landholders.

To begin with, I will present the main regulations and their evolution, and try to
show that this topic is prevalent in legal texts. Their inclusion shows how concerned
the jurists were with this matter and, therefore, also the people asking for their juridical
advice. My aim will not be to explain how the water was shared due to the Roman
jurisprudence: Roman legal texts have been thoroughly studied by jurists.’ Historical
questions, however, necessarily lying at the base of the legal resolutions, need to be asked.
I will, therefore, present some of the legal elements to try to answer the questions that
underpin this need for legal solutions: where was it necessary to share water, and for
which purposes? In response to these questions, I will propose some hypotheses and
avenues of research, for which I will concentrate on the period of great changes that
occurred in the Roman world between the 2nd century BC and the end of the 1st century

AD, when most of the rules were actually enacted.

2 A real concern for water sharing in legal texts

One of the most noteworthy products of the Roman law is servitude or easement: by
giving some rights to the holder of a dominant estate over a servient estate, the Roman
jurists created an effective legal system to regulate the legal relationships between neigh-

bors. In this case, it applies to the management of water. Typically, a water servitude will

See for instance in Thysdrus (Africa Proconsularis) 3 Ribero 1989.

Inscriptiones Latinae selectae 5777 = Corpus inscrip- 4 Trousset 1986; Bédoucha-Albergoni 1976.

tionum Latinarum VIII §1. 5 Moller 2010; Franciosi 1967; Capogrossi Colognesi
2 Shaw 1982; Beltrdn Lloris 2006. 1966; Capogrossi Colognesi 1976.
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allow a landholder to access hydraulic resources he needs even if situated on the prop-
erty of his neighbor. Upon this general pattern, various solutions were issued in order
to answer the diversity of situations needing a settlement. The Digest mentions a right
to conduct the water from one parcel of land to another, thanks to ditches or canals (us
aquae ductus) (a solution for which spring water was originally favored), a right to enter
the property of a neighbor to draw water from his well or waterway (ius aquae haustus),
and a right to cross someone else’s estate with cattle in order to water the animals (jus
pecoris ad aquam appelend;).® Establishing such a right was not free. Although we do not
know many details, it was sold and, therefore, had a price that was probably negotiated
on the basis of the needs of the dominant estate and the capacity of the servient one.
Once established, a water servitude clearly added to the price of the estate benefiting
from it.

Our matter represents the actual subject of two titles (43.21 De Rivis; 43.22 De fonte)
and a large part of two others (8.1 De servitutibus; 8.3 De servitutibus praediorum rusticorum),
which is significant. It also emphasizes that there are many variations that may apply
to one single right. If we take only the right to conduct water (ius aquae ductus), we
learn from the texts that it can be split between different neighbors and that it can be
scheduled according to the season (de aqua cottidiana et aestiva), to a night and day shift,
or to hours. Some fragments also provide indications concerning the canal itself: where
it may be dug, the material that must be employed, and the possibility for the holder of
the dominant estate to mend or restore it. Finally, the conditions for acquiring or losing
a servitude are described precisely.

The system originates as early as the time of the XII Tables (middle of the sth cen-
tury BC) with the ius aguae ductus, at the same time the actio aquae pluviae arcendae was
probably introduced to minimize the damaging action of run-oft water. The ius aquae
baustus and the ius adpulsus pecoris, on the other hand, seem to have been elaborated later:
around the 3rd and 2nd centuries BC.” This development indicates that, although ac-
cess to water constituted a very early concern in Roman central Italy, more solutions
were progressively elaborated to adapt to new situations as the Empire grew, and in a
context of increasing competition, new natural environments, different estate layouts,
and modes of production had to be taken into account.

Without having to go as far as the African pre-desert or semi-arid regions of Spain,
central Italy, for which we have numerous useful documents, presents a variety of agri-
cultural exploitations, soils, and types of cultivations. My aim will now be to try to un-
derstand more precisely what plots of land and what type of estates the legal solutions
produced by Roman jurists applied to. In other words, what kind of estates would need

extra supplies of water from the neighboring plot?

6 Moller 2010, 78. 7 Moller 2010, 78; Moller 2016, 16.
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3 Landed property and the necessity to share water

Most importantly, it is helpful to determine, even if only theoretically, some features of
the localities and situations in which sharing water could become a necessity. It could
happen in a natural environment somewhat deprived of plentiful supplies, but if the
supplies are not that scarce, it mostly depends on the size of the plots. Columella (1st
century AD) famously talked about an estate that he considered of a reasonable size,
but must in fact have been as large as several thousand hectares, a latifundium, presum-
ably provided with water sources, maybe small waterways or at least good run-off water
catchments.® Such an estate would need no extra supply of water. We must, therefore,
think that solutions for water sharing chiefly relate to much smaller plots, likely to need
water from the neighbors. The last criterion that has to be considered is the type of cul-
tivation. Different sorts of cereals, fruit-trees, vegetables, and fodder do not all require
the same quantity of water. Depending on what is cultivated on the parcel of land, water
needs, and therefore competition, would vary.

The land property in Italy, during the period considered, does not present much
homogeneity. Without making a detailed typology, I will just make some remarks con-
cerning our issue. From the beginning of the Republic to around the end of the 3rd
century BC, modest plots, cultivated by households for subsistence purposes, seem to
have been the typical property in central Italy. Columella and Pliny mention a typical 7
jugera (~2 ha) property for that period. To make up for the very small properties, it was
probably possible to use communal meadows.” Aristocratic estates were of course, even
at that period, much larger. Cato provides examples of 100 jugera (~ 25 ha) agricultural
exploitation.'® This type of somewhat modest property still existed in the following pe-
riod, the end of the Republic, even with the Roman expansion on the peninsula. Plots
of 10 to 30 jugerae (2.5 to 7.5 ha) were distributed to coloni since the Gracchi (end of the
2nd century BC), and plots of 50 to 140 jugerae (12.5 to 35 ha) in Aquileia, Po Valley,
were distributed in 181 BC, according to Livy.!!

The properties described, faced the emergence of very large estates belonging to
wealthy aristocrats and called /atifundia in the middle period of the Republic. Undoubt-
edly, this is what Columella refers to, even mentioning that some people owned even
larger pieces of land. I already expressed doubts concerning the need to share water for

such properties. However, it seems useful to underline some possible features. First, we

Columella. Rust. 1-3. The author gives the indi- many attempts; see Martin 1971.
cation that the estate could be toured by a horse 9 Nicolet 2007, 103.

but fails to indicate how long this tour could have 10 Cat. Rur.1.7.

taken. It is, therefore, almost impossible to figure 11 Liv. XXXIX.55.

out the exact size of such a property, in spite of
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know that the total property of a senator or of an eques could be split across various re-
gions of the Mediterranean basin. Pliny reminds us that it is clever to take advantage of
different soils and natural environments. Secondly, a solution much favored by wealthy
landowners was to keep their estates in smaller and more manageable units.'* One ex-
ample of this was provided with the thirteen villas of the rich Sextius Roscius in the
Tiber Valley in Umbria at the beginning of the 1st century BC provided by Cicero.'? At
the end of the 1st century AD, Pliny also provides valuable information on the subject;
acquiring an estate adjacent to one of his villas, he apparently did not join the two hold-
ings.'* There is no reason why the case of Pliny should be isolated; a fragment of the
Digest shows that the jurist Sabinus (1st century AD) thought about the consequences
of this sort of transactions concerning water resources.'> Regardless of a change of own-
ership, a servitude remains attached to the original property, even if the servient and
the dominant estates are at some point owned by the same person. It means that even
a landlord like Pliny, head of a latifundium, but whose vast property was composed of a
multitude of modest and separate units would, therefore, always need water servitudes
in order to obtain the necessary water supplies.

The last aspect to be considered, is linked to the exceptional development of the
urban markets, around the 2nd century BC. In the close vicinity of substantial cities
and preferentially along the channels of distribution and communication (i.e. roads and
rivers), small and valuable plots are cultivated. Although one cannot completely rule out
the possibility that cereals were also cultivated in those areas, it is more likely that fresh
goods, necessitating intensive cultivation were preferred, the profit expected from these
being much bigger.'® Yet, for vegetables, flowers, and all the pastio villatica business, the
need for irrigation in those parcels of land was very high all year round. Considering
also the fact that plots are thought to have been small, we may doubt that each landlord
had the opportunity to obtain a perennial and plentiful source of water. Irrigation water
users, therefore, had to rely on servitudes over a neighbor’s plot in order to satisfy their
needs.

As we have seen, Italy was composed of many different types of properties. Water
servitudes may be useful for all of them. From what I have described, however, I think
that the suburban Roman area offers a pretty unique opportunity to take a closer and
more accurate look at a pattern of landed property where hydraulic resource were the
object of an intense competition and where sharing water, therefore, represented a cru-

cial issue.
12 Carlsen 2001, 53. 15 Pompon. 33 ad Sab. (Dig. 8.3.20.2).
13 Cic. Rosc. Am. 7.20. 16 About the lack of evidence for cereals cultivation in
14 Plin. Am. 3.19.2. the suburban area, see Quilici Gigli 1994, 141.
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4 An increasing need for water on small plots, from the 2nd
century BC onwards

The field survey campaigns provide very valuable information about the distribution of
agricultural exploitations, north-east of Rome."” In particular, three sectors around the
locality of Fidenae, Ficulea, and Crustumerium show a very high concentration of villas
and farms. The estimated average size of the properties oscillates between 15 to 35 ha
(400 x 400 m / 600 x 600 m).'® From Cato to Cassiodorus (6th century AD), not only
the agricultural productivity of the Roman hinterland is well acknowledged by writ-
ten sources, but also the type of cultivations, consisting of fresh and quality products,
and market gardening activity, all requiring a fair amount of water.” Archeological ev-
idence of intensive irrigation is also available and has been carefully observed in the
three aforementioned areas.”” Some of them correspond very well to legal dispositions.
Private aqueducts supplying villas may, for instance, be related to the relationship be-
tween a dominant and a servient estate. The presence of a nymphaeum near the Aniene
reminds us that people living on the sides of a river could freely use the water.?! It has
been proposed that some of the large cisterns situated on the eastern side of the Tiber
were maybe destined to be filled up at night, the water then being used during the day.*?
This system would be compatible with the possibility to apply a schedule to a right of
drawing water.??

It is then striking to observe that these areas with an exceptional density of villas —
Fidenae, Ficulea, and Crustumerium - are mostly deprived of plentiful supplies of sub-
terranean water, as the hydrogeological map of the Lazio Region illustrates.** Therefore,
the reason for the high concentration of villas is probably not related to an abundance
of groundwater resources, but in the proximity to Rome and the accessibility to the dis-
tribution channels (two requirements Cato advises to be met for the settlement of his
ideal estate). The Fidenae/Ficulea zone is, in this concern, the most interesting. We know
from surveys that the concentration of villas increases significantly around the Via No-
mentana and where the Tiber is accessible. The profitability of fresh and quality goods
relied on the capacity to transport the products to the markets as quickly and cheaply

Quilici and Quilici Gigli 1980; Quilici and Quilici Vetus survey.

Gigli 1986. 21 Wilson 2008.

Quilici Gigli 1994, 140. 22 Wilson 2008, 739.

For a survey of literary evidence from Cato the El- 23 Nera. 4 Regularum (Dig. 8.3.2.1) ; Iul. 43 Dig. (Dig.
der to Cassiodorus, see Thomas and Wilson 1994, 43.20.4).

156-159. For other written sources about irriga- 24 The map is too large to be reproduced here,

tion around Rome, see for instance Corpus inscrip- but can be downloaded at the following adress:
tionum Latinarum VI, 1261; X1V, 3676; Frontin. Ag. http://www.regione.lazio.it/prl_ambiente/?vw=
9. 4-5; Cic., Leg. agr. 2. documentazioneDettaglio&id=8671 (visited on
Wilson 2008, 731-768, mostly based on the Latium 25/05/2018).
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as possible. The same cultivations on well-watered lands, but distant from the market,
were very unlikely to bring much profit.

Due to the limited size of these plots that required year-round irrigation, we may
assume that the water supply was mostly dependant on the intricate system of rights
and duties mentioned earlier, designed to share access to underground water. Of course,
other solutions were applied, although the limits of this paper did not allow them to be
studied. It is clear that the proximity of the Tiber was a valuable advantage that required
an irrigation/drainage system, often the result of a pooling of resources and work. Rain
water must also have become an increasingly valuable resource, also noticeable in the
legal texts, since the actio aquae pluviae arcendae, was probably increasingly used to protect
supplies, as well as to secure the drainage devices. In a context of competition for natural
resources, all these uses clearly required the legal settlements that jurists provided.

5 Conclusion

A fair consideration of the exploitation of hydraulic resources requires the examination
of many different elements, from a broad range of subjects. My original question con-
sisted in asking, in what environment and for what purposes was the sharing of water
necessary, or more accurately, what real problems did the jurists face that led them to
give the answers in the jurisprudential texts?

Generally speaking, we observe a growing need for irrigation and for irrigation in-
frastructure starting in the 2nd century BC.” Developing around Rome, the market gar-
dening activity led to increasing competition for water resources, due to environmental
and economic reasons. Facing this situation, the jurists had to provide legal solutions,
considering both general and private interests at the same time, which is a notable fea-
ture of the Roman law. The situation of competition for natural resources around the
urban market of Rome in the Middle Republic, generated by the expectation of high
profits, is one of the main social and economic problems that jurists faced, and for which
they had to seek legal solutions.

Trying to provide a historical, geographic, and social context for the Roman ju-
risprudence is a challenging task, but considering the availability of such detailed and
informative documentation, it ought to be attempted and could lead to a much better
understanding of the Roman countryside, provided that we are able to integrate it with
archaeological and historical data.

Marguerite Ronin. “Funding Irrigation. Between by P. Erdkamp, K. Verboven, and A. Zuiderhoek.
Individual and Collective Investments” In Capital, Oxford Studies on the Roman Economy. Oxford:
Investment and Innovation in the Roman World. Ed. Oxford University Press (forthcoming).
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Irrigation in 3rd Millennium Southern Mesopotamia:
Cuneiform Evidence from the Early Dynastic IIIb
City-State of Lagash (2475-2315 BC)

Summary

Southern Mesopotamia was essentially agrarian and depended on artificial irrigation. The
earliest cuneiform evidence for fully-developed irrigation networks stems from royal in-
scriptions and archival records from a temple archive from the city-state of Lagas, ca. 2475—
2315 BC. These sources testify to a four-level irrigation network, probably established upon
the unification of the state by Urnanse and Eanatum. From the river, water flowed to pri-
mary canals with regulators, and from there branched off to secondary canals. Distributors
regulated the water flow to the fields. The construction of primary canals and regulators
was conducted by the ruler who drew on the corvée troops of the temples. The temples
maintained the lower-level irrigation structures, such as the distributors and dikes in their

fields.

Keywords: Sumerian city-state of Lagas; ruler; temple; royal inscriptions; administrative
texts; hydraulic installations; corvée work

Wirtschaft und Gesellschaft Siidmesopotamiens basierten auf Bewésserungsfeldbau. Erste
keilschriftliche Nachweise fiir vollentwickelte Bewiasserungssysteme stammen aus dem su-
merischen Stadtsaat Lagas (ca. 2475-2315 v. Chr.). Herrscherinschriften und Urkunden aus
Tempelarchiven dokumentierten ein vierstufiges Bewisserungssystem, das Wasser aus den
Flissen tiber primire Kanale mit Regulatoren und sekundire Kanale mit Verteilern auf die
Felder leitete und wahrscheinlich nach der Einigung des Staates durch Urnanse und Eana-
tum etabliert wurde. Die Anlage von priméren Kanilen und Regulatoren oblag dem Herr-
scher, der auf die Arbeitskrifte der Tempel des Staates zugriff. Die Tempel hatten fiir die
Instandhaltung der an ihren Feldern gelegenen Verteilern, Deichen usw. Sorge zu tragen.

Keywords: sumerischer Stadtstaat Lagas; Herrscher; Tempel; Konigsinschriften; Verwal-
tungsurkunden; Bewiésserungsanlagen; Arbeitsdienst

Jonas Berking (ed.) | Water Management in Ancient Civilizations | (ISBN 978-3-9818369-6-7; ISSN
(Print) 2366-6641; ISSN (Online) 2366-665X; DOI 10.17171/3-53) | www.edition-topoi.org



INGO SCHRAKAMP

The author would like to thank Merry Crowson, who carefully read through the English of
this contribution. Thanks are also due to Gebhard Selz, who provided the author with his
editions of Marzahn 1991 and Marzahn 1996 (Selz 1996); Palmiro Notizia, who provided a
preprint version of Notizia and Visicato 2016; and Stephanie Rost, who put her PhD at the
author’s disposal (Rost 2015).

[1]

Beginning with the invention of cuneiform writing around 3300 BC,' the society and
economy of Southern Mesopotamia — the alluvium between the Zagros Mountains in
the east and the desert of Iraq in the west, south of modern Baghdad and stretching down
to the gulf - are abundantly documented by thousands of cuneiform texts. The vast ma-
jority consist of administrative records from the archives of large, state-run economic
households. These households held the property of almost all resources, such as arable
land, orchards, reed-thickets, and livestock including cattle, swine, sheep and goats, and
employed and provided for large parts of the population. Thousands of archival records
testify to their activities in agriculture, horticulture, breeding, fishery, and crafts.? As
early Mesopotamian societies were essentially agrarian, it is no surprise that administra-
tive texts pertaining to agricultural production, such as records of field measurements,
sowing, harvest, storage and distribution of crops, constitute a large part of all economic

records.

[2]

Due to the climate, water regime and hydrological landscape of Southern Mesopotamia,
agriculture was only possible by means of artifical irrigation.® Firstly, the Southern
Mesopotamian alluvium was below the 200 mm isohyet, and characterized by a desert
climate with a hot, dry summer and a humid, cold winter. Thus, annual precipitation

was insufficient for dry-farming.* Secondly, the main rivers, the Euphrates and Tigris

1 The chronology used in the present paper follows and climate is based on the more recent descriptions
Sallaberger and Schrakamp 2015a; Sallaberger and by Charles 1988, 1—9; Hunt 1988, 190-192; Hruska
Schrakamp 2015b. 1995, 25-32, 43—52; Rost and Abdulamir 2011, 206—

2 For general surveys of late 4th to mid-3rd millen- 208; Wilkinson 2003, 71-99; Bagg 2012, 261-270;
nium cuneiform sources, see Bauer 1998; Englund Wilkinson 2012, 35-46; Rost 2015, 25-35.

1998; Krebernik 1998. 4 Charles 1988, 1-2; Bagg 2012, 261-262.

3 The following outline of the hydrological landscape
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followed a flood pattern that did not match the needs of agriculture and were character-
ized by unpredictable fluctuations. Cereals were sown in October to November, grew
during the winter months and were harvested in April or May when the rivers reached
their highest level. As a result of the spring rains and the snowmelt from the highlands,
water levels increased over the winter months and reached their maximum in April or
May. This especially applies to the Euphrates, which is joined only by the Khabur River.
The Tigris in contrast, is fed by four main tributaries from the Zagros Mountains, which
have steep slopes, carry lots of erosion material and are subject to heavy rainfalls, and is
therefore more violent and more unpredictable than the Euphrates.* Moreover, the allu-
vial rivercourses of Southern Mesopotamia show a gentle gradient which can be as low
as 5—10 cm per km, diminishing to as low as 3 cm per km in the delta region; therefore,
both rivers tend to change their courses especially during the spring months.

In addition, the constant deposition of silts creates natural levees up to a height
of a few meters which raise the riverbed and cause the river to flow above the level of
the plain. These levees are the key element of the alluvial hydraulic landscape. They
have a triangular cross-section, an average width of 2—5 km, elevate up to 3 m above
the plain level, are well drained; and provide the agricultural ground of the South-
ern Mesopotamian alluvium. As their backslopes contribute a gradient normal to the
riverbed that is significantly steeper than that of the plain, they provide ideal conditions
for irrigation based on gravity flow, improving the drainage of agricultural land and
helping avoid the risks of salinization through standing water.® These levees promoted
the development of shorter irrigation canals normal to the riverbed running down the
backslopes. This led to development of so-called “herringbone patterns” of canals and
fields,” which are confirmed for the Ur III period (21st century) by field plans and have
been reconstructed to a degree for the ED IIIb/Presargonic period as well.?

[3]

As Southern Mesopotamia was located beyond the dry-farming belt, Sumerian agricul-
ture is often associated with water shortage. Though as water levels were low during
the sowing in September to November, peaked immediately prior to harvest in April or
May, and often brought unpredictable floods; control and protection were crucial for
cultivating winter crops. Thus, the problem was rather to provide the required amount

of water at a given time. These needs were met by means of water management, which

Charles 1988, 6-7; Bagg 2012, 262-263, 267; Wilkin- Postgate 1992, 174-176; Bagg 2012, 263; Wilkinson
son 2012, 38-39. 2012, 35-36, 42—43; Rost 2015, 25-26.

Instructive discussions of the levee system are found 7 Wilkinson, Rayne, and Jotheri 2015.

in Charles 1988, 8. 23—25; Hunt 1988, 193-195; 8 Liverani 1990, 171.
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fulfilled four central functions, namely (1) supply, (2) storage, (3) protection, and (4)
drainage, i.e. leaching.’

[4]

Before discussing the cuneiform evidence pertaining to irrigation systems in Southern
Mesopotamian, a general description of irrigation systems is provided.'® First of all,
open-surface irrigation systems include a facility like a head-gate that directs water from
the rivercourse to the subsequent water management facility. Beyond the head-gate, wa-
ter is distributed through a number of primary, secondary, tertiary, and field canals of
different rank and length. The water flow within these canals is controlled by different
hydraulic devices, the most important of which are inlets, outlets, distributors and reg-
ulators. Inlets are located at the heads of canals, sometimes provided with flexible gates,
and control the amount of water directed into the subsequent section of the irrigation
system. Outlets regulate the amount of water directed from field canals into the irrigated
areas and can likewise be equipped with gates. Distributors regulate the water low from
one canal into two or more canals of a lower rank. While some distributors have a layout
that allows for a proportional distribution of water, others are equipped with gates and
allow for systematic distribution of water. Regulators control the water flow within an
irrigation system, maintain the water level within specific canals, and can temporarily
increase or dam up the water flow. Usually, regulators are constructed across a partic-
ular canal, are located slightly downstream from canal inlets, and their number in an
irrigation system corresponds to the number of canals. It is exactly these elements that
can be identified in the cuneiform texts.

[5]

Though administrative texts related to agriculture feature prominently in the earliest
cuneiform records, evidence for water management in the earliest texts is virtually ab-
sent. The ca. 5000 so-called archaic texts from Uruk and Jemdet Nasr, datable to ca.
3300—2900 BC, refer to huge tracts of arable land and mention enormous amounts of
grain, but direct mention of hydraulic installations is apparently absent. Surprisingly,
irrigation is also only referred to once in Englund’s survey of the archaic texts. He as-
sumes that the archaic pictograph Gana,, which denotes areas of arable land, represents
an “irrigated field defined on a long axis by two parallel canals, with feeder canals run-
ning between them’, and suggests a hypothetical reconstruction of an account of fields

9 Postgate 1992, 176-183; Bagg 2012, 269. 204-206.
10 This outline is based on Rost and Abdulamir 2011,
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situated along a waterway.!! The shape of the sign itself, notably, seems to indicate fur-
row irrigation. In addition, the archaic sign E,, which is thought to correspond to later
Sumerian eg, “dike, ditch’, has recently been interpreted by Monaco as “a pictographic
representation of a dyke with two attached branches, as streams of water flowing out
of it, to form ditches or channels for irrigation purposes”'? However, Pemberton, Post-
gate, and Smyth assumed that “the archaic sign for eg represents a canal with banks
each side?"? Steinkeller prefers an interpretation as a pictograph of the cross-section of
“a broad earthen wall which accommodated a ditch or a small canal running along its
top” This will be translated as “dike” for convenience and discussed in more detail below
(see below [18])."* References to hydraulic installations are almost completely lacking
in the ca. 450 archaic texts from Ur, tentatively dated to ca. 2700 BC. Only a fragmen-
tary field list possibly mentions a field situated along a “dike” (eg,, E, see below [18]) and
perhaps a “dam” (duruny, xu @), see below [21]) (UET 2, 98 rev. ii 4 IN;, IN,; 3N; KU
E 6AL,)." The ca. 1000 adminstrative texts from Fara/Suruppag, mostly datable towards
the end of the Early Dynastic I1la/Fara period ca. 2575-2475 BC,'® include a reference
to “men who work at the dike” (lu, eg, a;, WF 13 = WVDOG 143, 29 rev. ii 7, iv 8)."”
An Early Dynastic I1la/Fara period incantation from Fara/Suruppag seemingly refers to
the “water of the dike/ditch which fills the dike/ditch” (SF 54 = BFE 6 rev. iii 1-3 a-sur;
sur; e-se;-gen, a-eg, <eg,> e-se;-gen,).'s

To sum up, administrative texts from the late 4th to mid-3rd millennium hardly
provide evidence for hydraulic installations. This agrees with late 4th to early 3rd mil-
lennium settlement patterns that are based on survey data and said to indicate that larger

irrigation networks did not exist prior to ca. 2700, as recently pointed out by Nissen."”

(6]

However, it is probable that earlier cuneiform references to irrigation networks are
masked behind the ambiguity of early cuneiform writing. It is known that the ba-
sic Sumerian term for both “river” and “major canal” (see below [13]) appears in its
standard-orthographic writing i,/id,, a combination of the signs A plus ENGUR, as late as
the Early Dynastic ITIb period in royal inscriptions of Eanatum of Lagas around 2450 BC.

Englund and Grégoire 1991, 1-2; Englund 1998, 16 On the date of the texts from Fara/Suruppag, see
204 n. 457, 206—208 fig. 83. Sallaberger and Schrakamp 2015b.

Monaco 2014, 280. 17 Sjoberg 1998, 81; Steible and Yildiz 2015, 4, 49.
Pemberton, Postgate, and Smyth 1988, 213. 18 Krebernik 1984, 36-47, 382-383 (copy); Keetman
Steinkeller 1988, 73. 2015, 90.

Burrows 1935, 12. Whether Ku or DUR, is an early 19 Adams and Nissen 1972, 38; Nissen 2015.

defective writing for duruny(ku.ku) remains unclear.
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Earlier sources simply write A, which basically means “water”. This interchange is ob-
served most clearly in two royal inscriptions of Eanatum of Lagas, which refer to the
digging of a “new canal” (FAOS s/1 Ean. 2 = RIM E1.9.3.5 v 16-17 iy/id;(a) gibil mu-
na-dun // FAOS s/1 Ean. 3—4 = RIM E1.9.3.6 vi 8-9 i,/id,(A.ENGUR) gibil mu-na-dun,
see below [13]). Most scholars regard this interchange as a purely graphic phenomenon
and consequently adopt the reading i,/id; for the simplex a.?° The same interchange
is attested in the writing of the “inlet” of the “canal of the steppe” (ka iy/i, eden) in
Early Dynastic IIIb/Presargonic administrative texts from Umma/Zabala, which is often
written with the older simplex iy/id; (CUSAS 14, 123 obv. i 2; CUSAS 14, 237 obv. ii
3; CUSAS 33, 24 obv. i 2; CUSAS 33, 60 obv. i 2; CUSAS 33, 266 obv. i 1, etc.), but
occasionally also with the later compund sign i, (CUSAS 14, 56 obv. i 2, cf. CUSAS 33,
284 rev. ii 3).2! An ED IIla/Fara period list of waterways from Fara/Suruppag, on the
contrary, still employs the simplex a or i/id; instead of A.ENGUR or i,/id, and seems to
corroborate the above interpretation (SF 72). The simplex a is already attested in the
earliest copy of this list of waterways from the late 4th or early 3rd millennium (ATU 3
pl. 91 W 20266,81, cf. ATU 3 pl. 79 W 20266,80).

In this connection, a late 4th or early 3rd millennium lexical list cited as Tribute or
Word List C, a list of words arranged according to their meaning that was copied for ed-
ucational purposes and is also known from the ED Illa/Fara period (ca. 2575-2475 BC),
merits discussion.”? Unlike other archaic lists that cover only a single semantic field,
Word List C is divided into seven subsections that cover various semantic fields, which
correspond to the most important branches of archaic economy and their administrative
bureaus, respectively.** The last subsection deals with agriculture and mentions terms
for agricultural work and ploughing teams, refers to the spring flood and includes el-
ements of the irrigation network.”> While the late 4th or early 3rd millennium copies
simply write a, the corresponding entries of ED Illa/Fara period copies instead have pa;,
which denotes “secondary canals’ and eg,, which denotes a “dike” and is considered also
to designate a “ditch” by some scholars (see below [17], [18]). The significance of this
important observation remains yet to be discussed. But it is probable that the several
hundred attestations of A in late 4th and early 3rd millennium texts also include refer-

ences to watercourses. It is also obvious that the more differentiated and less ambiguous

Behrens and Steible 1983, 3, 166-167 (with refer- established by Marchesi 2015, 150 n. 119.

ences); Bauer 1985, 2—3; Bauer 1998, 431; Krebernik 22 Krebernik 1998, 280 n. 490; 283 n. 525; 316 n. 761;
1998, 283 n. 525; Krebernik 2007, 41; Civil 2013, Krebernik 2007, 41 n. 10.

45 n. 84; Nissen 2015, 93. — Occasionally, the inter- 23 Veldhuis 2006; Civil 2010, 215-228; Civil 2013;
change of A.ENGUR and a is observed in personal Veldhuis 2014, 79-81.

names mentioned in administrative texts from Lagas 24 Veldhuis 2006, 190-195; Civil 2013, 19-22.

from the reign of Urukagina, see Foxvog 2011, 95, 25 Veldhuis 2006, 192-193; Civil 2013, 42—46; Veldhuis
though these may be scribal errors. 2014, 81.

The correct reading of the CUSAS 14 references was
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irrigation terminology of Word List C — a or iy/id; “river” or “major canal’} pa; “secondary
canal’, and eg, “dike” or “ditch” (see below [13], [17]-[18]) — was a recent development
of the ED Illa/Fara period (ca. 2575-2475 BC).

[7]

Based on the interchange of A or iy/id; and A.ENGUR or i,/id, in ED IlIb/Presargonic texts
from Lagas referred to above, a similar conclusion has been put forward most recently by
Nissen.? Instead of a purely orthographic phenomenon, Nissen assumed that “technical
terms only become necessary when the object described becomes important enough to
be addressed unambiguously’, and concluded that “only from late Early Dynastic times
on [...] had canals and irrigation systems reached a level of complexity which needed
an administration and professional terminology of its own”. In addition, he pointed out
that the office of the gu,-gal, which is thought to have been related to the administration
of irrigation systems and translated in German as “Deichgraf”, makes its appearance as
late as the ED Illa/Fara period (ca. 2575-2475 BC) in a lexical list of professions known
as ED Lu, D from Fara/Suruppag (SF 48 obv. iv 4). It should be added that the title
gu,-gal appears for the first time as an element of personal names from Suruppag, such
as lugal-gu,-gal “the king is a gu,-gal’, eres-gu,-gal “the queen is a gu,-gal” These clearly
refer to the king’s role as a provider of the irrigation network (e.g. TSS 11 5=WVDOG
143, 25 obv. i 8; WF 5 = WVDOG 143, 13 rev. ii 8; WF 35 obv. v 5).% Finally, Nissen
empbhasizes that both official inscriptions of ancient Near Eastern rulers that refer to the
construction of canals and larger groups of administrative texts dealing with irrigation
are attested as late as the the ED IIIb/Presargonic period, i.e. ca. 2475—2300 BC, though
this might well be due to archival contexts and accidents of discovery.

(8]

The aforementioned ED IIIb/Presargonic texts provide the earliest cuneiform evidence
for fully-developed irrigation networks and stem from the Sumerian city-state of Lagas,
which was situated in modern Southeast Iraq. Lagas covered an area of approximately
3000 km* and was one of the most powerful ED IIIb/Presargonic city- or petty-states of
Sumer.”® It included the four major cities of Girsu, Lagas, Nigen, and Guabba at the
ancient coast of the Gulf, which were situated along a branch of the Tigris.29

Nissen 2015, 93-94. 29 This waterway was previously considered to be an
Cf. Andersson 2012, 178 n. 1063. eastern branch of the Euphrates, but identified as
On the history of ED IIIb/Presargonic Lagas, the Tigris, see most recently Heimpel 1990, 204~
see Cooper 1983; Bauer 1998; Sallaberger and 213; Steinkeller 2001.

Schrakamp 2015b; Schrakamp 2015b.
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[9]

The ED IlIb/Presargonic cuneiform sources from Lagas are twofold. First, they include
a corpus of ca. 190 so-called royal inscriptions dating from the reigns of Urnanse to
Urukagina (i.e., eri-enim-ge-na),* i.e. ca. 2475-2315 BC. These sources report the ac-
complishments of the rulers of Lagas, such as military campaigns, temple buildings, and
the construction and enlargement of the irrigation network, and thus provide the his-
torical, political, ideological, and geographical background.>! They are complemented
by ca. 1800 administrative texts.>> These are dated, with a few exceptions, to the reigns
of the last three rulers of Lagas (Enentarzi, Lugalanda and Urukagina), i.e. ca. 2337—
2315 BC, and derive from the household of the wife of the ruler, which was called the
“woman’s quarter” (e,-mi,) under Enentarzi and Lugalanda and referred to as the “tem-
ple of (the goddess) Babu” (e, Yba-bu,,) during the reign of Urukagina.** This institu-
tion was supervised by the queen, was surpassed in size only by the temple of Ningirsu,
Laga3’s tutelary deity, and is currently regarded as a paradigm for ED IlIb/Presargonic
Sumerian temple households. It possessed at least 9000 hectares of arable land, orchards,
forests, cane-brakes, cattle, and livestock, and employed ca. 1200 people in agriculture,
animal husbandry, fishery, and crafts. It provided for them through allotments of subsis-
tence fields and allocations of barley, emmer, flour, oil and vegetables, as well as textiles
and wool. The institution was largely self-sustaining, and its resources were regarded as
the property of the gods. Above all, the temples were subservient to the palace, which
interfered in the temple economies, was the center of royal power, and administered
by the ruler (ensi,), who acted as the earthly steward of the gods. This characterization
likewise applies to other temple archives, such as the contemporary temple of Inanna of
Zabala - a cultic center in the area of Laga3’s northwestern neighbour Umma, from the
time of Lugalzagesi — and slightly older administrative records from other households
within the state of Umma.** The 3rd-millennium temples can therefore be described as
redistributive households that managed subsistence agriculture and provided for a large
part of the population.

On the reading eri-enim-ge-na, see Schrakamp 59 n. 2; Schrakamp 2013, 447; Schrakamp 2015b,
2015b, 304-310. 303-304 n. I.

See the editions in Steible 1982; Cooper 1986; 33 Schrakamp 2013; Schrakamp 2015b, 337-342. On
Frayne 2008 and the glossary in Behrens and Steible the reading e,-mi,, see Schrakamp 2015b, 334-335
1983. n. 248, on the reading dba-buy;, see Rubio 2010, 35—
For a list and a general description of these sources, 39 and Keetman 2014, 458.

see Selz 1995, 9-11; Beld 2002, 5-35; Foxvog 2011, 34 Schrakamp 2013, 452-454.
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[10]

About 20 royal inscriptions dating from the reigns of Urnanse to Urukagina (ca. 2475—
2315 BC) refer to royal irrigation projects, i.e. the digging, maintenance, and adjustment
of canals and the construction and restoration of regulators.>* The inclusion of these wa-
terworks among the outstanding royal accomplishments underlines the importance of
the irrigation network and demonstrates that its maintenance was both a royal obliga-
tion and prerogative, which contributed to the ruler’s prestige. In addition, these inscrip-
tions refer to the earliestdocumented “interstate water war’, a long-lasting border con-
flict between the state of Lagas and its northwestern neighbor Umma, which was fought
for the possession of the Guedena, a very fertile, irrigated area of land in the border re-
gion of both states.* In this context, the ED IlIb/Presargonic royal inscriptions include
the earliest attestations to “hydraulic warfare’, i.e. the strategic destruction of hydraulic
installations and diversion of water, which was practiced in the Southern Mesopotamian
alluvium in times of political fragmentation. Since Southern Mesopotamian society and
economy depended on artificial irrigation, this form of warfare often had fatal results.’”

Fifty-seven administrative texts from the temple of Babu, corresponding to 3% of the
whole archive, deal with the administration, organisation and maintenance of the irriga-
tion network and, thus, constitute a sizable dossier.® These texts testify to the organisa-
tion of irrigation works by the chief administrator (Nu-banda,) of the temple household
and document inspections of the irrigation network (gid,, literally “to measure”) or
parts thereof, such as canals, dikes, and distributors, assignments (du;) of work quotas
to temple dependents, their acceptance (dabs) and their completion (ak).*” Thus, the
administrative texts do not only convey data on the technical aspects of water manage-
ment, such as the construction of different types of waterworks. As they stem from the
archive of a well-documented institutional household, they also offer detailed data on
social aspects of Southern Mesopotamian water management, such as the organisation
of irrigation works, the social status of workers employed, the system of irrigation work
obligations, and the like.

Laurito and Pers 2002. against the city of Larsa. On hydraulic warfare dur-
Cooper 1983; Steiner 1986; Sallaberger and ing the Old Babylonian period, see Renger 1970,
Schrakamp 2015b; Schrakamp 2015b. 75-76; Renger 1990, 36; Frayne 1989; Charpin 2002.
The fatal results of hydraulic warfare are well doc- 38 For a list of texts, see Maeda 1984; Steinkeller 1999,
umented for the Early Old Babylonian period. In 540-541; Beld 2002, 25-26 n. 86. To these, DP 568
18891877 BC, Abisare and Sumuel of Larsa suc- and MVN 3, 11 = AWAS 60 should be added. Some
cessfully diverted a branch of the Euphrates, which comteporary work assignments from the temple of
previously had supplied the rivalling city of Isin and Inanna at Zabala might likewise refer to irrigation
won the long-standing conflict between both cities. work, see Schrakamp 2013, 452 with n. 41.

Later, Sinmuballit of Babylon (1812-1793 BC) 39 Maeda 1984, 33-39.

successfully applied methods of hydraulic warfare
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[11]

In 1984, Maeda published a basic study of ED IIIb/Presargonic irrigation practices which
based on 34 administrative texts. He established their typology, demonstrating that they
refer to surveys of canals, the assignment of work quotas to temple dependents, and the
execution of irrigation work, and thus focused on the administrative aspects of water
management. Aside from this, he devoted some space to a short discussion of the basic
terminology of irrigation networks and some of the ruler’s irrigation projects referred
to in royal inscriptions.*’ These were basically studied in 1988 by Hruska, who focused
on the technical terminology of water management in a broader sense.*' In the same
year, Steinkeller discussed some key terms of mid- to late-3rd millennium irrigation
terminology.** Several aspects of mid- to late-3rd millennium irrigation practices were
discussed, moreover, in 1994 by Civil in his edition of an early-2nd millennium educa-
tional poem — usually referred to as Georgica Sumerica or The Farmer’s Instructions — that
includes valuable data on irrigation.* These publications are complemented by several
other contributions that focus, however, on late 3rd millennium irrigation terminology
and practice,* and deal with the system of corvée obligations,* the hydrology of the
Southern Mesopotamian alluvium,* and even hydraulic warfare.*” Though it has been
emphasized that these texts are “of prime importance for the reconstruction of irriga-
tion techniques in southern Babylonia in Early Dynastic times’}* they have not yet been
fully edited nor come under systematic study. The ongoing Topoi research project will,
therefore, fill in this research gap. The present paper summarizes the most important

results available. An edition of the administrative texts is in preparation.*’

[12]

Though the ED IIIb/Presargonic texts from Lagas provide the earliest written evidence
for full-fledged irrigation networks and the corresponding terminology, the meaning of
the Sumerian terms designating the different elements of the irrigation network is often

controversial, especially when their interpretation is based on 2nd and 1st-millennium

Maeda 1984. 2011; Lecompte 20125 Rost 2015; Steinkeller 2015.
Hruska 1988. 45 Maekawa 1987.

Steinkeller 1988. 46 Carroué 1986; Steinkeller 2001; Rost 201713

Civil 1994, 109-140. Studevent-Hickman 2011.

Sauren 1966; Salonen 1968; Bauer 1971; Bauer 47 Ceccarelli 2015; Keetman 2015.

1973; Kang 1973; Mackawa 1987; Lafont 1980; 48 Steinkeller 1999. 540—-541; cf. Steinkeller 1988, 73.
Hunt 1988; Pemberton, Postgate, and Smyth 1988; 49 Note that the administrative texts published in
Waetzoldt 1990; Sallaberger 1991; Bauer 1992; Marzahn 1991 and Marzahn 1996 are transliterated
Steinkeller 1999; Dight 1998; Dight 2002; Laurito in the unpublished works of Marzahn 1989 and Selz
and Pers 2002; Rost 2011; Rost and Abdulamir 1996.
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bilingual lexical sources or etymology.>® However, the way these terms are distributed
in royal inscriptions, on the one hand, and administrative texts from the temple of the
goddess Babu, on the other, perfectly reflects the position of the different elements of an
irrigation network and, thus, assures their proper identification: While the construction
of primary canals and regulators is almost exclusively attested in royal inscriptions (see
below [13]-[16]), the administrative texts mostly refer to the construction and mainte-
nance of distributors, canals, and dikes that were situated along the fields of the temple
of Babu (see below [17]-[22]).5! This, in turn, indicates that royal inscriptions and ad-
ministrative texts from the temple of Babu refer to different levels of responsibility and
accountability in the construction and maintenance of the irrigation network, as illus-
trated in the following discussion (see below [23]-[26]). In order to avoid terminological
ambiguity, the different components of the irrigation network will be addressed using

the technical terminology outlined above (see above [4]).

[13]

The Sumerian term for “(primary) canal” is i,, which basically means “river’}’* and refers

to the largest category of canals. This terminological ambiguity is considered to result
from the low gradient of the alluvium, due to which both rivers and primary canals run
from the north to the south, with a tendency toward straightness.’® Such a direction is
attested, for example, for the Lummagendu canal, whose direction of flow is indicated on
a cuneiform map from the Sargonic period (2300-2181 BC) (RTC 159),>* and the “canal
which goes to Nigen” (i, nigens*"(-se;)-du), which was the most important waterway
of the state of Lagas, connected the main cities of the state of Lagas on an axis from
the northwest to southeast and had a length of almost so km, thus demonstrating that
primary canals reached considerable lengths (see below [14]). Unlike other categories of
waterways, almost all canals designated as i, bore proper names, with the single excep-
tion of the “canal of the Urindua field” (i, aSa; urin-du,-a), whose name derives from a
field.> However, there are indications that i, is sporadically used as a generic term for all
kinds of waterways, such as an administrative text summarizing i, waterways under the
rubric pag “secondary canal” (DP 648, see below [19]), and a scribal exercise probably
dating from Eanatum or Enanatum I that combines the names of canals, deities, fishes,
and snakes associated with specific cities (BiMes. 3, 26).%

50 This approach was followed e.g. by Salonen 1968. 311; Nissen 2015, 93-94.
51 Cf. the methodological remarks in Sallaberger 1996, 53 Wilkinson 2012, 36.

39—41. 54 Edzard, Farber, and Sollberger 1977, 220; Rollig
52 Sauren 1966, 35-40; Stol 1976-1980, 356; Maeda 1980-1983, 464.

1984, 39, 42—44; Hruska 1988, 61; Steinkeller 1988, 55 Maeda 1984, 42.

84-85; Hruska 1995, 54, 56; Laurito and Pers 2002, 56 See the edition in Biggs 1973 and Bauer 1978.
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Primary canals are mentioned both in royal inscriptions and administrative texts,
but their construction is, notably, almost only referred to in royal inscriptions. The most
numerous attestations are found in inscriptions of Urnanse, who united the cities of
Girsu, Lagas, Nigen, and Guabba into a single state.’’ Six inscriptions mention royal
irrigation projects and report the “digging” (dun) of seven or eight distinct waterways
(FAOS 5/1 Urn.24=RIME1.9.1.171i 3—7; Urn. 26 =E.1.9.1.9 iii 7-v 4; Urn. 27 =E1.9.1.12
iii 2-4; Urn. 34 = E1.9.1.20 v 3-5; Urn. 51 = E1.9.1.6b v 10-vi 2).%® Though only two of
them, the iy a-suhur and the iy Lak175,” are explicitly referred to as “primary canals” (iy),
this classification most likely also applies to the remaining waterways: The nin-Lak175-
ba-pu is thought to be the same as the iy Lak175 and perhaps in some ways identical
to the “canal which goes to Nigen” (see below [14]).®> The sumur-du,-gen,-du canal
appears as a “primary canal” (i, sumur-du,-gen,, i, sumur-du,-du) in later administra-
tive texts (DP 480 obv. ii 1; DP 637 rev. iv 1, see below),®' and den-lilx(E;_)-pa3-da-U§-gal is
considered to be an earlier spelling for Clen-lilx(}52)-163-p::13-da (VS 14,72 =AWL 5 obv. ii 4)
and i, den-lil,(E,)-le-pa, (VS 27, 23 obv. iii 4) in later archival sources.®® The pa;-saman,
is, to judge from its name, which includes the element pas, a “secondary canal” (see be-
low [7]), but as it is certainly the same as the pas-dsamana—KAs 4.DU, which is referred to as
“primary canal” (i,) in a scribal exercise (BiMes. 3, 26 obw. ii 6) and inscriptions of Uruk-
agina, it is most probably a primary canal as well.®* The dnin-girl-su-p;13-da(-)IL.MA.NI (?)
and the eg,-ter-sig are otherwise unattested.* As these waterways were likewise “dug”
(dun), at least the former might be a primary canal as well. The latter, in contrast, is
nominally referred to as “dike”, “embankment’, or possibly “ditch” (eg,, see below [18])
and would, therefore, designate a smaller waterway. The fact that this waterway bore a
proper name points to it being a larger canal. After Urnanse, the digging (dun) of pri-
mary canals is only attested in inscriptions of Urnanse’s grandson Eanatum, who dug
(dun) a “new primary canal” (iy/i, gibil) by the name of “cummagendu canal” (i, Lum-
ma-gen,-du,,) (FAOS s/1 Ean. 2 = RIM E1.9.3.5 v 15-19, vii 3-6; Ean. 3 = E1.9.3.6 vi
6-9; Ean. 67 = E1.9.3.14 ii 2'~3').®° Later royal inscriptions, on the contrary, do not
refer unambiguously to the “digging” (dun) of new primary canals. As all hydraulic
installations created by Eanatum had names including the element Lumma, such as the

LuMmmagendu canal and its respective “regulator” (§es-kese, -ra, i, Lum-ma-gen,-du,,, see

Selz 1995, 295, 298; Schrakamp 2015b, 345-346. 62 Edzard, Farber, and Sollberger 1977, 212; Selz 1995,
Behrens and Steible 1983, 423-424; Laurito and Pers 130.

2002, 276. 63 Edzard, Farber, and Sollberger 1977, 229; Selz 1995,
On the reading dnin—iagax, see Cavigneaux and Kre- 234; Bauer 1998, 478.

bernik 1998-2001; Frayne 2008, 9. 64 Edzard, Farber, and Sollberger 1977, 223, 230; Selz
Edzard, Farber, and Sollberger 1977, 223, 227; Selz 1995, 221, 257.

1995, 184-187, 209, 269. 65 Behrens and Steible 1983, 423-424; Bauer 1998, 464;
Edzard, Farber, and Sollberger 1977, 228. Laurito and Pers 2002, 276.
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below [15]), and Lumma is conventionally considered to be Eanatum’s second name,® it
isassumed that the Lummagirnunta (i, LuM-ma-gir,-nun-ta) and the Sedarumma canal (i,
se-da-Lum-ma) were dug by this ruler as well.*” Except for the constructions of regulators
(ges-kese,-ra, ), which are reported by Eanatum, Enanatum I, Enmetena, and Urukagina,
which will be discussed later in this paper (see below [15]), only six inscriptions of Uruk-
agina refer to royal irrigation projects executed on the three primary canals (FAOS s/t
Ukg. 1= RIM E1.9.9.2 iii 4’7, 12'-15"; Ukg. 4/5 = E1.9.9.1 ii 7-13/ii 9~15, xii 29—-45/xii
s—21; Ukg. 6 = E1.9.9.3 v 5-7; Ukg. 8 = E1.9.9.10 iii 3'~6'; Ukg. 14 = E1.9.9.4 1 1-2).%®
Urukagina does not report the “digging” (dun), but rather the “hoeing” (al - du;) of the
Pasamankas,.pu canal (i, pas-dsamanj-KAs4.DU), the “little canal” (i, tur) that Urukag-
ina renamed to Ningirsunibrutanirgal (i, dnin—fgin;su-nibruki-ta-nir-gal2 ), and the “canal
which goes to Nigen” (i, nigenéki-du). As all of these canals are already mentioned prior
to Urukagina’s reign,69 the “hoeing” (al — du,) is interpreted as a designation for mainte-
nance work, probably due to erosion and deposition of silt, in contrast to the “digging”
(dun) of new waterways.”°

Seventeen of fifty-seven administrative texts dealing with irrigation, corresponding
to 30% of the whole dossier, mention “primary canals” (i,), providing 26 attestations in
total (DP 628 obv.i 1, rev.i2; DP 637 rev. iv 1; DP 640 obv. i 2; DP 641 rev. iv 1; DP 642 rev.
12;DP 644 rev.iii 1; DP 646 rev.i2, 3,1i 4; DP 647 obv.12; DP 648 obv.i 1,2; DP 658 rev. ii
1;DP 659rev.i 3, 1i 1; Nik. 1, 8 = AWEL 8 rev. ii 3; TSA 23 rev. v 2; VS 14, 130 = AWL 2 obv.
i1;VS25,970bv.15,1i3,iv3; VS 27,23 obv. 1 3, iii 43 VS 27, 36 obv. i 1, <i,> den-lil, (E,)-
le-pa; (?); VS 27, 36 rev. iv 1). These refer to nine different primary canals, including the
“canal which goes to Nigen” (i, nigen¢¥-du), the Imah canal (i, mah), the Lummagendu
canal (i, Lum-ma-gen,-du,,), the Ningirsunibrutanirgal canal (i, 4nin-gir,-su-nibru®-ta-
nir-al, ), and the Sumurdu(gen) canal (i, sumur-du,, i, sumur-du,-gen), all of which are
mentioned in royal inscriptions. The “canal of the Urindua field” (i, asa; urin-du;-a), the
Enlilepa canal (i, den-lilx(Ez)-le-pa3), the EnlileSumugi canal (i, den-lilx(E,_)-§u-mu-gi4),
the Nemur(gen) canal (i, nemur(-gen,)), and the Sedarumma canal (i, Se-da-Lum-ma)
only appear in archival records. However, seven texts mention primary canals merely as
a point of reference for the location of dike work, in notations such as “this is the dike
which runs from the Imah (canal) to the erected emblem of the goddess Nanse” (eg,
i,-mabh-ta uri;-duj-a “‘na?@e—ée3 gal,-la-amg, VS 25, 97 obv. i 5-ii 1), or “from the duruny
of the Imah canal 120 m, it is (a stretch of) dike not to be done” (duruny i,-mah-ta 20

Marchesi 2006, 20-26. 1998, 439, assume that this canal was constructed
Maeda 1984, 44. by Urukagina, but overlook the earliest reference in
Behrens and Steible 1983, 423-424; Laurito and Pers the scribal exercise BiMes. 3, 26 obv. i 1, tentatively
2002, 277. dated to Eanatum or Enanatum L.

Carroué 1986, 14; Selz 1995, 47 n. 214; Schrakamp 70 Hruska 1988, 65; Selz 1995, 47 n. 214; Attinger
2015b, 335-336 n. 258. Maeda 1984, 43, and Bauer 2005, 269.
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NIG,.DU eg, nu-ke;-dam, VS 14, 130 = AWL 2 obv. i 1; cf. DP 641 rev. iv 1-2; VS 25,
97 obv. iv 2-3; VS 27, 23 obv. i 3—ii 2; VS 27, 23 obw. iii 4-rev. i 2; VS 27, 23 rev. i §—
6).”! Others do not refer to the primary canals proper, but to their vy, a term which is
considered to denote their ancient course, spoilbanks, or the like (see below [22)), as is
attested for the Imah canal (u; "i,-mah, DP 568 obwv. ii 1; U; i,-mah-ta §a, aSa,-ga-Se;, DP
646 rev. ii 4-5; U; i,'(ENGUR-mah-kam, DP 658 rev. ii 1). As the u; of the Imah canal is
variably also referred to as the u; of Daterabbar by one and the same work assignment,
it is even uncertain whether the Imah canal proper is meant here at all (cf. DP 647 obv. i
1-2 3 lu, o.2.0 ki§,-be, 2 eSe, 5 ge kig, du,-a u, i,-mah versus DP 647 rev. v 1 Su-nigen,
3,10 N16,.pU 1c ge kus; 3¢ kig; dus-a u, ter-abbar’i-ka; VS 27, 36 rev. iv 1-2 U, i,-mah
da-ter-abbar* kig, du;-a Yba-bu,,).”?

However, only nine texts, corresponding to 11.5%, testify to work on primary canals.
Notably, the digging (dun) of new canals is never mentioned. Instead, the administra-
tive texts testify to maintenance and repair and refer to the “hoeing” (al - du;, see above)
and “cleaning” of primary canals (§u-luh — ak),” or their respective beds (Sa, i7).74 Some
of them are related to a royal irrigation project of Urukagina. An assignment of work to
temple dependents from Urukagina’s 2nd year records the hoeing of the “Ningirsuni-
brutanirgal canal” on a stretch of §40 m, more precisely at its “outlet” (kug, ) at the Ubur
field ([gu,-an]-$e; [1,30] N1G,.DU [Su-du, J-a 2¢ Su-si 5c [kil§, duj-a i, al du, [dn]in-girz-
su-[ni]bruki-[ta-nir]-gall, TSA 23 rev. v 1-2).7° Notably, this assignment was not made
by the “captain” of the temple, as usual, but by the king himself ([eri]-enim-ge-na [lu]gal
lagaSX(NUII.BUR)la'ki-kC4 kug, asa; ubur,-ra-ka en-ig-gal Nu-banda, mu-na-du; 1., TSA 23
rev. v 3-vi 1, see below [23]-[26]). The historical background is known from Urukag-
ina’s royal inscriptions. These report the hoeing of the “canal which goes to Nigen’, the
construction of its respective regulator (ges-kese,-ra, ), its renaming to “Canal ‘Ningirsu
(i, 4

sequent junction with the “little canal which Girsu had” (i, tur girz-suki i;-tuku-a), on

35

has authority from (the city of) Nippur nin-girz-su-nibruki-ta-nir-galz), and its sub-

the occasion of Urukagina’s coronation as king in his 2nd regnal year (see below [14]).7¢

Cf. Hruska 1991, 209.

Maeda 1984, 47.

Salonen 1968, 427; Steinkeller 1988, 75; Civil 1994,
115, 179; Hruska 1995, 57; Attinger 2005, 254.
Veldhuis 2006, 193; Civil 2013, 44—45.

Englund 1988, 177-178 n. 38, assumes that the
length measurements do not refer to the horizon-
tal extent of stretches of dike, but to the volume of
earthwork moved and, thus, represent an earlier

precursor of the Ur III period system of volume no-

tations. However, this seems excluded: the survey
texts DP 654 and VS 25, 97, describe stretches of

dike not only in terms of their length, but also of
their width (dagal-be,) and height (sukud-be, ). In
addition, VS 25, 100, records several work quotas in
dike work in terms of their length and records some
work quotas that were executed on the two banks
(gu, 2c-be, ke;-dam) of the dike. The fact that the
individual work quotas are congruent with the sum-
mary in the subscript of the texts demonstrates that
not volumes, but length measurements are recorded
(see below [18]).

76 Schrakamp 2015b, 335-336.
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Another text, datable to Urukagina’s 1st or 2nd regnal year, records an assignment in
canal work, undertaken on a 80.5 m stretch of the Sedacumma canal, which is otherwise
unattested (Su-nigen 1,20 ¥4 lu, kig,-be, 1 eSe, 7c ge kus; 1c kig, i, du,-a Se-da-Lum-ma,
Nik. 1, 8 = AWEL 8 rev. ii 1-3). As this work assignment provides the only other ref
erence to the Ubur field (asa; ubur,-ra gal,-la-amg, Nik. 1, 8 = AWEL 8 rev. ii 3),”” and
mentions the same gangs of corvée workers (cf. the names in TSA 23 obv. i 1-v 4 and
Nik. 1, 8 = AWEL 8 obv. i 1-rev. i 1),”® it is obviously related to Urukagina’s irrigation
project as well. Thus Sedarumma has been considered to be the former name of the
“little canal which the city of Girsu had” before it was renamed and connected to the
“canal which goes to Nigen””? The type of work undertaken at the Sedarumma canal is
not specified, but the corresponding gangs of corvée troops and their comparably low
work loads lead to the assumption that hoeing is referred to (compare, e.g., TSA 23 obv.
i1-4 13 lu, lu, 1-Se; kig, kus, 4¢ Su-dus-a 2¢ Su-si 4c-ta i;-5i-ti, kig,-be, [V2] eSe, kus; 2c
Su-duj-a 2¢ [u]r—d'§e3§er7-da; Nik. 1, 8 = AWEL 8 obv. i 1-4 13 12 lu, lu, 1-8e; kig, kus,
2c-ta kig,-be, 4c ge kus; 1c ur*33er.-da). Two texts from Urukagina’s 4th year confirm
this assumption. While the first records the acceptance of an assignment in canal work
at the EnlileSumugi canal with work quotas as low as 1 m per capita, adding up to 27
m in total (kig, duj-ai, CIen-lilx(laz)-le-§u!-mu-gi4-kam en-ig-gal Nu-banda, lu, igi-nigen,
deli-deli-e-ne e-dab; 3., DP 644 rev. iii 1-5), the other records an expenditure of “hoe
blades” (gag al) at the otherwise unattested EnlileSumugi canal (Su-nigen, 1,02 gagal i,
den-lilx(Ez)-le-§u-mu-gi4-a en-ig-gal Nu-banda, e-ne-ba 3., DP 572 rev. i 1-ii 2).8% More-
over, a survey denoting “work” (kig,) on a 880 m stretch of the “canal which goes to
Nigen” could likewise be related to Urukagina’s irrigation project (2,20 ¥ eSe, 4¢ ge
kig, i, nigenéki—du gal,-la-amg asa; kug, dug-sir,-ra-ka-kam en-ig-gal Nu-banda, mu-gid,
2., DP 640 obv. i 2—ii 2). However, as its date formula only refers to the 2nd regnal year,
but omits the ruler’s name, this remains uncertain.?! Finally, an administrative text from
Urukagina’s early reign records the “acceptance” (dabs) of work quotas in hoeing the
rummagendu canal that add up to 30 m and were assigned to the “corvée troops” (sury)
of the temple of Babu by its chief administrator (Nu-banda;) (Su-nigen, ¥z ese, kus; 2c
kig, bala-amg sury-re, e-dab; i, al-du; kig, u,-rum dba-bu,, i, Lum-ma-gen,-du,,, DP 659
rev. i 1-ii 1).%* The same irrigation project is probably referred to in an assignment of
work on the Lummagendu canal from the year of Urukagina’s accession (Su-nigen, sc ge

A . . . . la.ki
kig, du;-a i, Lum-ma-gen,-du,, eri-enim-ge-na ensi, lagas,(Nu;,.BUR)*"-ke, mu-du, 1.,

LaPlaca and Powell 1990, 92. 80 Maeda 1984, 43; Selz 1995, 131.

Cf. Maeda 1984, 43-44, 50-51; Maekawa 1987, 53— 81 Maeda 1984, 37.

59. 82 Maeda 1984, 50 n. 5, presents prosopographi-
Maeda 1984, 43—44; Carroué 1986, 19, with cal arguments for the dating to the early reign of
reservations. Urukagina.
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DP 628 rev. i 1-ii 1). As the per capita work load can be estimated at ca. 0.5 m, clearly the
canal hoeing is referred to (e.g. DP 628 obw. i 1-4 kus, 1c kig, du,-a i, Lum-ma-gen,-du,,
ge-num, kus; 1clu, a kum,).%? The hoeing is most probably also attested for “canals” (i,)
at the Urindua field (DP 648 obv. i 1-3), but these are subsumed as “secondary canals”
(DP 648 obv. i 3, ii 2) and will be discussed later (see below [17]).

As the “hoeing” of primary canals was important enough to deserve mention in
royal inscriptions, it comes as no surprise that administrative texts likewise refer to the
hoeing of canals as a means of dating. Two administrative texts from the first year of an
unnamed ruler bear an unusual date formula that refers to “the month (of the) issue of
the inlet of the primary canal” (iti ni8, ka i,-ka-kam, DP 165 rev. ii 4; iti nig, ka i,-ka-ka,
STH 1, 45 = AWAS 44 obwv. ii 4). As one of them mentions the “hoeing” of a primary canal
by the ruler (ensi, i, al "du;*-da mu-til,;-la-a, DP 165 obv. ii 2—4), it is tempting to correlate
these texts with the construction of the “inlet” (ka) reported in Urukagina’s inscriptions
(FAOS 5/1 Ukg. 4/5 = RIM E1.9.9.1 ii 7-13/ii 9-15, Xii 29—45/xii 5-21), but a dating to
Urukagina is not assured (see below [14]).34 In addition, a delivery of timber includes
the notion that the chief administrator of the temple “cleared it out when he blew the
Sumurdu canal with the hoe” (en-ig-gal Nu-bandaj i, sumur-du,-ra, al i;-mi-du,-a-anai,-
mi-deg, DP 480 obv. i 3-ii 3),% thus, reflecting his role in organizing the irrigation work
performed by the dependents of the temple (see below [24]-[25]). As it dates from the 1st
year of an unnamed ruler, it is tempting to correlate it with an assignment of work on the
Sumurdu canal that is likewise dated to the 1st year of an unknown ruler, but this texts
refers to the cleaning of the bed of the Sumurdu canal, performed on a length of 120 m
by the “men of the goddess Babu’, i.e. the dependents of the sanctuary (Su-nifen, 20
NIG,.DU kig, duj-a 3a; i, sumur-du,-ka Su-luh Ak lu, dba-bu,,-ke-ne, DP 637 rev. iv 1-v 1).
The last work assignment (kig, du;-a) specifies that the bed of the canal of the Urindua
field had to be cleaned at a length of 366 m (Su-nigen, 1,00N16,.0U 2¢ ge kig, du,-ai, asa;
urin-du;-a 3a, i,-da Su-luh ke;-dam, DP 646 rev. i 1—4), “from the u; of the Imah canal to
the midst of the Urindua field”, thus informing that the Urindua canal crossed the field
itself (uj i,-mah-ta 3a, aSa;-ga-Se;, DP 646 rev. ii 4-5).% To sum up, administrative texts
almost exclusively attest to the maintenance of primary canals, with the exception of
documents directly related to Urukagina’s irrigation projects, undertaken on the “canal
which goes to Nigen” during his early reign. The fact that these irrigation projects were
not only reported in royal inscriptions, but were also occasionally referred to in date

formula, underlines their importance.

Cf. Hruska 1988, 63, with a different interpretation. of the rulers is referred to as e,-mi,, “women’s quar-
Carroué 1986, 20; Selz 1993b, 401; Schrakamp ter’; argues for a dating to Urukagina’s predecessor.
2015b, 348 n. 354, with a discussion of earlier inter- 85 On na - des “to clear out” see Sallaberger 2005.
pretations. The fact that the household of the wife 86 Maeda 1984, 43, 47.
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As mentioned above, 16 administrative texts mention primary canals as points of
reference in surveys or in assignments of work on nearby installation, and, thus, are in-
formative about the location of waterways in relation to other elements of the irrigation
network, important buildings, fields, and orchards. First, these texts demonstrate that
primary canals bordered on fields.

An already mentioned acceptance of work assignments states that the “canal of the
Urindua field” (i, aSa; urin-du;-a) had to be cleaned “to the middle of the field” (3a,
aSa;-ga-Se;, DP 646 rev. ii §) and, thus, demonstrates that this canal crossed the epony-
mous Urindua field, as is also indicated by the name of the canal itself (cf. above [13]).
A survey done by the chief administrator (Nu-banda, ) of the temple of Babu records 140
rods V2 rope 4 reeds or 882 m of “work which is on the canal which goes to Nigen” (2,20
Y3 eSe, 4¢ ge kig, i, nigenéki-du gal,-la-amg, DP 640 obw. i 2—ii 1) and indicates that this
waterway ran along the “field of the Dusira outlet” (asa; kug, dug-sir,-ra, DP 640 obw.
ii 2). References to “outlets” (kug, ) in relation to fields are also found in two of the ad-
ministrative texts concerning Urukagina’s irrigation project on the “canal which goes to
Nigen” cited above (Nik. 1, 8 = AWEL 8; TSA 23).8 Two surveys refer to “dikes which
lie along the Nemur canal” (eg, i, nemur-da nu,-a(-amg), DP 642 rev. i 2; VS 25, 97 obw.
ii 3). This notation most likely denotes the “dikes” or “embankments” that accomo-
dated the primary canal on both sides. A survey mentions a “duruny of the Imah canal”
(duruny i,-mah, VS 14, 130 = AWL 2 obv. 1 1, see below [21]) as a point of reference, thus,
indicating that primary canals included duruny as well. Another survey mentions “the
kab,-tar distributor of the Enlilepa canal” (kab,-tar den—lilx(Ez)-le-pap VS 27,36 0bv.i1)
as a point of reference. This could indicate that the water flow from primary canals to
waterways of lower rank was controlled by means of kab,-tar distributors and could be
confirmed by another survey of “dikes” or “embankments” at the Daterabbar field. It
states that the Enlilepa canal included at least two kab,-tar distributors that were eroded
by the water (4c ge kab,-tar 1c-amg 3¢ kab,-tar 2c-kam-ma-amg <i,> den—lilx(laz)-le-pa3-ta
ae-deg, VS 27, 23 rev. i 3-6), but additional indications, however, are lacking (see below
[20]).

To sum up, “primary canals” are designated as i,. These are mentioned both in royal
inscriptions and administrative texts, but the construction of new primary canals is only
referred to in inscriptions of the rulers of Lagas, whereas administrative texts merely tes-
tify to maintenance work, with the notable exception of a group of records related to
Urukagina’s irrigation project conducted on the “canal which goes to Nigen” In addi-
tion, the construction of new primary canals is almost exclusively reported in inscrip-

tions of Urnanse and his grandson Eanatum. This probably reflects Urnanse’s attempt

87 Maeda 1984, 43; Carroué 1986, 50; LaPlaca and Powell 1990, 98.
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to establish a far-flung irrigation network upon the unification of the four main cities
of Lagas into a single state. This agrees with the evidence from the Ur III period, during
which the excavation of (new) primary canals is almost never reported in the tens of
thousands of administrative texts, but is referred to by Urnamma, after the unification
of Babylonia proper.®

[14]

A well-known primary canal, attested through ED IIIb/Presargonic to Ur III cuneiform
texts, is the “canal which goes to Nigen” ((i,) nigené(ki)-@e}-)du). As mentioned above, it
might in part be the same waterway as the iy LAK17§ and nin-LAK17§-ba-DU canals dug by
Urnanse, but the basic data can be found in inscriptions of Urukagina, which are com-
plemented by a handful of administrative texts.*” Urukagina boasts that he built the
Eninnu, the temple of the god Ningirsu in the city of Girsu, at its “mouth” (ka), and the
Esirara, the temple of the goddess Nanse in the city of Nigen, at its “tail” (kug,), and ex-
tended it to the south as far as the sea. Moreover, Urukagina joined the “canal which goes
to Nigen” with the “little canal which Girsu had”? According to his royal inscriptions,
the project was accomplished when Urukagina received the kingship of Lagas from the
god Ningirsu. On this occasion, the “little canal” was given its new name, “canal ‘the
god Ningirsu has authority from the city of Nippur”} by the king (‘nasse i, nigengX-du
i, ki-ag, (-8a, )-ne, al mu-na-du, (...) 3a; mu-ba-ka i, tur giry_-suki i;-tuku-a dnin-girz-su-
ra al mu-na-du; mu u-be,-ta-be, e-se;-gar (i,) ‘nin-gir,-su nibruki-ta eri-enim-ge-na-ke,
mu mu-na-se,; i, nigeng"-du-a mu-na-ni-la,, FAOS 5/1 Ukg. 4/5 = E1.9.9.1 ii 7-13/ii
9-15, xii 29-40/xii 5-16, cf. Ukg. 1 = RIM Er1.9.9.2 iii 4/~11’, see above [13]).”° Two or
three administrative texts of a corresponding date, discussed above, refer to irrigation
work at this waterway (DP 640; Nik. 1, 8 = AWEL 8; TSA 23, see above [13]). Obvi-
ously, the “mouth” (ka) and “tail” (kug,) designate the “inlet” and the “outlet” of this

Civil 1994, 135; Wilkinson 2012, 38, 42; Rost 2015, ina’s irrigation projects to the first two years of his
134-137, with references; cf. Jacobsen 1960. reign see Schrakamp 2015b, 335-336, 347-350, for
Carroué 1986. For the reading a list of administrative texts pertaining to his irriga-
(i,) nigeng(ki)-(ks-)du and its variants see Bauer tion works see Maeda 1984, 51 and Beld 2002, 2526
1971, 148-151; Carroué 1986, 18; Keetman 2016, n. 86.

9, for Ur 11l administrative texts, which are beyond 90 Carroué 1986, 18, 49 n. 40—43; Schrakamp 2015b,
the scope of the present paper, see also Rost 2011; 347-350.

Studevent-Hickman 2011. On the dating of Urukag-
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primary canal,”’ with the “mouth” being its head gate.”” Thus, running on an axis from
the northwest to the southeast, the “canal which goes to Nigen” connected the cities of
Girsu, Lagas, Nigen and Guabba at the ancient coast and, with an estimated length of
almost 50 km, was the longest canal of the state.”> Carroué assumed that the “mouth”
(ka) of the “canal which goes to Nigen” referred to its head gate, which he consequently
located within the city of Girsu. In support of this conclusion, Carroué referred to later
inscriptions of Gudea of Lagas that locate various buildings and sanctuaries within the
city of Girsu, such as the “lapis lazuli quay of the Kasura” (kar za-gin, ka,-sur-ra) and
the Emah (e,-mah) “at the river/canal” (i,-da). Thus, Carroué supposed the head gate of
the “canal which goes to Nigen” in the area of the thalweg dividing the northern part
between the Tells centraux and the Tells de I’Est. Moreover, Carroué referred to a brick in-
scription which commemorates the construction of the ges-kese,-ra, of the “canal which
goes to Nigen” by Urukagina, which he translated as “digue”. As this was constructed of
durable materials and its respective inscriptions stemmed from Girsu, Carroué provi-
sionally identified this §es-kese,-ra, as the inlet or head gate of the “canal which goes
to Nigen”, which he supposed was located in the thalweg referred to above (see below
[15]).”* Two administrative texts from the first year of an unnamed ruler bear an unusual
date formula, that refers to “the month (of the) issue of the inlet of the primary canal”
(iti nig, ka i -ka-kam, DP 165 rev. ii 4; iti nig, ka i -ka-ka, STH 1, 45 = AWAS 44 obw.
ii 4). As one of them mentions the “hoeing” of a primary canal by the ruler (ensi, i, al
"du,’-da mu-til;-la-a, DP 165 obv. ii 2—4), it is tempting to correlate these texts with the
construction of the “inlet” (ka) reported in Urukagina’s inscriptions, but their dating to
the reign of Urukagina is by no means assured.”®

While ancient levees discernible on modern satellite imagery are thought to rep-
resent the “canal which goes to Nigen” and the abovementioned reconstruction of its
course is generally accepted, the location of its head gate is not.”® Rost considered the
possibility that the canal drew its water directly from the ancient Tigris, which is located
in the immediate vicinity (literally, “the banks”) of the city of Girsu by an inscription of

91 On ka and ku§,, see Sauren 1966, 49—50; Stol 1976~ 93 Carroué 1986, 15 fig. 1523 fig. 2.
1980, 358; Maeda 1984, 39 n. 13, 44; Carroué 1986, 94 Carroué 1986, 16-18.
16, 18; Hruska 1988, 65; Laurito and Pers 2002, 279; 95 Carroué 1986, 20; Selz 1993b, 401; Schrakamp
Rost 2011, 227, 242; Nissen 2015, 93-94. Sauren, 2015b, 348 n. 354. The fact that the household of
Stol and Nissen regard kug, as an earlier spelling the wife of the rulers is referred to in one of these
for kug, zi-da, which is amply attested in Ur III ad- documents as e,-mi,, “women’s quarter’, instead of
ministrative texts, but this interpretation does not e, Yba-bu,,, “temple of Babu’, argues for a dating to
agree with the context of Urukagina’s inscription, Urukagina’s predecessor.
nor with the more recent interpretation of kug, zi- 96 Rost 2011, 226 n. 14, refers to the unpublished dis-
da as “weir” or “barrage” by Steinkeller 1988, 74; sertation of Pournelle 2003, 90-96, which is not
Steinkeller 2001, 35 n. 46; cf. Waetzoldt 1990, 8-9. available to the present author.

92 Carroué 1986, 17-18.
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Enmetena (im-dub-ba 4nin-gir,-su-ka gu, i, idigna-se; gal,-la gu,-gu, &ir,-suk-ka, FAOS
5/1 Ent. 28 = RIM E1.9.5.1 iv 4-7) and is represented by an ancient levee system dis-
cernible on modern satellite imagery.97 This, however, would contradict the inscrip-
tions of Urukagina, which locate the head gate of the canal within the city of Girsu.
A possible solution that harmonizes epigraphic and archaeological evidence has been
proposed by De Maaijer and Rost. They assumed that the “canal which goes to Nigen”
extended all the way to the ancient course of the Tigris, but presuppose that its north-
ern part was referred to as “Girsu canal”’® In this context, it needs to be recalled that
Urukagina connected the “little canal which Girsu had” with the “canal which goes to
Nigen” (see above [14]). Based on remote-sensing data, Rey identified the “canal which
goes to Nigen” with a major northeast-southeast waterway that flowed east of Girsu.
Unlike Carroué and Rost, he suggested that the “little canal (which Girsu had)” was a
“second-tier water-supply feature [which] flowed through part of the city” and proposed
an identification with a large-scale wadi-like gully in the western part of the tell that was

flanked by a linear levee.”” This problem yet remains to be solved.

[15]

As mentioned above, the water level within a primary canal is normally controlled by
means of a regulator at the head gate (see above [4]). In the cuneiform sources from ED
[IIb/Presargonic Lagas, such a regulator would be expected to be mentioned in royal
inscriptions as a part of a “primary canal” (i,). Therefore, the Sumerian term for regu-
lator is most likely ges-keSe,-ra,, which only appears in royal inscriptions of Eanatum,
Enanatum I, Enmetena, and Urukagina (FAOS 5/1 Ean. 2 = RIM E1.9.3.5 vii 10; En. [ 33
=E1.9.4.9 v 8; Ent. 35 = E1.9.5.26 iv 2, vi 2, viii 4; Ukg. 7 = E1.9.9.8 iii 1').

However, the interpretation of ges-kese,-ra, is subject to a long-standing debate.
Jacobsen regarded the so-called ‘construction énigmatique] a huge structure of baked
bricks and bitumen excavated at Tello/Girsu discussed later (see below [16]), as a “weir”
and assumed that the ED IIIb/Presargonic $es-kese,-ra, mentioned by Eanatum and
Enmetena denote comparable hydraulic installations.!® Based mainly on 2nd- to 1st-
millennium lexical texts which mention #rritum, irritum sa i,, mibir i,, and riksum as
its Akkadian equivalents, Sauren and Salonen interpreted ges-keSe,-ra, as a barrage

(“Kanalsperre”) that regulated the water flow at the inlets or outlets of canals.’!

Kup-
per and Sollberger accepted Jacobsen’s proposal, pointing out that the area of the ‘con-

struction énigmatique’ yielded an inscription of Pirigme of Lagas (late 22nd century

Rost 2011, 226-227 n. 14. 99 Rey 2016, 31-35.
De Maaijer 1996, 62-64 fig. 1; Rost 2011, 226-227 100 Jacobsen 1960, 182.
n. 14. 101 Sauren 1966, 51-52; Salonen 1968, 218-219.
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BC) that commemorates the construction of a ges-kese,-ra,, and proposed an identifi-
cation with the ‘construction énigmatique’'®* Bauer reviewed the ED IIIb/Presargonic
attestations from Lagas. He suggested that these inscriptions describe the ges-kese,-ra,
as “great mountains of baked bricks” (kur-gal Seg,, alury) with a varying “storage capac-
ity” (nigin,, ENGUR) of more than 1050 hl, and suggested an interpretation as storage
reservoir (“Staubecken”).!® This was accepted by Maeda, Steinkeller, Civil (“dam”) and
Hruska (“Stauwehr”).1% Cooper, likewise, translated ges-kese,-ra, as “reservoir’, but ar-
gued that the ED IlIb/Presargonic inscriptions from Lagas did not refer to the ges-keSe,-
ra, as “great mountains of baked bricks? but to the number of baked bricks used for their
construction, which added up to 432 ooo (2 3ar,-gal Seg,, alury-ra) and 648 ooo bricks (3
Sar,-gal Seg,, alury-ra), respectively. In addition, he argued that the subsequent capacity
measures did not refer to the “storage capacity” (nigen,, Lacas) of the ges-kese,-ra,, but
to an amount of “bitumen” (esir,, LAGAB X HAL) used to caulk the brickwork, differently
computed at 2592 hl, 2528 hl, and 2649.9 hl.! Carroué independently proposed the
same interpretation for Urukagina’s inscription that commemorated the construction
of the ges-kese,-ra, at the “canal which goes to Nigen” As this ges-keSe,-ra, was con-
structed of durable materials and its respective inscriptions stemmed from Girsu, Car-
roué provisionally identified this $es-kese,-ra, as the inlet or head gate of this waterway
(see above [14]) and interpreted ges-kese,-ra, as dam (“digue”).m Hruska considered
Carroué’s proposal possible, but assumed that the bitumen would be used as mortar
instead of caulking.'”” Postgate and Pemberton, Postgate, and Smyth fully agreed with
Jacobsen’s proposal and pointed out that the use of baked bricks and bitumen docu-
mented by the inscriptions of Eanatum, Enmetena, and Urukagina perfectly agrees with
the ‘construction énigmatiquel Based on a comparison with more recent and modern
regulators from Nahrawan and modern Yemen, they assumed that ancient Near Eastern
specimens operated flexible flood gates of wood, as indicated by the element ges “wood”
in the term itself.'* This interpretation was essentially adopted by Dight, who discussed
further possible textual attestations of regulators, as well as their mode of operation, and
empbhasized the difference between a regulator and a weir or dam, but, to complicate
matters, interpreted kab,-tar (see below [20]) as a designation for regulators, as well.!®
Rey, however, assumed that ges-kese,-ra, may also denote a “bridge” He based this pro-
posal on a recent reinterpretation of the ‘construction énigmatique’ that is discussed in

the subsequent section (see below [16]).!'°

Kupper and Sollberger 1971, 119. 107 Hruska 1988, 69 n. 29.

Bauer 1973, 9-11. 108 Postgate 1988, xi—xiii; Pemberton, Postgate, and
Maeda 1984, 43; Hruska 1988, 65; Steinkeller 1988, Smyth 1988, 218-221; Postgate 1992, 177-178.
74; Civil 1994, 130. 109 Dight 2002, 116-118.

Cooper 1986, 42 n. 2; 81 n. 2. 110 Rey 2016, 32, 34.

Carroué 1986, 17-18.
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A review of the evidence clearly demonstrates that ges-keSe,-ra, denotes regulators
that controlled the flow of water of “primary canals” (i,). First of all, the distribution of
textual references to ges-keSe,-ra, is striking. While administrative texts never mention
ges-kese, -ra,, four royal inscriptions of Eanatum, Enanatum I, Enmetena, and Urukag-
ina include seven attestations that refer to three, perhaps four, distinct ges-kese,-ra,.
These are, notably, only attested as part of “primary canals” (i,) and constructed of
durable materials, i.e. baked bricks and bitumen. The usage of these materials is also
known from traditional Iraqi head regulators, indicates that ges-kese,-ra, were exposed
to immense hydraulic stress and likewise argues for the abovementioned interpreta-
tion.!'! Eanatum “erected the ges-kese,-ra, of the Lummagendu (canal) with 2.592 hl of
(d

bitumen” (“nin-gir,-su-ra LuM-ma-gen,-du,, mu-na-us sag-e$, mu-ni-rigg e,-an-na-tum

. . - - . 1
dn1n—glrl-su-ka-ke4 ges-kese,-ra, LuM-ma-gen,-du,, "esir, (LAGAB)' 60,00

a,(DA) Sum,-ma
gur 2-uL mu-ni-du;, FAOS s/1 Ean. 2 = RIM E1.9.3.5 vii 3-13). Though the sign denot-
ing “bitumen” is, judging from the copy, slightly damaged, Bauer’s reading nigen, and
its interpretation as “storage capacity’, is rather a guess based on the context, are virtually
excluded. On the one hand, the corresponding description of the ges-keSe,-ra, erected
by Urukagina shows a clear instance of the sign esir,(LaGaBXHAL) “bitumen” instead
of the very similar sign nigen, (LaGaB), as pointed out by Cooper and Carroué.'’* On
the other hand, the element -ni- in the verb mu-na-ni-du; “he erected” can only refer to
the material that the ges-kese,-ra, were made of and, thus, excludes the reading nigen,
“storage capacity>''® Enmetena, likewise, reports that “he erected the ges-kese,-ra, of the
rummagendu (canal) with 648 ooo baked bricks and 2649.6 hl (of bitumen)” (ges-kese,-
ra, LUM-ma-gen,-duy, 3 3ar,-gal Seg,, alury-ra 30,40 gursag-gal, en-me-te-na-ke, dnin-
gir,-su-ra mu-na-ni-du;, FAOS /1 Ent. 35 = RIM E1.9.5.26 iv 2-8). As the amount of
bitumen almost matches the figure given by Eanatum, Enmetena obviously restored the
ges-kese,-ra, that was built by his predecessor. Unlike Eanatum, Enmetena used baked
bricks (Seg,, alur,-ra).""* Bauer translated “great mountain of baked bricks” (kur-gal
Segy, BAHAR, ), but as Urukagina’s corresponding description of his ges-kese,-ra, unam-
biguously refers to a number of bricks instead of a “mountain” (2 Sar,-gal Seg,, alur,-
ra), Cooper promoted the respective reading “648 coo baked bricks” (3 3ar,-gal Seg;,
alury-ra).""® In a later passage of this inscription, Enmetena boasts that he “erected the
ges-kese,ra, of the Lumma(gendu canal)(?) in the Guedena’, a fertile area in the border
region between Lagas and Umma (<8es>-keSe,-ra, LuM-ma<-gen,-du,>(?) gu,-eden-na-
ka mu-na-ni-du;, FAOS s/1 Ent. 35 = RIM E1.9.5.26 vi 2—5). This could testify to the

Rost and Abdulamir 2011, 213-214. 114 On Seg,, alury-ra “baked bricks” see Bauer 1973, 10
Carroué 1986, 17-18; Cooper 1986, 80-81; cf. Stol n. 8; Steinkeller 1978, 74 n. 6; Steinkeller 1987, 59;
2012, 50. Heimpel 2009, 193.

On this usage of the prefix {ni} see Balke 2006, 47— 115 Cooper 1986, 66-67.

48; Jagersma 2010, 176.
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construction of a second ges-kese,-ra, at an otherwise unattested waterway in the Gue-
dena area. That the es-kese,-ra, of the Lummagendu canal is again mentioned at the
end of the inscription, and Enmetena refers to himself as “the one who erected (a) reg-
ulator(s)” (ges-kese,-ra, duj-a), might argue for the latter proposal.116 As the passage
in question is badly preserved and seems to contain scribal mistakes, it might likewise
refer to the ges-keSe,-ra, at the Lummagendu canal and indicate its location.’” The sec-
ond well-attested ges-kese,-ra, was constructed by Urukagina, who provided the “canal
which goes to Nigen” with a ges-kese,-ra, of 216 ooo baked bricks and 2620.8 hl of bitu-
men ([ ges-kese,ra, ] i, nigeng-du mu-na-du; 2 3ar,-gal Seg,, alur,-ra 30,20 gursag-gal
esir, mu-na-ni-du;, FAOS 5/1 Ukg. 7 = RIM E1.9.9.8 iii 1’-iv 5’).!"® This, most prob-
ably, took place when Urukagina connected the “little canal” with the “canal which
goes to Nigen” (see above [14]). Another reference to the construction of a ges-kese,-ra,
of baked bricks is found in an inscription of Enanatum I, Eanatum’s successor, which
is unfortunately badly preserved (en-an-na-tum,-me %lugal-urub¥-ra ges-kese,-ra, [(x)
dnlin-hursag-ga,' [...] Seg,, alur,-ra mu-na-ni-du;, FAOS 5/1 En. I 33 = RIM E1.9.4.9
v 6-11). Despite its bad preservation, it is clear that this ges-keSe,-ra, was dedicated to
the god Lugalurub, whereas the aforementioned regulators were dedicated to Ningirsu.
Consequently, Enanatum’s inscription testifies to the existence of a third ges-kese,ra,.
As the ges-keSe,-ra, constructed by Eanatum, Enmetena, and Urukagina were located at
“primary canals” (i,), this is likely for Enanatum’s ges-kese,-ra, as well.

To sum up, ED IIIb/Presargonic royal inscriptions testify to the existence of at least
three §es-kese,-ra,. As these were part of as many primary canals, consisted of baked
bricks and bitumen, and their construction deserved mention in royal inscriptions, ges-
kese,-ra, most likely denotes a regulator. Their construction with baked bricks and bi-
tumen, moreover, parallels that of modern Iraqi dams.'” This also agrees with the et-
ymology of §es-kese,-ra,, which literally means “wood which binds?'?° The element
ges “wood” certainly refers to a flexible wooden gate.'?' This might likewise agree with
an early 2nd-millennium lexical list which mentions the “mouth’ i.e. the inlet, of a
ges-kese,-ra, (ka es-keSe,-da = pi i-ir-ri-t, Sa§ A iii [MSL SS 1: 22] 45). Another list asso-
ciates the “reed of the §es-keSe,ra,” (ge ges-kese,-da) with the “reed of the kug,-zi-da”
(ge kug,-zi-da, OB Forerunner Hh VIII-IX [MSL 7: 195] 171-173), amply attested as a
designation of barrages of reed and mudbrick in administrative texts from the Ur III pe-
riod (21st century BC).'?2 The fact that among the ca. 80 ooo administrative texts from
the Ur III period, only three refer to a “ges-kese, (-ra,) of the god Enlil” (ges-keSe, (-ra,)

Cf. the remarks of Bauer 1973, 11 n. 10; Selz 1995, 119 Rost and Abdulamir 2011, 209-211.

172. 120 Cf. Bauer 1973, 9.

Maeda 1984, 43. 121 Pemberton, Postgate, and Smyth 1988, 220.
For collations and restorations, see Cooper 1986, 122 On kug, zi-da, see above [14] n. 91.

80-81, and Frayne 2008, 282.
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den-lil, (-la,)) in the province of Lagas, perfectly corresponds to the lack of attestations

in the ED IIIb/Presargonic administrative texts,'>

though Ur III royal inscriptions, like-
wise, provide a single reference (cf. above [13] on “primary canals”).'>* Finally, it needs
to be pointed out again that the inscription of Pirigme of Laga3, mentioned above, like-
wise, associates a $es-keSe,-ra, with a primary canal (i,). More importantly, it was found
in the same area as the ‘construction énigmatique’ Notably, this corresponds to the as-
sumed location of the “inlet” (ka) or the head gate of the “canal which goes to Nigen”,
which was provided with a ges-kese,-ra, by Urukagina. The question whether such ges-
keSe,-ra, could be represented by the ‘construction énigmatique’ will be discussed in

the following section.

[16]

In 1929-1932, excavations at Girsu/Tello unearthed the remains of a huge structure of
baked bricks and bitumen with a length of ca. 40 m, a width of ca. 20 m, and a preserved
height of ca. 4 m between the Tells centraux and the Tell de IEst.'* As the excavators in-
terpreted this structure as either a sanctuary of the ancestry cult, a place of jurisdiction,
or a regulator, and its function is still the matter of a long-standing debate, it is often
referred to as ‘construction énigmatique.!?® As already mentioned, Jacobsen compared
the structure with a Sasanian weir at the Naharwan canal near Sharhurwan-al-asfal, in-
terpreted it as a regulator and considered it to be an archaeological instance of the ges-
kese,-ra, mentioned by Eanatum, Enmetena, and Urukagina (see above [15]).!*” Bar-
relet doubted that the ‘construction énigmatique’ could be compared with the Sasanian
regulator because of its dimensions. Most importantly, she objected that ‘construction
énigmatique’ was constructed on an altitude that excludes an interpretation as a regula-
tor.'?® Kupper/Sollberger pointed out that the areal of the ‘construction énigmatique’
yielded the inscription of Pirigme of Lagas which commemorates the building of a §es-
kese,-ra, (see above [15]) and regarded the ‘construction énigmatique’ as the regulator
built by this ruler.'* Pemberton, Postgate, and Smyth adopted Jacobsen’s interpretation

Maekawa 1992, 212214, 223 n. §5; 243 NO. 92 rev. 2005, 67-81; Huh 2008, 206-214, and the pho-

ii 16; Sallaberger 1993/1994, 58 no. 5 rev. 1-2; 58— tographs in Parrot 1948, 213; Planche XXIVb; Post-
59 n. 10. Sauren 1966, 51-52 takes kese,-ra, in Ur gate 1992, 177 fig. 9. 2; Margueron 2005, 71-73, 89;
IIT administrative texts as an orthographic variant Rey 2016, 32.

of ges-kese,-ra,, but in fact this term almost always 126 See the summary of earlier interpretations in Bar-
occurs as ma,-la, kese,-ra,, which refers to the plait- relet 1965; Margueron 2005, 65—67; Huh 2008, 214.
ing of reeds into a raft, see Civil 1994, 139 n. 50 and 127 Jacobsen 1960, 182.

Steinkeller 2001, 33 n. 21. 128 Barrelet 1965.

Laurito and Pers 2002, 280, 288. 129 Kupper and Sollberger 1971, 119. On the find-spot
See the archaeological documentation in Parrot of this inscription see Parrot 1948, 108 n. 39; Bar-
1948, 211-219; Barrelet 1965, 112-115; Margueron relet 1965, 108, 114; Huh 2008, 210, 213.
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as a regulator, but added that the use of bitumen and baked bricks corresponds with the
description of ges-kese,-ra, in ED IIIb/Presargonic inscriptions (see above [15]), though
they estimated the amount of bricks used for the ‘construction énigmatique’ at approxi-
mately 68 500 and, thus, considered it to be a smaller cousin of the ED IlIb/Presargonic
ges-kese,ra,. Referring to modern regulators from Yemen, they assumed that the regu-
lator operated by means of a movable barrier of wood, pointing out that according to
the excavators a “cavité profonde était visible, ou I'on reconnaitrait volontiers un point
précis d’attache pour une poutre du toit”'*° Dight subscribed to this interpretation.'3!
Recently, Margueron published a thorough review of the archaeological data and earlier
proposals. Most importantly, he demonstrated that the ‘construction énigmatique’ was
erected at a much lower altitude than Barrelet had assumed. Moreover, he interpreted
the thalweg between the central and eastern tells as the course of an ancient canal and
regarded the use of bitumen in the ‘construction énigmatique’ as a clear indication of
a waterway. However, Margueron argued that the remains of the ‘construction énigma-
tique’ show no traces of a beam slot used to fix a movable gate or barrage. As he, in
addition, doubted that a regulator would be located within the city, he proposed a re-
construction of the ‘construction énigmatique’ as a bridge gapping a canal.* This was
subsequently accepted by Rey.'3

The interpretation of the ‘construction énigmatique’ is, thus, still a matter of debate.
Though, a regulator is by no means excluded. On the one hand, Margueron demon-
strated that the altitude of the structure did not exclude a regulator, and, on the other
hand recent survey and geodata identified the thalweg between the Tell de ’Est and the
Tells centraux as the course of an ancient canal, possibly to be identified with a section of
the “canal which goes to Nigen” Moreover, the cuneiform evidence outlined above (see
above [14]) demonstrates that the inlet or even the head gate of the “canal which goes
to Nifen” is expected in the same area as the ‘construction énigmatique’ In addition to
this, the fact that both ED IIIb/Presargonic ges-keSe,-ra, and modern regulators from
Iraq were built of baked bricks and bitumen could likewise indicate that the ‘construc-
tion énigmatique’ was a regulator. The fact that these are also used as bridges gapping
canals could harmonize these data with Margueron’s proposal to interpret the structure
as a bridge.'*

130 Pemberton, Postgate, and Smyth 1988, 218-221, 132 Margueron 2005.
with a reference to Parrot 1948, 216. 133 Rey 2016, 32-33.
131 Dight 2002. 134 Rost and Abdulamir 2011, 211, 216.
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[17]

It is generally agreed that the Sumerian designation for secondary canals and canals
of lower rank is pas, corresponding to Akkadian atappu, palgu, and pattu.'*> A notable
exception to this interpretation was made by Jacobsen; he assumed that “pa; often run
along the top of artificial dykes (e[g,]) to preserve desirable elevation”!

The pa canals are attested first in the ED IIla/Fara period (2575-2475 BC) copies of
Word List C, where the sign pa, interchanges with the more archaic writing A (see above
[6]). The sign pas in its typical shape is a compound consisting of the sign E or eg, in
which the sign pap or pa, is inscribed (e xPap). Two explanations have been suggested.
Assuming that the denomination of a canal as pay is not determined by its size, but “on
the condition that canals of the same rank run parallel and cross or join each other’,
Maeda analyzes pa; as a compound of E and pap, i.e. “canal + cross>'¥ Steinkeller, in
contrast, considered pa; to be a compound of eg,, which he interpreted as a pictograph
of “the cross-section of two parallel ridges or levees, separated by a raised water channel”
or “a broad earthen wall which accommodated a ditch or small canal running along its
top’, and pa,, which he considered to represent “a profile of a ditch”'*® This implies the
existence of a more developped irrigation network. The pictographic value of these signs,
however, is a matter of debate (see below [18]). ED Illa/Fara period copies of Word List C,
however, more often testify to the disjunct graphic variant pap.E, instead of a compound

,1% which is still used in an inscription of Urnanse.

EXPAP (see above [6])

The pa; are attested in ED IIIb/Presargonic royal inscriptions and administrative
texts from Lagas. Their distribution supports the interpretation of ‘secondary canal In
the royal inscriptions, only four references to pa; are found, mostly in hydronyms.'*
Two are included in the name of the Pasaman or Pasamanxkas,.pu canal, which is dis-
cussed above and denotes a primary canal, despite its name (see above [13]). The Paku
canal (pas-ku;), a waterway mentioned by Enmetena, is said to be adjoined by fields
(aSa; abbar nigen*i-ka pas-ku;-ge us,-sa, FAOS s5/1 Ent. 1 = RIM E1.9.5.17 v 3—4). In a
historical inscription that reports the “water war” between Lagas and Umma, Eanatum
of Lagas obliges the enemy ruler on oath not to invade Lagasite territory and not to alter
“its dikes and ditches” (eg, pas-be,, FAOS 5/1 Ean. 1 = RIM E1.9.3.1 xvi 30 ef passim).
This provides the earliest attestation for the binominal expression eg, pa; “dike (and)

canal” It is also found in the ED IIIb/Presargonic personal name lugal-eg,-pa;-mah (DP

Stol 1976-1980, 356; Maeda 1984, 39, 46; Hruska 137 Maeda 1984, 46.

1988, 61, 63, 65; Steinkeller 1988, 73; Civil 1994, 138 Steinkeller 1988, 73.

109-112. Hruska 1988, 65, assumes that pa; canals 139 Civil 2013, 42.

were also used for shipping traffic, but the sources 140 Behrens and Steible 1983, 274, 423—424; Laurito and
he quotes do not support this assumption. Pers 2002, 276-277, 282.

136 Jacobsen 1982, 62.
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612 obv. iii 1), which clearly refers to the king’s function as provider of the irrigation
network,'#! but is more amply attested in later sources and thought to refer to the whole
of the irrigation network.'#

Surprisingly, only two, maybe three of fifty-seven administrative texts pertaining to
irrigation mention pa canals, providing four or five references in total (DP 648 obv. i 3,
obv. ii 25 VS 27, 23 obv. iii 2-3; VS 27, 36 obv. ii 1). Attestations are also found in place
names and hydronyms, such as pa; absu “pa; canal of Absu’, mentioned in a survey of
waterworks at the u; of the Imah canal at the Daterabbar field (VS 27, 36 obv. ii 1), and
the toponyms pa,-enku, pa,-sir, “-ra, and pa,-se-mus which derive from waterways.'*
The most instructive references are found in an administrative text that mentions three
waterways with lengths of 60 m, 360 m, and 870 m, respectively, states that “these are
pa; canals of the Urindua field” (pa; aSa; urin-du;-a-kam, DP 648 obw. ii 2), and records
their “hoeing” by the chief administrator of the Babu temple (en-ig-gal Nu-banda, al bi,-
du; 4., DP 648 rev. i 1-3). This indicates that pay canals were situated alongside fields.
Notably, the shorter waterways with lengths of 60 m and 360 m are referred to as “straight
i, canal” and “i, canal at its side’} respectively, but subsumed under the rubric “large pa;
canals” (1,00 NIG,.DU i, si-sa, 10 NIG,.DU i, da-ba pa; gu-la-amg, DP 648 obv. i 1-3).
The longest waterway, on the contrary, is referred to as “pa; canal at the side of the wall’
with a length of 870 m (2,20 N16,.DU V3 eSe, pa; da bad,-ka §al,-la-amg, DP 648 obv. ii 1).
Normally, i, denotes “primary canals’} but this apparent terminological deviation could
easily be explained by the assumption that i, is used here in its generic meaning “canal
(par excellence)” (see above [13] for a different proposal). The fact that an administrative
text refers to an “i, canal of the Urindua field” (i, asa; urin-du;-a, DP 646 rev. i 1-3),
which is possibly the same as the “pa; canal of the Urindua field” (pa; asa; urin-du;-a-
kam, DP 648 obv. ii 2) could support this assumption.

In connection to this, a survey of “dikes at the Urindua field” (eg, asa, urin-du;-a,
DP 641 rev. v 5) deserves mentioning. It refers to a stretch of dike “from the wall of the
temple of the goddess Babu to the temple of the goddess Nasse, the tamarisk garden is
its border” with a length of 840 m (bad, e,-mi,-ta e, dna§§e-[§e3] 2,20 N16,.DU [eg, nul-
ke,-dam &3eneg sar-ra za,-be,, DP 641 obv. i 1-4) and goes on with the measurement
of a stretch of dike extending “from the tamarisk garden to the temple of the goddess
Nanse” of 390 m (8¥seneg sar-ra-ta e, “‘na§§e—§e3 1,00 NIG,.DU ¥ eSe, eg, ke;-dam, DP
641 obv. i 5-ii 2). Their combined length of 840 m + 390 m matches the total length of
the aforementioned “straight i, canal” and “pas canal at the side of the wall” with 870
m + 360 m, respectively. In consequence, the “pa; canal at the side of the wall” and the

141 On this name, see Foxvog 2011, 83; Andersson 2012, 143 See the references in Edzard, Farber, and Sollberger
132, 322. 1977, 135—137.
142 Foxvog 1986, 65; Civil 1994, 112.
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“straight i, canal” hoed by the chief administrator of the temple of the goddess Babu
(DP 648) correspond to the dikes extending “from the wall of the temple of the goddess
Babu to the temple of the goddess Nanse” and those “from the tamarisk garden to the
temple of the goddess Nanse” in the survey of dikes at the Urindua field (DP 641).'*
This means that the former text mentions the pas canals themselves, whereas the latter
refers to their “dikes” or “embankments” (eg, ) instead. As these are the most frequently-
attested elements of the irrigation network in ED IIIb/Presargonic administrative texts
from Lagas, on the one hand, and are most often associated with fields, on the other
(see below [18]), it is highly probable that many attestations of such “dikes” (eg,) in
fact refer to those of the pas canals that irrigated fields. This assumption is confirmed
by a survey of “dikes of the Daterabbar field” (eg, asa; da-ter-abbari-ka-kam, VS 27, 23
rev. ii 4). It refers to two “(stretches of) dikes which will not be made” (eg, nu-ke,-dam,
VS 27, 23 rev. i 2) that extend on a length of 600 and 540 m, respectively, and are said
to lie alongside the MurGU,-pa;. Though its meaning is unclear, MURGU,-pa; apparently
refers to a sort or a part of a pa; canal (1,40 N1G,.DU eg, MURGU, pa,-da nu,-a za;-be, 1,30
NIG,.DU MURGU, pas-danu,-a-ta i, den—lilx(Ez)—pa3 za;-be,, VS 27, 23 obv. iii 1-rev. i 1).
This assumption, likewise, agrees with the suggestion that pa; often run along the top
of dikes (eg, ), is probably also supported by the close association of pas and eg, in the
binominal expression eg, pas(-be,) “dikes (and) ditches” and is finally matched by the
fact that fields are often associated with eg, (see below [18]). The last reference to pa
canals in the irrigation texts is found in a survey. It mentions a “pa; canal of Abzu” (paj
abzu) and a “distributor of (the) Abzu (canal)” (kab,-tar abzu) (VS 27, 36 obv. i 3-ii 1).
This indicates that pa; canals irrigated fields and most likely means that “distributors”
(kab,-tar) regulated the water flow from the pa; canal to the furrows (see below [20]).'*
Administrative texts dealing with fields and orchards corroborate this conclusion. An
allocation of subsistence fields (asa; Suku) to temple dependents demonstrates that pa
canals were situated “at their side” (asa; nig,-e,,-Se; gal,-la pa; za;-be,, DP 607 obw. ii
3—4). Though further references in the ED IlIb/Presargonic texts from Lagas are lacking,
an ED IIIb/Presargonic legal document from the city Isin documenting sales of land
mentions several fields that were located at pa; canals."* An account of timber from
the “orchard of the goddess Babu” (kirig dba-bu,,) demonstrates that the woodlands of
the temple, likewise, were irrigated by pas canals and mentions, for example, that “the
3rd pag canal” of an orchard “is located along the side of the bank of the (primary) canal”
(pas 3c-kam-ma-amyg a, gu, i,-ka-Se, e-gal,, DP 419 obw. ii 1—2, see also DP 419 obv.i 3, 7,

144 Maeda 1984, 4041, 46. 146 Wilcke 1996, 47-73 obv. 1—4, iii 3-5, etc.
145 Maeda 1984, 45.
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ii 5,1ii 2, §,iv2, rev.i1, 53 DP 424 0bv.1 3, 1i 3, 5, rev. i 1, ii 4, ii 6, iii 2)."* Another timber
account refers to “tamarisks at the dikes of the Dakiseg field, which were counted where
they grew” (ge§§eneg eg, asa; da-kiSeg,-ka ki mu,-a ba-sid-da, VS 27, 79 rev. i 1-2), and
even mentions a near-by “distributor” (kab,-tar) (kab,-tar ur-Ynasse-na-silim-ma-ta eg,

dinnana-ka zay-be,, VS 27, 79 obv. iv 1-2)."* The pa; canals irrigating orchards on

asa
top of the riverine levees would be expected to flow normal to the primary canal from
which they drew their water,'* as indicated by a Classic Sargonic or Post Sargonic/Late
Akkadian map from Girsu (RTC 258). This is also true for orchards with vegetables (DP
387 obv. i 3, rev. i 2). Occasionally, “dikes” in gardens (eg, du;-a kirig, eg, kiris du;-a) are
mentioned (DP 655 obv. i 1—2, rev. ii 1; VS 14, 100 = AWL 1 0obv. i 1-2, ii 5-6, see below
[18]). Most likely, these refer to the embankments that accompanied the respective pa;
canals. A section of such a pa; canal is possibly described in a document that records the
survey and acceptance of “work at the Daterabbar field” (kig, a3a; da-ter-abbar¥-ka-kam,
DP 654 rev. iii 1), which is discussed later (see below [20]).

To sum up, the term pa; is attested almost exclusively in administrative texts from
the temple of Babu and designates “secondary canals” These were fed by “primary
canals” (i,) and irrigated the fields and orchards of the temple that were situated along
these waterways. The fact that the administrative texts include only very few references
to pas is conditioned by the fact that eg, often refer to the “dikes” or “embankments”
that accompanied the secondary canals, in perfect agreement with the interpretation of

eg, as “dike’ “embankment” proposed in the next section.

[18]

The most frequent term in the ED IIIb/Presargonic texts from Lagas is e or eg,, which

corresponds to Akkadian zkum.'>°

The earliest attestations are found in an Early Dynas-
tic I/Il administrative text from Ur that mentions a field located at an eg, and a list of
“men who work at the eg,” from Fara/Suruppag dating from the subsequent Early Dy-
nastic IIla/Fara period (see above [5]). Copies of Word List C, datable to the same period,
mention eg, along with other terms pertaining to the irrigation network (see above [6]).
However, the meaning of eg, is debated. Thureau-Dangin referred to lexical lists which
equate eg, si-ga with Akkadian i-ku is-pu-uk and descriptions in terms of height and con-

cluded that eg, means “levée de terre”'*! Edzard noted that Old Babylonian date formula

147 Civil 1994, 113. Note that RTC 151, a Sargonic pe- 149 Wilkinson 2003, 92.
riod map depicting various canals, mentions a “(pri- 150 For the reading eg, instead of e see Civil 1994, 136
mary) canal” (i,) by the name of ter-sikil “pure for- n. 2. Bauer 2009, 256, points to an interchange of
est’, which might derive from a near-by forest, see eg, and a in eg, zi-pU and a zi-pu, respectively.
Selz 2011, 214 n. 6. 151 Thureau-Dangin 1932, 23-25.

148 Selz 2011, 222-224.
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refer to the construction of the Anepada canal, observed that eg, — si.g correlates with
i, — ba-al “to dig a canal’} concluded that si.g means “dredge” and that both date for-

152 This interpretation was accepted

mula refer to successive stages in the construction.
by Sauren, who reviewed Ur III administrative texts and suggested that eg, has three
meanings. Based on Edzard, he assumed that eg, meant a canal in an earlier stage than
i,. In addition, he proposed that eg, denotes both a small canal, as well as a dike that
accommodates a canal.'>® The latter interpretations were subsequently adopted by Sa-
lonen.'>* Most scholars accepted that eg, denotes a “ditch’ and Stol, resuming Edzard’s
proposal si.g = “dredge”, even stated “prinzipiell hiefs jeder Kanal, der ein Feld umgab,
ob klein oder grofs, e[g, ] (tkum)?'> Jacobsen proposed a different solution. Interpreting
pas as a designation for “branch canals and feeders”, he assumed that these “run along
the top of artificial dykes (e[g,]) to preserve desirable elevation” and thus associated eg,

156 Foxvog independently pointed out that sahar - si.g “to

with dikes, levées or bunds.
fill earth (upon/into) apparently refers to the raising up of an earthen levee, whether a
dam or dike, or the walls of an irrigation ditch” and regarded pa; “as the proper ditch
and eg, as its retaining wall”'” Based on Jacobsen and Foxvog, Steinkeller elaborated
this proposal. He interpreted the sign E or eg, as a depiction of “the cross-section of two
parallel ridges or levees, separated by a raised water channel” or “a broad earthen wall
which accommodated a ditch or small canal running along its top” In addition to this,
he pointed out that eg, are never attested with verbs for “digging” or “dredging” (dun,
ba-al), but with terms for “erecting, raising” (du,), “piling up” (si.g), and “making” (ak)
and described in terms of height (sukud), while id, have a “depth” (bur;). Thus, he
concluded that “what the eg amounted to, therefore, was two parallel ridges or levées,
separated by a raised water channel” and referred to modern Iraqi farig and umud for
comparison, argued that eg, never refers to a water channel and translated it as “dike”

for convenience.'*®

Pemberton, Postgate, and Smyth, in contrast, suggested the more
neutral translation “bund” First, they pointed out that later lexical lists mention “canal
bunds’, “field bunds’ and “boundary bunds” (eg, i,-da = (tku) na-a-ru, eg, a-Sa,-ga = (tku)
eq-li, eg, us,-sa-du = (tku) i-te-e). Thus, they saw no reason to associate the eg, mentioned
in cuneiform texts with canals, and so interpreted eg, “as walls to contain and direct the
flow of water” Though they agreed with Jacobsen and Steinkeller in interpreting £ or
eg, as a depiction of a canal with banks each side, they considered the meanings “canal’,
“canal-between-bunds’ and “bund” likewise possible. But as an Old Babylonian inscrip-

tion of Rimsin of Larsa refers to a canal with “its two banks like mountain” (eg, 2-a-be,

Edzard 1957, 112 n. 567. 39—42; Hruska 1988, 61, 65; Renger 1990, 32-33.
Sauren 1966, 40—42. 156 Jacobsen 1982, 62.

Salonen 1968, 216. 157 Foxvog 1986, 65.

Nissen 1976, 25; Stol 1976-1980, 356; Maeda 1984, 158 Steinkeller 1988, 73-74.
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hur-sag-gen,), they concluded that each of the two ridges of a canal was a single eg, and
referred to the binominal expression eg, pa; “bunds and canals” as a support. Finally,
Pemberton, Postgate, and Smyth emphasized that this reinterpretation has significant
implications. On the one hand, the long-running border dispute between Lagas and
Umma would have been fought for a border bund (eg, ) instead of a canal. On the other
hand, the assumption that fields were usually surrounded by bunds would imply that
basin irrigation was normal.’” Similarly, Waetzoldt translated eg, as “Damm; Deich;
Graben mit Dimmen” and “breiterer Wassergraben”, pointing out that only contextual
data allows for a differentiation between dikes that accompanied waterways or canals on
both sides, flood dikes and dikes which accommodated a canal, or the waterway itself.160
Based on lexical, literary, and administrative texts mostly from the Ur III period, Civil
provided a thorough review of prevalent interpretations. He pointed out that si.g does
not mean “to dredge”, but “to pile up” and concluded that the abovementioned interpre-
tations as “ditch? “small canal’} and the like have no basis. As eg, and pa; are associated
with si.g = Sapakum “to pile up” and ba-al = heriim “to dig’; he argued that eg, refers to
“embankments” In support of this conclusion, he interpreted the binominal expression
eg, pa; “levees and irrigation ditches” as a designation for the whole hydraulic system,
which stands for the whole range of terms designating artificial watercourses, though
admitting that textual sources referring to the “two sides” of a canal (a, 2-a-be, ) indicate
that only one of the two embankments of a ditch is referred to. As corroboration, Civil
discussed different types of work undertaken at eg, structures, such as “erecting” (du,),
“piling up” (si.g), or reinforcing of levees or banks with vegetable matter, such as reeds,
rushes, and sand (uz-sagn).m1 Based on a unique ED IlIb/Presargonic document that
describes eg, in terms of “its two banks” (gu, 2c-be,), Steinkeller translated eg, as “a

162 Most recently,

small canal” and considered his previous interpretation as ascertained.
Monaco commented on the shape of the archaic correspondents of eg,. He assumed
that “[t]he sign, in its basic shape (E,), most probably is a pictographic representation
of a dyke with two branches attached, as streams of water flowing out of it, to form
ditches or channels for irrigation purposes”, emphasizing that “the sign developed from
the original four branches shape (Uruk IV ) [ca. 3300-3000 BC] to the two branches
shape (Uruk III/ED I and later periods) [ca. 3000-2700 BC], with an intermediate three
branches shape”!¢®

Whether the sign E or eg, depicts the profil of a dike with a channel on its top or a
canal with ditches, thus, remains unclear, especially when taking into account that the

earliest attestations for eg, “dike”, “embankment” are attested in an ED I/Il administrative

159 Pemberton, Postgate, and Smyth 1988, 212-217. 162 Steinkeller 1999, 543.
160 Waetzoldt 1990, 1-3, 16-17. 163 Monaco 2014, 280.
161 Civil 1994, 109-140.
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text from Ur (ca. 2700 BC) and ED Illa/Fara period (2575-2475 BC) copies of Word
List C (see above [5]-[6]). A review of ED IIIb/Presargonic textual references, however,
demonstrates that eg, almost always refers to a “dike” or “embankment”

Royal inscriptions, in contrast, include only two or three attestations that relate
eg,’s with major canals and their branch-offs, such as the inscriptions of Enmetena that
report the extension of the eg, of the Imah canal (FAOS s5/1 Ent. 41 = E1.9.5.2); these
rather refer to earthen embankments piled up to serve as border demarcations (e,-an-

)la.ki

na-tum, ensi, lagas,(Nu,;.BUR pa-bil;-ga en-mete-na ensi, lagaSX(NUII.BUR)la'k'-kC4

en-a,-kal-le ensi, umma®-da ki e-da-sur eg,-be, i, nun-ta gu,-eden-na-Se; eb,-ta-ni-e,
(...) eg,-ba na-ru,-a e-me-sar-sar na-ru,-a me-siLiM-ma ki-be, bi,-gi, eden ummaki-ée3
nu-dib, FAOS 5/1 Ent. 28/29 = RIM Er1.9.5.1 i 32-ii 10/ii 1-27).1%* Urnanse reports the
“digging” (dun) of several primary canals (iy) as well as a waterway by the name of eg,-
ter-sig, which is clearly identified as a canal by the verb dun “to dig” (eg,-terssig mu-
dun, FAOS 5/1 Urn. 26 = RIM E1.9.1.9 iv 1-2, see above [13]). The fact that it bears
a proper name suggests a primary canal, but this is a notable exception. Instead, royal
inscriptions mention eg, that were “erected” (du;), such as the eg, da-3al, (eg, da-3al,
mar-du, mu-du;, FAOS 5/1 Urn. 40 =RIM E1.9.1.31 ii 1-3), which is known as the “dike
of the Dasal field” from later archival records (ki§, aka eg, da-Sal,-ka-kam, DP 636 rev.
ii 1; on the field cf. Nik. 1, 80 = AWEL 8o obv. i 3; VS 14, 85 = AWL 12 rev. i 2; VS 14,
167 = AWL 15 obw. ii 3), or “made” (AK), such as the “exalted border dike/embankment
of Ningirsu” (eg, mah Ynin-gir,-su-ka, FAOS 5/1 Ent. 41 = RIM E1.9.5.2 v 1-4). Others
rather seem to refer to embankments piled up to demarcate the border between Lagas
and its northwestern neighbor Umma, such as “the border embankments of Ningirsu

dnin-gir,-su-ka eg, ki-sur-ranasse).

and the border embankments of Nas3e” (eg, ki-sur-ra
This is obviously indicated by an inscription of Eanatum obligating the ruler of Umma
not to transgress “its eg, and pas canals” (eg, pas-be,, FAOS 5/1 Ean. 1 = RIM E1.9.3.1
obv. xvi 25-31 et passim), which supports the assumption that eg, almost exclusively
denotes dikes or embankments (cf. FAOS 5/1 Ean. 1 = RIM E1.9.3.1 rev. v 1213, 37-38;
En. I 29 = RIM E1.9.4.2 viii 2—4; Ent. 28/29 = RIM E1.9.5.1 iii 2—4/iii 28—30, vi 9—20/vi
21-32). However, Enmetena reports that the rulers of Umma “had the water go out” (a-e
i;-mi-e;) the border embankments of Ningirsu and the border embankments of Nasse

d d

(ur-Lum-ma ensi, ummak‘—ke4 eg, ki-sur-ra “nin-gir,-su-ka eg, ki-sur-ra “nasse a-e i;-mi-

e;, FAOS 5/1 Ent. 28/29 = RIM E1.9.5.1 ii 283 5/iii 12-19; cf. iii 34/iv 24-iv 10/iv 38).6°

This supports the assumption that eg, occasionally also denotes “a small canal” referred

Behrens and Steible 1983, 95; Steiner 1986, 220, 165 On this much-debated passage, cf. Ceccarelli 2015;
222-223; Pemberton, Postgate, and Smyth 1988, Keetman 20r135.
212, 214, 216; Laurito and Pers 2002, 276-285.
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to above, as indicated by a ED Illa/Fara period incantation (SF 54 = BFE 6, see above
(5]).

While royal inscriptions hardly contain a handful of references, thirty-nine of fifty-
seven administrative texts, corresponding to 68.5% of the total, refer to eg,, providing
100 attestations in total (DP 614 rev. i 1; DP 615 rev. ii 1; DP 616 obv. i 1, rev. ii 1; DP
617 obv. i 1, rev. iii 1; DP 622 obv. v 8, rev. iii 2, iv 2, iv 3; DP 623 obv. iii 7, 9, v 4, rev. i
2,v2; DP 624 rev. i 1; DP 625 rev. ii 2; DP 626 obv. i 1, rev. i 1; DP 627 obv.i 1, rev. i 13
DP 630 obv. i1, iv 4, rev. i 6, ii 1, 2; DP 634 rev. iii 3; DP 636 rev. ii 1; DP 638 rev. ii 2;
DP 639 obv.i1; DP 641 obv.i 3,ii 1, 4, 6, rev. iii 1, 5, 9,iv 1, 2, v 2, 3, §; DP 642 obv.i 1,
2,11 1, 3, rev. 12, 3, ii 4; DP 645 obv. ii 7; DP 652 rev. i 2; DP 653 rev. ii 1; DP 654 rev. i 2;
DP 655 obv.i 1, rev. i 1; DP 656 obv. i 1; DP 657 obv. i 1, rev. ii 1; TSA 24 rev. i 3; VS 14,
100=AWL 1 rev.i1; VS 14, 130=AWL 2 obv. i 1, 2, i 2, 3, 1ii T, rev. i 1, ii 1, iii 1; VS 25,
74 1rev. v 2; VS 25, 77 obv. i 2, rev. i 2; VS 25, 83 obv. i 1, rev. ii 1; VS 25, 84 rev. iii 1; VS
25, 86 rev. iii 2; VS 25,97 obv. 1 §,ii 3, iv 1, rev. i 1, 3, ii 2, 4, iii 2, 4, iv 2; VS 25, 100 rev.
iii 1, 3, iv 2; VS 25, 103 obv. i 2, rev. ii 1; VS 25, 105 rev. ii 2; VS 27, 23 obv. i 1, 2, ii 3, iii
2,rev.i2,1i2, 3, 4, iii 3; VS 27, 96 rev. iii 2). Thus, eg, is the most frequently-mentioned
irrigational term. The observation that most Ur III text pertaining to irrigation testify to
the construction and maintanance of dikes or embankments likewise applies to the ED
I1Ib/Presargonic texts from Lagas.'*

As the precise meaning of eg, is controversial, the most important physical char-
acteristics will be addressed first. Most references to eg, are found in survey texts and
work assignments that describe eg, in terms of their length, such as “from the duruny
of the Imah (canal): 20 rods. This is (a section of) dike not to be done (duruny i,-mah-ta
20 NIG,.DU eg, nu-ke;-dam, VS 14, 130 = AWL 2 obv. i 1-2), “total: 70 rods (is the sec-
tion of) dike of the usgal field” (u-nigen, 1,10 NIG,.DU eg, asa; us-gal-kam, DP 622 obv.
v 7-8), and the like. A handful of references, however, include more detailed data and
support the meaning of “dike” or “embankment” Occasionally, dikes are summarized as
“dikes, among them small and large ones” (eg, tur mah-ba, VS 14, 100 = AWL 1 rev.i 1)
or referred to as “small dikes” (eg, tur-tur, DP 641 rev. iii 5). Such general qualification
may perhaps be compared to the “exalted border dikes/embankments” mentioned in an
inscription of Enanatum I (eg, mah ki sur-ra, FAOS 5/1 Ent. 41 = RIM E1.9.5.1ii 4, v
2). The most instructive text is a survey of dikes at fields of the wife of the ruler (eg, asa

u,-rum para,,-nam-tar-ra dam lugal-an-da ensi, lagas,(NUy, .BUR)"2K

-ka, VS 25, 97 rev. iv
2-6). The first section denotes the lengths of dikes at the Urindua field, adding up to
1140 rods ¥ rope 1 reed or 6.840 m (Su-nigen, 20,00 la, 1,00 ¥2 ese '1¢ ge N16,.DU eg,
faSa; urin-duj-a-kam, VS 25, 97 obv. iv 4-rev. i 1). Notably, this text also denotes their

“height” (sukud), and includes notations such as “40 rods [= 240 m] 3 reeds [= 9 m] (is

166 Hunt 1988, 193; Civil 1994, 110, 134.
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their length), 2 cubits [= 1 m] is their height, these are (the dikes) at the side of the wall”
(VS 25, 97 obv. i 1-2 40 N1G,.DU 3¢ ge sukud-be, kus; 2c da bad,-kam), “8o rods [= 480
m] (is their length), 2 cubits [= 1 m] is their height, 20 rods [= 120 m] (is their length),
3 cubits [= 1.5 m] is their height, these are the dikes that run from the Imah canal to
the erected emblem of the goddess Nan3e” (1,20 N16,.pU sukud-be, kus, 2c 20 N16,.DU
sukud-be, kus; 3c eg, i, mah-ta urin-du;-a dna§§e-§e3 gal,-la-amg, VS 25, 97 obv. i 3-ii 1).
This indicates that eg, denotes “dikes” with a height varying of 1 m, 1.5 m (see above),
2m (3,40 N16,.0U 8c ge sukud-be, kus; 4c, VS 25, 97 obv. ii 2), and 2.5 m (4,00 N1G,.DU
sukud-be, kus; sc, VS 25, 97 obv. ii 4). Another administrative text that records a sur-
vey and acceptance of a work quota, likewise, describes kab,-tar distributors in terms
of height and includes notations such as “(its length is) V2 rope, its width is 2 reeds, its
height is 3 cubits. (Its length) is 4 reeds, its width is 2 reeds, its height is 1 reed, it is
that of the kab,-tar distributor of Damu” (V2 eSe, 2c¢ ge dagal-be, 2c ge-amg sukud-be,
kus; 3¢ 4c ge dagal-be, 2c ge sukud-be, 1c ge kab,-tar da-mu-ka-kam, DP 654 obv. i 1-ii
1, cf. also DP 654 obv. ii 3-5, iii 3-5).1 That these figures denote the length, width
and heigth of “dikes” that constituted kab,-tar distributors is clear from a work assign-
ment that lists work several quotas on “dikes of the Asatur (field)” (eg, asas tur, DP 639
obv. i 1-ii 5), but subsumes these as “dikes at/of the kab,-tar distributor of the Asatur
(field) of the Guedena” (kab,-tar asa; tur gu,-eden-na-ka-kam, DP 639 rev. i 1-2). Sim-
ilar notations specifying the length (gid, ), width (dagal), and heigth (sukud) of eg, are
also found in Ur III texts that record the construction of dikes and calculate the volume
of earthwork moved.'®® Waetzoldt argued that sukud “height” merely denotes vertical
extent and could likewise refer to the depth of a “ditch” (eg,), otherwise referred to as
bur; “depth’'® but indications that this also applies to the ED IIIb/Presargonic texts
from Lagas are lacking. On the contrary, the fact that precisely the same waterways at
the Urindua field are referred to as pa; in one survey text (DP 648 obv. i 1, ii 1-2), while
another reference to the same waterway mentions their eg, instead (DP 641 obv. i 1-ii
1), demonstrates that eg,, here, denotes the “dikes” of the same waterway that was re-
ferred as pa; before (see above [17]). This agrees with the assumption that the binominal
expression eg, pa,(-be,) refers to the whole of the irrigation network (see above [17]).
Analogous to this, it is likewise possible that eg, aSa; urin-duj-a refers to the dikes or
embankments of i, aSa; urin-duj-a. In connection with this, it should be noted that
Maeda argued for an identification of the i, aSa; urin-du,-a (DP 646 rev. i 2, see above
[13]) with eg, asa; urin-du;-a, which he however, likewise, interpreted as a “canal?'”°
This could explain the remarkable lengths of the eg, associated with the Urindua field,

167 See the edition in Steinkeller 1988, 79-81. 169 Waetzoldt 1990, 1-2, 16-17.
168 Waetzoldt 1990, 1—4; Civil 1994, 116, 124. 170 Maeda 1984, 43.



IRRIGATION IN 3RD MILLENNIUM SOUTHERN MESOPOTAMIA

which amount to 6.870 m in a single survey text (Su-nien, 20,00 la, 1 ¥2 eSe, N1G,.DU
eg, asa; urin-duj-a-kam’, VS 25, 97 obv. iv 4-rev. i 1, see above [18]).

An assignment of work on “dikes at/of the Asatur (field) of the Guedena” (eg, asa;
tur gu,-eden-na-ka) provides additional data on the physical characteristics of eg, (VS
25, 100 rev. iv 1). This text records assignments of work to 77 corvée troops, organized
in six gangs under as many overseers, with a work quota of 9 m per capita (lu, 1-3e, kig,
3c ge-ta, VS 25, 100 obw. i 2-3). Four of six assignments record that “their work ... will
be done on its two banks” (kig,-be, ... gu, 2c-be, ke;-dam, VS 25, 100 obv. ii 1, 6, iii 3,
rev. ii 1). The fact that an eg, thus had “two banks” (gu, 2¢-be,) corroborates that eg,
denotes “two parallel ridges or levées, separated by a raised water channel” as suggested
by Steinkeller and Pemberton, Postgate, and Smyth,'”! or even “a small canal?'’? In
addition, some gangs of corvée troops are assigned a work quota on stretches of dike
which are qualified as u, a-egir,-ra nu-tuku, literally “(stretch of dike which) has no
brushwood on its water-back” (VS 25, 100 rev. i 5-ii 4 6 lu, ki8,-be, 7c ge 2c-be, ke;-dam
4c ge u, a-egir,ra nu-tuku lu,-kur-re,-bi,-gi,, see also obv. i 1-5, iii 2—4, rev. ii 2—4, iii
3—4). The meaning of a-egir,, “water-back’, and its obvious antonym a-igi, “water-front’}
are controversial.

Based on an acceptance by corvée troops (sury) of a work quota of 27 and 24 m
on the a-egir, and a-igi of a durun,, Maeda translated the above as “water behind” and
“water in front} though without explanation.'”® Steinkeller translated them as “water
at the back (of the reservoir)” and “water at the front (of the reservoir)” and suggested
an interpretation of “back (upper) and front (lower) weirs closing the dam (duruny)”
(DP 654 rev. ii 35 ¥ €Se, la, 1c ge a igi 8c ge a egir, durun, ki-mah)."”* Steinkeller’s
interpretation was widely accepted.'”> But as a survey of dikes at the Daterabbar field
mentions a-igi and a-egir,, with a length of 2100 and 180 m, respectively ("6,00" la, 10
NIG,.DU a-igi 30 NIG,.DU a-egir,, VS 25, 77 obv. ii 3—4), Steinkeller revised his former
proposal in favor of “(water) downstream” and “(water) upstream’3176 However, since
neither proposal appears likely in the context of the description of dikes as a-egir,-ra
nu-tuku, a-igi and a-egir, most likely denote the water-side or interior slope and the
airsside or exterior slope of the embankment, respectively, with (eg,) u, a-egir,-ra nu-
tuku referring to a “(stretch of dike) which has no brushwood on its air-side/exterior
slope? The planting of slopes with brushwood, as a means of reinforcing embankments
against erosion, is well-documented in Ur IIl administrative texts, though usually written

171 Pemberton, Postgate, and Smyth 1988, 216; 174 Steinkeller 1988, 79-81.
Steinkeller 1988, 73; Steinkeller 1999, 543. 175 Maekawa 1992, 214, 223 n. 52; Dight 2002, 118-119;
172 On this important reference, see Steinkeller 1999, Bagg 2011-2013, 122; cf. Maeda 1984, 46-47; Bauer
543. 1995, 294.
173 Maeda 1984, 47. 176 Steinkeller 1999, 543.
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differently, as u,-saga,;."”” Additional attestations are possibly found in another tablet,
that refers to “dikes of the Urindua field” (eg, aSa; urin-du,-a, DP 641 rev. v 5). This
probably reads “60 rods V2 rope [= 390 m] is (the length of a stretch of) dike which is
not reinforced with brushwood” (6,00 ¥2 eSe, N16,.DU eg, u, nu-ta,-ga-amg, DP 641 rev.
Vv 3). u, sa.sa-dam, said of “small dikes” (eg, tur-tur) in connection with the acceptance
of a work quota, probably also denotes a type of work for which “brushwood” (u,) was
used, but for the lack of parallels this is a guess based on the context (2,00 N16,.DU la,
4C ge eg, tur-tur-amg u, sA-sA-dam ru-lugal-ke,-ne e-dabg, DP 641 rev. iii 5-8).

A handful of administrative texts demonstrate that eg, were susceptible to erosion
and, thus, likewise support the interpretation as a “dike” or “embankment” One text
summarizes stretches of dike with a combined length of 100 rods or 600 m, ¥ rope 1
reed or 33 m of which were “eaten by the water” (a-e gu,-a) (1,40 4c ge eg, tur-mah-ba

178 Clearly, this refers to the erosion of

15 1c ge a-e gu,-a, VS 14, 100 = AWL 1 rev. i 1-2).
embankments.'”” Though only rarely attested in ED IlIb/Presargonic texts from Lagas
(cf. also VS 27, 23 obv. ii I 5,00 N16,.DU a$a; Se-da-SU.NIGEN,-ta a "e;-a’ i;-"gu,-gu," (2)),'*°
erosion of embankments is frequently referred to in Ur IIl administrative texts. The fact
that eg, “eaten by the water” (a-e gu,-a) were maintained by heaping up earth again
supports the assumption that eg, means “dike” or “embankment”'8! Two stretches of
dike with a length of 12 m and 9 m, which were part of two “distributors” (kab,-tar, see
below [20]) at the Daterabbar field, were “carried away by the water” (a e-des) (4¢c ge
kab,-tar 1c-amyg 3¢ ge kab,-tar 2c-kam-ma-amyg <i,> den—lilx(lﬂ:z)-le-pa3 -ta, "a e'-deg, VS 27,
23 rev. i 3-6). This might refer to more severe damage and could denote that stretches
of dike were flushed away.'®?

The abovementioned references clearly demonstrate that eg, mostly denotes dikes
or embankments. In fact, most texts associate eg, with fields. Almost all of these refer-
ences are found in notations such as eg, asa; da-ter-abbar¥-ka “dikes of the Daterabbar
field” (VS 25, 77 rev. i 2), eg, asa; gibil-tur “dikes of the Gibiltur field” (DP 614 rev. i 1),
and the like (DP 614 rev. i 1; DP 615 rev. ii 1; DP 616 rev. ii 1; DP 617 obv. i 1, rev. iii
1-2; DP 622 obv. v 8, rev. iii 2, iv 2-3; DP 623 obw. iii 7, 9, v 4; DP 625 rev. ii 2; DP 626
obv.ir1,rev.i1; DP 627 0bv.i1,rev.i1; DP 630 0bv.i1,iv 1, rev. i 6,ii 1, 2; DP 634 rev.
iii 3; DP 636 rev. ii 1; DP 638 rev. ii 2; DP 639 obv. i 1; DP 641 rev. v 5; DP 642 obv. ii 1,
3, rev. i 3, ii 4; DP 645 obv. ii 7 (2); DP 652 rev. i 2; DP 657 obv. i 1, rev. ii 1; TSA 24 rev.
i3; VS 14, 130 = AWL 2 rev. iii 1; VS 25, 74 rev. v 2; VS 25, 77 obv. i 2, rev. i 2; VS 25, 83

Waetzoldt 1990, 3; Civil 1994, 70, 121-124; cf. Selz 181 Wilcke 1999a, 306-320; Wilcke 1999b.

1996. 182 Cf. the discussion of references in Ur III administra-
Lecompte 2012. tive text in Salonen 1968, 334, 401; Waetzoldt 1990,
Bauer 1972, 56; Stol 1976-1980, 358; Civil 1994, 10; Civil 1994, 126, 139 n. 39; Wilcke 1999a, 306—
126, 139 n. 39; Wilcke 1999a, 316. 308.

Selz 1996, with collation.
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obv. i 1, rev. ii 1; VS 25, 84 rev. iii 1—2; VS 25, 86 rev. iii 2; VS 25, 97 rev. i 1, ii 2, 4, iii 2,
4,1v 23 VS 25, 100 rev. iv 2; VS 25, 103 obv. i 2, rev. ii 1; VS 25, 105 rev. ii 2; VS 27, 23 rev.
ii 4, 1ii 3; VS 27, 96 rev. iii 2). Their lengths are as low as 15 m (VS 25, 84 rev. iii 1-2) or
36 m (DP 639), but lengths of ca. 100 m (DP 616; DP 626), up to 200-300 m or even 600
m (DP 634; DP 638; VS 25, 77; VS 25, 101) are by no means exceptional. While some
dikes are only attested once, others are repeatedly referred to and always have almost the
same length, such as the “dike of the Garamud field” (eg, asa; gara,-mud), which is cal-
culated at 185.5 m or 186 m (Su-nigen, 30 NIG,.DU Ic ge kus, 3c eg, asa; gara,-mud, DP
623 obw. iii 7; Su-nien, 30 NI1G,.DU 2 ge eg, aSa; gara,-mud, DP 652 rev. i 1-2; Su-nigen,
30 N16,.0U Ic ge kus, 3¢ eg, asay gara,-mud, VS 25, 86 rev. iii 1-2) or the “dike of the
Abbar field (eg, asa; abbar) with a length of 9o-126 m (DP 616; DP 626; DP 627; DP
645; DP 657). It has been suggested that these figures refer to the total length of their
respective irrigation ditches,'®® but definite proof is still lacking. The longest stretch of
dike is attested in the above-mentioned survey recording “(stretches of) dike at/of the
Urindua field” with a height varying between 1 m and 2.5 m, and a total length of 1140
rods V2 rope, corresponding to 6870 m (Su-nigen, 20,00 la, 1 V2 eSe, N16,.DU eg, "ada
urin-du;-a-kam?, VS 25, 97 obv. iv 4-rev. i 1, see above [18]). According to the reconstruc-
tion of Marzahn, this figure refers to the total length of dikes that enclosed the Urindua
field on three sides, while the fourth side was adjacent to the Imah primary canal.'®*
Though mostly denoting “dikes” or “embankments’, eg, could, thus, reach enormous
lengths. The longest eg, is attested for the “dike of the Daterabbar field” (eg, asa; da-ter-
abbar®); based on several administrative texts recording the maintenance of “dikes” or
“embankments” (eg,), their combined length has been calculated at more than 10 600
m (VS 14, 130 = AWL 2; VS 27, 23; VS 27, 36).1%

In this context, it is also important to recall the abovementioned proposal of Pem-
berton, Postgate, and Smyth, who assumed that eg, denotes “bunds” that enclosed the
fields. If fields were regularly placed between bunds, they assume that basin irrigation
was the norm in the southern alluvium.'® It is also important to remember that fields
were located on the slopes of riverine levees that extended 2—3 km on both sides of the
river or primary canal (see above [2]). Thus, the length of eg, recorded in the aforemen-
tioned texts would conform with this proposal, which would imply that notations such
as eg, asa da-ter-abbar¥-ka “dikes of the Daterabbar field” (VS 25, 77 rev. i 2) would de-
note “bunds” However, some observations contradict rather than support this proposal.
First, it has already been mentioned (see above [17], [18]) that there is one clear example
where eg, denotes the “dikes” or “embankments” that enclosed a pa; waterway instead

183 Maeda 1984, 41—42. 185 Maeda 1984, 41; see also Hruska 1991, 209 and Selz
184 Marzahn 1989, (2) 47; see also Hruska 1991, 209; 1996, 678.
Selz 1996, 667. 186 Pemberton, Postgate, and Smyth 1988, 216.
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of bunds. This interpretation corresponds to the binominal expression eg, pas(-be,),
“dikes (and) canals” Secondly, two surveys mention “dikes which lie alongside the Ne-
murgen canal” (eg, i, nemur-gen,-da nu,-a, DP 642 rev. i 2; eg, i, nemur-da nu,-a-amg,
VS 25, 97 obw. ii 3). Thirdly, one of these texts mentions “dikes which are adjacent to the
field of Ningirsu” (eg, asa dnin-girz-su-ka-ke4 us,-sa-amg, VS 25, 97 rev. ii 2) as well as
“dikes which lie alongside the side of the u3gal field” (eg, a, asa; us-galSe; gal,-la-am,,
VS 25, 97 rev. ii 4, see also rev. iii 2). In addition, the other survey refers to “dikes which
lie alongside the Agestin field” (7,10 N1G,.DU eg, aSa, a-§estin-ka-da nu,-a, DP 642 obv.
ii 2-3). The precise significance of these locations remains to be elucidated, but it seems
improbable that notations such as eg, asa; da-ter-abbar’i-ka “dikes of the Daterabbar
field” (VS 25, 77 rev. i 2) denote “bunds” enclosing fields for basin irrigation.

Two largely parallel administrative texts provide another argument against a general
interpretation as “bund” These mention stretches of “(assigned/erected) (stretches of)
dike of the orchards of the Galamah” (1 ¥2 eSe, 6c ge kirig gala mah, VS 14, 100 = AWL
I obv. i 1-2; 2 eSe, 8c ge kus; 4c Su-du,-a 2c eg, du;-a kirig gala-mah, DP 655 obv. i 1-
2) and other stretches of dike, summarizing them as “dikes, among the large and small
ones” (1,40 4c ge tur mah-ba, VS 14, 100 = AWL 1 rev. i 1) or “assigned/erected dikes of
orchards” (Su-nigen, 1,40 Yac ele, sc ge eg, kirig dus-a-kam, DP 655 rev. ii 1; cf. DP 656),
in context with damages caused by erosion (20c Yac ge a-e gu,-a, see above [18]). It is
most likely that these refer to the eg, of pa; canals that served the irrigation of orchards,
as argued above (see above [17]).

In addition, dikes are referred to as a part of other elements of the irrigation network.
An administrative text records work quotas assigned to individual temple dependents.
While the first entry refers to “dikes of the small field” (3¢ eg, asa tur, DP 639 obv. i 1),
the subscript summarizes them as “(dikes of) the distributor in the small field of Gue-
dena’} thus indicating at the same time that kab,-tar distributors basically consisted of
eg, dikes (Su-nigen, 12 eSe, 2c¢ ge kab,-tar asa; tur gu,-eden-na-ka-kam, DP 639 rev. i
1-2). This is confirmed by another survey that summarizes stretches of dike that were
part of a kab,-tar distributor at the “small field of Guedena” (1 eSe, 2c ge kab,-tar gu,
2c-be, key-dam eg, aSa; tur gu,-eden,-na-ka, VS 25, 100 rev. iv 1-2, see above [18], see
below [20]). At the same time, these references indicate that kab,-tar distributors were
situated alongside fields and indicate that they shared embankments with the canals or
irrigation ditches (cf. DP 654 obv. i 1-rev. i 1; see below [20]).'% Finally, it should be
highlighted that eg, are also mentioned as parts of duruny (eg, durun,-na-amg, DP 654
rev. i 2, cf. DP 623 rev. v 2; DP 624 rev. i 1; DP 642 rev. ii 1—2; DP 653 rev. ii 1, see below

[21]). This, likewise, supports the meaning being “dike” or “embankment”

187 Maeda 1984, 44; Steinkeller 1988, 89 n. 23; Civil 1994, 133.
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As already mentioned, a large number of references to eg, are found in assignments
of work, to be performed at “dikes” or “embankments” associated with fields, or their
respective acceptance by temple dependents. Often, these texts denote the name and/or
the occupation of a person responsible to do irrigation work and include notations such
as “1 reed: Malgasu” (1c ma-al-ga-su;, DP 616 obwv. iii 5), “40 rods erected/assigned dike:
Damdigirgu” (40 eg, du,-a N16,.0u dam-digir-gu,,, DP 617 obv. i 1—2). While some en-
tries in fact denote the work quota of single people, others refer to groups of people from
certain occupational groups and merely mention their respective overseer by his name.
This is evident from some administrative texts that parallel each other, but include vary-
ing notations. Two records from the 3rd year of Lugalanda refer to work performed at
dikes of the Daterabbar field. While the first records a work assignment of “six reeds:
Girnunkidu, the coachman” (DP 623 obv. ii 2-3 6¢ ge gir,-nun-ki-du,, gab,-kas,), the
second includes the more detailed notation “six men, their work six reeds, (under) Gir-
nun, the coachman” ([6 lu,] kig,-be, 6¢ ge gir,-nun gab,-kas,, VS 25, 86 obv. ii 6-iii 2).
Numerous parallels are extant (e.g. DP 653 obv. i 1 1 e3e, sipa ama Sagan, (Gan)® and VS
25, 101 obv. i 1-4 4 lu, lu, 1-8e; kig, 5c ge-ta kig,-be, 1 eSe, sipa ama Sagan,(can)®. In
the case of the members of the most numerous and most high-ranking corvée troops,

188

the “dependents of the king” (ru-lugal),'®® the texts always mention the number of men
in each gang, as well as the per capita work quota, including notations such as “1§ men:
with three cubits of wok for one man, they took over. Their work (is) seven reed three
cubits (under) UrSerda” (15 lu, lu, 13¢5 ki, kus, 3c-ta e-dab, ki,-be, 7c ge kus; 3¢ ur-
d3e35er.-da, VS 25, 86 obv. i 1-ii 1; cf. TSA 23 obv. iii 5-9; VS 14, 187 = AWL 3 obv. i 1-5).
Similar, but mostly abbreviated, notations are, likewise, attested (DP 622 obv. i 1—4; DP
623 obv. i 1—5; DP 625 obv. i 1—4; DP 634 obv. i 1-4; DP 652 obv. i 1—4; TSA 24 obv. i
1—4; VS 25, 84 obv. i 1-4; VS 25, 100 obv. i 1-5; VS 25, 101 0bV. i 1-4)."*” Though these
texts only record the length of the respective work quotas, but not the volume nor the
time-span during which the work would be performed, some observations are possible.
The per capita work load for dike work at the usgal field is computed at 5 reeds or 15
m (DP 622 obv. i 1-4; DP 625 obv. i 1—4; TSA 24 obv. i 1-4). This figure corresponds
to the per capita work load attested once for work at the duruny at the Daterabbar field
(VS 25, 101 obv. i 1—4, cf. DP 653 obv. i 1, see below [21]). A work load of 3 reeds or
9 m is attested for dikes at the small field in the Guedena (VS 25, 100 obv. i 1-5), 1
reed 1 cubit or 3.5 m at the Manumanu field (DP 634 obv. i 1—4), 1 reed or 3 m (DP
652 obv. i i—4) and 3 cubits or 1.5 m, respectively, at the Garamud field (DP 623 obv.
1 1-4; VS 25, 86 obv. i 1-ii 1). The lowest figures occur in a text concerning dike work

at the Ugeg field, which records a per capita work load of “7 %2 thumbs’, corresponding

188 Schrakamp 2014. 189 Cf. Jagersma 2010, 188.
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to a mere V2 span or 12.5 cm (22 lu, lu, 1-8e; ki, Su-si 7c Vo-ta kig,-be, kus; sc zipah,
1c ses-lu,-du,,, VS 25, 84 obv. i 1-4). Comparably low work quotas are otherwise only
attested in assignments of work on “primary canals” (i,) (see above [13]), but the best
parallel is another assignment of dike work at the Ugeg field, which records per capita
work quota of 1 cubit or 0.5 m, to be executed on an eg, zi-pu, which means some sort
of strengthened dike (see below [19]). The remarkably low work quota might indicate
that we here, likewise, deal with an assignment of work on a eg, zi-pu, and, thus, implies
that eg, is used here with a more general meaning.

The review of the ED IIIb/Presargonic royal inscriptions and administrative texts
from Laga3 confirms that eg, basically denotes “two parallel ridges or levées, separated
by a raised water channel” or “a broad earthen wall which accommodated a ditch or
canal running along its top” and describes “both the ditches and the two ridges of earth’,
as suggested by Steinkeller and Pemberton, Postgate, and Smyth.'”® Mostly, it can be
translated as “dike” or “embankment’ which can be part of a “secondary canal” (pa;)
or other elements of the irrigation network, such as “distributors” (kab,-tar), duruny,
and the like. The majority of attestations refers to eg, associated with fields. Most likely,
these refer to the “dikes” or “embankments” that accommodated the pa; canals irrigating
the fields on their two banks. A translation, in the sense of “a small canal’, however, can
only be applied in very few cases, as an inscription of Enmetena or a ED IIla/Fara period
incantation.

[19]

A designation of a special type of “dike” or “embankment” is eg, zi-pu, a rather in-
frequently attested compound of eg, plus zi-pu, though this has recently been ques-
tioned.”" A general meaning of “dike” or “embankment” is indicated by the fact that
this term only appears in two of fifty-seven Presargonic administrative texts from Lagas,
but not in royal inscriptions. This also applies to the Ur III sources.

The reading and the meaning of eg, zi-pu are controversial. Oppenheim, discussing
Ur III references, assumed an etymology with zi-da = sagi “to elevate” and kug, zi-da
“weir’, “barrage” and translated eg, zi-pu as “providing canals with weirs?'** This was
accepted by Sauren and Salonen, who assumed that eg, zi-pu denotes “erhdhen” of a
dam or dike.'” Preferring an etymology with zi.d “to prepare’ Bauer translated it as
“Deichverstirkungen”'”* Maeda pointed out that ED IIIb/Presargonic texts from Lagas

Steinkeller 1988, 73; Steinkeller 1999, 543; Pember- obv. 2.

ton, Postgate, and Smyth 1988, 216. 192 Oppenheim 1948, 40.

See Bauer 2009, 256, who refers to the variant a zi- 193 Sauren 1966, 41; Salonen 1968, 216, 432.
pu in the Ur IIl administrative text MVN 14, 312 194 Bauer 1972, 67-68, 73.
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associate eg, zi-pu with the toponym abbar’, which derives from abbar “marshes” and,

195 Waetzoldt, in contrast, in-

therefore, considered “drainage canal’] likewise, possible.
terpreted eg, zi-Du as “breiter Wassergraben” pointing out that the volumes of earth
moved hardly allow for an interpretation as a “Damm”'® Nissen/Damerow/Englund
and LaPlaca/Powell preferred the more general translations “Deichaufbau” and “dike’}
respectively.’” Civil also took into account Old Babylonian lexical evidence, according
to which ge zi-pu, ge ges-kese,-da, ge kug-zi-da correspond to Akkadian mihru “weir” or
“dam” (Old Babylonian Forerunner Hh VIII-IX [MSL 7, 195] 171-173, cf. Hh IX[MSL
7, 521 315318 ge kug,-zi-da = qa-an mi-ih-ri, ge kese,-da = qa-an mi-ih-ri, ge ges-kese,-da =
qa-an mi-ih-ri, ge $es-kese,-da = ga-an er-re-ti). As ED IIIb/Presargonic and Ur III texts re-
late eg, zi-pu with kab,-tar distributors, mention lengths up to 150 m and refer to earth
work performed at eg, zi-pu, he concluded that “eg, zi-pu is not a simple dam thrown
across a canal to divert its waters” and argued that “[i]f it means a dam or barrage, it has
to be an embankment closing a relatively wide reservoir” As suggested by the aforemen-
tioned authors, Civil connected the element zi-pu with zi-da in kug, zi-da, however,

leaving its precise meaning open to question.'”

Selz translated ED IIIb/Presargonic eg,
zi-pu as “Kanaldamm-Barriere”'” Most recently, Rost discussed references from Ur III
Umma. As eg, zi-pu consisted of clay and earth and were located alongside the rivers
and primary canals, agricultural domains and drainage ponds (a-ga-am), she interpreted
eg, zi-pu as “flood dikes??*

Only two of fifty-seven ED IIIb/Presargonic administrative texts from Laga$ men-
tion eg, zi-pu.! The first records an assignment of work on “the eg, zi-pu of the Ugeg
field of the temple of the goddess Nintu”, which adds up to a length of 32 m (Su-nifen,
13 eSe, kus; 4c kig, dus-a eg, zi-DU ala; u;-ge;, €, dnin-dur,,-ka, VS 14, 187 = AWL 3 rev.
ii 1-2). This demonstrates that eg, zi-pu were located at fields and excludes an interpre-
tation as a dam thrown across a canal. The fact that the corvée workers are assigned a
per capita work quota of only one cubit or 0.5 m indicates that work on eg, zi-pu was
more labor-intensive than that performed on simple eg, and indicates that eg, zi-pu
were more compact than “simple” eg, (11 lu, lu, 13¢5 ki, kus, 1c-ta i;-8i-ti kig,-be,
1c ge kus; sc ur-d'§e3§er7-da, VS 14, 187 = AWL 3 obv. i 1-5, see above [18]).2°% This,
in turn, would agree with the interpretation as “barrage embankment” or “flood dike”
mentioned above. Assuming that eg, could be used as a generic term referring to several

kinds of “dikes” or “embankments’, it could well be true that a work assignment with a

Maeda 1984, 39, 42, 50 n. 12. 199 Selz 1996, 671.

Waetzoldt 1990, 4. 200 Rost 2015, 170-176.

Nissen, Damerow, and Englund 1990, 124-125; 201 Bauer 1972, 73; Maeda 1984, 39, 42; Nissen,
LaPlaca and Powell 1990, 102. Damerow, and Englund 1990, 124-125; Civil 1994,
Civil 1994, 129-130. — For some suggestions regard- 130; Selz 1996, 671.

ing its etymology see Civil 1994, 139 n. 48. 202 Civil 1994, 130.
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comparably low work quota performed on “simple” eg, dikes or embankments likewise
refers to eg, zi-pu (VS 25, 84, see above [18]). Another survey text informs that a kab,-
tar distributor was located at an eg, zi-pu and associates an eg, zi-pu with the toponym
abbar! (3,30 N16,.DU kab,-tar-ta eg, zi-pu abbark' gal,-la, VS 27, 23 obv. ii 2).2* Maeda
considered the possibility that abbar! refers to “marshland” and took this as an indica-
tion for the meaning “drainage canal?2** However, eg, abbar*"(-ra) is also attested as a
shorthand writing for eg, asa; abbar¥ (-ka) “dikes of the Abbar field” as demonstrated
by the interchange of eg, abbar(-ra) and the more detailed writing eg, asa; abbar*"(-ka)

(DP 616 obv. i 1, rev. ii 1; DP 627 obv. i 1, rev. i 1; cf. DP 645 obv. ii 7).2%

eg, zi-DU
abbarX gal,-la could, therefore, likewise refer to a “flood dike” located at the settlement
of Abbar. A unique reference to “dikes/embankments of Urub” (eg, urub¥-kam, DP 623
rev. 1 2) could be a possible parallel.

To sum up, eg, zi-bu is sporadically attested in ED IlIb/Presargonic administrative
texts from Lagas, is associated with a fields once, with a toponym once, and obviously
denotes some sort of reinforced dike or embankment. The later lexical evidence cited
above could support an interpretation as “flood dike” or the like, but though certainly
to be conceived as a compound with eg,, its etymology and precise meaning remains

uncertain.

[20]

One of the most frequently-mentioned and most important elements of the irrigation
network is written NAG.TAR, which is attested from the ED IIIb/Presargonic to the Ur
IIT period and most probably to be read kab,-tar. The kab,-tar are referred to in eight of
fifty-seven ED IIIb/Presargonic or 14% of the administrative texts pertaining to irrigation
work, providing twenty-three attestations in total (DP 639 rev. i 1; DP 642 obv. i 3; DP
654 obv. ii 1, 5, 1ii §; VS 14, 130 = AWL 2 obv. i 2, 3, ii 1, 3, 4, iii T, rev. ii 2; VS 25, 99
obv. iii 7, rev. i 4, iii 4, 6, 8, iv 1; VS 27, 23 obv. ii 2, rev. i 3, 4; VS 27, 36 obv. i 1, 3).
Following eg,, it is, therefore, the most frequent element of the irrigation system in the
administrative texts. ED IIIb/Presargonic Royal inscriptions from Lagas, in contrast, do
not mention kab,-tar. This distribution corresponds to that of the Ur III sources, on the

one hand,?%¢

and indicates that kab,-tar operated on a level of the irrigation network
comparable to that of eg,, on the other.
However, different interpretations have been suggested. Before these are presented,

it needs to be mentioned that most scholars, such as Oppenheim and Gelb, entertained

Note, however, that “210 rods from the kab,-tar dis- 204 Maeda 1984, 42.
tributor which is located at the eg, zi-pu of Abbar” 205 Cf. Maeda 1984, 39—40.
should be written 3,30 N16,.DU kab,-tar eg, zi-pu 206 Steinkeller 1988, 74.
abbar® (-ra) gal,-la-ta.
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the reading nag-kus, but their arguments were based on misinterpretations or obsolete
due to more recent collations.”” Assuming that the term in question denotes a “distrib-
utor” (see below [20]), Steinkeller likewise argued for the reading nag-kus, but based
his argument on lexical and etymological evidence. He pointed out that Aa III/5 [MSL
14, 344] 29-32 equate k“'“ku5 with Akkadian pe-tu-u Sa, A.MES, MIN $a, me-¢, MIN sa, bu-
tug-tum, batdqu sa, A.MES; proposed the reading nag-ku;, and translated it as “that which
divides/diverts irrigation water”?® Sallaberger accepted the reading kus, but he pointed
out that Ur III administrative texts occasionally write NaG**>-ku, instead of nag-ku, and
thus, established the reading kab,-ku.>” Bauer likewise preferred kab,- over nag-, but
based this conclusion on an Ur Il letter with an envelope that testitifes to an interchange
of ka-tar and kab,-tar-ra. Based on the latter spelling, Bauer postulated the reading kab,-
tar-ra instead of l<ab,_-ku5.210 Civil pointed out that copies of the literary letter allegedly
of Ur Il dating include the writing nag-ku as a variant of nag-ku, and considered nag-ku;
to be the correct reading.*'! However, as Civil referred to an early second millennium
variant, on the one hand, and did not refer to Sallaberger and Bauer, on the other, the
reading kab,-tar will be adopted in the present paper.

Oppenheim interpreted kab,-tar as, “long-stretched reservoir leading the stored wa-
ter of the canals deep into the territory which is to be irrigated and where from the fields
are ‘drinking’ [...] when it is opened?!? This was likewise adopted in subsequent discus-
sions that mostly focused on Ur IIT administrative texts from Umma. Sauren regarded the
kab,-tar as long rectangular storage reservoirs (“Wasserreservoire [...] flache, rechteck-

ige Becken”) at the banks of the canals that regulated the water flow to the fields.*'3

Kang assumed that nag-ku, denotes “settling-reservoirs” that washed out sediments.*'*
Gelb, in contrast, connected kab,-tar with kab,-ku, a designation for a container used
for storing onions, and concluded that it denotes “not a reservoir or channel, but a
trough attached to a channel [...] for draining water”*' Salonen tried to harmonize
Oppenheim’s and Gelb’s interpretations, suggesting that nag-ku; were flat, rectangu-
lar, trough-like water basins of wooden planks that irrigated fields (“flaches, rechteck-
iges, trogformiges Wasserbecken mit den dazu gehoérigen Wasserleitungstrogen, die aus

zwei Seiten bildenden senkrechten und einem Boden bildenden waagrechte bzw. aus

207 Oppenheim 1948, 113 n. 117 and Gelb 1965, 59,see 210 Bauer 1992, citing DAS 24, letter and envelope.

the remarks of Steinkeller 1988, 89 n. 22. Sallaberger 1991, n. 1, however, objects that ka
208 See the discussion in Steinkeller 1988, 78, 89 n. 22. could likewise be considered as a simplification of
209 Sallaberger 1991, referring e. g. to TPTS 1, 477 obv. kab, (kax A), such as ka'(ka).

4. It should be noted that Selz 1993a, 37 n. 48, like- 211 Civil 1994, 182-183.

wise proposed the reading kab,-kus, but based his 212 Oppenheim 1948, 113 n. 117.

proposal on the assumption that kab,-ku; rep- 213 Sauren 1966, 54-55.

resents a frozen verbal form of the pattern gab,- 214 Kang 1973, 429—438.

il,. This, however, was explicitly excluded by Sal- 215 Gelb 1965, 58-59. The correct reading of this con-

laberger, who assumed a nominal element kab, -. tainer, kab,-ku, was established by Sallaberger 1991.
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zwei schrig gegeneinander gestellten Brettern hergestellt und an beide Enden offen
und geneigt aufgestellt sind, so dass das Wasser aus dem Wasserreservoir gut ablaufen

kann, um das Feld zu bewissern).216

Maeda was the first to discuss the nag-ku; in ED
IIIb/Presargonic administrative texts from Lagas. Maeda, likewise, thought the transla-
tion “reservoir” plausible, and argued that nag-ku; were considered part of the canals
they were attached to, noting that fields were watered by several nag-ku; with lengths
up to 72 m, and added that orchards were likewise irrigated by nag-ku,.*"” Hruska trans-
lated nag-ku, in various ways as “Wasserbecken’, “Wasserreservoire’, “Wasserbecken mit
Schleuse’, and “[z]Jum Fischfang an das Kanalsystem angekntipfte Teiche”, “Stauschleuse”
and did not clearly differentiate the term from ges-kese,-ra,?*'® The most detailed dis-
cussion of ED IIIb/Presargonic to Ur III kab,-tar was provided by Steinkeller. In contrast
to the aforementioned scholars, he interpreted kab,-tar as a “divisor” or distributor in-
stead of a reservoir. First, he emphasized that kab,-tar was one of the most frequent
and, thus, most important elements of third-millennium irrigation networks. Then, he
demonstrated that Old Babylonian lexical and first millennium bilingual texts refer to
nag-ku, in context with a-e;-a “sluice” and i-zi*$"* “water flow” (Proto-Izi I [MSL 13,
29]366-368 a-¢;-a, kab,-tar, i-zi*8"*) and equate kab,-tar with Akkadian butugtu “sluice”.
Based on Ur Il documents, he pointed out that kab,-tar had a “sluice” (a-e;-a), consisted
of piled-up earth, reed, brushwood, and logs of wood and concluded that kab,-tar were,
structurally, but a variety of eg, “dike” that were “dug” (ba-al) and “cleaned” (Su-luh - Ax)
and operated by “opening” (bad), “closing” (keSe, ), and “diverting” (kus). In addition
to this, Steinkeller demonstrated that nag-ku, were rectangular structures with a length
of 12 m to 72 m and a width of 1 m to 12 m. As their width often corresponded to that of
the canals or channels they were attached to, he concluded that kab,-tar were an integral
part of the canal or channel they were attached to, instead of a separate basin next to it.
Based on these data, he concluded that “the primary function of the nag-kud was to dis-
tribute water’, admitting that this “does not exclude the possibility that water storage was
nag-kud’s [= kab,-tar] secondary objective’, and likewise concluded that the kab,-tar was a
“reinforced section of the canal, provided with one or more sluices, whose function was
to direct and to regulate the flow of water from the main channel into smaller off-takes
and irrigation ditches” In support of his conclusion, he promoted the reading of nag-
ku; “that which divides (water)” on the basis of lexical evidence, analogous to Spanish
and Syrian flood-divisors or distributors known by the names of mezzaz, almatzem, and
partidor.*' Hunt subsequently supported Steinkeller’s conclusion, pointing out that the
comparatively small dimensions of nag-ku; mentioned in ED IIIb/Presargonic to Ur III

administrative texts rather support an interpretation as a distributor instead of a storage

216 Salonen 1968, 225. 218 Hruska 1988, 61, 63, 68 n. 28, 70.
217 Maeda 1984, 44—45. 219 Steinkeller 1988, 74-79; cf. Steinkeller 1999, 543.
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reservoir.”2’ Pemberton, Postgate, and Smyth likewise supported Steinkeller’s proposal.
Estimating that kab,-tar had a height or depth, respectively, of 1 to 3.5 m, they pointed
out that a storage reservoir could hardly have been practical in view of the high rate of
evaporation during the summer months and the marginal size attested for kab,-tar.”*!
Waetzoldt, on the contrary, disagreed with Steinkeller. Based on Ur III administrative
texts from Umma with month datings, he interpreted kab,-tar as retention basins/flood
basins and storage reservoirs (“Flutbecken/Reservoire”) that served the diverted excess
water from the canal network, on the one hand, and stored water for field irrigation,
on the other. As a retention/flood basin necessarily cannot be part of the canal network
proper, he likewise disagreed with Steinkeller’s conclusion that kab,-tar were part of the
canals or channels themselves, in favor of an interpretation of them as lateral basins.???
Independently, Civil, likewise, assumed that kab,-tar were “diversion ponds?; i.e. lateral
flood basins. He based this conclusion on an Ur III letter in which the sender informs
the military authorities that the Euphrates overflowed near Tummal, and that troops
are constructing a huge kab,-tar, in order to divert and dam up an excess of flood wa-
ter. Taking into account ED IIIb/Presargonic and Ur III administrative texts, he doubted
Steinkeller’s conclusion that kab,-tar were an integral part of the canals or channels,
suggesting that they may merely have shared a bank with these waterways. Finally, Civil
argued for a reinterpretation of butugtu, which is attested as the Akkadian equivalent
of kab,-tar, arguing that butuqta batiqu rather means “to divert water” in the context
of a first millennium inscription.?” Hruska, in turn, largely subscribed to Oppenheim
and Steinkeller, interpreting kab,-tar as “water tank, literally water distributor”, assum-
ing “tanks retained and stored flood water [...] drew water from the main sources such
as rivers or major canals and functioned as a water-storage facility in individual down-
stream basins”*** Dight, in turn, again adopted Steinkeller’s interpretation, specifying
that kab,-tar regulated the water flow for canals or channels of lower level and fields.**®

A review of the administrative texts from the ED IIIb/Presargonic references indi-
cates that kab,-tar denotes a “distributor” that regulated the flow of water from the canal
to the fields (see above [4]). A few texts shed light on of the physical characteristics
of kab,-tar. First of all, an assignment of work demonstrates that kab,-tar consisted of
stretches of “dikes” or embankments (eg,). While its first entry records an assignment
of work on “dikes of the ASatur (field)” (3¢ ge eg, aSas tur, DP 639 obv. i 1), the sub-
script records “total: 12 rope 2 reeds [= 36 m] is the kab,-tar of the ASatur (field) of the

220 Hunt 1988, 194-195. 223 Civil 1994, 132-135, 182-183.
221 Pemberton, Postgate, and Smyth 1988, 217-218. 224 Hruska 1995, §5.
222 Waetzoldt 1990, 4—7. 225 Dight 2002, 115, 121-122.
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Guedena” (Su-nigen, ¥2 ede, 2c ge kab,-tar asa, tur gu,-eden-na-ka-kam, DP 639 rev. i 1-

,2%¢ that indicates that kab,-tar basically consisted of “dikes” or “embankments”*? As

2)
mentioned before (see above [18]), eg, were occasionally described in terms of length,
width and height. A survey describing various sections of a canal at the Daterabbar field
shows that this also applies to kab,-tar (DP 654).2*® The first section describes a stretch
of dike or canal with a length of 2 rope or 30 m, a width of 2 reeds or 6 m and a height
of 3 cubits or 1.5 m (1 eSe, 2c ge daal-be, 2c ge-amg sukud-be, kus; 3¢, DP 654 obv. i
1-2, see above [18]). The subsequent sections describe three kab,-tar. The length, width
and height of “that of the kab,-tar of Damu” are computed at 4 reeds or 12 m, 2 reeds
or 6 mand 1 reed or 3 m (4¢ ge dagal-be, 2c ge sukud-be, 1c ge kab,-tar da-mu-ka-kam,
DP 654 obv. 1 3-ii 1), the length, width and height of the second kab,-tar are computed
at 4 reed or 12 m, 2 reeds or 6 m, and 1 cubit or 0.5 m (4¢ ge dagal-be, 2c ge sukud-be,
1c ge kab,-tar [...-ka-kam], DP 654 obv. ii 3—5), and the length, width and height of the
“kab,-tar of the middle boundary ridge” are computed at V2 rope 5 reeds or 45 m, 2 reeds
or 6 m, and 4 cubits or 2 m, respectively (2 eSe, 5c ge dagal-be, 2c ge sukud-be, kus; 4c
kab,-tar im-nun mu;-rus-ka-kam, DP 654 obv. iii 3-rev. i 1). While Maeda assumed that
the first section of the text likewise describes a kab,-tar,?? Steinkeller instead assumed
that the first section refers to a stretch of dike (cf. above [18]) and observed that the first
to fourth section record an identical width of 2 reeds or 6 m. Thus, he concluded that
the kab,-tar was “an integral part of the canal or channel, and not a separate basin, sit-
uated next to it? and assumed that the document in question describes “six sections of
what appears to have been a continuous dike??*° An assignment of work on “dikes of
the A3atur (field) of Guedena” (eg, aSa tur gu,-eden-na-ka, VS 25, 100 rev. iv 2) sup-
ports this. It includes six sections. The first five sections refer to eg, and demonstrate
that these eg, had two banks (gu, 2c-be,, VS 25, 100 obv. i 1-rev. ii 3, see above [18]).
The sixth section records a work quota with a length of 1 rope 2 reeds or 36 m to be
executed on a kab,-tar, more precisely “its two banks” (1 eSe, 2c ge kab,-tar gu, 2c-be,
ke,-dam, VS 25, 100 rev. iv 1).331 It is possible that this kab,-tar at the “Asatur (field)
of Guedena” (aSa; tur gu,-eden-na-ka, VS 25, 100 rev. iv 2) is the same as the kab,-tar
at the same field described as eg, in a work assignment cited above (kab,-tar asa; tur
gu,-eden-na-ka-kam, DP 639 rev. i 1-2, see above [18], [20]). More importantly, it seems
to confirm Steinkeller’s assumption that kab,-tar were “an integral part of the canal or
channel”, especially if one considers that eg, does not only refer to the “dike” or “em-
bankment” of a canal, but to the whole of the canal itself.?*> Given that kab,-tar are

Maeda 1984, 44. 229 Maeda 1984, 44-45.
Steinkeller 1988, 75; Civil 1994, 133. 230 Steinkeller 1988, 77.
See the edition and discussion in Steinkeller 1988, 231 Cf. Steinkeller 1999, 543.

74-81. Cf. also Maeda 1984, 44-45; Dight 2002, 115, 232 Cf. VS 25, 100 obv. i 1-rev. ii 3, see above [18].
121-122.
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described in terms of length, width and height (DP 654, see above [20]), it also implies
that they had a rectangular outline. The conclusion that kab,-tar were a structure con-
sisting of eg,, on the one hand, and were at the same time part of the canals themselves,
finds support in a survey of dikes or embankments (eg, ) at the Daterabbar field. One of
its entries mentions stretches of dike (eg,), with lengths of 4 reeds or 12 m and 3 reeds
or 9 m respectively, of the Enlilepa canal which were “carried away by the water” (4¢ ge
kab,-tar 1c-amg 3¢ kab,-tar 2¢c-kam-ma-amyg den—lilx(Ez)-le-paB-ta ae-deg, VS 27, 23 rev. i
3—6, see above [18]). However, Civil doubted that kab,-tar shared any of its banks with
their respective canals and preferred an interpretation as lateral pond instead (see above
[20]).233 Several surveys denote that kab,-tar were located at the side (za,-be,, literally “at
its side”) of waterways or their respective dikes (eg, nu-aka-ta 40 2 eSe, kab,-tar za,-be,
eg, aka-amg, VS 14, 130 = AWL 2 obv. i 2; eg, $e-a,-[ta] 40 kab,-tar [x]-ma za,-be,, VS 14,
130 = AWL 2 obv. ii 3-4; 6¢ ge kig, nu-aka kab,-tar za;-be,, VS 27, 36 obv. i 2-3).* The
fact that buildings situated along the waterways are likewise said to be located at the side
(za;-be,) of canals supports Civil’s proposal (e.g. kig, <engar>-re,-ne-ta 1,20 NIG,.DU 4¢
ge duruny ki-mah e, nin-mah ter-ku;-ka za;-be, e, nin-mah-ta 1,30 12 4c ge kig, ke;-dam
e, nin-mah za;-be,, VS 27, 36 obw. ii 4-iii 1). Finally, the fact that the subscript of one
of the survey texts referred to above summarizes the quota of work on “dikes” (eg,) and
those on kab,-tar in distinct entries could perhaps corroborate this conclusion (VS 14,
130 = AWL 2 rev. ii 1-3, see below).

Various administrative texts record the lengths of kab,-tar. The highest figure is
found in a work assignment that records stretches of dike (eg, ) and kab,-tar at the Dater-
abbar field of the goddess Babu. It totals 360 rods V2 rope 4 reeds of dikes or 2382 m and
20 rods minus 4 reeds or 108 m of kab,-tar where work was performed (aka-amg), as well
as 20 rods or 120 m of dike where no work had to be done (Su-nigen, 6,30 N16,.DU V2
eSe, 4c ge eg, aka-amg 20 NIG,.DU la, 4c ge kab,-tar aka-amg 20 N16,.DU eg, nu-ke;-dam
eg, asa da-ter-abbar® asa; u,-rum dba-bu,,, VS 14, 1 30 = AWL 2 rev. ii 1-iii 3). This
corresponds to the combined length of a first kab,-tar with a length of 1 rope 4 reeds or
72 m (I eSe, 4¢ ge kab,-tar, VS 14, 130 = AWL 2 obv. i 3) and a second one with a length
of ¥2 rope 2 reeds or 36 m (V2 2c ge kab,-tar 2c-kam-ma-amg, VS 14, 130 = AWL 2 obw.
ii 4).235 The kab,-tar of the middle boundary ridge had a length of ¥ rope § reeds or 45
m (V2 eSe, 5c ge dagal-be, 2c ge sukud-be, kus; 4c kab,-tar im-nun mu;-rus-ka-kam, DP
654 obv. iii 3-rev. i 1). These are the highest figures in terms of length for kab,-tar in the
administrative texts from Lagas. The kab,-tar of Damu and a third kab,-tar mentioned
each had a length of 12 m (4¢ ge dagal-be, 2c ge sukud-be, 1c ge kab,-tar da-mu-ka-kam,
DP 654 obv. ii 3-5; 4c ge dadal-be, 2c ge sukud-be, 1c ge kab,-tar [...], DP 654 obv. i 3-ii

233 Civil 1994, 133. 235 On these lengths cf. Maeda 1984, 44; Steinkeller
234 Cf. the translation in Bauer 1972, 57. 1988, 76.
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1). A length of 36 m is attested for a “kab,-tar of the small field of Guedena” (Su-nigen,
3 eSe, 2c ge kab,-tar aSa; tur gu,-eden-na-ka-kam, DP 639 rev. i 1-2). The smallest fig-
ure attested is 4 reeds or 12 m (4c ge kab,-tar eg, a-gestin-na asa; urin-du;-a, DP 642
obv. 1 3—ii 1). Similar lengths of 4 reeds or 12 m and 3 reeds or 9 m, respectively, are
mentioned for two kab,-tar at the Enlilepa canal which were damaged by erosion, but
whether these figures refer to the total length of these two kab,-tar remains unknown
(4c ge kab,-tar 1-amg 3¢ ge kab,-tar 2c-kam-ma-amg <i,> den—lilx(lzz)-le-pa3 -ta a-e deg, VS
27, 23 rev. i 3-6, see above [18], [20]).2*® Comparably low figures for lengths are also
recorded in a list of work quotas at the “new field” (asa; gibil-amg, VS 25, 99 rev. iv 1).
Most work quotas are not specified and obviously refer to stretches of dike (eg, ). A hand-
ful of entries, however, denotes quotas of work at kab,-tar with varying lengths of 7 reed
or 21 m (7c ge kab,-tar ursag, VS 25, 99 rev. i 4-5), 2 reeds of 6 m (2c ge kab,-tar asa
nigen,-na pL.UTU, VS 25, 99 rev. iii 4-5), 5 reeds or 15 m (5c ge kab,-tar asa; nigen,-na
ur-e,-mus;, VS 25, 99 rev. iii 6-7), and again 5 reeds or 15 m (5c ge kab,-tar asa; nigen,-

27 Indications that these figures correspond to the total

na ur-sag, VS 25, 99 rev. iii 8-9).
length of the kab,-tar are lacking, but the work quotas assigned on the various kab,-tar
or stretches of kab,-tar have similar lengths as the remaining work quotas. The fact that
these were most likely performed on “simple” stretches of dike (eg,) again indicates that
kab,-tar basically likewise consisted of “dikes” (eg,). The above data thus demonstrates
that kab,-tar consisted of “dikes” (eg,) with a height of 1 to 2.5 m, were rectangular in
shape, measured 12 to 72 m in length, 6 m in width and were most probably located at
the side of the waterways which they were attached to.?*

In addition to this, work assignments and survey texts contain data concerning the
localization of kab,-tar in relation to other elements of the irrigation network. A survey
mentions a “kab,-tar of the Enlilepa (canal)” (kab,-tar den—lil,((Ez)-le-pa}, VS 27, 36 obv.
i 1) as a point of reference for dike work. This could perhaps indicate that the water
flow from primary canals to waterways of lower rank was controlled by means of kab,-
tar distributors. In addition to that, it refers to a “pa; canal of Abzu” (pas abzu) and a
“kab,-tar of (the) Abzu (canal)” (kab,-tar abzu) (VS 27, 36 obv. i 3-ii 1), thus indicating
that kab,-tar were attached to pa; canals (see above [17]).%%? In addition to this, one of the
above-mentioned assignments of work on “dikes” (eg,) at the small field of Guedena”

records in its subscript that the work was executed on “kab,-tar of the small field of

Note that Maeda 1984, 44, includes these references, Po20305), in contrast to the copy VS 25, 99, which
whereas Steinkeller 1988, 76, omits them. only shows saé/ka.

The reading kab, (saG x A')-tar, a compound of 238 Cf. the remarks in Waetzoldt 1990, 7.

saéx 1S or saé with a simplified A inscribed, 239 Maeda 1984, 45.

is clearly visible on the photograph (CDLI-no.
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Guedena (Su-nigen, 5 eSe, 2c ge kab,-tar asa;-tur gu,-eden-na-ka-kam, DP 639 rev. i 1-
2, see above [18], [20]). This clearly shows that kab,-tar adjoined the fields, clearly in
order to irrigate them.

Maeda made the important observation that fields normally seem to have been irri-
gated by several kab,-tar. Two surveys enumerate several kab,-tar at the Daterabbar field,
one of them describing the installations in terms of length, width and heigth (DP 654,
see above [20]). Another survey clearly describes “(stretches of) dike of the Daterabbar
field” (eg, asa da-ter-abbarX, VS 14, 130 = AWL 2 rev. iii 1) and mentions the “durun,
of the Imah (canal)” as a point of reference (duruny i,-mah-ta, VS 14, 130 = AWL 2 obv.
i1). A first kab,-tar is located at a distance of 60 rods %2 rope or 390 m from the duruny
(duruny i,-mah-ta 20 NI1G,.DU eg, nu-ke;-dam eg, nu-aka-ta 40 V2 kab,-tar za,-be, eg, aka-
amyg). This kab,-tar had a length of 1 rope and 4 reeds or 72 m which it probably shared
with the dike of the canal or channel (1 eSe, 4c ge kab,-tar, VS 14, 130 = AWL 2 obw. 3).
From there, a stretch of dike with a length of 70 rods and 3 reeds or 429 m (kab,-tar-ta
1,10 3C ge eg, Se-a, en-an-na-tum,-gen, geg't”geétu a-ba ga,-ga, za,-be,, VS 14, 130 =AWL
2 obv. ii 1-2), another stretch of dike with a length of 40 rods or 240 m, and a kab,-tar
at its side were reworked (eg, Se-a,-{ta] 40 kab,-tar [x]-ma za;-be,, VS 14, 130 = AWL 2
obv. ii 3),24
VS 14, 130 = AWL 2 obw. ii 4). The kab,-tar mentioned here could be the same as those
in another survey of “dikes of the Daterabbar field” (eg, a3a; da-ter-abbar¥-ka-kam, VS

its length being computed at V2 rope and 2 reeds or 36 m (V2 4c ge kab, -tar,

27, 23 rev. ii 4), which refers to a kab,-tar at the “food dike of Abbar” (kab,-tar-ta eg,
zi-DU abbar® gal,-la, VS 27, 23 obv. ii 2) as well as and a “first” and “second kab,-tar”
(kab,-tar 1c-amg kab,-tar 2c-kam-ma-amg, VS 27, 23 rev. i 3—4). Though the outline of

241 it is obvious that this

this stretch of dike at the Daterabbar field is not entirely clear,
field was irrigated by at least three kab,-tar. An Ur III text from Lagas records several
sections of dike with lengths up to 2100 m, each interspersed with two kab,-tar, and

2 in agreement with the fact that canals irrigating the fields ran

confirms this pattern,”
along the backslope of the levées.

Finally, some administrative texts that do not belong to the irrigation dossier in-
clude some noteworthy references to kab,-tar. A handful of texts concern the harvest of
onions “from the onion grounds of the Ugeg field which is at the kab,-tar of (the god)

Lugaliribar” (ki Sum,-ma asa; u,-ge,,-ka kab,-tar dlugal—iri—banr—ka—ka gal,-la-ta, DP 383

240 According to the photograph (CDLI-no. Po20129), 241 Cf. Maeda 1984, 45, who computes the distance
VS 14, 130 = AWL 2 obv. ii 3—4 read eg, Se-a,-[ta] from the duruny dam of the Imah (canal) to the first
40 kab,-tar "x"-ma za,-be ¥ 2c ge kab,-tar 2c-kam- kab,-tar at 130 reeds or 390 m, the second kab,-tar
ma-amg. VS 14, 130 = AWL 2 obv. ii 3 probably in- at a distance of 223 reeds or 669 m from the first,
cluded a scribal mistake to be emended to kab,-tar and the third 900 reeds or 2700 m from the Imah
"1ct-amg’, cf. the sequence kab,-tar 1c-amg kab,-tar canal.
2¢-kam-ma-amg in VS 27, 23 rev. i 3—4. 242 Steinkeller 1988, 77, who refers to RTC 412.
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rev. iii 1-2; cf. DP 408 rev. iv 5—7 and Nik. 1, 49 = AWEL 49 rev. iii 1-3). This indicates that
onion grounds were irrigated by kab,-tar.*** A unique document records large amounts
of fish cought from three different kab,-tar (5 sa zr:zr-a agargarakué kab,-tar uday-a kirig
$us,-ka-kam (?), Nik. 1, 277 = AWEL 277 obv. i 1-2; cf. obv. i 3-ii 1, ii 2—4). This proba-
bly supports the assumption that kab,-tar were lateral basins of considerable size.*** A
delivery of woods mentions tamarisk wood for kab,-tar that was clearly used for its con-
struction, be it as a means of reinforcement or as a part of a sluice (20 la, 3 85™3eneg
kab,-tar ges-ti, DP 469 obv. i 2).%* Finally, it should be pointed out that an inventory of
wood mentions a kab,-tar at the side of a field that is associated with a personal name,

d

but the significance of this remains to be discussed (kab,-tar ur-“nasse-na-silim-ma-ta eg,

asa; dinnana zaz-be,, VS 27, 79 obv. iv 1-2; cf. perhaps kab,-tar da-mu-ka-kam, DP 654
obv. ii 1).24

To sum up, kab,-tar most probably denotes “distributors” that regulated water flow
from pa; canals to the fields. These consisted of “dikes” (eg,) with a height of up to 2.5
m, had a rectangular outline, a variable length up to 72 m and a width of at least 6 m.
It is likely that these basins were attached to the side of the canal from which they drew
the water. Given their size and their usage as fishing ponds, kab,-tar probably also had
small storage capacity that depended on their size.**” Thus, the function of kab,-tar was
probably comparable to that of the ges-keSe,-ra, (see above [15]). But as kab,-tar are only
attested in administrative texts and almost always associated with fields, however, both

operated on different levels of the irrigation network.

[21]

Another element of the irrigation network is written Ku.KU or DUR,.DUR,, most likely
to be read durun,. With the possible exception of a list of fields from archaic Ur (see
above [4]), duruny is exclusively attested in ED IIIb/Presargonic Lagas. Both its mean-
ing and reading are controversial. Bauer referred to the equation xu.xu-ru = ka-lu-u Sa,
me-e “retaining of water” (SIG,.ALAN = Nabnitu IX [MSL 16, 122] 254) as well as Akka-
dian kalii “dam”, or “weir”, and, thus, proposed the reading dur,-dur,-ru and translated it

248

as “dam” (“Staudamm”).”*® Maeda discussed references in ED IlIb/Presargonic admin-

istrative texts from Lagas, but left both the meaning and reading of the term open to

Cf. Maeda 1984, 45. personal names, see Rost 2015, 140.

Cf. Bauer 1972, 58-59; Hruska 1988, 68 n. 28. 247 Another, or other, designation for retention basins
On the usage of wood for the construction of in Ur III administrative texts is probably illu(a.xaL),
kab,-tar in Ur III texts, see Kang 1973, 432-433; see Waetzoldt 1990, 7; Hruska 1995, 53; Maekawa
Steinkeller 1988, 75, 86 n. 26. 1995, 197 and cf. RTC 258, cited by Waetzoldt 1990.
For Ur III references for kab,-tar associated with 248 Bauer 1972, 58.
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question. However, he identified a duruny, ki-mah and another “duruny of the Dater-
abbar field” (duruny asa, da-ter-abbark-ka) that had a length of ca. 300 m. Most impor-
tantly, he interpreted the sequence KU eg, Ku-na-amg (DP 654 rev. i 2) as ku eg, durun-
na-amg as “ku which is set up on a canal” and concluded “that xu-ku was a reservoir-
like canal and provided a source of water for the irrigation of the Datir-Ambar field”*¥
Steinkeller, in contrast, adopted Bauer’s suggestion, thus translating “dam” Based on
the 1st millennium gloss dur,-ru-un for ku.ku as the plural stem of tus “to sit” (NBGT
IT [MSL 4: 148-149] 11-12, cf. also writings such as inda, duruny-na “oven-bread’; u,-
duruny-na “combustive brushwood”, BiMes. 3, 15 obv. ii 4; DP 368 obv. i 1 etc.) and

the writing ku.ku-na-amg, he proposed the reading durun,.*°

Hruska pointed out that
KU.KU/DUR,.DUR, reached lengths of ca. 300 m and, therefore, regarded the interpreta-
tion as “dam” impossible. Instead, he assumed that xku.xu or durun, denotes a “dike”

»251

(“Deich”), “dam, fortified dam” or even “junction canal (?) The interpretation “dam”

was nevertheless adopted by Selz and Bagg (“Wehr”).25?

The distribution of references is remarkable. Eight of fifty-seven administrative texts
pertaining to irrigation work, corresponding to 14% of that group, mention durun,,
including a total of twelve attestations (DP 623 rev. v 2; DP 624 rev. i 1; DP 642 rev. ii
1, 2; DP 653 rev. ii 1; DP 654 rev. i 2, ii §5; DP 658 rev. 1 2 (?); VS 14, 130 = AWL 2 obv.
i 1; VS 25, 101 rev. ii 1; VS 27, 36 obv. ii 4, rev. i 3). The fact that royal inscriptions, in
contrast, never refer to durun, points at an element that operated on the lower level
of the irrigation network. The following review of the administrative texts corroborates
this assumption.

A survey of “dikes of the Daterabbar field” (eg, asa; da-ter-abbarki, VS 14, 130=AWL
2 rev. iii 1) mentions the “duruny of the Imah canal” as a point of reference (duruny i,-
mah-ta, VS 14, 130 = AWL 2 obv. i 1). This could mean that “primary canals” (i,) were

provided with duruny and therefore support the interpretation “dam”*

In addition to
this, a “durun, of the u; of the Imah canal” is attested (1,00 la, 5c ge durun, u; i,'(ENGUR-

mah-kam, DP 658 rev.i2—ii I ).23* But as another work assignment refers to this structure

Maeda 1984, 39, 46-47. 254 The reading duruny u, i,' (ENGUR)-mah-kam

Steinkeller 1988, 74, 77, 79, 81. Cf. also Steinkeller
1999, 543, who transliterates durun, (Tus.Tus) in-
stead of ku.ku. Cf. also Civil 1994, 139 n. 44.
Hruska 1988, 70; Hruska 1995, 54. — Note that the
differentiation between durun(tus.rus) “dam,
fortified dam” and xu.xu “a junction canal (?)”

in Hruska 1995, 54, has obviously no basis, see
Jagersma 1997, 512.

Selz 1996, 677; Bagg 2011-2013, 122.

Cf. Steinkeller 1988, 81.

was likewise suggested by Maeda 1984, 48, and
Steinkeller 1988, 81. Note that the interpretation
of ku.ku in DP 658 rev. i 2 as duruny is not beyond
doubt, since all of the previous entries combine the
length of a workload and a personal name or name
of profession. Thus, 1.00 la, 5c ge ku.kU could lik-
wise mean “60 rods minus § reeds: Ku.ku [= per-
sonal name]”. For an interpretation of kxu.ku or ku-
ku as a personal name, see Foxvog 2011, 92.
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as “the v, of the Imah (canal)” in the first entry (3 lu, o.2.0 kig,-be, V2 e3e, 5 ge ki, du,-
a uj i,-mah, DP 647 obv. i 1-2), however, and as “the u;-ter of Abbar” in the subscript
(Su-nigen, 3,10 NI1G,.DU 1c ge kus, 3c kig; duj-a u;-ter abbar¥-ka, DP 647 rev. v 1), it
is rather uncertain that the Imah canal itself is referred to. Another administrative text
records a workload of 60 rods minus § reeds or 345 m at “the durun, of the u; of the
Imah canal” (1,00 la, 5c ge durun, u, i,'(ENGUR)-mah-kam, DP 658 rev. i 2-ii 1, see above
[13]). The fact that this largely corresponds to the length of the duruny of the Daterabbar
field supports this interpretation; the respective textual data will be discussed below. In
addition to this, “dams” or “weirs” of primary canals were designated as ges-kee,-ra,
(see above [17]). Finally, it deserves to be mentioned that all of the remaining references
associate durun, with fields. This in turn indicates that durun, operated on a lower level
of the irrigation system.

This assumption finds support in a memo which locates “a first durun,” of 53 rods
or 318 m and “a second duruny” of 30 rods or 180 m length at the Daterabbar field (53
NIG,.DU duruny 1c-amg 30 N16,.DU duruny 2c-kam-ma asa; da-ter-abbark’, DP 642 rev. ii
1-3). These duruny are clearly also mentioned in another survey, one with a length of
sorods and s reeds or 315 m (50 4¢ ge kig, duruny-amg, VS 27, 36 rev. i 3) and another
one referred to as “duruny of the ki-mah” with a length of 8o rods and 4 reeds or 492
m (1,20 N16,.DU 4¢ ge durun, ki-mah, VS 27, 36 obv. ii 4). These two duruny, finally,
also co-occur in an administrative text recording the survey and acceptance of irrigation
work at a continuous (?) stretch of a waterway (or its respective dikes or embankments)
at the Daterabbar field by corvée troops (sury-re, e-dab, kig, asa da-ter-abbar®, DP 654
rev. ii 6-1ii 1, see above [18], [20]).2°° While its first four sections refer to a stretch of dike
and three different kab,-tar distributors (DP 654 obv. i 1-rev. i 1, see above [18], [20]),
the following sections mention two durun,. The one with a length of 300 m will be
discussed first. Maeda translated “so rods (long) (is) the xu which is set up on the canal”
and concluded that “ku-ku was a reservoir-like canal and provided a source of water for
the irrigation of the Datir-Ambar field?**¢ However, Steinkeller and Civil demonstrated
that this was based on the misreading of ku eg, durun-na-amg and that the passage in
question reads “600 cubits (long) is the dike of the dam” (50 N16,.pU eg, duruny-na-
amg, DP 654 rev. i 2).27 Thus, Maeda’s suggestion that durun, denotes “a reservoir-like
canal” has no basis. Instead, it demonstrates that the duruny was a structure consisting
of “dikes” or “embankments” (eg,) with a length of 50 rods or 300 m. A number of ad-
ministrative texts clearly refer to the same structure and corroborate this conclusion. A
work assignment records 50 rods minus 6 reeds or 282 m work at “dikes of the duruny

On the assumption that this texts records “six sec- 256 Maeda 1984, 46-48.
tions of what appears to have been a continuous 257 Steinkeller 1988, 77, 79-80; Civil 1994, 139 n. 44.
dike” see Steinkeller 1988, 77.
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of Daterabbar” (Su-nigen, 50 N16,.0U la, 6¢ ge eg, duruny da-ter-abbar¥-ka, DP 623 rev.
v 2-3). The respective acceptance of this work assignment records work at “dikes of the
durun, of the Daterabbar field” that add up to a length of “40 rods V2 rope 5 reeds” or
285 m according to the subscript (Su-nigen, 40 N1G,.DU V2 eSe, 5c ge eg, duruny asag
da-ter-abbar’i-ka, DP 624 rev. i 1-2), or 288 m according to the total of the per capita
work quota (DP 624 obv. i 1-v 8). A third text records work on “dikes of the duruny
of Daterabbar” with a total length of 267 m (eg, durun, da-ter-abbar®!, DP 653 rev. ii
1). A prosopographically parallel assignment testifies to “50 rods minus 5 reeds”, or 285
m, “assigned work at the duruny of the Daterabbar field” ([Sul-nien, 5o N16,.0U la, s5c
ge kig, du;-a duruny asa; da-ter-abbar¥i-ka, VS 25, 101 rev. ii 1—2). The similar lengths,
prosopographical parallels, and localizations demonstrate that the “dike of the durun, of
Daterabbar” (eg, duruny da-ter-abbar¥-ka), “dike of the durun, of the Daterabbar field”
(eg, duruny asa da-ter-abbarki-ka), “dike of the durun, of Daterabbar” (eg, duruny da-
ter-abbart¥!), and “durun, of the Daterabbar field” (duruny asa; da-ter-abbar¥i-ka) refer

to the same construction.ZSS

A “duruny of the vy of the Imah canal” with a length of 60
rods minus 5 reeds or 345 m is finally referred to in another administrative text (1.00
la, sc ge duruny u, i,'(ENGUR)-mah-kam, DP 658 rev. i 2-ii 1, but see above [21]). These
lengths indicate that the “duruny of the Daterabbar field” is the same as the “duruny of
the v, of the Imah canal” Notably, the last-mentioned work assignment computes the
work load assigned to the temple dependents at 5 reeds or 15 m per capita (4 lu, lu,
1-3e, ki, sc ge-ta kig,-be, 1 ee, sipa ama Sagan,(GaN)®, VS 25, 101 obv. i 1-4). This
corresponds to the highest per capita workload attested for work on “dikes” or “embank-
ments” (eg, ) at canals for field irrigation (see above [13], [18]) and is significantly higher
than the per capita work quota for the “cleaning” (Su-luh — ax) and “hoeing” of “primary
canals” (i,, see above [13]). The “dikes” or “embankments” of a duruny therefore, did
not differ from those accompanying the “secondary canals” (pa;) at the fields.

This is finally indicated in the last part of the abovementioned record concerning
the survey and acceptance of work at Daterabbar field by the corvée troops. It does not
only refer to work on the “dikes of a duruny” (50 N16,.0U eg, duruny-na-amg, DP 654
rev. i 2, see above [21]), but also to work on the durun, ki-mah, the second duruny
at the Daterabbar field (40 ¥4 2c ge u;-ter a dab,-ba aSa; nag-a nag-be, 6¢ ge dagal-be,
Ic ge U, ter-kam 14 eSe, la, 1c a-igi 8c ge a-egir, duruny ki-mah, DP 654 rev. i 3-ii 5).
The interpretation of this passage is highly controversial. Maeda translated “4o gar-du [=
N16,.DUl V2 3¢ [= rope] 2 gi [= reeds] long (it is) u-tir which stores water to irrigate fields.
The nag [=nag] (is) 6 gi [= reeds] in length and 1 gi [=reed] in breath [i.e. width]. (These

are) in U-tir [= us-ter]. 9 gi [= reeds] long (it is) water in front [= a-igi]. 8 gi [= reeds]

258 Cf. Maeda 1984, 41, 46; Steinkeller 1988, 81.
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long (it is) water behind [= a-egir,]”*’ Thus, Maeda concluded that u,-ter had a nag
and served the irrigation of the Daterabbar field. Steinkeller, in contrast, translated “552
cubits (long) [= 40 N1G,.DU V2 rope 2 reeds] (is the reservoir) at the Tir-bridge [= u;-ter] (?);
it stores water (and) irrigates the field; its sluice [= nag] (is) 36 cubits (long), its (i.e. of the
sluice) width (is) 6 cubits — (this) is (the reservoir) at the Tir-bridge [= u;-ter] (?). 54 cubits
(is the width of) water at the back [= a-egir,] (of the reservoir), 48 cubits (is the width of)
water at the front [= a-igi] (of the reservoir), (this is) the Kimah-dam.”260 In this context,
it needs to be recalled that Maeda considered duruny to denote “a reservoir-like canal
[...] for the irrigation of the Dater-Ambar field”, whereas Steinkeller suggested “a type
of dam [...] provided with a sluice which probably led directly into the field??*! Based
on Steinkeller’s translation, Dight proposed a reconstruction of the irrigation device
referred t0.2¢?

Though both translations differ, it is clear that a construction “which stores water
(and) irrigates fields” (a dab,-ba aSa; nag-a) and “its s/uice” (nag-be,) are mentioned, but
whether this really describes the duruny ki-mah is uncertain. As already mentioned,
Steinkeller assumed that the whole document included six sections that describe a con-
tinuous dike and argued that the first four sections describe a stretch of dike and three
different kab,-tar distributors. The fifth section, according to Steinkeller, refers to a
stretch of dike which measures 300 m and a durun, (50 N16,.0U eg, duruny, DP 654
rev. i 2, see above [21]).28 According to Steinkeller’s interpretation, the sixth section
describes a stretch of dike 276 m in length at u;-ter and described as “dam of Kimah”
(duruny ki-mah). This, Steinkeller argued, was 27 m at its back (a-egir, ), 24 m at its front
(a-igi), provided with a sluice (nag-be,) 18 m in length, and 3 m in width and served “to
store water and to irrigate the field” (a dabs-ba asa; nag-a).?** This interpretation, how-
ever, is problematic since Steinkeller’s subdivision of the passage in question is probably
wrong. This is obvious from the fact that each of the first five sections ends with an en-
clitic copula -amg “it is” that denotes the installation on which work was performed.?%*
The first section thus ends “[...] is (a stretch of dike)” (DP 654 obv. i 1 ...-amg), the
second, third and fourth section end with “[...] is the kab,-tar distributor of ..” (DP
654 obv. ii 1 kab,-tar da-mu-ka-kam, obv. ii § kab,-tar [...-ka-kam], obv. iii 5-rev. i 1
kab,-tar im-nun mu;-rus-ka-kam), and the fifth section ends with .. (stretch of) dike
is the durun,” (DP 654 rev. i 2 ... eg, duruny-amy). As it is logical to assume that the
sixth section likewise ends with an enclitic copula, this section reads “40 rods ¥ rope

Maeda 1984, 47-48. 264 Steinkeller 1988, 77.

Steinkeller 1988, 79-80. 265 Note that copular clauses also appear in ED
Maeda 1984, 47; Steinkeller 1988, 75, 77. I1Ib/Presargonic administrative texts from Lagas,
Dight 2002, 115, 121-122. such as ration lists, as a means of structuring an
Steinkeller 1988, 77. asyntactical list, cf. Sallaberger 2000.
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2 reeds, u,-ter which stores water (and) irrigates fields, its sluice (is) 6 reeds, its width
(is) 1 reed, it is Uy-ter” (40 V2 2c ge U;-ter a dab,-ba asa; nag-a nag-be, 6c ge dagal-be,
Ic ge u;-ter-kam, DP 654 rev. i 3-ii 2, see below [22]). The subsequent lines that record
work performed on the durun, ki-mah must, therefore, belong to a seventh subsection.
This one records that work was executed on a length of 2 rope minus 1 reed or 27 m
on its a-igi and on a length of 8 reeds or 24 m on its a-egir, (V2 eSe, la, 1c ge a-igi 8c
ge a-egir, duruny ki-mah, DP 654 rev. ii 3—5). Steinkeller assumed that a-igi and a-egir,
“seem to describe respectively the back (upper) and front (lower) weirs closing the dam
(duruny)?2¢¢ However, as argued above, a-igi and a-egir, instead describe the inner and
outer slope of a “dike” or “embankment” (eg,) accommodating a canal (see above [18]).
This agrees with the abovementioned observation that durun, were structures of “dikes”
or “embankments” (eg,, see above [21]). If the reinterpretation of the text is correct, the
interpretation of duruny as “dam” has no basis. At the same time, “which stores water
(and) irrigates fields” (a dab,-ba aSa; nag-a, DP 654 rev. i 3) must refer to the function
of the u;-ter mentioned in the preceding section which is discussed below (see below
[22]).

To sum up, durun, denotes an element of the irrigation network which was closely
associated with fields and consisted of “dikes” of “embankments” (eg,) similar to those
of “secondary canals” (pay). Two duruny, one with a length of ca. 300 m and another one
measuring as much as 492 m, were associated with the Daterabbar field and the u; of the
Imah canal, respectively. Notably, the interpretation as “dam” merely rests on a single
survey texts and can hardly be substantiated. As the fact that durun, are not attested after
the ED IIIb/Presargonic period makes its interpretation especially difficult, the precise

nature of durun, remains unclear.

[22]

The last element of the irrigation network to be discussed is u; which is attested in ED
IIIb/Presargonic to Ur III administrative texts. Besides the simplex us, it seems to occur
in u;-ter, which is possibly a genitival compound (cf. u;-ter-kam, DP 654 rev. ii 2, see
above [21]). These occur in six of fifty-seven administrative texts pertaining to irrigation
work, with eight references in total (DP 568 obv. ii 1; DP 646 rev. ii 4; DP 647 obv. i 2,
rev.v 1; DP 654 rev. 1 3, ii 2; DP 658 rev. ii 1; VS 27, 36 rev. iv 1). As, again, references in
royal inscriptions are lacking, the distribution in ED IIIb/Presargonic texts from Lagas
corresponds to that of the Ur III texts. The meaning and reading of u;, however, are

controversial.

266 Steinkeller 1988, 81.
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Sauren identified u; as an element of the irrigation network that appears in context
with the Tigris, primary canals, and lagoons or drainage ponds (a-ga-am) in Ur IIl admin-
istrative texts from Umma, but left it untranslated.”*’” Discussing ED I1Ib/Presargonic
administrative texts from Lagas, Maeda pointed out that u; almost exclusively occurs in
“u, of the Imah canal” (uj i,-mah) and “u; of the Daterabbar field” (u, da-ter-abbark). As
the v, i,-mah was distinct from the i,-mah proper and measured more than 20 coo m in
length, he considered it to represent the former course of the i,-mah canal, pointing out
that the spelling u; which also denotes libir “old” could reflect this meaning. Moreover,
he assumed that u,-ter denotes parts of vy planted with trees as a reinforcement against
erosion.”®® Steinkeller observed that u; co-occurs with other elements of irrigation sys-
tem, such as kug, zi-da u; Sumun, “dam of the old u;” or toponyms like u; dug-tur-ra.
Different from Maeda, he proposed the reading duru, and the meaning “bridge” His ar-
gument based on the observation that an ED IIla/Fara period geographical list (MEE 3,
234, 126) renders the same place name once as ¢e3.u;.ku-kul-ab¥ and once as ¢£3.u,-gul-
1ak. Assuming that this represents the same toponym as the Old Babylonian BaD,-u;-gul-
la," and tu-ur-v,-gul-la,", respectively, he suggested the readings &*duruy (u,)%™-kul-
ab® and gegdurux(U3)—gu—laki, respectively, and thus proposed the reading duruy for u,
and assumed an etymology with e,-"""duru," = titirum, titurru “bridge;, and its vari-
ants a-dur, and addir.?® Civil discussed u; mainly on the basis of Ur Il administrative
texts. He pointed out that u; is usually followed by hydronyms, but also dikes, groves,
fields, and meadows. In addition, he pointed out that u; were susceptible to erosion,
occasionally planted with trees, and accommodated fields and orchards. Referring to
unorthographic writings such as 8°ma, ma,-lah,-be, i;-ib,-u; and interchanges of u,
and ug, such as orthographic variants including dug-lugal-u;, dug-lugal-u; or a-u;-ba and
a-u;-ba = mil kissati “high tide” and “floodwater’, Civil considered u, to represent an un-
orthographic writing for ug = rakdbum “to ride” connected the latter with “*u,(HU.sD
= §zlzp—[ku]l""p", Y2ug(HU.SD = R k-, “levee”, “embankment” (Aa I1/6 iii [MSL 14, 292—
293] A 14, B iii 11’). Thus, he concluded that uy denotes “high ground, perhaps old
levees or even islands, near the river or canal banks” or “banks or islands created by the
changes of the river beds resulting from yearly floods’, respectively, and translated “u,
grounds” for convenience.”’® Hruska assumed that u; and u;-ter denote “canal banks”
that were sometimes “fortified with shrubs??”! Selz considered Maeda’s proposal con-
vincing, translating ED IIIb/Presargonic u, i,-mah da-ter-abbar® as “Deichverstirkun-

gen am Imah an der Waldseite von Ambar”?’? Mander/Notizia, in contrast, adopted

267 Sauren 1966, 65. 270 Civil 1994, 131-132.
268 Maeda 1984, 39, 47-48. 271 Hruska 1995, 56.
269 Steinkeller 1988, 81. 272 Selz 1996, 676- 677.
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Civil’s suggestion (“una amasso di terra, forse un vecchio argine o addirittura una pic-
cola isola, venutasi acreaere a seguito delle piene annuali, e non un ‘ponte™).” In his
edition of assignments of work at the “canal which goes to Nigen”, Studevent-Hickman
provided a thorough discussion of u,. Referring to field names like a-3a; u; gu, i,-da
dba-bun-he?_-galy_, he argued that u; were located at the banks of canals, were delimited
by “dikes” or “embankments” according to notations like u; bar-ra “outer u,” or eg,
U, i, Ysul-ge-pirig, accommodated fields and orchards, and reached lengths of up to 8o
danna or 28.8 km, perhaps as much as 400 danna or 144 km. Pointing out that earth ex-
cavated in irrigation work is traditionally deposited at the banks, he interpreted the u,
of the “canal which goes to Nigen” as an earthen structure located alongside the banks
of the canal and translated it as “spoil bank” As spoil banks principally kept water at bay
and provided a path for land traffic, he considered the translation “bund” or “causeway’;
thus, harmonizing his interpretation with Steinkeller’s translation as “bridge??”* Subse-
quently, Steinkeller adopted Studevent-Hickman’s proposal and translated u; as “cause-
way”?”3 Most recently, Rost discussed u; in Ur III administrative texts from Umma. She
argued that “u; might have been a managed opening in the river levee that allowed wa-
ter to be delivered into nearby depressions or wetlands if needed” or “a specific location
in/at the Tigris levee that allowed for diverting water as a flood prevention measure”?’®

The interpretation of the ED IIIb/Presargonic evidence of uj is difficult. Most at-
testations of u; mention the “uy of the Imah canal” (u, i,-mah, DP 568 obv. ii 1; DP
646 rev. ii 4; DP 647 obv. i 2; DP 658 rev. ii 1). An additional reference is found for an
“us-ter of Abbar” or “u; of Terabbar” (u;-ter abbarXi-ka or U, ter-abbarki-ka, DP 647 rev.
v 1). This is either an abbreviated spelling or a scribal mistake for u, da-ter-abbar¥-ka or
a reference to an u,-ter, a writing which is attested twice without being associated to a
toponym (U;-ter, Us-ter-kam, DP 654 rev i 3, ii 2).2”7 One of these references to U,-ter is
found in the subscript of an administrative text concerning “assigned work at the u;-ter
of Abbar” (kig, duj-a us-ter abbar¥i-ka, DP 647 rev. v 1). As the first entry of this text
instead records “assigned work at the v, of the Imah canal” (kig, du;-a v, i,-mah, DP
647 obv. i 2), the u; i,-mah and the uj-ter abbar-ka obviously denote the same struc-
ture. Finally, the fact that a third survey mentions the “u, of the Imah of Daterabbar”
corroborates this assumption (u; i,-mah da-ter-abbarX, VS 27, 36 rev. iv 1). In addition
to this, a survey text records the inspection of several stretches of dike, kab,-tar distribu-
tors and two durun, constructions, the subscript summarizing them as “assigned work of
(the goddess) Babu” at “the v, of the Imah of Daterabbar” (u, i,-mah da-ter-abbar* kig,
du;-a dba-bu,,, VS 27, 36 rev. iv 1-2). Thus it is clear that u; i,-mah and U, ter-abbar®i-ka

273 Mander and Notizia 2009, 239-240. 276 Rost 2015, 108-109 with n. 77.
274 Studevent-Hickman 2011, 43-47. 277 Cf. Maeda 1984, 47.
275 Steinkeller 2011, 387.
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or uj-ter abbar¥i-ka denote the same structure. This is also corroborated by the fact that
the same survey mentions a duruny 50 rods minus 4 reeds or 312 m in length (50 4¢c ge
kig, duruns-amg, VS 27, 36 rev. i 3, see above [21]) that resembles that of the duruny u,
i,-mah, with a length of 6o rods minus s reeds or 345 m (1,00 la, sc ge ge duruny u,
i7!(ENGUR)-mab, DP 658 rev. i 2—ii 1, see above [21]).78

This same document includes seven entries, each probably denoting the length of a
work assignment (16,40 ¥4 e3e, lu,-kur 20,00 la, 1,00 sag-du; 3,00 la, 10 nam-mah 7,40
ur-igi 11,40 lu,-4ba-bu,, 1,00 la, 5 ge durun, U, i,'(ENGUR-mah-kam, DP 658 obv. i
1-rev. ii 1). According to Maeda’s interpretation, these lengths add up to a total of 7.065
reeds or 21 195 m. Maeda argued that this length excludes a man-made structure and
concluded that u; i,-mah denotes the former course of the Imah canal, pointing out
that the sign u; also has the reading libir “old” in support of his proposal. A compar-
atively high workload is recorded in an assignment of work to temple dependents of
the goddess Babu on the uj i,-mah, adding up to 720 rods 1 rope or 4350 m. After the
reference to the u; i,-mah, the text inserts a last figure of 420 rods and 1 rope or 2580
m. Assuming that this was inserted as an afterthought that also refers to work on the
U, i,-mah, the total length of the work on the v, i,-mah would then add up to 6930
m (6,00 1 ee, lugal-pa-e; 3,00 lugal-mas-su 1,00 puzur,-ma-ma 2,00 la, 1 eSe, ur-dam
U, i,-mah lu, dba-bu,,-me 7,00 1 ese, ur—digi-:alma-ée3 NU-banda,, DP 568 obv. i 1-ii 4).
In any case, this document corroborates Maeda’s assumption that the vy i,-mah was a
huge structure. These figures are reminiscent of the length of the “canal which goes to
Nigen” (i, nigenéki-du), which can be estimated at ca. 50 km (see above [14]). A number
of Ur III work assignments record work on the u; of the“canal which goes to Nigen”

h,2”? a fact

that demonstrate that the u, of this waterway likewise had an enormous lengt
that explains why u; is associated with “primary canals” (i,) alone. A survey informs us
that work on the u; of the Imah canal at the Daterabbar (field) had to be performed on
alength of 650 rods and 7 reeds or 3935 m, while a section of 7o rods ¥2 rope and 4 reeds
or 402 m would not be reworked (3u-nigen, 10,50 N16,.0U 7¢ ge ki, ke;-dam 1,10 ¥2 4¢
ge kig, nu-ke,-dam v, i,-mah da-ter-abbar kig, dus-a 4ba-bu,,, VS 27, 36 rev. iii 1-iv 2).
Though these are by far the highest figures attested for irrigation work, the remaining
texts, likewise, mention remarkably high figures, such as “total: 190 rods 1 reed 3 cubits
[= 1144.5 m] assigned work on the uj-ter of Abbar” (Su-nigen, 3,10 N1&,.DU 1c ge kus,
3¢ kig, dus-a uj-ter abbarXi-ka, DP 647 rev. v 1). The per capita workload assigned to a
small gang of three members of the corvée troops is computed at ¥z rope § reeds or 15

See the edition in Maeda 1984, 47—48. On the emen- cussions in Maekawa 1997, 128-130, 142-143; Man-
dation i,'(ENGUR) cf. also Steinkeller 1988, 81. der and Notizia 2009, 239-249; Rost 2011, 211-269;
BM 93831 and HSM 6485, see the editions and dis- Studevent-Hickman 2011.
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m, corresponding to the highest per capita figures for work on simple “dikes” or “em-
bankments” (eg,) (3 lu, o.2.0 kig,-be, ¥4 ese, sc ge kig, du;-a u; i,-mah, DP 647 obv. i
1-2). Finally, an assignment of “canal cleaning” (i, Su-luh — Ax) seems to compute the
distance “from the u; of the Imah canal to the middle of the field”, thus indicating the
distance from the v, of the Imah canal to the Urindua field (u; i,-mah-ta 3a, aSa;-ga-Se;,
DP 646 rev. ii 4-5) at 60 rods 2 reeds or 366 m (Su-nigen, 1,00 NIG,.pU 2¢ ge kig, duj-ai,
aSa; urin-du;-a $a; i,-da Su-luh ke;-dam, DP 646 rev. i 1—4, see above [13]). These figures
demonstrate that u; denotes a huge structure. Finally, the abovementioned survey and
acceptance of work at the Daterabbar field by the corvée troops illustrates the function
of an u;, more precisely an u,-ter at the Daterabbar field. As already mentioned, the first
sections of this document refer to a stretch of dike, three different kab,-tar distributors,
and two duruny, (see above [18], [20], [21]). The sixth section relates to an u;-ter, reading
“40 rods V2 rope 2 reeds (is its length), u,-ter which stores water (and) irrigates fields, its
sluice (is) 6 reeds (in length), its width (is) 1 reed, it is (that of(?)) u;-ter” (40 ¥2 2c ge us-ter
a daby-ba asa; nag-a nag-be, 6¢ ge dagal-be, 1c ge us-ter-kam, DP 654 rev. i 3-ii 2, see
above [21]). As explicit mention is made of the irrigation of fields (aSa; nag-a), Maeda
and Steinkeller convincingly translated a — dab; as “to store water?*** In addition, Ur III
administrative texts from Umma that record work performed at the “u, of the Tigris”
(uy i, idigna-ka) refer to the “seizing of flood water” (a zi-ga dab;-ba) as a means of flood
control through water diversion and could provide a possible parallel.?*!

To sum up, u; denotes an earthen structure of huge dimensions that was related to
the Imah canal on the one hand, and to the Daterabbar field, on the other. This agrees
with the evidence of the Ur IIT administrative texts that have more amply been discussed.
Its precise function, however, is hardly elucidated on the basis of the ED IlIb/Presargonic
administrative texts, but a survey indicates that it had an important function in the stor-
age and distribution of irrigation water.

[23]

The discussion of the basic irrigation terminology in ED IIIb/Presargonic royal inscrip-
tions and administrative texts from Laga$ testifies to the existence of a four-level irri-
gation network:***> From the river, water flowed to the “primary canals” (i,) that were
regulated through “regulators” (8es-kese,ra, ), and branched off to “secondary canals”
(pas) that are mostly referred to indirectly through mention of their respective “dikes” or
“embankments” (eg, ). “Distributors” (kab,-tar) regulated the water flow from the canals

Maeda 1984, 48; Steinkeller 1988, 8o. Steinkeller 2011, 387.
Rost 2015, 108-109 with n. 78, citing MVN 21, 282 Cf. Steinkeller 1988, 73-74.
101; UTI 3, 1807; UTI 4, 2926. On these texts, see
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to the field. The most important additional elements of the irrigation network include
eg, zi-nu, which denotes some sort of strengthened dike, duruny and u;, which played
a role in the storage and distribution of irrigation water. Notably, the distribution of
these elements in royal inscriptions and administrative texts perfectly reflects their po-
sition within the irrigation network. While the construction of “primary canals” (i)
and “regulators” (ges-keSe,ra,) — devices operating on the highest level of the irriga-
tion network — are amply reported in royal inscriptions, they are only rarely referred to
in the administrative texts. These texts, instead, mainly testify to the maintenance and
construction of “dikes” (eg,) at the field and their respective canals (pas), “distributors”
(kab,-tar) that served their irrigation, and duruny. In addition, the complementary distri-
bution of irrigation devices in royal inscriptions and administrative texts demonstrates
that construction and maintenance of the irrigation network were organized on two
levels, as will be clear from the following examples of administrative texts documenting

the assignment and acceptance of works by temple dependents.

[24]

As a rule, administrative texts consist of two parts.?®3 The first is a list of persons, groups
of persons or occupational groups that are assigned a specific workload, such as “1 reed
(of work): Nammahne, the maltser, 1 rope (of work): Urdumuzi, the goat-herd) ([1c
ge] nam-mah-ne, munu,-mu, 1 €e, ur-ddumu-zi sipa udy, DP 615 obv. i 1-rev.i1). The
second part, the so-called subscript, usually indicates the total work load and the place
where it was executed, e.g. “total: 40 (rods) V2 rope dike of the Dugara field. Subur, the
captain, assigned it. Year 3” (Su-nigen, 40 V2 eSe, eg, asa; dug-gara, subur Nu-banda; mu-
du; 3., DP 615 rev. ii 1—4). Occasionally, the texts denote both the acceptance of work
quotas by the temple dependents and their assignment by the captain of the temple.
Thus, one instance of such a subscript reads “total: 60 rods 2 reeds, assigned work of the
canal of the Urindua field. The canal bed is to be cleaned. The farmers in service took it
over. Eniggal, the captain assigned it to them from the v, of the Imah (canal) to the
middle of the field. Year 4” (Su-nigen, 1,00 N16,.DU 2¢ ge kig, duj-a i, asa urin-du;-
a $a, i,-da Su-luh ke,-dam engar ki-gub-ke,-ne e-dab; en-ig-gal Nu-banda, v, i,-mah-ta
$a, afa;-ga-Se; mu-ne-du, 4., DP 646 rev. i 1-ii 6, see above [13], [22]). Though there are
many variations in the formulation, it is clear that assignments of work and their respec-
tive acceptance were supervised by the “captain” (Nu-banda, ), the chief administrator of

the temple, who was likewise responsible for surveying the irrigation network in order

283 On the layout of the ED IIIb/Presargonic adminis- trative texts from Lagas, see Sallaberger 2000.



IRRIGATION IN 3RD MILLENNIUM SOUTHERN MESOPOTAMIA

to determine which parts were to be worked on.?®* The archival context indicates that ir-
rigation work was primarily conducted on parts of the irrigation network that adjoined
the fields of the temple of Babu. This is corroborated by occasional annotations that clas-
sify the fields as the property of Babu, or her temple, respectively (aSa; u,-rum dba-bu,,,
VS 25, 74 rev. v 3; Su-nigen, 30 NIG,.DpU kig, du;-a eg, asa; da-ter-ra [a]bbar*i-ka asa;
dba-bu,,-ka, VS 25, 105 rev. ii 1—4). Occasionally, the texts refer to fields and orchards
of the household of the wife of the ruler (e,-mi,, VS 14, 100 = AWL 1 obv. i 5; eg, asa
da-ter-abbar¥-ka-kam aSa; e,-mi,-kam, VS 27, 23 rev. ii 4-iii 2). Only very rarely, fields
belonging to other households are mentioned; these include the temple of Nintu (asa
u;-ge; €, dnin-dur,,-ka, VS 14, 187 = AWL 3 rev. ii 2) and the temple of Ningirsu (eg,
$eS-AN.TUR asa; dnin-{;irz-su-ka-kam, VS 27, 23 rev. iii 3—4).2%° Thus, the administrative
texts document a very local level of the irrigation network that was related to the temple
of Babu, as already indicated by the fact that administrative texts mostly refer to “dikes”

or “embankments” (eg,) and “distributors” (kab,-tar) (see above [18], [24]).

[25]

At the same time, it is clear that the people drafted for irrigation work, likewise, be-
longed to the Babu temple. The identification of the workers is more difficult and only
possible by means of systematic observations on personal names, abbreviated name-
forms, co-occurrences and cluster of names and professions, and so on. However, the
fact that almost all texts refer to the well-known “captains” (Nu-banda,) of the house-
hold of the ruler’s wife (e,-mi, ), or the temple of the goddess Babu (e, dba-bu,,) respec-
tively, indicates that the gangs drafted for irrigation work likewise were recruited from
the dependents of this household.?%¢ Occasionally, the texts refer to work “to the men of
the goddess Babu” (lu, dba-bu“-l<e4-ne, DP 637 rev. iv 3, cf. lu, 9ba-bu,, (?), DP 658 rev.
i 1), “completed work of the men of the goddess Babu” (kig, aka lu, dba-bu,,-ka, DP
636 rev. i 1), or simply “own work of the goddess Babu” (kig, u,-rum 4ba-bu,,, DP 659
rev. i 4-5) and, thus, confirm this. As prosopography corroborates this assumption,?’
it is sufficient to say that those obliged to carry out irrigation work can mostly be iden-
tified as the “men who have received a subsistence field” (lu, Suku dabs-ba) or “corvée

troops” (sury) of the temple that are well-known from ration lists.**® Occasionally, gangs

284 Cf. Bauer 1998, 534. 286 Schrakamp 2014.

285 A list of fields attested in administrative text is pro- 287 On the criteria for prosopographical identification,
vided by LaPlaca and Powell 1990, for a discussion see Selz 2003, 500-501; Foxvog 2011, 60; Schrakamp
of fields belonging to this temple, see Selz 1995, 41— 20152, 19-20.
45. 288 Schrakamp 2010, 65-66.
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of workers are explicitly referred to as “corvée troops’, e.g. in an assignment and accep-
tance of work in “canal hoeing” (i, al du,) on the Lummagendu canal (Su-nifen, ¥ eSe,
kus, 2c kig, bala-amg sury-re, e-dab; i, al du; kig, u,-rum dba-bu,,, DP 659 rev. i 1-5,
see above [13]; see also DP 622 rev. iii 4; DP 654 rev. ii 6; VS 25, 77 rev. i 1).

The “men who have received a subsistence field” (lu, Suku dab,-ba) or “corvée
troops” (sury) constituted a bi-partite class of temple dependents.?®” Among them, the
“subordinates of the king (?)” (ru-lugal) and the “followers” (aga,-us, ), i.e. the militia,
enjoyed the highest status and income and were the first to be drafted for public work
and military service.””® Thus, some texts show that these groups were drafted for irri-
gation work alone (DP 614; DP 634; DP 6525 Nik. 1, 8 = AWEL 8; VS 25, 100), while
others refer to them in the first place, assigning them the highest workloads (DP 622
obv. i 1—4; DP 623 obv. i 1-ii 9; DP 625 obv. i 1—4; DP 630 obv. i 1-3; DP 637 obw.
i 1-6). The second subgroup of the corvée troops consisted of “farmers” (engar, engar
ki-gub), various groups of shepherds, and herdsmen in charge of sheep, goats, swine,
and mares (sipa, sipa ama §aganx(GAN)§a, sipa ud,, sipa uday siki-ka, sipa $aha, unu,),
“fishermen” (Sukud,) as well as the different groups of “craftsmen” (ges-kig,-ti), such as
“carpenters” (nagar), “leatherworkers” (asgab), “reedworkers” (‘*dadgub), “felters” (tug-
dug), “foresters” (lu,-ter), “potters” (bahar, ), and others. Notably, these were exactly the
same groups that were called for public work, such as harvest or temple building, and
military service. In addition, irrigation work was also compulsory for “scribes” (dub-sar),
high-ranking court personnel, such as “cupbearers” (sagi), “cooks” (muhaldim), “clean-
ers” (azlag, gab,-tang), “brewers” (lu,-BABIR;), and cult personnel that likewise held al-
lotments of subsistence fields, but were exempt from military duty. These rather high-
ranking temple dependents were subsumed as “men who look around” (lu, igi-nigen,)
and, thus, differentiated from the bulk of the corvée troops, as in a work assignment
recording “work taken over by the men who look around. The corvée troops took over its
rest” (kig, lu, igi-nigen,-ne dabs-ba-amg eger,-be, sury zu, kese,-ra, e-dabg, DP 622 rev.
iii 3-4).2%1
on the contrary, were not obliged to perform irrigation work. Therefore, irrigation work

could also be considered some sort of “labor tax??? The fact that administrative texts

Lower-ranking groups that were not entitled to receive fields for subsistence,

mention an irrigation tax (mas ki-duru,, mas asa;-ga, Se gub-ba mas ga-be, ) that was due
for prebends from fields of the goddess Babu or the ruler’s family, respectively supports
this assumption (asa; u,-rum dba-bu,, aSa; u,-rum lugal-an-da ensi, lagas,(NuU,, .BUR)!2Ki

ka, aSa; u,-rum para,,-nam-tar-ra dam lugal-an-da ensi, lagas,(NUy, .Bur)*¥_ka RTC 753

See the discussion in Schrakamp 2010, 61-95, esp. 130; Schrakamp 2014, 720-721; on the reading, see
63-66. Bauer 2003; Sjoberg 2003, 259-260.
Schrakamp 2010, 170-190; Schrakamp 2014. 292 Cf. Paoletti and Schrakamp 2011-2013, 161.

On lu, igi-nigen,, see Selz 1995, 74; Beld 2002, 129-



293

294 On the dating, see Maeda 1984, 49 n. 5.
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Nik. 1, 170 = AWEL 170; VS 14, 170 = AWL 7).*> This could mean that temple depen-
dents were obliged to participate in irrigation work on canals, dikes, and the like that
adjoined the fields they held prebends on, and in fact a handful of correspondences be-
tween irrigation texts and field allotments can be observed. An assignment of work on
the “dikes of the Dugara field” (eg, asa, dug-gara,, DP 615 rev. ii 1), datable to the 3rd
year of Enentarzi, records a work quota of 1 rope or 30 m for the “goat-herd” Urdumuzi
(1 ese, ur-9-dumu-zi sipa uds, DP 615 obv. i 4-5) and 5 reeds or 15 m for Ningirsutesgu,
a high-ranking “cupbearer” (sagi) (5c 4nin-gir,-su-tes,-gu,., DP 615 obv. ii 6).2* Both
appear as subsistence holders in a field allotment from Enentarzi’s reign (0.1.2 GANA, Se
mu,-a dnin-girz-su-te§2-gulo, Nik. 1, 30 = AWEL 30 obv. i 1-2; 0.0.3 GANA, 0.0.2 4¢ i;-Sub
ur-Ydumuzi sipa ud, asa; dug-gara,-kam, Nik. 1, 30 = AWEL 30 obv. ii 8-iii 3).2>* Though
this could mean that temple dependents were drafted for irrigation work at those fields
where their subsistence plots were located, it has been considered more likely that ir-

29 A ratio between the size of their fields and

297

rigation work was performed en masse.
their respective work quotas is not conceivable,”” and as Urdumuzi is assigned a com-
paratively high work load of 30 m (see above [18]), it is most likely that he acted as the
overseer of a gang of several persons. Several parallel work assignments demonstrate
that some texts only denote the total work load of an occupational group by reference
to its overseer, whereas others include more detailed notations specifying the number of
their subordinates. This attested, e.g., for the gangs of “subordinates of the king (2)” (ru-
lugal) and the “followers” (aga;-us,) (see above [25]), the “herders of the mares” (sipa
ama éaganx(GAN)ga), or the workers under the “coachman” (gab,-kas,) Girnunkidu (6¢
ge gir,-nun-ki-du,, gab,-kas,, DP 623 obv. ii 2-3; [6 lu, ] ki8,-be, 6c ge gir,-nun, VS 25,
86 obw. ii 6-iii 2; 3 lu, 0.2.0 kig,-be, V2 e3¢, sc ge ki, du,-a u; i,-mah gir,-nun gab,-kas,,
DP 647 obv. i 1—4). What is clear, however, is that the allocations of subsistence fields
obliged the prebend holders to partake in irrigation work.

A unique document records the assignment of work on “dikes of the Daterabbar
field, the field of the goddess Babu, to the men who have leased fields” by the captain
and indicates that this also holds true for the lease of land (eg, asa; da-ter-ra [a]bbarki-ka
asa; dba-bu,,-ka en-ig-gal NU-banda; lu, asa, apin-la,-ke,-ne mu-ne-du;, VS 25, 105 rev.

298

ii 2—iii 3).*”° In all, eleven lessees are mentioned. Only one, a “herder of the mares of

the goddess Babu” by the name of Enku (en-ku, sipa ama sagan, (can)* 9ba-bu,,, VS 25,
105 obv. ii 1-3) is known as a dependent of the Babu temple and also attested in other
administrative texts pertaining to irrigation (DP 617 obv. i 3—4; DP 622 obv. iv 9-10;

Steinkeller 1981; Selz 1989, 322323, 394-395; Waet- 296 Steinkeller 1999, 303, 320 n. 52.

zoldt 1990, 11; Paoletti and Schrakamp 2011-2013, 297 Cf. Maekawa 1987, 53-60.

162. 298 On lu, asa; apin-la,, see Marzahn 1989, (1) 42—43;
Marzahn 1991, 15; Bauer 1993, 180; Selz 1996, 704.
Visicato 1996, n. 6.
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VS 25, 83 obw. iii 1-2; VS 25, 105 obv. ii 1-2, probably also DP 623 rev. iv 5; DP 624
obv. iv 5; DP 637 obv. iv 2; DP 647 obv. ii 7; DP 653 obv. i 1; DP 657 rev. i 3; TSA 23
obv. vi 10; VS 14, 187 = AWL 3 rev. i 2; VS 25, 74 obv. v 5; VS 25, 84 rev. i 1-2). A field
allotment includes him among the holders of parcels of subsistence and leased land

at the Daterabbar field (0.0.4 GaNA, su,-la en-ku, sipa [ama éaganX(GAN)ga] d

nin-gir,-su,
DP 592 obv. iv 6-rev. i 1). This field allotment also mentions another lessee, the high-
ranking “boatman” Kisigabitu$ (kisig,-a-bi,-tu§ ma, gal-gal, VS 25, 101 obw. iii §-6), as
a holder of leased land on the Daterabbar field (0.0.4 ¥4 %4 GaNA, su;-la kiig,-a-bi,-tus
ma, gal-gal, DP 592 obv. iv 3—5). In view of these correspondences, it is reasonable to
identify a third lessee, a “follower” by the name of piutu (4¢ pr-utu aga;-us,, VS 25,
101 obv. ii 8-9), with a namesake holder of parcels of land in the same field allotment
(0.0.3 V2 ¥4 GANA, Suku pr-utu, DP 592 rev. ii 6—7). This evidence indicates that lessees of
fields had to partake in irrigation work at exactly those fields where their parcels were
located. In this connection, an administrative text that refers to the completion of “dike
work at the Daterabbar field” needs to be mentioned (kig, eg, asa, da-ter-abbar®-ka ur-
dam engar [el-ay, VS 25, 103 rev. ii 1-3). It refers to a number of persons who belonged
to households other than the temple of the goddess Babu, including Lugaluma from
the Ebabbar temple, Urdu, the lamentation priest of the Ebabbar temple, and another
person from the same sanctuary (VS 25, 103 obv. ii 6-9, rev. i 2-3). A lamentation singer
from the Igigal (gala igi-gal, ) is also referred to (DP 637 rev. ii 7). Whether these persons
likewise held parcels of leased land or were drafted for irrigation work for other reasons,
however, remains unknown.

Thus, it can be stated that the usufruct of subsistence fields, as well as the lease of
land were intrinsically connected to the obligation to conduct irrigation work. Both,
however, remained a prerogative of those occupational groups that enjoyed a higher
status.

[26]

As already mentioned, the subscripts of almost all work assignments demonstrate that
normally the “captain” (Nu-banda,) of the temple of Babu assigned the work quota to
the temple dependents and included notations such as “Suburtur, the captain, assigned
it to them [i.e. the temple dependents]” (subur-tur Nu-banda; mu-ne-du;, VS 25, 83 rev.
ii 3-5), “Eniggal, the captain, assigned it to the ses tus-a/Sa, corvée troops” (en-ig-gal NU-
banda, ses tus-a/sa, e-ma-du,, DP 652 rev. i 3—-ii 1 and Nik. 1, 8 = AWEL 8 rev. iii 1—4), and
the like.””” This demonstrates that the organisation and planning of irrigation work at

On ses tus-a/sa, and ses gub-ba, see Maeda 1983; 178; Maeda 1993, 293-294; Selz 1993b, 308-309;
Maekawa 1987, 55-57; Selz 1989, 100; Bauer 1993,
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the temple level was the responsibility of its chief administrator.>®® Three work assign-
ments, however, are an exception and record that the ruler (ensi,, lugal) assigned the

301

work to the captain of the temple,’ thus, including notations such as “Enentarzi, the

ruler of Laga, assigned it to Subur, the captain” (en-en,-tar-zi ensi, lagan(NU“.BUR)la'ki-
ke, subur Nu-banda; mu-na-du;, DP 614 rev. i 2—ii 2), “total: § reeds assigned work (at the)
rummagendu canal, Urukagina, the ruler of Lagas, assigned it [= the work]” (Su-nigen,
sc ge kig, duj-a i, LuM-ma-gen,-du,, eri-enim-ge-na ensi, lagaSX(NUII.BUR)la'ki-k€4 mu-
du;,, DP 628 rev. i 1-ii 1), and “Urukagina, the king of Lagas assigned it [= the work]
at the outlet at the Ubur field to Eniggal, the captain [of the temple]” ([eri]-enim-ge-

na [lu]gal lagasx(NUH.BUR)”"ki

-ke, kug, asa; ubur,-ra-ka en-ig-gal Nu-banda; mu-na-du,
1., TSA 23 rev. v 3-vi 1). These last two work assignments can confidently be related
to the royal irrigation projects that Urukagina conducted during his first two or three
years of reign (see above [13]). Thus, they demonstrate that the temple had to recruit
the corvée troops for royal irrigation projects. A perfect parallel is provided by a group
of perforated clay bullae that, unlike the vast majority of the ED IIIb/Presargonic texts
from Lagas, derive from the archive of the palace, i.e. the ruler. They demonstrate that
the king mustered the corvée troops recruited from various temples for military service
(FAOS 5/1 Ukg. 17-33),%%% on the one hand, and can be related to muster lists from the
Babu temple itself, on the other (e.g., DP 135; DP 136; Nik. 1, 3 = AWEL 3; Wengler 2

= Deimel 1926: 39-40).3%

[27]

Southern Mesopotamian societies were essentially agrarian and therefore depended on
artificial irrigation (see above [1]-{4]). Though evidence for water management in the
earliest cuneiform records (ca. 3300-2575 BC) is virtually absent, it is probable that ref
erences are masked behind the ambiguities of early orthography (see above [51-{7]). The
first evidence for fully-developed irrigation networks, however, stems from the Sume-
rian city-state of Laga$ (ca. 2475-2315 BC) and includes royal inscriptions and admin-
istrative texts (see above [8]-[12]). The Early Dynastic state of Laga$ maintained a four-
level irrigation network that was operated on two levels (see above [23]). Large irrigation
projects, such as the excavation of “(major) canals” (i) or the construction of “regula-

tors” (ges-kese,-ra, ), are almost exclusively reported in royal inscriptions and were, there-

Bauer 1998, 534. Civil 1994, 128, assumes that ses 301 Maeda 1984, 34, 51 pl. 3.

tus-a/Sa, and ses gub-ba (“3e$ gub-ba”) “3es dur,-ra”) 302 Schrakamp 2010, 285-295; Schrakamp 2013, 450~
designate types of dike, but overlooks the arguments 451

of Bauer 1993 and Maeda 1993. 303 See the editions in Schrakamp 2010, 255-285, 297—
See Maeda 1984, 34, 51 pl. 3 for additional refer- 308; cf. Schrakamp 2013, 450-451.

ences; Bauer 1998, 534.
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fore, conducted by the ruler, who drew on the contingents of corvée troops mobilized
by the temples of the state (see above [13]-[16], [23], [26]). These institutions, however,
were primarily responsible for the maintenance of lower-level irrigation structures (see
above [24]-{25]). These included “dikes” (eg,) and canals (pa,) located on their landed
property, distributors regulating water flow on the fields (kab,-tar), strengthened dikes
(eg, zi-pu), as well as duruny and u;, which played a role in the storage and distribution
of irrigation water (see above [17]-[22]). Thus, the irrigation texts testify to a bipartite ad-
ministrative and economic structure that was typical of the entire state (see above [26]).
Moreover, the fact that the construction of new primary canals is almost exclusively re-
ported in the inscriptions of Urnanse and his grandson Eanatum probably reflects their
attempt to establish a four-level irrigation network upon the unification of the cities of
Lagas into a single state (see above [13]).
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Christopher Gerrard and Alejandra Gutiérrez

The Qanat in Spain: Archaeology and Environment

Summary

This article defines the elements of ganat technology in Spain and describes some recent
projects which have advanced our understanding. A brief bibliography is provided that ex-
poses some of the confusion surrounding classification, nomenclature, numbers, and distri-
bution of the ganat. Some examples taken from recent fieldwork illustrate the complexities
and show how different elements of hydraulic technology are combined. Hydraulic features
at Citruénigo (Navarre), Bureta, Bulbuente and Daroca (all Aragén), Madrid, and Toledo
(Castile-La Mancha) are all described. Finally, the paper focuses on recent research into dat-
ing these features and highlights a recently completed project that dated episodes of con-
struction and maintenance using optically stimulated luminescence (OSL). This technique
seems to offer significant potential for future research.

Keywords: ganat; medieval archaeology; optically stimulated luminescence; hydraulic
archaeology

Dieser Artikel definiert die Elemente der qanat-Technologie in Spanien und beschreibt ei-
nige neuere Projekte, die unser Verstindnis dort vorangebracht haben. Es wird eine kurze
Bibliographie vorgelegt, die einige der Verwirrungen um die Klassifikation, Nomenklatur,
Zahlen und Verteilung der ganat offenlegt. Einige Beispiele aus der jingsten Feldforschung
verdeutlichen die Komplexitit der Anlagen und zeigen, wie unterschiedliche Elemente
der hydraulischen Technologie kombiniert werden. Hydraulische Merkmale bei Citruéni-
go (Navarra), Bureta, Bulbuente und Daroca (alle Aragén), Madrid, Toledo (Kastilien-La
Mancha) werden beschrieben. SchlieSlich werden jingste Forschungen zur Datierung der
ganats diskutiert und ein kiirzlich abgeschlossenes Projekt vorgestellt, in dem Bauphasen
und Phasen der Instandhaltung mittels Optisch Stimulierter Luminiszenz (OSL) datiert
wurden. Diese Technik scheint ein erhebliches Potenzial fiir die Zukunft zu bieten.

Keywords: ganat; Mittelalterarchaologie; optisch stimulierte Lumineszenz; hydraulische
Archiologie

The authors would like to thank Paloma Aranda Contamina for her photos and information
on Daroca; Diana Garcia, Gobierno de Aragdn, for her help; Prof. Ian Bailiff for his enthu-

Jonas Berking (ed.) | Water Management in Ancient Civilizations | (ISBN 978-3-9818369-6-7; ISSN
(Print) 2366-6641; ISSN (Online) 2366-665X; DOI 10.17171/3-53) | www.edition-topoi.org
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siastic approach to OSL; and Miguel Antequera, Emilio Iranzo (Valencia University), and
Gegorio Romero (Gobierno de Murcia) for their help with ganass in Murcia. The dating of
ganats at Bureta and Jumilla is part of a research project funded by the Leverhulme Trust and
Durham University, under the direction of Ian Bailiff and Chris Gerrard, with the participa-
tion of Nathan Jankowski, entitled Developing New Approaches to Dating Ancient Irrigation Fea-
tures (https://www.dur.ac.uk/archaeology/research/projects/all/?mode=project&id=752; vis-
ited on 25/05/2018).

It is commonly accepted that Islamic irrigation systems with their hydraulic infrastruc-
ture of canals, diversion dams, and water-raising machines form the basis for later me-
dieval Spanish agriculture.! According to this model, certain elements of irrigation tech-
nology first came to Spain as part of a technology ‘package’ in the first decades of the
Arab conquest. This package was established around the great cities of Valencia, Mur-
cia, and Toledo, where cultivars such as cotton and oranges were first planted and new
models of water distribution and maintenance were practiced. One particular element
of this package was the ganat, which was later transferred across the Atlantic and took
root in the Americas; in Peru, Chile, and Mexico, among other places.

While the impact of Islam on irrigation is not in doubt, every single one of the above
statements could, and should, be questioned. In this article, we examine the Spanish
ganat in more detail, addressing some of the challenges of classification and nomen-
clature, and describing the preliminary results from a recent fieldwork project that is

attempting to refine the chronological context.

1 What is a ganat?

A ganat (also called khettara, foggara, or karez in other regions) is an underground tun-
nel, almost horizontal, which bores into an aquifer and guides the water out through an
outlet, usually via a storage pond (Fig. 1). The construction process begins with the dig-
ging of a ‘mother well’ that is drilled downwards to the aquifer; other vertical breather
shafts (sometimes called ‘aeriation shafts’) are then excavated at regular intervals along
the length of the tunnel, their function being to allow the excavated sediments and rock
to be more easily removed, to provide light and air to the tunnel, to provide convenient
points of access to make repairs, and sometimes to extract water along the length of the
water course. In some ganats, a water ‘conveyor’ channel may be carved out in the center

or to one side of the underground tunnel, not only creating a walking path that remains

1 Al-Hassan and Hill 1986.
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dry underfoot except in times of flood, but also in order to increase the speed of the wa-
ter and to avoid the accumulation of sediment. Up on the surface, the distinctive feature
of the ganat is the set of breather shafts that often have a ring of soil compacted around
them (sometimes referred to as a ‘doughnut’), thereby, marking their position in the
landscape, as well as serving to protect the mouths of the vertical shafts from surface
flooding.

Qanats are still widely employed across the world, and are the main source of water
in many communities in Oman, Afghanistan, Pakistan, China, and Azerbaijan, for ex-
ample; there are more than 1500 km of ganat tunnels in Libya alone and perhaps 200
times that length in Iran. Unlike pumped wells, which can withdraw too much water
and thereby reduce the capacity of the aquifer to supply the wells, ganats operate con-
tinuously and yet they cannot remove more water from the aquifer than the aquifer can
naturally supply. They, therefore, offer a sustainable water supply. There are, however,
some constraints: ganats are usually constructed in regions where the surface topography
is not too mountainous and where the groundwater lies at a relatively shallow depth.

2 Research into Spanish ganats

Irrigation, including ganats, has attracted a considerable amount of interest in Spain re-
cently. Monumental works by Pavén Maldonado, for example, provide a comprehensive
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introduction to the subject, as well as multiple descriptions of so-called ‘water galleries’
from different dates, many of them repeatedly modified.> Much valuable work has also
been undertaken in coastal regions in Almerfa by Patrice Cressier; in Valencia and Mur-
cia by André Bazzana; and in Catalonia and Mallorca by Miguel Barcel6 and Helena
Kirchner, where irrigation studies have a high profile inspired by earlier historians such
as Thomas Glick. The list of case studies in what has been termed ‘hydraulic archaeology’
is rich and impressive.?

Most recently, a European-funded project, designed and run by geographers from
Valencia University, has aimed to catalogue all the ganats in south-eastern Spain under
the title Foggara: Inventory, Analysis and Valorisation of Traditional Water Techniques of Euro-
pean and Sabaran Drainage Tunnels (2003—-2007). This project comprised a bibliographic
and cartographic search that produced a database and mapping of sites which have since
been visited and described, thereby, creating a checklist of topographic information. Al-
though the project was not intended to provide any historical, social, or legal context
to the sites it identified, the result is a new inventory and typology of what are referred
to as ‘water galleries] which itself provides a solid basis for further research. Exception-
ally useful, are the map resources provided online through the Spanish Government
(Ministerio de Agricultura, Alimentacién y Medio Ambiente).*

3 Classification and nomenclature

In Spain, ganats go by many names, and this is part of the confusion surrounding the true
number and distribution of them across the Peninsula. They may be known as ‘water
ways’ (viajes de agua) in the center of the country, ‘underground aqueducts’ (acueduc-
tos subterrdneos), ‘water galleries’ (galerias de agua), ‘draining galleries’ (galerias drenantes),
‘narrow channels’ (canalizos), and ‘horizontal wells’ (pozos horizontales) in the south and
south-east. In the Murcia region they are called ‘galleries with small mirrors’ (galerias
con espejuelos), with the mirrors referring to the reflective effect of the water that is visi-
ble at the bottom of the breather shafts. Some of this terminology directly reflects the
traditional names employed in 18th-century treatises (for example, when describing the
“water [...] and its subterranean ways”),> but also reflects recent definitions adopted by
geographers, as well as translations from other languages.

Pavén Maldonado 1990, 185-340. 4 https://www.chj.es/es-es/ciudadano/libros/Paginas/
Cressier 1989; Cressier 1991; Cressier 2006; Baz- Libros.aspx?Seccion=Cartograf%c3%ada+de+regad%
zana and Guichard 1986; Bazzana, Guichard, and c3%ados+hist%c3%b3ricos de regadios histdricos
Montmessin 1987; Bazzana and Meulemeester 1998; (visited on 25/05/2018); Iranzo and Hermosilla
Barcel6 1989; Kirchner 2010; Glick 1970; Glick 2015.

1979; Glick 1988; Glick 1996. § Aznar de Polanco 1727, 198; Ardemans 1724, 76-77.
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The Rio Alama that irrlgates land in Fitero, Corella and Alfaro

The Rio Liano within Cintruénigo

The Rio de las Minas, constructed by the town of Tudela to take surplus water from Cintruénige, Corella and Alfaro
Mantecillo, land within Corella

Sluice [paradera) where water from the Rio Llano enters the Rio de |as Minas

Alockable slulce, with its key held In Tudela, which divides the water off to Montecillo when not required by Tudela [see Flg.3]
The Cierzo hills, upland held in common or fallow

L T

Fig.2 Rio de las Minas in Cintruénigo, Navarre, according to a map drawn before 1772 (the date when the map
was donated to the Archive; Mapas y planos de varios autores contenidos en este II tomo, Madrid, 1798, no. 8).
The ‘Partidor de los Fieles’ is located at number 6 (the drawing uses modern spelling).

The use of Spanish terms for ganais is, therefore, far from consistent. To add a further
complication, some of these terms can also refer to the conveyance or transfer of water
more generally; the ‘water way’ designed in 1772 for Hervds (Cdceres), for example, is
merely the transfer of water through ceramic pipes from the spring to ponds that feed
fountains in the village. The water, in this case, moves by gravity along pipes that are
trenched into the ground; there is no underground tunnel.® A particular source of con-
fusion related to establishing clear definitions is the presence of vertical breather holes.
While these are certainly one of the essential criteria in the identification of a true ganat,
there are other kinds of underground tunnels with breather holes that do not drain wa-
ter from an aquifer. A good illustration of this is the so-called ganat at Citruénigo in

6 Abujeta Martin 2010.
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Fig. 3 ‘Partidor de los Fieles’
in Cintruénigo, Navarre.

Cintruénigo in the distance.

Navarre,” which was constructed in the 17th century to resolve a dispute over the divi-
sion of water between four neighboring communities (Fitero, Corella, Cintruénigo, and
Tudela). This clash had begun centuries earlier, but in 1550, Tudela started to press in
earnest for a share of the water from the irrigation channels stemming from the nearby
Rio Alhama, which were already in use by nearby parishes. However, it was not until
1623 that Tudela obtained permission to cut its new irrigation channel and, following
further protests by neighbors wishing to protect their rights, not until 162§ was permis-
sion finally confirmed. Only then did Tudela purchase the land it needed to construct
the “open and closed channels”® A map, perhaps contemporary with the opening of
this system or just slightly later than that, recorded all its main elements, as well as the
dry land to the west of Tudela that were to be irrigated (schematized in Fig. 2). This
shows that the new channel was to be called the Rio de las Minas, and that it took its
water from the Rio Llano, an acequia or artificial irrigation channel that derived from
the Rio Alhama. In this context, it should be noted, both the ‘natural’ river system (the
Rio Alhama) and the artificially cut channels (the Llano and the Rio de las Minas) use
the prefix ‘rio’ or ‘river’

On the ground today, the Rio Llano is a single irrigation channel which trifurcates
at a water divider called the Partidor de los Fieles (Fig. 3, number 6 in Fig. 2), with three
branches running off towards Corella, Cintruénigo, and Tudela. This last branch is the
Rio de las Minas, dug shortly after 1625 and now referred to as a ganat.

In order to drive the water to the drylands in the Campo de la Sierpe on the op-
posite side of the Cierzo hills, where it is needed, the new channel is forced to dive

7 Herndndez Charro 2006. 8 Yanguas 1823, 23-26.
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Fig. 4 How to calculate the
correct level in order to convey
water across the landscape in

s the 16th century, according to
Lastanosa (1601).

underground in a tunnel for a distance of 1.5 km. There are 15 vertical shafts about 5o
m apart before the water channel makes use of the interleaved hard geology and softer
marls to cap its exit point (the bocamina in Spanish) to re-appear at El Boquerdn. Here,
the water is yet again divided between several channels that irrigate about 1077 hectares
of olives, vineyards, and cereal fields before terminating at a reservoir (Balsa del Pulguer)
close to Tudela. Although it is true that elements of the Cintruénigo water system are
shared with the true ganat, such as the breather shafts and the underground channel, the
Rio de las Minas does not actually tap into the aquifer and must fall outside the strict
definition of a ganat provided above. The construction of galleries to move water across
ranges of hills in this way was already described in the 16th century, most famously by
Aragonese Pedro Juan de Lastanosa (died 1576), who illustrated the method of opening
the underground tunnels, here called minas, in his treatise on water (Figs. 4, 5, 6).”

9 Lastanosa 1601.
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Fig. 5 How to dig a ‘mine’ in
order to tunnel a water channel
under a hill in the 16th century,
according to Lastanosa (1601).

Equally common are underground galleries with shafts which tap into the water at sur-
face level, rather than to the aquifer, in what is traditionally defined as an adit or ‘water
min€ (mina de agua, minado); confusion between these and ganats is quite common and
the terms are sometimes used interchangeably in the literature. This is one of the ganat-
type structures that have been documented extensively by the European foggara project,
including some 2000 in the province of Almerfa alone.!® In high mountainous areas
there are many adits or tunnels cut back into the water table, mainly short in length, but
up to 820 meters in the case of 19th and 20th century examples, where there is evidence
for the use of dynamite, machinery, concrete reinforcements, and modern materials.
Some of these mines do have vertical shafts (called in Spanish pozos de aireacidn or lum-
breras); others have a mother well at the head of the adit, presumably to establish the
depth of the water table initially before being blocked off later. Identical micro-systems

10 Hermosilla et al. 2004.
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Fig. 6 How to line the tunnel
in the ‘mine’ in the 16th century,
according to Lastanosa (1601).

targeting particular points in the water table have been documented in the Alpujarras
area, where true ganats are also unknown.!! Those in the Alpujarras are dated to the 15th
century, and some of the water cisterns associated with these systems have 16th century
graffiti.'?

‘Water-mining’ is documented in the Roman, Islamic, and later periods, and adits
like these were still being built in Spain as late as 1969."> Manuals of the 20th century
describe the ideal conditions for digging a ‘water mine* an underground gallery about
1.80 m high by 0.80 m width to allow for comfortable access, an inclination between 1
and 5 /1000, with shafts (lumbreras) every 40 to 70 m to remove the excavated soil.'* While

11 Cressier 1989. Gil Meseguer 2015.
12 Cressier 1985. 14 Murcia Viudas 1958, 90.
13 For example in Lépez Ferndndez, Gémez Espin, and
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the adiis are, in themselves, quite simple applications of mining technology, they could
also be combined with other features: at Vélez-Mdlaga (Mdlaga) the water system served
the Islamic city until the 18th century and included wells, storage cisterns (a/jibes), and
galleries cut into the rock and built in brick." Mines were also used to bring water to
the royal palace at Aranjuez (Madrid) and to its extensive gardens; the renovation works
ordered by King Phillip V in the middle of the 18th century were well documented at
the time and have been investigated archaeologically in considerable detail.'® Adits were
excavated at the site of four natural springs, first by digging a channel in the bedrock,
then using ceramic pipes; the first part of the channel had a brick floor, barrel vault and
shaft holes capped by a shaped ashlar stone (with a cubic or pyramidal form). The holes
are of different sizes, the smaller ones probably being used merely to check water levels,
or for obtaining water samples to test for purity. The system was opened in 1751, looded
and repaired in 1753."7

Underground tunnels with breather holes were already being built in the Roman
period. Some are even mentioned in Islamic texts from the mid-1oth century, where
they are described as ‘ancient’ works; examples are known at Badajoz and Jerez.'® One
of the better-known Roman case studies is that at Mérida (Badajoz), but others include
Albarracin (Teruel), Osma and Tiermes (both Soria), and Huelva.'” Most of these un-
derground galleries form a part of larger, more complex systems of water transfer that
may include aqueducts; in these cases, the underground galleries have barrel-, pointed-
or flat-vaulted ceilings, and are generally lined with ashlar and other traditional Ro-
man building techniques, such as opus caementicium and opus signinum. The presence
of hydraulic features of Roman manufacture or even Roman settlements nearby helps
date them. Segdbriga (Saelices, Cuenca) has been excavated, revealing buried features
and materials associated with its construction and use in the 1st-2nd centuries AD.*
Shorter adits, generally without breather holes and without a ‘mother well; and termi-
nating at a storage pond, can also date to the Roman period; in some cases they are
spatially associated with Roman farmsteads or villas, such as in Granada.?!

The general technology for the construction of underground galleries was clearly
linked to mineral mining and it was long-lived, re-appearing periodically in written
documents and manuals, albeit with a range of different purposes in mind.** The ‘mine’
at Daroca (Zaragoza), for example, was built in 1555-1560 by Frenchman Pierre Vedel
to collect and drive floodwater safely away from the town (Fig. 7).

Cabello Lara 2011. 2007; Garcfa and Rufete 1996; Garcfa Merino 2007;
Martinez Calvo and Lépez Jiménez 2012. Martinez 2007.

Martinez Calvo and Lépez Jiménez 2012, 45. 20 Morin de Pablos 2014, 213-237.

Khalaf Ibn Hayyan 1981; Mufioz Vicente 1991. 21 Bertrand and Sdnchez Viciana 2009, 159.

Chamizo and S. Rodriguez 2009; Ezquerra Lebrén 22 For example Cuchi Oterino et al. 2006.
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{La Barbacana)

ina’or

Fig. 7 The ‘mine’ at Daroca (Zaragoza), built in 1555-1560 to collect and drive loodwater safely away from the
town.

Daroca’s houses lay at the end of a ravine and the town had expanded from the hill slopes
down onto the dry river plain and up onto the facing hill, where the Franquerfa quarter
had been built around a main street (Calle Mayor). Although this is an arid region (ca.
393 mm precipitation per year), which suffers from drought, in times of very heavy rain
and hail between June and September the area is affected by flash floods, so much so that
by the mid-16th century the Calle Mayor was occasionally converted into a dangerous
water channel, which was a threat to people and their houses. The purpose of Vedel’s
underground channel was therefore to divert the surface flow back to the river (Fig. 8).

To do this, a 300 m long retaining wall, called La Barbacana, was constructed to
deflect water into a 9oo m long tunnel that was carved right through the hill of San
Jorge and down into the River Jiloca. At more than 8 m wide and 9.5 m high, the ‘mine’
took 5 years to complete and involved the manual excavation of some 30 ooco cubic
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Fig. 8 The ‘mine’ at Daroca
(Zaragoza): (a) start of tunnel, (b)
shaft, and (c) tunnel exit.

meters of soil and rock.” In its day, the mine was something of an attraction and the
diarist Henry Cock, an archer in the Flemish royal guard, described how the gallery
was visited by King Philip I and his family during their trip through Aragén in 1585.%*
The Daroca mine was later mapped by Sebastidn de Rodophe in 1742% and repaired in
1790.% Vedel himself was a renowned sculptor and an architect active in Aragén in the
16th century. His projects mainly entailed religious buildings, but he was also involved
in at least one other important hydraulic construction projects, the Acueducto de los
Arcos, which brought drinking water to the town of Teruel in 1551-1558, again using
mines to transfer the water.”” The mine at Daroca is just one illustration of the range of
hydraulic works carried out in Aragén and the rest of Spain in the 16th, some of which
were only modest projects, whereas, others were large engineering enterprises promoted
and developed by civic authorities working for the benefit of town communities.®

Olcina Cantos 2012, 99-100; Mateos Royo 2005, terial cartogrdfico AGS:

144-145; Almagro 1998. 26 Forniés Casals 1980, 236.

Cock 1876, 28. 27 Ibdnez Ferndndez 2005; Ibdfiez Ferndndez 2006;
The map and profile are in the Archivo General de Mateos Royo 2005, 143-144.

Simancas (MPD, 22, 067; MPD, 27, 042). Available 28 Mateos Royo 2005.

at www.mcu.es (visited on 25/05/2018), under ‘Ma-
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Another water feature that shares some characteristics with the ganat appears on
the lower ground of the fluvial terraces; these are the filtration galleries called cimbras in
Spanish, such as those in Granada (where documents already mention them in the 15th
and 16th centuries)?” and Almerfa province.

The cimbras are near-horizontal tunnels that lie beneath a watercourse, usually a
dry riverbed or rambla, so that the rain and stream water percolates down. While the
shortest of these tunnels may be so-75 m in length, the longest are up to 13 km. Again,
cimbras can have regular aeriation shafts which may be circular or rectangular and are
sometimes reinforced with dry-stone walling. Some of the tunnels are also dry-stoned
and over 2 m high in some places, with variable widths depending upon geology and
hydrology. Along the wider river courses, the cimbra is usually aligned at a diagonal to
the course of the river and the water emerges on the lateral terraces; where the course
of the river is narrow, the cimbra may criss-cross the river course in a zigzag, in order to
maximize the potential for water filtration. However, not all cimbras have breather shafts
and not all take their water exclusively from percolating stream water. Fig. 9 shows an
example from Bulbuente, Zaragoza, where the water is captured first from a spring and
then the flow is seasonally augmented by fluvial waters, as the cimbra runs beneath the
stream bed of the River Huecha (dry for most of the year).

In addition, there are also zanjas, a variant of the cimbra, which are open trenches dug
back into the water table, then covered with a lintel of flagstones and fluvial sediments.
Zanjas have no breather holes, so to be cleaned the lintel stones have to be pulled up to
enter the gallery below.

This wide range of different sorts of water galleries amply illustrates the problem of
identification and definition. A similar range of technological or engineering features
are always present, but they can be combined in different ways. If the defining charac-
teristic of the ganat is that it should take its water from an aquifer, then cimbras must
be excluded. Likewise, if breather shafts are a prerequisite, zanjas do not qualify. The
same can be said of the Roman examples, at least in Spain, which in the cases we have
examined, are either adits or simply part of a longer channel that sometimes runs un-
der the ground and sometimes above it. Finally, it is also worthwhile stressing that this
is a technology that was practiced until quite recently. In Murcia many of the identi-
fied examples seem to date to the second half of the 19th century and even early 20th,
coinciding with a rise in population associated with lead, zinc, and silver mining, of
which numerous archaeological structures of interest still remain. The boom in min-
ing activity brought about an increased demand for vegetables and fruit and a need for
more extensive irrigation. Many of these water galleries then fell out of use again in

the second half of the 20th century when mining declined as a result of falling metal

29 Bertrand and Sdnchez Viciana 2009, 155.
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Fig.9 Cimbra at Bulbuente,
Zaragoza, running beneath the
stream bed of the River Huecha.

prices and as intensive agricultural production for international markets led to water
pumping and the lowering of water tables. This over-exploitation of the water resource
has been made worse by the demand for urban water, massive tourism, and associated

recreational facilities, such as swimming pools and golf courses.

4 A few case studies of the Spanish ganat

4.1 Madrid

Madrid means ‘place of ganats’ and, in all, some 124 km of vigjes de agua have now been
recorded beneath Spain’s capital. 70 km of water capture and 54 km convey water to
the city, providing water to 750 fountains. These ganats vary in shape and size, some are
unlined, others lined in brick with arched ceilings to improve their stability and prevent
contamination; most are of a sufficient height for a person to walk inside them, about
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60-80 cm wide.*® Other notable details seen here are grooved floors with a conveyor
channel to carry the water and permit pedestrian access alongside the channel. Some
qanats also have large cisterns incorporated along their lengths to facilitate water storage
and distribution, others have low ‘break dams’ along their course to slow down the rate
of water flow, as well as smaller cisterns and checks that act to dissipate the current at
corners. There are frequent breather shafts, every 40-50 paces, which are about 0.8 m
in diameter and between 5 and 50 m deep. They are capped today with stones or brick
covers.’!

The origins of Madrid’s water network lie in the 9th century, when an Islamic wa-
ter system was first developed in association with a fortress and later consolidated af
ter the Christian reconquest of Toledo in 1083; at least one archaeological excavation
has produced associated Islamic material. In 1561, Madrid became the capital of Spain.
Its population grew considerably and, with it, there was increased demand for water.
Documentary evidence indicates several new galleries were opened up at this time. The
17th century was the golden age of Madrid’s ganats and their water features: a dedicated
‘Fountain Committee’ (Junta de Fuentes) was created in 1617.>* An account from 1727
describes every gallery, every beneficiary, and public fountain.>® The last branch was
opened in 1855, at the same time as the dam Pontdn de la Oliva, but by then, the sys-
tem was under pressure, from an ever-increasing population and because of problems
of quality and health, mainly due to groundwater contamination. These groundwater
sources were the only source of water in the capital until 1858, when water from the
River Lozoya was channelled and exploited, bringing water along the Canal de Isabel
II. Many other points of interest could be noted, but one subtlety often seen in sophis-
ticated water networks of this kind is the distinction made in contemporary documen-
tation, for example in the 13th century, between ganars used for ‘fine’ or ‘coarse’ water;
fine being used as drinking water and coarse for cleaning and irrigation.

4.2 Fuente Grande de Ocana (Toledo)

The ganat at Ocaia is still in use today and supplies water to the village and its ‘Great
Fountain’ (Fig. 10).
The fountain was built in 1573-1578, and is now a protected monument. Its de-

4

sign has been attributed to the famous Renaissance architect Juan de Herrera,** and

although built in the style he is known for, the only documented builder is Francisco

Lépez-Camacho 2002; Martinez-Santos and la Presa 1975; Troll and Braun 1974.
Martinez-Alfaro 2012. 32 Ardemans 1724.

Guerra Chavarino 2006; Lépez-Camacho, Bus- 33 Aznar de Polanco 1727.

tamate, and Iglesias 2005; Martinez Alfaro 1966; 34 Lépez-Camacho, Bustamate, and Iglesias 2005.

Martinez-Santos 2013; Oliver Asin 1959; Solesio de

211



CHRISTOPHER GERRARD AND ALEJANDRA GUTIERREZ

Fig. 10 The ‘Great Fountain’
at Ocania, Toledo, constructed in
1573-1578.

Herndndez.>® The underground infrastructure is thought to make use of Roman, Arab,
medieval, and Renaissance elements, along a 400 m length of tunnels and well preserved
vaulted chambers. Inserted into this system, there are rooms used for distribution, ac-
cess, and to decant and clarify the water; these are all rendered in brick and considered
to be contemporary with the construction of the ‘Great Fountain’

Like Madrid, other features of this system include conical caps (madamas) to the ver-
tical shafts that are between 7 and 11 m deep, and 40 m apart; the caps are made of stone
or brick with a central hole covered by a round stone. The floor of the gallery has a cen-
tral raised path and two channels, just 30 cm wide, one on either side of the path, which
allow for water of two different qualities to flow unmixed with one other. The supe-
rior quality water was used for human consumption, the worst for animals and washing
clothes, etc. Once the water had reached the monumental stone fountain, it poured out
through two taps (converted to ten in 1879) that faced a cobbled plaza some 1600 m
square that could be accessed either by going down a ramp or two staircases. Along-
side the taps, a stone trough was reserved for livestock and two further water troughs
(lavaderos) were for use by up to 300 people for the washing of clothes, etc. Excess water
was channelled from here beyond the square, and recycled for watering the local fields.
Water had to be transported by hand from the square to the houses in the village until

1888, when water was elevated by a machine.>

35 J.Rodriguez and Gascé Pedraza 1996. Pavén Maldonado 1990.
36 Lépez-Camacho, Bustamate, and Iglesias 2005;
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Fig. 11 The ganar at Bureta, Zaragoza, includes: (A) a pond, (B) outlets for the adit and ganat, (C) shafts, plus (D)

the mother well.

4.3 Bureta (Zaragoza)

Bureta is a very short ganat, only 164 m in length with 6 vertical access shafts, 20 to
28 meters apart, roughly one meter in diameter, ringed by upcast spoil on the surface
(Fig. 11). A channel around 1.45 m high and 0.68 m wide runs seven meters below the
ground and feeds water from the aquifer into a storage pond.

About 8o tons of fill would have been removed during its construction in all. Im-
mediately adjacent is an adit, a horizontal tunnel with no vertical access shafts, which
runs towards a local spring. This unlined tunnel is ca. 100 m long, 2.12 m high from
its mud-choked base, and 0.9 m wide, with an inclined base and slightly rounded head
(Fig. 12). Adze marks are still visible where the side faces have not fallen away.

The gradients of both the ganat and the adi are designed to intersect the surface as
nearly as possible to an arrow-shaped storage pond, called the Albarquete, though the
obvious differences in their construction imply that they are probably from a different
date (Fig. 13). The pond, whose northern side is an earthen bund, retains the water
before it is delivered down channels to a sub-circular area immediately to the north,
traditionally an oasis of 33 hectares of irrigated land amid arid scrub pasture. Today, this
tongue of irrigated land is almost a monoculture of vines, with some olive groves, but
fifty years ago it provided maize, beetroot, alfalfa for grazing sheep, and market garden
crops such as tomatoes.

In many respects, Bureta is typical of water infrastructure generally in Spain. Neither
the adit nor the ganat are documented, there are no early maps, and the local archaeology
is equivocal. A detailed field survey at high resolution has identified a late Iron Age site,
a Roman villa and a number of Visigothic settlements, all within close proximity to the
storage pond. None of these sites can be convincingly linked with either the adit or the
ganat or indeed the natural spring site. Logic would suggest that the earliest settlement
in the area was dependent upon the spring, whose flow was later augmented by the adit,
possibly in Roman times. The chronology of the ganat, meanwhile, might be Islamic
(i.e. 1oth or 11th centuries in this region) or later. The fact that it is undocumented
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Fig. 12 The adit at Bureta is
some 100 m long, 2 m high and
0.9 m wide.

Fig. 13 The unlined tunnel in

the ganat at Bureta, Zaragoza.
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Fig. 14 Sections cut through the
spoil at the top of the breather
shafts at the ganat in Bureta, in

order to collect samples for OSL.

suggests that it cannot be recent (Fig. 14).

s Dating

Qanats and other water features are in general difficult to date in their own right. As we
have seen above, in the case of Citruénigo, some ganars already have a documented date
of construction. The vast majority, however, cannot be directly dated and the archaeolo-
gist must use proxies of one sort or another. The first of these is to identify an associated
monument or settlement which can itself be dated by other means. One example here
is the system linked to the cave dwellings at Las Hafas, Benamaurel (Granada), which
is dated to the end of the 12th century, providing a date for the use of the gallery.’” It

is, however, rare to find settlements of a single period or clearly defined date and, as in

37 Bertrand and Sdnchez Viciana 2009.
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the case of the ganat at Ocaiia, the construction date of the existing fountain does no
more than provide a terminus ante quem for the system as a whole. Detailed archacolog-
ical field survey information can also sometimes help. When archaeological materials,
particularly pottery, are collected field-by-field on a timed system of survey, it is possible
to produce mapped densities which can be compared against the arable spaces irrigated
by each irrigation channel or acequia. In theory, the abundance of sherds should indicate
the irrigated areas at different periods. It might reveal, for example, the spatial relation-
ship between Roman sites and the irrigation network. There are other indirect proxies
for irrigation too, among them: the development of plant seeds; the increased deposi-
tion of silica in cereal plants when they grow under irrigation; and the presence of weeds
which are sensitive to irrigation practice.*® As previous Spanish studies for Bronze Age
and Neolithic sites have demonstrated,?” carbon isotope discrimination is also affected
by water availability and one aim would be to analyze carbon isotopes in cereals from
late Roman, Islamic, and later medieval contexts from a set of archaeological sites in one
region where the hydraulic network is well understood.

Difficulties in dating also derive from the repair and reuse of older systems. In most
recent repairs there is little interest in either recording or preserving the original features
that are often altered to include concrete mouths, cement caps, the rebuilding of access,
and interiors, etc. Alterations themselves can also be old. Roman underground galleries
were reused in the Islamic period, including those feeding water to Seville and Cérdoba,
for example. In the first case, Roman Seville received its water from a system that drew
water off springs at Alcald de Guadaira, some 17 km away. The channeling of water
began here as an underground gallery with shafts opening every 8o-100 m, then the
water came to the surface in channels built over walls, and finally in a proper aqueduct
that had over 400 arches, bridging more than 4 km. The water arrived in Seville at what
was later called the Cafios de Carmona to the north of the city. A chronicle describes how
in 1189 an Almohad engineer uncovered and dug out the system, recognized it to be a
ganat, had it repaired, built a branch to feed the Bohaira Palace, and then constructed a
cistern to store the water.*> Another example is the aqueduct that brought water to the
Islamic palace of Madinat al-Zahra and to Cérdoba. Early references to the 16th century
suggest that whole system is Islamic, given that the last recorded works dated to this
period. In the 16th century, for example, Morales described the good stonework and
the interior render of red mortar on top of pitch, together with the shafts or breathing
holes (lumbreras), made to “avoid the tunnel collapsing?*! It is only much later that two

For example Bogaard et al. 2007. Camacho 1993; Carrasco Gémez and Jiménez
For example Araus and Buxé 1993. Herndndez 2008.
Ferndndez Casado 1970; Ibn Sahib al-Salat 1969, 41 Morales 1575, 124v-125.

190-191; Jiménez Martin 1975; Montes Romero-
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Fig. 15 North-facing section excavated through one of the mounds at Jumilla, Murcia (Mound 3), showing the
stratigraphy, location of the samples for OSL and the palacosol.

building episodes were identified: Roman and Islamic.* The first system, known as
Valdepuentes, was built during the Roman period in 27 BC-AD 14; with a total length
of 42 km, it includes sections of aqueduct as well as underground galleries with 4o shafts,
some of them with decanting pits, and all finished with prismatic turrets and capped
with a flat stone. When this collapsed after an earthquake, the hydraulic system was
rebuilt with new branches in the middle of the 3rd century, and later reused in the 1oth
century by the Arabs.*3

Another technique, now being experimented with, is dating through optically stim-
ulated luminescence (OSL). A Leverhulme Trust project involving a team from Durham
and Winchester Universities (UK)* has been sampling the episodes of upcast around the
mouths of breather shafts at a selection of sites, including Jumilla and Totana (both Mur-
cia; Figs. 15 and 16) and on the west coast of sub-Saharan Morocco, where a series of
archaeological sites associated with cimbras are being investigated by joint Spanish and
Moroccan teams.* Further fieldwork is planned in Oman and the United Arab Emi-
rates later in 2016. These sites have been selected only after preliminary testing of the
sediments demonstrated that they would be suitable for dating using OSL and where
the permission of local authorities and landowners could be obtained.

One set of results is now available for Bureta (Zaragoza), where three mounds of
upcast were sampled. Two of these produced younger dates than expected, quite possibly
due to the weathering and slumping process that has eroded the mounds and the lip of

the shaft.* Mound 2, however, produced evidence for three phases of upcast made up

Cean-Bermudez 1832, 341. gation features’, https://www.dur.ac.uk/archaeology/
Moreno et al. 1997; Ventura Villanueva 1993; Ven- research/projects/all/’mode=project&id=752 (visited
tura Villanueva 2002; Ventura Villanueva and on 25/05/2018).

Pizarro Berengena 2010. 45 Onrubia Pintado et al. 2014.

“Developing new approaches to dating ancient irri- 46 Bailiff et al. 2015.
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Jumilla (see Fig. 15).

of loose, poorly sorted, clay aggregates, sandstone, and mudstone. Occasional fine roots
were also present where a more humic layer had built up, presumably following an
episode of cleaning. These three layers lay above a compact silty palacosol. The OSL
dates for the basal deposits from two samples from this mound are in agreement with
each other, and they place construction in the first half of the 13th century. The key
dates are 1230+/-70 and 1310 +/-65 with a first phase of cleaning in the 15th century.
This ganat is, therefore, not Islamic but would seem to date to a period at least 100 years
after the Christian conquest of the region in ca. 1118. It would seem that it was not in
the interests of the new Christian authorities to disrupt farming, quite the opposite in
fact; higher rents could be demanded from better irrigated land and where re-settlement
demanded it, and new irrigation systems were a fundamental investment.
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6 Conclusion

We are beginning to perceive a rather more complex picture of ganat chronology in the
western Mediterranean but, as yet, we are not exactly sure where this new understanding
will take us. In the Arabian Peninsula, archaeologists now claim ganats from the early
first millennium,* though some doubt has been cast on the precision of the dating of
the pottery which provides these dates.*® In Egypt, the evidence is more convincing,
with finds and the recording of water rights suggesting that ganats were present by the
mid-sth century BC, while in the Libyan Sahara at Fazzan, a late first millennium date
(2nd century BC—4th century AD) has been suggested for the foggara there on the basis of
their spatial and stratigraphical relationship to archaeological features of better known
date (e.g. stone tumuli, settlement sites dated by pottery) and other accumulated ev-
idence including archaeobotany which suggests irrigated crops.*’ Assuming diffusion
into Roman North Africa, it is no surprise to find these various elements of ganat tech-
nology in a Roman Spanish context, although no independently dated examples of true
ganats are known to these authors from Roman Spain and, even when there is plenti-
ful evidence for Roman irrigation projects, for example around Valencia, questions of
population and economic crises in the sth and 6th centuries put any direct continuity
of practice in doubt.

The Arab contribution is undeniable in enhancing hydraulic practices, intensifying
them, and spreading them across al-Andalus after the 8th century; these were the mul-
tiple small-scale solutions that transformed a landscape. Arab texts seemingly provide
conclusive proof that ganat technology was known in al-Andalus in AD 753754, but
even here the paucity of documentation is a problem and the institutional and tech-
nological aspects of Islamic irrigation tend to be examined from subsequent Christian
documents (such as litigations and regulations) or by archaeologists for whom, as we
have seen, dating is a major issue. Certainly, there were further changes to hydraulic
networks following the Christian conquest, as the Bureta example seems to illustrate,
and it is even possible that some developments in Spain were influenced by practises
on the other side of the Atlantic by the end of the 16th century. It is difficult to talk
with any conviction about the transmission of an Islamic technological package to the
New World (for one thing, Spain is simply not the same cultural entity in the 15th cen-
tury as it was 700 years previously). So, the picture that emerges is not one of linear
development but of continuous reinvention and adaption of a successful and simple en-

gineering technology in response to local pressures of population and the demand for

47 Magee 2005. 49 Wilson and Mattingly 2003.
48 Wilson 2008.
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cultivation. The vast majority of true ganats in Spain are probably 16th-19th century in
date.

‘Hydropolitics’ is a hugely contentious issue in Spain; in October 2000, 400 0co
people demonstrated in Zaragoza against the government’s National Water Plan, which
proposed a diversion of the River Ebro to the Mediterranean coast. This is a country
in which ancient irrigation systems compete all the time with urban land uses, and
no country in Europe has lost such a high proportion of its highest quality soils due
to urbanisation. Traditional systems like ganats are said by some to be unsustainable
and inefficient; local tensions run high. Water is heavily subsidized, but maize, alfalfa,
and other crops unsuitable to the local climate simply could not be farmed at a profit
without financial help. As yet, to treat ganats and other hydraulic features as a heritage
worth conserving and protecting on a par with palaces and castles is a step too far for

many.



Bibliography

Abujeta Martin 2010
Antonia Esther Abujeta Martin. “Un viaje de agua
en Herviés del siglo XVIII” NORBA-ARTE XXX
(2010), 89-104.

Almagro 1998
Antonio Almagro. “La mina de Daroca” In La ciu-
dad. Recorrido por su historia. Ed. by J. M. Bldzquez.
Madrid: Grupo FCC, 1998, 153.

Araus and Buxé 1993
J. L. Araus and R. Buxd. “Changes in Carbon Iso-
tope Discrimination in Grain Cereals from the
North-Western Mediterranean Basin during the
past Seven Millennia” Functional Plant Biology 20.1
(1993), 117-128.

Ardemans 1724
Teodoro Ardemans. Fluencias de la tierra y curso sub-
terrdneo de las aguas. Madrid: Francisco del Hierro,
1724.

Aznar de Polanco 1727
Juan Claudio Aznar de Polanco. Arithmetica infe-
rior y geometrica practica 'y especulativa: Origen de los
nacimientos de las aguas dulces y gordas de esta coro-
nada villa de Madrid. Madrid: Francisco Martinez
Abad, 1727.

Bailiff et al. 2015
Ian K. Bailiff, Christopher Gerrard, Alejandra
Gutiérrez, Lisa Snape-Kennedy, and Keith Wilkin-
son. “Luminescence Dating of Irrigation Systems:
Application to a Qanat in Aragén, Spain” Quater-
nary Geochronology 30 (2015), 452—459.

Barcel6 1989
Miquel Barceld. “El disefio de espacios irrigados en
al-Andalus: un enunciado de principios generales”
In El agua en zonas dridas: arqueologia e historia, I
Cologuio de Historia y Medio Fisico. Almeria: Insti-
tuto de Estudios Almerienses, 1989, xv—xlvii.

Bazzana and Guichard 1986
André Bazzana and Pierre Guichard. “Irrigation et
société dans I’Espagne orientale au Moyen Age”
Travaux de la Maison de I'Orient 2.1 (1986), 115-140.

Bazzana, Guichard, and Montmessin 1987
André Bazzana, Pierre Guichard, and Yves
Montmessin. “Chydraulique agricole dans al-
Andalus: données textuelles et archéologiques” In
Lhomme et l'eau en Méditerranée et au Proche-Orient.
IV. Leau dans agriculture. Ed. by P. Louis and J.
Metral. Lyon: Maison de I’Orient, 1987, 57-76.

Bazzana and Meulemeester 1998
André Bazzana and Johnny de Meulemeester. “Les
irrigations médiévales du Moyen Segura (Mur-
cie, Espagne)” Actes du VIe Congreés international
d’Archéologie Médidvale 6.1 (1998), 51-56.

Bertrand and Sdnchez Viciana 2009
Maryelle Bertrand and José Ramén Sinchez
Viciana. “Canalizos y tajeas, dos sistemas de
captacion de agua mediante galerfas subterrdneas
en las altiplanicies granadinas. Andalucfa Orien-
tal” Arqueologia y Territorio Medieval 16 (2009), 151—
178.

Bogaard et al. 2007
Amy Bogaard, Tim H. Heaton, P. Poulton, and
Ines Merbach. “The Impact of Manuring on Ni-
trogen Isotope Ratios in Cereals: Archaeological
Implications for Reconstruction of Diet and Crop
Management Practices” Journal of Archaeological

Science 34.3 (2007), 335-343.

Cabello Lara 2011
Francisco Javier Cabello Lara. “Aproxi-
macion histérico-arqueoldgica al sistema de
abastecimiento y captacién de agua de la Vélez-
Malaga musulmana” In Escenarios urbanos de
al-Andalus y el Occidente musulmdn. Ed. by V.
Martinez. Mdlaga: Repertorio Espafiol de Bibli-
ograffa Arabe e Isldmica, 2011, 237-256.

Carrasco Gémez and Jiménez Herndndez 2008
Inmaculada Carrasco Gémez and Alejan-
dro Jiménez Herndndez. “Arqueologfa de la
arquitectura en el Convento de la Concepcién
de Carmona (Sevilla)”, Carel: Carmona, revista de
estudios locales 6 (2008), 2499-2581.

221



CHRISTOPHER GERRARD AND ALEJANDRA GUTIERREZ

Cean-Bermudez 1832
Juan Agustin Cean-Bermudez. Sumario de las
antigiiedades que hay en Espaiia, en especial las
pertenecientes d las Bellas Artes. Madrid: Miguel de
Burgos, 1832.

Chamizo and S. Rodriguez 2009
J.J. Chamizo and S. Rodriguez. “;Una nueva
conduccién en Augusta Emérita?” FORO. Boletin
informativo del Consorcio de la Ciudad Monumen-
tal, Histdrico-Artistica y Arqueologia de Mérida 57
(2009), 4-5.

Cock 1876
Enrique Cock. Relacion del viaje hecho por Felipe 11
en 1585 a Zaragoza, Barcelona 'y Valencia. Madrid: A.
Morel-Fatio and A. Rodriguez, 1876.

Cressier 1985
Patrice Cressier. “Graffiti cristianos sobre monu-
mentos musulmanes de la Andalucia oriental: Una
forma de exorcismo popular”. In I Congreso de Ar-
queologia Medieval Espaiiola I. Zaragoza: Diputacién
General de Aragdn, 1985, 273-291.

Cressier 1989
Patrice Cressier. “Agricultura e hidradlica me-
dievales en el antiguo Reino de Granada. El caso
de la Alpujarra costera” In Coloquio de Historia 'y
Medio Fisico 14-16 de diciembre de 1989. Almeria:
Instituto de Estudios Almerienses de la Diputacion
de Almerfa, 1989, §45-553.

Cressier 1991
Patrice Cressier. “Agua, fortificaciones y
poblamiento: el aporte de la arqueologia a los
estudios sobre el sureste peninsular”. Aragdn en la
Edad Media 9 (1991), 403-427.

Cressier 2006
Patrice Cressier. La maitrise de l'eau en al-Andalus:
paysages, pratiques et techniques. Madrid: Casa de
Veldzquez, 2006.

Cuchi Oterino et al. 2006
Jose Antonio Cuchi Oterino, José Luis Villarroel
Salcedo, Carlos Garcés Manau, Santiago Fibregas
Reigosa, Rocio Hurtado Roa, and Julio Bernués
Pardo. “La localizacién de la mina de Bonés: una
obra hidrdulica inacabada de la Huesca del siglo
XVII” Argensola: Revista de Ciencias Sociales del Insti-
tuto de Estudios Altoaragoneses (2006), 171-185.

222

Ezquerra Lebrén 2007
Beatriz Ezquerra Lebron. “Acueducto romano de
Albarracin-Gea-Cella. Abastecimiento de agua a la
antigua ciudad de Cella (Teruel)” In Fragmentos de
historia. 100 anios de arqueologia en Teruel. Ed. by P.
Atridn Jorddn. Teruel: Museo de Teruel, 2007, 219~
223.

Ferndndez Casado 1970
Carlos Ferndndez Casado. “Acueducto de Sevilla”
Informes de la Construccion 23 (1970), 51-98.

Forniés Casals 1980
José Francisco Forniés Casals. “Fuentes para el
estudio de la sociedad y la economia aragonesas
entre 1776y 1808: Los documentos citados en las
actas de la real Sociedad Econémica Aragonesa
de Amigos del Pais” Cuadernos de Historia Jerdnimo
Zurita 35-36 (1980), 173-319.

Garcia Merino 2007
Carmen Garcfa Merino. “Problemas y soluciones
en el abastecimiento de agua a Uxama Argaela”
In El agua y las ciudades romanas. Ed. by J. Mangas
Manjarrés and S. Martinez Caballero. Mdstoles:
Ediciones, 2007, 213-235.

Garcia and Rufete 1996
C. Garcfa and P. Rufete. “Sistema de abastec-
imiento de agua a la ciudad de Huelva en época
antigua. La Fuente Vieja” In E/ agua en la Historia
de Huelva. Huelva: Empresa Municipal de Aguas de
Huelva, 1996, 19-58.

Glick 1970
Thomas E. Glick. Irrigation and Society in Medieval
Valencia. Cambridge, MA: Belknap Press of Har-
vard University Press, 1970.

Glick 1979
Thomas F. Glick. Islamic and Christian Spain in the
Early Middle Ages. Princeton: Princeton University
Press, 1979.

Glick 1988
Thomas FE. Glick. “El sentido arqueoldgico de las
instituciones hidrdulicas. Regadio bereber y re-
gadio espafiol” In II Jornadas de Cultura Isldmica.
Teruel: Editorial Al-Fadila, 1988, 165-171.



Glick 1996
Thomas F. Glick. Irrigation and Hydraulic Technol-
0gy: Medieval Spain and Its Legacy. Aldershot: Vario-
rum, 1996.

Guerra Chavarino 2006
Emilio Guerra Chavarino. “Los viajes de agua de
Madrid” Anales del Instituto de Estudios Madrilerios
46 (2006), 419—466.

Al-Hassan and Hill 1986
Ahmad Yasuf Al-Hassan and Donald Routledge
Hill. Islamic Technology: An Illustrated History. Cam-
bridge: Cambridge University Press, 1986.

Hermosilla et al. 2004
J. Hermosilla, E. Iranzo, A. Pérez, M. Antequera,
and J. A. Pascual. “Las galerfas drenantes de la
provincia de Almerfa: Andlisis y clasificacién
tipoldgica” Cuadernos de Geografia 76 (2004), 125—
154.

Herndndez Charro 2006
Marfa Carmen Herndndez Charro. “Aguay
poblamiento. Notas sobre la configuracién
del territorio de Tudela andalus{” BIBLID 24
(2006), 315-339.

Ibdfiez Ferndndez 2005
Javier Ibdfiez Ferndndez. Arquitectura aragonesa del
siglo XVI. Propuesta de renovacion en tiempos de Her-
nando de Aragén (1539-1575). Zaragoza: Institucién
Fernando el Catdlico, 2005.

Ibédfiez Ferndndez 2006
Javier Ibdfiez Ferndndez. “Tratadistica, antigliedad
y préctica constructiva: La traida de aguas a Teruel
(ca. 1551-1559), Pierres Vedel en el contexto de la
ingenierfa espafiola del Quinientos” Artigrama 21
(2006), 395-416.

Ibn Sahib al-Salat 1969
Abd al-Malik ibn Muhammad Ibn Sahib al-Salat.
Al-Mann bil-imama. Textos Medievales 24. Valencia:
Anubar Instituto Hispano-Arabe de Cultura, 1969.

THE QANAT IN SPAIN: ARCHAEOLOGY AND ENVIRONMENT

Iranzo and Hermosilla 2015
Emilio Iranzo and Jorge Hermosilla. “Los mapas
de regadio histdrico en el Mediterrdneo occidental:
Instrumentos para el andlisis de la estructura de
los paisajes culturales del agua” In Andlisis espacial
y representacion geogrdfica: innovacion y aplicacion.
Ed. by J. de la Riva, P. Ibarra, R. Montorio, and
M. Rodrigues. Zaragoza: Universidad de Zaragoza,
201§, 1027-1036.

Jiménez Martin 1975
Alfonso Jiménez Martin. “Los cafios de Carmona:
Documentos olvidados” Historia, Instituciones, Docu-
mentos 2 (1975), 317-328.

Khalaf Ibn Hayyan 1981
Abu Marwan Hayyan ibn Khalaf Ibn Hayyan.
Cronica del califa Abdarrabman III An-Nasir entre los
anos 912y 942 (al-Mugqtabis V), Ibn Hayyan, de Cor-
doba. Zaragoza: Anubar Instituto Hispano-Arabe
de Cultura, 1981.

Kirchner 2010
Helena Kirchner. Por una arqueologia agraria. Per-
spectivas de investigacion sobre espacios de cultivo en
las sociedades medievales hispdnicas. British Archaeo-
logical Reports International Series 2062. Oxford:
Archaeopress, 2010.

Lastanosa 1601
Pedro Juan de Lastanosa. Los veintiin libros de los
ingenios y de las mdquinas. Manuscript. Biblioteca
Nacional de Espafia, MSS.MICRO/8198; Biblioteca
Digital Hispdnica Ms 3372, 1601.

Lépez Ferndndez, Gdmez Espin, and Gil Meseguer
2015
José Antonio L6pez Ferndndez, José Maria Gémez
Espin, and Encarna Gil Meseguer. “Proyectos para
aumentar el caudal en el nacimiento del rio Mula
a través de la técnica del pozo horizontal” Revista
Murcia de Antropologia 22 (2015), 137-160.

Lépez-Camacho 2002
Bernardo Lépez-Camacho. “Pasado y presente del
abastacemiento de agua a Madrid”. In La ingenieria
del agua en Espaiia en el siglo XIX: ciclo de conferencias.
Ed. by A. Rumeu de Armas and F. Sdenz Ridruejo.
Madrid: Fundacién Canal de Isabel I, 2002, 143~

212.

223



CHRISTOPHER GERRARD AND ALEJANDRA GUTIERREZ

Lépez-Camacho, Bustamate, and Iglesias 2005
Bernardo Lépez-Camacho, Irene de Bustamate,
and José A. Iglesias. “El viaje de agua (qanat) de
la Fuente Grande de Ocafa (Toledo): Pervivencia
de una reliquia histérica” Revista de Obras Piiblicas
3451 (2005), 43-54-

Magee 2005
Peter Magee. “The Chronology and Environmental
Background of Iron Age Settlement in South-
eastern Iran and the Question of the Origin of
the Qanat Irrigation System?” Iranica Antiqua 40
(2005), 217-231.

Martinez 2007
Santiago Martinez. “El agua en Tiermes” In E/
agua y las ciudades romanas. Ed. by J. Mangas and S.
Martinez. Madrid: Ediciones, 2007, 257-314.

Martinez Alfaro 1966
Pedro Emilio Martinez Alfaro. “Historia del
abastecimiento de aguas a Madrid. El papel de las
aguas subterrdneas”. Anales del Instituto de Estudios
Madrilerios 14 (1966), 29-51.

Martinez Calvo and Lépez Jiménez 2012
Victoria Martinez Calvo and Oscar Lépez Jiménez.
El agua del Rey. Historia y arqueologia de los acuiferos
de la Mesa de Ocaiia y su conduccion al Real Sitio de
Aranjuez. Madrid: Adif, 2012.

Martinez-Santos 2013
Pedro Martinez-Santos. E/ viaje de aguas de Amaniel.
Madrid: Asociacién Cultural de Amigos de la De-
hesa de la Villa, 2013.

Martinez-Santos and Martinez-Alfaro 2012
Pedro Martinez-Santos and Pedro Emilio
Martinez-Alfaro. “A Brief Historical Account of
Madrid’s Qanats” Ground Water 50.4 (2012), 645—
653.

Mateos Royo 2005
José Antonio Mateos Royo. “Expansién
econdmica, intervencién publica y desarrollo
tecnoldgico preindustrial: La politica hidradlica
municipal en Aragén durante el siglo XVI? LLULL:
Revista de la Sociedad Espaiiola de Historia de las Cien-
cias y de las Técnicas 28 (2005), 131-159.

224

Montes Romero-Camacho 1993
Isabel Montes Romero-Camacho. “El trabajo de
los mudéjares en el abastecimiento de agua a la
Sevilla bajomedieval: Los moros cafieros y el acue-
ducto de los Cafios de Carmona” In VI Simposio
Internacional de Mudejarismo. Teruel: Instituto de
Estudios Turolenses, 1993, 231-256.

Morales 1575
Ambrosio de Morales. La crénica general de Espaiia
III. Alcald de Henares: Juan Ifiiguez de Lequerica,
1575.

Moreno et al. 1997
Maudillo Moreno, Juan Francisco Murillo Re-
dondo, Angel Ventura Villanueva, and Siliva Car-
mona Berenguer. “Nuevos datos sobre el abas-
tacemiento de agua a la Cérdoba romana e is-
ldmica” Arte, Arqueologia e Historia 4 (1997), 13—
23.

Morin de Pablos 2014
Jorge Morin de Pablos. Los paisajes culturales en el
valle del Cigiiela. Madrid: Auditores de Energfa 'y
Medio Ambiente, 2014.

Muioz Vicente 1991
Angel Mufioz Vicente. “Intervencién arqueoldgica
en el acueducto romano de Cddiz: Los sectores
de ‘El Mimbral’ (Jerez) y “Tres Caminos’ (Puerto
Real)” Anuario Arqueoldgico de Andalucia 1989.111
(1991), 98-103.

Murcia Viudas 1958
Andrés Murcia Viudas. Aguas subterrdneas. Prospec-
cion y alumbramiento para riegos. Madrid: Ministerio
de Agricultura, 1958.

Olcina Cantos 2012
Jorge Olcina Cantos. “De los mapas de zonas afec-
tadas a las cartografias de riesgo de inundacién en
Espana”. Universidad de Alicante. Departamento de
Andlisis Geogrdfico Regional y Geografia Fisica 32.1
(2012), 91-13T1.

Oliver Asin 1959
Jaime Oliver Asin. Historia del nombre de Madrid.

Madrid: Consejo Superior de Investigaciones Cien-
tificas, 1959.



THE QANAT IN SPAIN: ARCHAEOLOGY AND ENVIRONMENT

Onrubia Pintado et al. 2014 Ventura Villanueva 1993
Jorge Onrubia Pintado, Yasmina E. Céceres Angel Ventura Villanueva. E/ abastecimiento de agua
Gutiérrez, Marfa del Cristo Gonzdlez Marrero, a la Cdrdoba romana I: El acueducto de Valdepuentes.
Jorge de Juan Ares, Victor Manuel M. Lépez- Coérdoba: Servicio de Publicaciones, Universidad
Menchero, Angel Marchante-Ortega, Marta de Cérdoba, 1993.

Moreno-Garcia, Carmen Gloria Rodriguez San- .
X o Ventura Villanueva 2002

tana, Youssef Bokbot, and Fethi Amani. “Inves- P . )
T o . Angel Ventura Villanueva. “Los acueductos ro-
tigaciones arqueoldgicas en la region de Sus- . e ”
> manos de Cérdoba y su rehabilitacién omeya”

Tekna (Marruecos). Informe preliminar de la cam- .
N N ) Empuries 53 (2002), 113-128.
paiia de resultados de 2014, Informes y trabajos 12

(2014), 315-344. Ventura Villanueva and Pizarro Berengena 2010

Pavén Maldonad Angel Ventura Villanueva and Guadalupe Pizarro
avén Maldonado 1990

. , 99 . Berengena. “El aqua augusta (acueducto de

Basilio Pavon Maldonado. Tratado de arquitec- ..

. = Valdepuentes) y el abastecimiento de agua a Colo-

tura hispano-musulmana I: Agua. Aljibes, puentes, . .. . .

T o . nia Patricia Corduba: Investigaciones recientes

qanats, acueductos, jardines, ruedas hidraiilicas, baiios, N L

. i . R (2000-2010)”. In V Congreso de Obras Piiblicas Ro-

corachas. Madrid: Consejo Superior de Investiga- , ., . L,

. . manas. Cérdoba: Fundacién de la ingenieria téc-

Cientif Cérdoba: Fund de la ing t

ciones Cientificas, 1990. . e

nica de obras publicas, 2010, 177-203.
» 199 de obras ptbl 77

J. Rodriguez and Gascé Pedraza 1996 .

. , ) , Wilson 2008
Julio Rodriguez and Fermin Gascé Pedraza. E/ . . . . .
. N oo , Andrew I. Wilson. “Hydraulic Engineering and
archivo de Ocaiia; Una parte de la historia a través de N : . .
Water Supply” In Engineering and technology in the

Classical World. Ed. by J. P. Oleson. Oxford: Oxford
University Press, 2008, 285-319.

sus documentos. Toledo: Excmo Ayuntamiento de
Ocana, 1996.
Solesio de la Presa 1975 . .
Wilson and Mattingly 2003
Andrew 1. Wilson and David J. Mattingly. “Irri-
gation Technologies: Foggaras, Wells and Field

Maria Teresa Solesio de la Presa. Antiguos viajes
de agua a Madrid. Madrid: Instituto Torraja de la

Construccion y del Cemento, 1975.
Y 775 Systems” In The Archaeology of Fazzan. Vol. 1 Syn-

Troll and Braun 1974 thesis. Ed. by D. Mattingly. London: Society for
Carl Troll and Cornell Braun. “Madrid. El abas- Libyan Studies, 2003, 235-278.
tacemiento de agua a la ciudad por medio de
‘qanates’ a lo largo de la historia” Geogrdphica 1~
4(1974), 235-314.

Yanguas 1823
José Maria Yanguas. Diccionario historico-politico de
Tudela. Zaragoza: Andrés Sebastidn, 1823.

Illustration credits

1-2 Alejandra Gutiérrez (CC BY-ND 2.0). cional, CC-BY 4.0. 8 Paloma Aranda (CC BY-

3 Christopher Gerrard (CC BY-ND 2.0). ND 2.0). 9 Christopher Gerrard (CC BY-ND

4-6 Lastanosa 1601, Tomo 1, libro 6, Biblioteca 2.0). 10 Santiago LSpez-Pastor (CC BY-ND
Nacional de Espana (CC-BY-NC-SA). 7 PNOA 2.0). 11-13 Christopher Gerrard (CC BY-ND

by kind permission © Instituto Geogrifico Na- 2.0). 14-16 Alejandra Gutiérrez (CC BY-ND 2.0).

225



CHRISTOPHER GERRARD AND ALEJANDRA GUTIERREZ

CHRISTOPHER GERRARD

is a Professor of Medieval Archaeology at Durham
University. His main areas of research are medieval
and later landscapes, artefacts, and medieval Eu-

rope, especially the archaeology of medieval Spain.

ALEJANDRA GUTIERREZ

is a Research Fellow at Durham University. She

is a specialist in the study of material culture and
medieval archaeology, especially that of the UK and
Iberian Peninsula.

226

Prof. Christopher Gerrard
Department of Archaeology
Durham University

South Road

Durham DHr 3LE, UK

Dr. Alejandra Gutiérrez
Department of Archaeology
Durham University

South Road

Durham DHr 3LE, UK



Sarah Isselhorst, Jonas Berking, Brigitta Schiitt

Irrigation Communities and Agricultural Water

Management in Andalusia. A Special Focus on the
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Summary

A freely available data set about Andalusian irrigation communities was comprehensively
analyzed and combined with a local time series of precipitation and temperature data
and put into historical context. Andalusia’s annual precipitation lies between 150 and
1000 mm*yr~ . Due to the high seasonal and inter-annual variability of precipitation, irri-
gation measures are a necessity to enable intensive cultivation. The largely prevailing water
scarcities are one likely reason for the evolution and continuation of water cooperations
practicing irrigation strategies that have probably existed since Roman times, certainly since
Islamic times. This study gives an overview of water management practices in Andalusia and
highlights the Vega of Vélez Blanco (NE Andalusia), as a case study.

Keywords: water balance; Spanish water management history; water scarcity; groundwater
and surface water sources; agricultural water consumption

Es wurde ein freier Datensatz zu Bewisserungsgemeinschaften in Andalusien mit loka-
len Klimazeitreihen vergleichend analysiert und in einen historischen Kontext gesetzt.
Die durchschnittlichen Niederschlagsmengen in Andalusien variieren zwischen 150 und
1ocomm*yr~!. Aufgrund der hohen saisonalen und zwischenjihrlichen Schwankungen
von Niederschlagsmengen erméglichen Bewisserungsstrategien intensive Landwirtschaft.
Die in weiten Gebieten herrschende Wasserknappheit ist wahrscheinlich Grund fir die Ent-
wicklung und Fortfithrung von Bewisserungsstrategien. Diese Strukturen haben sich ver-
mutlich wihrend rémischer und islamischer Zeit etabliert. Der Artikel gibt einen Uberblick
tiber das Wassermanagement in Andalusien und hebt die Vega von Vélez Blanco (Nordost-
andalusien) als Fallbeispiel hervor.

Keywords: Wasserbalance; spanische Bewésserungsgeschichte; Wasserknappheit;
Grundwasser- und Oberflaichenwasser; landwirtschaftlicher Wasserbedarf

Meteorological data used in this article was provided by the Spanish State Agency for Me-
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(Print) 2366-6641; ISSN (Online) 2366-665X; DOI 10.17171/3-53) | www.edition-topoi.org
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teorology (AEMET). The study is part of the Cluster of Excellence Cluster 264 Topoi — The
Formation and Transformation of Space and Knowledge in Ancient Civilizations.

1 Introduction

Numerous studies exist on the long history of irrigation strategies used on the Iberian
Peninsula, with its different historical influences from Roman, Moorish, Iberian, and
other Mediterranean cultures and schemes.! Irrigation is a necessity to cope with wa-
ter deficits and seasonal water scarcities for the agriculture on the Iberian Peninsula,
and especially for its semi-arid south. Irrigation institutions and communities that have
existed in wide areas of Spain since at least medieval times are an outstanding char-
acteristic of the area. This applies especially to Andalusia, which was the heartland of
the Almoravid Dynasty during medieval times. Granada was the capital of Al-Andalus,
the area of the Iberian Peninsula governed under Muslim influence the longest, lasting
until the Christian reconquest. Locally, these irrigation governance systems that were
installed during medieval times, function in an only slightly altered form today. Promi-
nent examples of traditional water management systems in southeastern Spain can be
found in Valencia, Murcia, and Alicante.? Beyond this, more than 500 irrigated areas
administrated by irrigation communities currently exist in Andalusia. In total, irrigated
farmland generates about 50 % of the annual agricultural income of Andalusia.> Many
of the irrigation communities share elements of the technical infrastructure of their wa-
ter management systems, like tunnels for tapping groundwater or widely distributed
channels of irrigation networks. Rotation based water allocation is a common feature.
In some of these communities, water is even still traditionally auctioned, as happened
in Valencia, for example; meaning that additional water rights can be bought from the
irrigation community by its members during regular auctions.

In this study, Andalusian irrigation communities are compared based on the ag-
gregation and reassessment of information about their size, number of irrigation water
users productivity, water balance, and local climatic conditions. On this basis, the rep-
resentativeness of a concrete case study will be evaluated, namely the irrigation commu-

nity of Vélez Blanco.
Glick 1970; Ostrom 1990; Kress 1968; Frohling 2 Glick 1970; Ostrom 1990.
1965; Brunhes 1902. 3 Andalucfa 2013.
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The community of Vélez Blanco, located in northeast Andalusia, will be presented
in detail as an example of the preservation of governance structures and techniques of

water management.

1.1 Geographic location of Andalusia

With an area of 87 597 km? and a population of 8.4 million people, Andalusia is the
second largest and most populated autonomous region of Spain.* Its landscape can be
subdivided topographically into three main units: the Sierra Morena, the Guadalquivir
Valley, and the Baetic System. The Sierra Morena, a low mountain range with elevations
between 8oo-1000 m above sea level, separates Andalusia from the northern Castillian
Meseta, in Spain’s interior. The landscape of Andalusia is dominated in its central and
western-parts by the fertile basin and alluvial plain of the Rio Guadalquivir. To the west,
the Guadalquivir meets the Atlantic Ocean at the Gulf of Cédiz, where the river delta
is characterized by fertile wetlands. The rough terrain of the Baetic Mountains shapes
the south-east of Andalusia. With elevations above 3400 m above sea level in the area
of the Sierra Nevada, this high mountain range forms a natural barrier between the
Mediterranean coastline and the Andalusian hinterland (Fig. 1).

1.2 Climatic characteristics

The climate in most parts of Andalusia is Mediterranean and corresponds to a Csa cli-
mate, only in the southeast of Andalusia is the climate significantly drier, corresponding
to a steppe climate.’ In general, the climate mostly consists of a pronounced dry season
during summer months, while most of the rainfall events occur from autumn to spring.
The annual precipitation is characterized by rainfall events that most often occur during
the autumn months and to a lesser extent during winter and spring.®

Regional differences in the climate of Andalusia are predominantly controlled by
the topography and distance from the coastline. As a consequence, the strong seasonal-
ity of the Mediterranean climate is overlapped regionally by maritime influences, due
to the geographical position of being adjacent to the Mediterranean Sea in the south
and the east, and the Atlantic Ocean in the west. This especially applies to the spatial
and temporal distribution of rainfall: In Andalusia, high regional variations of annual
precipitation occur, ranging between less than 150 mm in the area of Cabo de Gata
in the southeast and more than 1000 mm in the Sierra de Grazalema in the western

Baetic Mountain range, whereas annual precipitation in the area of Vélez Blanco locally

4 Andalucfa 2018. 6 Geiger 1970, 154-157; Rodrigo et al. 2000, 1233~
5 Koppen 1936: BSk climate, C32. 1234.
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Fig. 1 Topographical map of southern Spain. The autonomous region of Andalusia is highlighted. Elevation data
are based on SRTM 3 data. Major divides are marked by white lines.

averages 420 mm.” Precipitation amounts also show a high seasonal and annual vari-
ability. In general, the occurrence of rainfall in Andalusia is controlled by two types
of pressure cells, the Azores high and Atlantic lows with their related fronts.® Partic-
ularly during the wet season from autumn to spring, precipitation of low intensity is
mainly brought to western Andalusia by low pressure cells or rain bearing clouds from
the Atlantic ocean.” As shown by isotope analyses of Andalusian aquifers, groundwater
recharge mainly comes from more intense winter precipitation originating from the At-
lantic ocean.’ The steppe-like climate of south-east Andalusia is also characterized by
wet seasons in autumn and spring, but with precipitation appearing reliably only in au-
tumn. During this time, the precipitation maxima is caused by the Balearic low from the
Mediterranean Sea, a thermal depression of stationary character that emerges in Septem-
ber due to the thermal difference between land and water masses.!' The winter in this

7 Pita Lépez 2003, 15-28.
8 Rodrigo et al. 2000, 1233-1234.
9 Schiitt 2004; Sumner, Homar, and Ramis 2001, 220.
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Cultivated Area Irrigation Farming
(ha] (%] (ha] (%]
Arable Crops 1564387  49.1 322620 20.6
Olive Groves 1358757 427 359 366 26.5
Fruit Cultivation 229 515 7.2 105 649 46.0 Tab. 1 Main agricultural culti-
. vations of Andalusia, Spain. The
Vineyards 26299 0.8 2837 10.8

category of ‘arable crops’ com-

Other 4609 02 2560 46.9 prises the cultivation of vegetables
and cereals, Andalucia 2013.

region is usually marked by a dry phase.!? In this area, dryness is mainly caused by the

Baetic Mountains which function as a barrier to precipitation coming from the west.'?

1.3 Aspects of agricultural production in Andalusia

Despite the fact that most areas in Andalusia struggle with water scarcity, agricultural
production has a long history and is an important economic sector. More than 50 % of
the region’s surface is used as farmland, of which arable crops and olive groves are the
main cultivation forms, while fruit farming and vineyards are — today - of minor im-
portance. In general, agricultural cultivation can be subdivided into dry and irrigation
farming, with irrigation farming practiced on approximately 25 % of the agricultural
land (Tab. 1). Due to the severe dry season from June to August, irrigation farming is a
frequently used tool to enable cash crop farming.

1.4 The Vega of Vélez Blanco

In the village of Vélez Blanco, eponymous for the adjoining Vega, irrigation water is still
obtained by public sale at auctions that take place twice a week during summer months.
Due to its special character of governance, the Vega of Vélez Blanco is described sepa-
rately in this study. The remarkable — and in Andalusia, today, singular — water gover-
nance system in the Vega of Vélez Blanco was already the object of various publications.'

The Vega of Vélez Blanco is located in northeast Andalusia, downslope from the
town of Vélez Blanco, a small town in the easternmost part of the autonomous region of

Andalusia (Fig. 2). At an altitude of 1070 m above sea level, the town is embedded in the

12 Geiger 1970, 154-157. Schiitt 2001; Tyrakowski 2001; Navarro Lépez et al.
13 Andalucia 2013. 2012; Real Orden 1903.
14 Roth, Beckers, et al. 2018; Navarro Sdnchez 2010;

231



SARAH ISSELHORST, JONAS BERKING, BRIGITTA SCHUTT

232

Ffllanen

STTS00 SELIC0 £82500 SBS0TT

Fig.2 Location of the Vega of Vélez Blanco. The depiction of water management infrastructure is simplified and
illustrated by solid blue lines (irrigation channels) and light blue polygons (reservoirs). Elevation data are based on
Lidar data (5 m resolution), Informacién Geogrdfica (CNIG) 2018.

mountainous region of the Sierra de Maria. This mountain range is primarily composed
of Jurassic limestone, and is part of the southern foothills of the Baetic Mountains.'
The springs located above the town have their source at the eastern slopes of the Mount
Maimén and ensure a perennial water supply to the town and adjacent agricultural areas.
The springs are fed by an extensive aquifer situated in the karstic limestone formations
of the Sierra de Maria. The environs of Vélez Blanco are characterized by terraced slopes
where intensive irrigation farming is practiced; this area is also known as the Vega of
Vélez Blanco. Within the irrigated area, traditional cultivation such as olive and almond
groves can be found, as well as vegetable gardens and orchards. In the lower parts of the
Vega of Vélez Blanco, cultivation of intensive irrigated vegetables is also practiced.

15 Schitt 2001.
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Fig. 3 Areas under irrigation in Andalusia, subdivided by the origin of the water. Locations of aquifers are indi-
cated with grey stripes.

2 Components of Andalusia’s water management history
2.1 Water utilization

Water scarcity is a serious problem in wide areas of Andalusia. The main water sup-
ply for irrigation farming originates from surface- and groundwater, with surface water
supplied by streams, lakes, and reservoirs (Fig. 3).'¢ Irrigation water originating from de-
salination of seawater and water treatment is of minor importance.'” In addition to the
physical availability of water, good technical and administrative management practices
are required to achieve a sustainable distribution.

While surface water needs management techniques for its transportation, distribu-
tion, and storage, such as aqueducts, channels, and reservoirs, groundwater also needs
technical facilities for its exploitation. In Spain, a traditional technique for groundwater
exploitation is the so called galeria.

This technique is similar to that of the ganar systems that probably originate from
Persia.'® Galerias are frequently used to exploit water from an upslope aquifer by tapping

16 Andalucia 2018. 18 Mays 2010.
17 Andalucia 2018.

233



SARAH ISSELHORST, JONAS BERKING, BRIGITTA SCHUTT

234

19

20
21
22

into the waterbody via a tunnel or conduit that leads the water to a foreland outflow facil-
ity, from where it is transferred into small artificial reservoirs (span. balsa) where it is tem-
porarily stored."”” From there, the water is distributed by networks of channels to serve
the fields below. Often these systems are traditionally managed by so called irrigation
communities or irrigation associations (subsequently the term irrigation community

will be used as an equal term for both irrigation community and irrigation association).

2.2 Historical development of the water management’s legal framework and

administration

In Spain, the first evidence of the implementation of water management structures dates
to Roman times, though most of the present structures were established during the Mus-
lim period (8th century BCE).2° The Moors introduced the autonomous management
of water allocation systems and improved water availability through technical advances
during the medieval times.?! Since then, a variety of transformations in administrative
organization, legal ownership, and local water law have taken place, but fundamentally,
the Moorish structures still provide the basis for the current Spanish water manage-
ment practices and structures.” The first standardized guidelines for water regulation
were adopted with the initial Water Act in 1866.% At this time, the first low degree state
regulations on spatial organization and usage of water were introduced. Subsequently,
a significant turn in the spatial organization of administrative water management units
took place between the 1920s and 1960s, with the foundation of river basin authorities
(Confederacidnes Hidrogrdficas). From here on, the drainage basins of the main streams of
Spain were treated as hydrological units, defined by their natural catchment area, instead
of territories limited by political borders (Fig. 4).*

The Water Act of 1985 has had the most significant influence on the current Spanish
water management practices. Its implementation led to an almost completely revised
organization of water property rights and administrative management structures. The
new legislation declared all surface water, as well as renewable groundwater bodies, as
public goods, except those where private ownership was adjudged by prior legislation.?

The multiplicity of the water management regulations implemented over time have
led to the high complexity of the present administrative water management structures
in Spain (Fig. 5). Large scale systems that operate on basin levels are directly supervised

Beckers, Berking, and Schiitt 2012/2013, 148-150; 23 Fornés et al. 2007, 676-677.

Roth, Schiitt, et al. 2001, 37-45. 24 Sdnchez-Martinez, SalasVelasco, and Rodriguez-
Frohling 1965, 25; Kress 1968, 131-134. Ferrero 2012.

Boelens and Post Uiterweer 2013, 44—45. 25 Sénchez-Martinez, Salas-Velasco, and Rodriguez-
Glick 1970. Ferrero 2012.
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Fig. 4 A: Hydrological basin
level administration units (Con-
federaciones Hidrograficas) of
Spain; boundaries are defined by
the major divides (black lines).
The location of Vélez Blanco

is indicated by the red point.
The political border of the au-
tonomous region of Andalusia

is highlighted by the red line. 1
Islas Baleares, 2 Cuencas Mediter-
rdneas de Andalucfa, 3 Cuencas
Atldnticas de Andalucfa, 4 Cuen-
cas Internas de Catalufia, 5 Pais
Vasco, 6 Cantdbrico, 7 Mifio-Sil,
8 Galicia Costa. B: The overview
map illustrates the political bor-
ders of the Spanish autonomous
regions. The area of Andalusia is

marked in red.

by the central government (central management), while systems of a smaller scale are
usually administrated by regional and local institutions or private associations (decen-
tralized management). It is assumed that a number of these irrigation communities were
founded at least during the Muslim period. Today, only a few of these sub-systems still
exist with their historical administration structures, while most of them have been trans-
formed by external influences.

At present, a total of 586 irrigated regions exist in Andalusia, administrated by so
called irrigation communities (Comunidades de Regantes). Most of the irrigation commu-
nities are private and show a wide variety in size, water availability, and crops culti-
vated.? Additionally, the management of the irrigation communities varies. In princi-
pal, they can be distinguished by their characteristics in terms of the legal relationships
between the land, owner, and water law. According to Butzer et al.,”” two basic types of
linkages between landownership and water law exist historically: On the one hand, there
is the Syrian system, where land property is inseparable from irrigation rights, implying
that each land plot is legally entitled to an amount of (irrigation) water proportional to
the area. On the other hand, the Yemenite system separates the ownership of water and
land, so that they can both be sold independently.

Furthermore, the irrigation communities can also be differentiated by the local or-
ganizational systems of water sharing. A frequently used method is water allocation by

26 Consejerfa de Agricultura 2018. 27 Butzer et al. 1985, 490.
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Fig. 5 Exemplary organization of the water management in Spain.

rotation, where each eligible user is entitled to receive irrigation water in a fixed turn of
time units or volume.?® Another type, is water allocation on demand, where landowners
need to apply for irrigation water. The auctioning of water was a common method in the
past, but is rarely found nowadays.”” Prominent examples in south-eastern Spain, where
water was auctioned in the past, are the irrigated areas of Elche, Alicante, and Lorca,*
though most of the irrigation communities abandoned the auction-based system.

2.3 The water management system of the Vega of Vélez Blanco

With regard to its location, the Vega of Vélez Blanco (Fig. 6) represents a good example of
the modern reorganization of the traditional administration. While politically the town
of Vélez Blanco is part of Andalusia, its hydrological administration is the responsability
of the Confederacién Hidrogrdfica del Segura, that is situated in the autonomous region of
Murcia. Since the local springs are traditionally managed by the local irrigation com-
munity, however, the national water management has just a marginal influence on this
system.’!

Based on knowledge about similarly structured systems in the area of south-eastern

Spain, it is assumed that the local water management structures in the Vega of Vélez

28 Glick 1970. 69-81.
29 Geiger 1970, 144-146. 31 Navarro Sinchez 2010, 341-354.
30 Brunhes 1902; Geiger 1970, 144-146; Ostrom 1990,
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Fig. 6 View into the Vega of
Vélez Blanco (line of sight, west-
erly direction). The mountain
Muela Grande can be seen in the
background.

Blanco can at least be dated to the Muslim period.*? Its uninterrupted irrigation his-
tory enables the investigation of an irrigation community that has been only marginally
affected by large-scale restructuring plans and external institutions. Even today, the lo-
cal water allocation is organized in a mixed system that consists of irrigation rotations
and water auctions.® Within this system, each farmer with legal water rights has a fixed
amount of irrigation time that is assigned to the land owned or held; landownership
and irrigation rights are originally bound to each other.>* Likewise, the irrigation com-
munity is part of the rotation system, so they also get water out of the rotations. This
surplus is periodically sold during public auctions, where everybody who is connected
to the channel network of the Vega of Vélez Blanco is allowed to buy a fixed amount
of irrigation water.>S Especially during dry periods in the summer months, additional
irrigation water is frequently needed to gain good harvests and in some years, to avoid
crop failure.

3 Materials and Archives

To determine the characteristics of the average Andalusian irrigation community, the
data set Inventario de Regadios 2008 was used. It also includes the irrigation community
of Vélez Blanco, for which several values are highlighted for comparison. The selection of
numeric attributes enabled the evaluation of local hydrological and economic features
within the irrigated areas.

32 Roth, Beckers, et al. 2018, 59-73. 34 Roth, Beckers, et al. 2018, 59-73.
33 Navarro Sdnchez 2010, 341-344. 35 Tyrakowski 2001, 97-116.
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3.1 Archives

The data set Inventario de Regadios 2008 is a state inventory of the irrigated areas in An-
dalusia. It is generated by the Confederacion Hidrogrdfica del Guadalquivir as part of the
national hydrological plan, and includes detailed information on a total of 979 irriga-
tion areas supplied by fresh water that mainly originates from ground or surface waters.
Additional water sources, such as desalinated seawater and treated wastewater are of mi-
nor importance. Data about local irrigation communities relevant for this study were
extracted from this inventory; subsequently, only data on areas supplied by ground or
surface water remained. The variables used for statistical analyses are briefly introduced
in Tab. 2. They were chosen as representative characteristics for comparison.

The detailed information on cultivation and handling of the irrigated areas is based

on interviews with local landowners and staff members of irrigation communities.>®

3.2 Data preparation

The data are not normally distributed; hence all data sets were statistically edited by
determining extreme values. Extreme values were calculated based on the individual
interquartile range of each factor. The minimum value in Tab. 2 represents the 0.25
quartile while the maximum value marks the .75 quartile; extreme values that exceed
the statistical boundaries defined by the interquartile range are not equal to bias within
the data set. Therefore, these adjusted data were interpreted carefully. In general, all
values show a high degree of dispersion. To determine measures of central tendencies,
basic statistics were calculated for the processed data. Mean values extracted from the

data set represent the properties of the average Andalusian irrigation community.

3.3 Water balance

Data on local water consumption and demand allow the analysis of local water balances.
By plotting the parameters of consumption and demand, the individual water balance
of an irrigation community is visualized. Local water consumption is calculated using
information about locally cultivated goods and their respective water demand, hence

water demand is estimated internally within the data set.

Consejerfa de Agricultura 2018; only values given de la Villa de Vélez Blanco were selected as characteris-
for the Comunidad de Regantes de las Aguas del Maimdn tic for the Vega of Vélez Blanco.
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3.4 Irrigation volume

The local irrigation volumes were calculated by the quotient of water prices per area
(e*ha~!) and water costs per volume (€*m~3). The local average volume of irrigation
water was determined in cubic meters per hectare (m3?*ha—1). This value allows the clas-
sification of irrigated areas in terms of its irrigation intensity. As the calculated irrigation
volume is similar to the value of local water consumption, these values were applied to
verify the data set.

3.5 Precipitation and temperature

The annual precipitation for each irrigation community was extracted from the global
Worldclim precipitation data set with a spatial resolution of 1 km?. The Worldclim
3oarc-seconds dataset is generated by the interpolation of climate information from
a large number of weather stations with a temporal resolution for the precipitation
records of at least 30 years (1960-1990).>” This data set is known to give reliable results
and is widely used in the scientific community.*®

A dataset of daily precipitation measurements (1969—2014) from the weather sta-
tion in Vélez Blanco was used to illustrate the seasonal variations of precipitation; for
monthly data, the daily precipitation measurements were summed up.” Temperature
measurements from the weather station in Marf{a, situated about 6 km west of Vélez
Blanco, were used to represent the seasonal variation of the monthly mean tempera-
ture.*’ Mean values were calculated based on daily minimum and maximum tempera-
ture data.

Based on these data sets, mean values were calculated and boxplot diagrams for each
month were created to outline the variation of the amount of monthly precipitation
and the mean temperature during the hydrological year (Nov. 1st—Oct. 31st). Moreover,
data about cycles of irrigation, blossoming, and harvesting of olives were extracted from
the literature to exemplarily show the importance of precipitation variability for plant

growth.
37 WorldClim - Global Climate Data 2018. 39 AEMET 2014.
38 Hijmans et al. 2005; Avellan, Zabel, and Mauser 40 AEMET 2014.

2012.
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Irrigation Communities Andalusia (n=301) Vega of Vélez
Blanco

Mean Standard Min. Max.

(AIC) Deviation
Property Size per Farmer 2.76 12.52 0.04 15.13 2.76
(ha]
Irrigators per ha 2.50 3.03 0.01 28.03 0.36
Water Consumption 3732.8 457.88 2953 4500 3000
[mB:.chafl]
Water Demand [m®*ha—!] 3517.4 521.63 2732 4620 2682
Wiater Balance [m>3*ha—!] 215.4 318
Irrigation Volume 3723.0 450.07 2953 4500 3000
[m®*ha=1]
Production [m3*ha=?] 3711.2 444.01 2965 4505 3217
Annual Precipitation [mm] 450.43 139.55 224 870 403

Tab.2 Results of the statistical analysis of the Inventario de Regadios of 2008. Since all data show high standard
deviation, mean values should be handled with care. AIC: Average Irrigation Community. Data: Consejerfa de
Agricultura 2018.

4 Results

4.1 Characteristics of Andalusian irrigation communities

In Andalusian irrigation communities, land property size per farmer averages 2.76 ha

3 water per hectare (m3*ha—1). The

and is, in general, irrigated annually by 3700 m
estimated water surplus of approximately 215 m3*ha~! indicates that the average irriga-
tion community has a positive water balance. In total, annual mean productivity rates of
agricultural cultivation of more than 3700 m®*ha~" are achieved by irrigation farming
(Tab. 2).

The direct comparison of the Vega of Vélez Blanco with the average Andalusian
irrigation community shows that the number of irrigation water users per ha in the Vega
of Vélez Blanco is higher than in the average Andalusian irrigation community, while
the average property size per farmer is more or less identical in both groups (Tab. 2).
In contrast, the average amounts of annual water consumed and demanded, as well as
those of productivity and irrigation volume, are lower in the Vega of Vélez Blanco than

in the average Andalusian irrigation community.
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4.2 Water balance

The data show that §8.7 % of irrigated areas manages by irrigation communities in An-
dalusia have water excess, while 41.3 % struggle with water deficits (Fig. 7); as a conse-
quence, nearly half of the irrigated areas in Andalusia suffer from a considerable water
deficit, where the water demand for irrigation farming cannot be covered by local water
resources. With an average annual water consumption of 3000 m3*ha~! and a demand
of 2682 m®*ha~" the Vega of Vélez Blanco has a well-balanced water budget with a small

amount of excess water.

4.3 Irrigation volume and precipitation amounts

The most intense irrigation is practiced in areas used for vegetable cropping or citrus
fruit plantations; in these areas, annual irrigation capacity averages 400 mm*ha~! and
can reach up to 8oo mm*ha=1#!. Olive groves require less irrigation water volume, with
an average amount of 290 mm*ha~! and maximum amounts of 780 mm*ha~!of irri-
gation water.

The annual precipitation amounts in the analyzed regions range between 230-
795 mm*yr ! (Fig. 8). Citrus fruits are planted in regions with annual precipitation
amounting to up to 690 mm*yr—!, while most plantations operate in areas with an-

nual rainfall amounts of 300-460 mm*yr~!. Subtropical fruits are cultivated in re-

Consejerfa de Agricultura 2018.
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Fig. 8 Boxplot diagrams of areal precipitation ranges for irrigated areas and their respective main crops.

gions with up to 8oo mm*yr~'annual precipitation, where most areas receive about
410-590mm*yr—! of annual precipitation. The precipitation range of regions where
vegetables and olives are cultivated correspond to those of the subtropical fruits, with
olives showing the widest range of annual precipitation, spanning between 350 and 590
mm*yr~ . For the data analyzed, all means were higher than the median. Summarizing,
the box-plot in Fig. 8 clearly shows that the amount of annual precipitation is not the
controlling factor for cropping.

More important for the selection of a crop type for a region is the relation of the
respective flowering period and growing season to the annual cycle of precipitation and
prevailing temperatures at a location. The demand for water for the plants usually in-
creases during these phenological growth stages. Also, seasonal variations in tempera-
ture have a major influence on the growth of certain plants; this especially applies to
plants that are vulnerable to temperatures below the freezing point.

4.4 Precipitation and temperature variability in Vélez Blanco

In Vélez Blanco, autumn is characterized by having the highest variation in monthly
amounts of precipitation, with means of about 50 mm per month and extreme values
of more than 240 mm (1969-2014, Fig. 9). During this time of the year, mean temper-
atures rapidly fall from about 17°C in September to less than 8°C in November. The
months of September and November also show the lowest range of mean temperatures.
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Fig. 9 Boxplot diagram of the monthly precipitation and mean temperature values (precipitation data recorded
at the weather station in Vélez Blanco; temperature date recorded at the weather station in Marfa) for a period of
45 years (1969—2014). The data is arranged in the sequence of the hydrological year (Nov. 1st-Oct. 31st). The blue
boxplots and line represents the monthly mean precipitation rates, while the red boxplots and line illustrate the
monthly mean temperature. Blue and red squares mark extreme values of monthly precipitation sums and mean

temperature rates. The general annual cycle of irrigation, blossoming, and harvesting of olives is based on data
from the FAO, FAO 2015b; AEMET 2014.

A significant low in average precipitation volume (less than 5§ mm on average) marks
the summer month of July, while the highest temperatures are reached in August. June
and August show low precipitation amounts, averaging less than 25 mm. Winter and
Spring are characterized by constant mean precipitation amounts of about 40-45 mm,
where the highest variation can be observed in January and April (1969-2014). The win-
ter months are dominated by the lowest monthly mean temperature, which show a
moderate range. Highest variations in mean temperature can mainly be observed in the
transition zone of the seasons.

The comparison of precipitation and temperature data from Vélez Blanco with an-
nual general cycles for the cultivation of olives shows that the major irrigation period
in August coincides with aridity and high mean temperature that marks the summer
months from June to August. The low precipitation probability during this time over-
laps with the flowering period of the olive trees. In contrast, the water demand of olive
plantations during the start of the blossoming period in May is likely to be covered by
precipitation, while additional irrigation is only required during dry springs. The same
holds true for the ripening process of the olive fruits in autumn.
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5 Discussion

The data set of irrigated areas in Andalusia was already used in several studies.** These
studies share a tentative handling of the data, since much of the information provided
is aggregated indirectly from interviews and remote sensing analyses. Nevertheless, this
archive contains comprehensive information about irrigation communities in Andalu-

sia that is currently openly accessible.*

5.1 Organization of irrigation communities in Andalusia

A literature review revealed that the degree of complexity of the administration of irri-
gated areas mainly depends on the number of farmers that rely on surface or ground-
water.* Especially irrigated areas that are supplied by surface water, often need a high
degree of administration, with decentralized cooperation, since these sources often sup-
ply several irrigated areas within a river’s course, such as the Guadalquivir. In contrast,
areas supplied by groundwater are usually small in size and, therefore, need a relatively
low degree of administration. Butzer et al. defines three basic scales to classify the man-
agement of irrigated areas.* The smallest one is micro-scale irrigation, with a size of less
than 1 ha. Here, an individual farmer or a few farmers use water from one small spring
or a cistern. Meso-scale irrigation areas include one single or several cooperating irriga-
tion communities that are supplied by water from at least one spring. On average, these
systems contain up to several hundred farmers that together usually irrigate less than
100 ha. The largest unit are the macro-scale irrigation areas, which comprise several irri-
gation communities; up to several hundred cultivators can be included in these systems.
The area under irrigation normally exceeds 50 km? and, therefore, necessitates a highly
complex channel network for the water distribution, as well as a sophisticated govern-
ment structure.

Based on the numeric characteristics of the Vega of Vélez Blanco and the definitions
by Butzer et al. the Vega of Vélez Blanco can be classified as a meso-scale irrigation area.*®
This is also the classification for the average Andalusian irrigation community.

5.2 Vélez Blanco within the Andalusian irrigation communities

The comparison of the irrigation area of Vélez Blanco with the average Andalusian irri-

gation community reveals that the Vega of Vélez Blanco is a good representation of the

Rodriguez-Diaz et al. 2008; Solbes 2003; Salmoral 1988; Lopez-Gunn 2003.
etal. 2011. 45 Butzer et al. 1985, 485-493.
Solbes 2003. 46 Butzer et al. 1985, 485-493.
S. Garrido 2014; Butzer et al. 1985, 485—493; Hunt
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average Andalusian irrigation community. The only feature that distinguishes the Vega
of Vélez Blanco from other Andalusian irrigation areas is the tradition of auctioning
irrigation water during the summer months. The prevailing mixed system of irrigation
rotations and water auctions has lasted centuries in approximately the same administra-
tive form that is still in place today, while other irrigation communities of Andalusia
abandoned this type of organization.* A well-known example is the Huerta de Lorca,
located in western Murcia, where water auctions where abolished in 1961.48

Since water is an important resource for the development of local economic and so-
cial structures, transformations in water availability or its quality can influence these de-
velopments.*’ As shown by Boelens and Uiterweer,* a change in political or economic
conditions, for example, the governmental reorganization of administrative structures,
can trigger transformations of organizational water management systems.>' In the most
recent water management history of Spain, large scale water allocation programs led
to a completely revised organization of local and regional water management systems.
These restructuring plans have deconstructed self-governance systems in many regions
that had previously worked in a self-organized way for centuries.’* Substantial imbal-
ances in regional water supply were the initial reason for this reorganization. According
to the analyzed inventory, more than half of the irrigated areas of Andalusia show a pos-
itive water balance, whereas water demand exceeds the natural availability in 41.3 % of

the areas.’3

5.3 Water balance

Water consumption and demand in the Vega of Vélez Blanco is approximately balanced.
Thus, on average, the given water resources are sufficient to supply the cultivated crops.
This general statement does not include seasonality and inter-annual variations. An ex-
tended dry season, as well as a drought or a sequence of years with below average annual
rainfall, can lead to an increased water demand and, thus, to a shift towards an unbal-
anced water regime.

The main crop cultivated in Andalusia are olive groves. In total, they cover more
than 40% of the irrigated land of the autonomous region.** Olives require water, es-
pecially during their growth periods in May, August, and October in order to obtain
good harvests.”* To produce a harvest, the minimum amount of water required during

Roth, Beckers, et al. 2018. 52 Boelens and Post Uiterweer 2013, 53-5§7.

Geiger 1970, 144-146. 53 Frohling 1965, 17-23; Geiger 1970, 144-153; Saurf
Custodio et al. 2016, 314. and Moral 2001.

Boelens and Post Uiterweer 2013. 54 Andalucia 2013.

Boelens and Post Uiterweer 2013, §3-57. 55 Galdn et al. 2008, 100-104.
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this time totals 200 mm, while the highest crop yields are achieved with 600-800 mm of
water during that time; as in most cases, these water amounts are not provided by pre-
cipitation, irrigation is required.*® Most importantly, irrigation is required about two
to three week prior to the flowering period of the olive trees.’” Olive groves in irrigated
areas of Andalusia that are administrated by an irrigation community receive 230-795
mm of annual precipitation, which should be adequate to receive low to sufficient yields
without irrigation. However, due to the seasonal and inter-annual variations in precip-
itation, irrigation is frequently required to improve harvests or secure crops. Especially
during the main growing seasons in the summer months, irrigation is often used to
bridge the dry season to improve the crop yields.

Vegetables and cereal fields cover nearly half of the cultivated surface area of Andalu-
sia.*® Based on data found in the literature, vegetable crops such as tomatoes, peppers,
cabbage, and onions need on average 3 50-90o mm of annual precipitation to achieve ad-
equate crop yields.” Within the irrigated areas of Andalusia, these agricultural products
are usually cultivated in regions where annual precipitation ranges from 250—760 mm.
Here, likewise, annual sums of precipitation provide no reliable information about the
natural water supply of the cultivated crops during the growth season. The cultivation
of most vegetables in Andalusia needs intensive irrigation.

Agricultural production in the Vega of Vélez Blanco is dominated by olive and al-
mond groves. A small area of intensively irrigated vegetables can also be found in the
lower part of the Vega of Vélez Blanco. These vegetable gardens are mainly for private
consumption.

As literature sources and the case study from Vélez Blanco show, for most of the cul-
tivated goods represented in this study, the main periods of growth coincide with the
dryness and high temperatures of the summer months. Additionally, cold winters with
temperatures below freezing, as well as a hot summers with extended dry periods can
result in crop failures. An example is provided with the olive tree; long lasting periods
of frost with temperatures of -10°C and below lead to poor harvests and even to crop
failure.®® Furthermore, various plants cultivated in Andalusia are very sensitive to fluc-
tuations in temperature. As a consequence, especially in the driest parts of Andalusia,
irrigation is necessary to ensure good harvests for agricultural goods such as olives.

One of the challenges concerning irrigation farming is the cultivators’ profit orienta-
tion. Frequently, cash crop farming is practiced in areas where climate conditions barely
suite the natural needs of the cultivated crops during their growth periods and, hence,

56 FAO 2015b. 59 FAO 2015¢e; FAO 2015d; FAO 2015a; FAO 2015¢.
57 Caliandro and Boari 1992, 24-27. 60 Steduto et al. 2012, 303-308.
58 Andalucia 2013.
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high yields can only be achieved by intensive irrigation. Especially in areas where irri-
gation is supplied by groundwater, the higher water demand for irrigation often results
in an increased exploitation of groundwater.®! In fact, the extraction of groundwater
with deep wells has increased dramatically since the 1950s, leading to an uncontrolled
overexploitation of groundwater bodies,** triggered by private farmers, as well as by
large companies. Consequently, human-induced intensification of the already existing

natural water scarcity is increasingly becoming a serious problem in large areas.®

6 Conclusions

The comprehensive analysis of the state inventory Inventario de Regadivs, in combination
with a literature review, enables new insights into Andalusian irrigation communities
and reveals some of the challenges they face.

From this we conclude, that:

(i) An average Andalusian irrigation community is characterized by a property size
of roughly 3 ha per farmer, which is fed by about 3700 m3*ha-1 of irrigation water.

(ii) 41 % of the irrigation communities suffer water deficits concerning their respec-
tive crops, while nearly 60 9% of the irrigation communities have an excess of water in
regards to their irrigation demands for cultivation.

(iii) The high seasonal and spatial variability of precipitation in Andalusia means
that, in many regions, it is necessary to irrigate crops to safeguard harvests and avoid
crop loss.

(iv) The outstanding feature that distinguishes the Vega of Vélez Blanco from other
irrigated areas is the tradition of auctioning irrigation water.

61 Custodio et al. 2016; Salmoral et al. 2011. 63 A. Garrido et al. 2009, 57-58.
62 Geiger 1970, 148.

247



Bibliography

AEMET 2014

AEMET. Agencia Estatal de Meteorologia — AEMET.
Gobierno de Espaiia. 2014. URL: http://www.aemet.
es/es/portada (visited on 23/05/2018).

Andalucia 2018

Junta de Andalucia. Andalucia. URL: http://www.
juntadeandalucia.es/andalucia. html (visited on
23/05/2018).

Andalucia 2013

Junta de Andalucfa. Instituto de Estadistica

y Cartografia de Andalucia. Censo Agrario

2009. Resultados de Andalucta. 2013. URL:

http : / / www . juntadeandalucia . es /
institutodeestadisticaycartografia / iea /
consultasActividad.jsp?CodOper=703 &sub=45376
(visited on 23/05/2018).

Avellan, Zabel, and Mauser 2012

Tamara Avellan, Florian Zabel, and Wolfram
Mauser. “The Influence of Input Data Quality

in Determining Areas Suitable for Crop Growth at
the Global Scale — A Comparative Analysis of two
Soil and Climate Datasets: Influence of Input Data
on Crop Suitability” Soi/ Use and Management 2.8.2
(2012), 249-265.

Beckers, Berking, and Schiitt 2012/2013

Brian Beckers, Jonas Berking, and Brigitta
Schiitt. “Ancient Water Harvesting Methods in
the Drylands of the Mediterranean and West-
ern Asia”. elopoi. Journal for Ancient Studies 2
(2012/2013), 145-164.

Boelens and Post Uiterweer 2013

Rutgerd Boelens and Nynke C. Post Uiterweer.
“Hydraulic Heroes: The Ironies of Utopian Hy-
draulism and Its Politics of Autonomy in the
Guadalhorce Valley, Spain”. Journal of Historical
Geography 41 (2013), 44-58.

248

Brunhes 1902

Jean Brunhes. L'lrrigation. Ses conditions géo-
graphiques, ses modes et son organisasion — dans la
Péninsule Ibérique et dans LAfrique du Nord. Paris: C.
Naud, 1902.

Butzer et al. 1985

Karl W. Butzer, Juan E. Mateu, Elisabeth K.
Butzer, and Pavel Kraus. “Irrigation Agrosystems
in Eastern Spain: Roman or Islamic Origins?” An-
nals of the Association of American Geographers 75.4
(1985), 479-509.

Caliandro and Boari 1992

Angelo Caliandro and Francesca Boari. “Supple-
mentary Irrigation in Arid and Semiarid Regions”
Internatinal Conference on Supplementary Irrigation
and Drought Water Management 1 (1992), 24-27.

Consejeria de Agricultura 2018

Junta de Andalucia Consejerfa de Agricultura
Pesca y Desarrollo Rural. Junta de Andalucia

— Inventario de regadios 2008. URL: http : //
www . juntadeandalucia . es / organismos /
agriculturapescaydesarrollorural / areas /
infraestructuras- agrarias/regadios/ paginas/sig-
regadios-evolucion.html (visited on 23/05/2018).

Custodio et al. 2016

Emilio Custodio, José Miguel Andreu-Rodes,
Ramén Aragdn, Teodoro Estrela, Javier Ferrer,

José Luis Garcia-Ardstegui, Marisol Manzano, Luis
Rodriguez-Herndndez, Andrés Sahuquillo, and Al-
berto del Villar. “Groundwater Intensive Use and
Mining in South-Eastern Peninsular Spain: Hydro-
geological, Economic and Social Aspects” Science of
the Total Environment §59 (2016), 302-316.

FAO 2015a

Food and Agriculture Organization of the United
Nations FAO. Crop Water Information: Cabbage.
2015. URL: http://www. fao.org/land - water/
databases-and-software/crop-information/cabbage/
en/#c236407 (visited on 23/05/2018).



IRRIGATION COMMUNITIES AND AGRICULTURAL WATER MANAGEMENT IN ANDALUSIA

FAO 2015b
Food and Agriculture Organization of the United
Nations FAO. Crop Water Information: Olive. 2015.
URL: http://www.fao.org/land-water/databases-
and-software/crop-information/olive/en/#c236114
(visited on 23/05/2018).

FAO 2015¢c
Food and Agriculture Organization of the United
Nations FAO. Crop Water Information: Onion. 2015.
URL: http://www.fao.org/land-water/databases-
and-software/crop-information/onion/en/#c236423
(visited on 23/05/2018).

FAO 2015d
Food and Agriculture Organization of the United
Nations FAO. Crop Water Information: Pepper. 2015.
URL: http://www.fao.org/land-water/databases-
and-software/crop-information/pepper/en/ (visited
on 23/05/2018).

FAO 2015¢
Food and Agriculture Organization of the United
Nations FAO. Crop Water Information: Tomato. 2015.
URL: http://www.fao.org/land-water/databases-
and-software/crop-information/tomato/en/ (visited
on 23/05/2018).

Fornés et al. 2007
Juan Marfa Fornés, Africa de la Hera, Ramén Lla-

mas, and Pedro Martinez-Santos. “Legal Aspects of

Groundwater Ownership in Spain” Water Interna-
tional 32.4 (2007), 676-684.

Frohling 1965
Margaret Frohling. Die Bewdsserungslandschaflen
an der spanischen Mittelmeerkiiste. Westfalische Ge-
ographische Studien 17. Minster: Im Selbstverlag
des Instituts fiir Geographie und Landerkunde
und der Geographischen Kommission fiir West-
falen, 1965.

Galdn et al. 2008
Carmen Galdn, H. Garcia-Mozo, Luis Vdzquez,
Consuelo Diaz de la Guardia, and Eugenio
Dominguez-Vilches. “Modeling Olive Crop
Yield in Andalusia, Spain” Agronomy Journal 100.1
(2008), 98-104.

A. Garrido et al. 2009
Alberto Garrido, Maite M. Aldaya, Ramén M. Lla-
mas, Consuelo Varela-Ortega, Paula Novo, and
Roberto Rodriguez Casado. “Water Footprint and
Virtual Water Trade in Spain”. In Water Policy in
Spain. Boca Raton: CRC Press, 2009, 49-59.

S. Garrido 2014
Samuel Garrido. “Water Management, Spanish
Irrigation Communities and Colonial Engineers”
Journal of Agrarian Change 14.3 (2014), 400-418.

Geiger 1970
Folkwin Geiger. Die Ariditdt in Siidostspanien —
Ursachen und Auswirkungen im Landschaflsbild.
Stuttgarter Geographische Studien 77. Stuttgart,

1970.

Glick 1970
Thomas F. Glick. Irrigation and Society in Medieval
Valencia. Cambridge, MA: Harvard University
Press, 1970.

Gobierno de Espafia 2016
Ministerio de Agricultura Gobierno de Espana
Alimentacién y Medio Ambiente. SIA — Systema
Integrado de Informacion del Agua. 2016. URL: https:
//servicio.mapama.gob.es/sia/consultas/servlet/
consultas.GlobalFilter?tipo=masiva&sid=generate
(visited on 23/05/2018).

Hijmans et al. 2005
Robert J. Hijmans, Susan E. Cameron, Juan L.
Parra, Peter G. Jones, and Andy Jarvis. “Very High
Resolution Interpolated Climate Surfaces for
Global Land Areas”. International Journal of Cli-
matology 2.5.15 (2005), 1965-1978. DOI: 10.1002/
joc.1276.

Hunt 1988
Robert C. Hunt. “Size and the Structure of Au-
thority in Canal Irrigation Systems” Journal of
Anthropological Research 44.4 (1988), 335-355.

Informacién Geogréfica (CNIG) 2018
Centro Nacional de Informacién Geogri-
fica (CNIG). Centro de Descargas del CNIG
(IGN) - MDTos/MDTos-LIDAR. URL: http://
centrodedescargas . cnig . es/ CentroDescargas /
catalogo.dot#selectedSerie (visited on 02/01/2018).

249



SARAH ISSELHORST, JONAS BERKING, BRIGITTA SCHUTT

Jarvis et al. 2008
Andy Jarvis, Hannes Isaak Reuter, Andy Nelson,
and Edward Guevara. Hole-Filled Seamless SRTM
data V4, International Centre for Tropical Agriculture
(CIAT). 2008. URL: http://srtm. csi. cgiar. org/
(visited on 23/05/2018).

Julian et al. 1992
J. Cruz-San Julian, L. Araguas, K. Rozanski, J.
Benavente, J. Cardenal, M. C. Hidalgo, S. Garcia-
Lopez, J. C. Martinez-Garrido, F. Moral, and M.
Olias. “Sources of Precipitation over South-Eastern
Spain and Groundwater Recharge. An Isotopic
Study” Tellus B 44.3 (1992), 226-236.

Koppen 1936
Wladimir Képpen. “Das geographische System der
Klimate” In Handbuch der Klimatologie Bd. 1. Ed.
by W. Képpen and R. Geiger. Berlin: Verlag von
Gebriider Borntraeger, 1936, 1-44.

Kress 1968
Hans-Joachim Kress. Die islamische Kulturepoche
auf der tberischen Halbinsel. Heft 43. Marburger
Geographische Schriften. Marburg/Lahn: Im Selb-
stverlag des Geographischen Institutes der Univer-
sitdt Marburg, 1968.

Lautensach 1964
Hermann Lautensach. Iberische Halbinsel. Munich:
Keysersche Verlagsbuchhandlung, 1964.

Lopez-Gunn 2003
Elena Lopez-Gunn. “The Role of Collective Ac-
tion in Water Governance: A Comparative Study
of Groundwater User Associations in La Man-
cha Aquifers in Spain” Water International 28.3
(2003), 367-378.

Mays 2010
Larry W. Mays. “A Brief History of Water Technol-
ogy During Antiquity: Before the Romans” In An-
cient Water Technologies. Ed. by L. Mays. Dordrecht:
Springer Netherlands, 2010, 1-28.

Ministerio de Agricultura 2016
Gobierno de Espafia Ministerio de Agricultura
Alimentacién y Medio Ambiente. Sistema Inte-
grado de Informacion del Agua. 2016. URL: http:
//www . mapama. gob . es/es/agua/ temas/
planificacion - hidrologica/sia- /infovisor . aspx
(visited on 26/06/2018).

250

Navarro Lépez et al. 2012
Encarnacién Marfa Navarro Lépez, Angel Custo-
dio Navarro Sdnchez, Dietmar Roth, and Sandra
Schimansky. Vélez Blanco — Medio Natural, Historia y
Patrimonio Cultural. Pueblos de Almeria 3. Almerfa:
Instituto de Estudios Almerienses, 2012.

Navarro Sdnchez 2010
Angel Custodio Navarro Sdnchez. “Una joya del
derecho consuetudinario y de la hidrdulica tradi-
cional de la cuenca del Segura” Revista Cangilon 33
(2010), 340-382.

Ostrom 1990
Elinor Ostrom. Governing the Commons — The Evolu-
tion of Institutions for Collective Action. 1st ed. Cam-
bridge: Cambridge University Press, 1990.

Pita Lépez 2003
Maria Fernanda Pita Lépez. “El clima de An-
dalucia” In Geografia de Andalucia. Barcelona,
2003, 137-174.

Real Orden 1903
Real Orden de 18 de Enero de 1902. Reglamen-
tos para el sindicato y jurado de riegos de las aguas del
Maimén de la villa de Vélez Blanco. Madrid, 1903.

Rodrigo et al. 2000
Fernando S. Rodrigo, Maria-Jesus Esteban-Parra,
D. Pozo-Vézquez, and Y. Castro-Diez. “Rainfall
Variability in Southern Spain on Decadal to Cen-
tennial Time Scales” International Journal of Clima-
tology 20.7 (2000), 721-732.

Rodriguez-Diaz et al. 2008
J. A. Rodriguez-Diaz, E. Camacho-Poyato, R.
Lépez-Luque, and L. Pérez-Urrestarazu. “Bench-
marking and Multivariate Data Analysis Tech-
niques for Improving the Efficiency of Irrigation
Districts: An Application in Spain” Agricultural
Systems 96.1-3 (2008), 250-259.

Roth, Beckers, et al. 2018
Dietmar Roth, Brian Beckers, Jonas Berking, Sarah
Isselhorst, and Brigitta Schiitt. “A Short History
of the Water and Society in the Region of Vélez
Blanco, East Andalusia” Water History 8 (2018), 59—
73.



IRRIGATION COMMUNITIES AND AGRICULTURAL WATER MANAGEMENT IN ANDALUSIA

Roth, Schiitt, et al. 2001
Dietmar Roth, Brigitta Schiitt, Helena Burg, and
Magnus Herrmann. “Las galerifas con lumbreras
(qanat): Obras maestras de ingenieria rural ame-
nazadap”. Revista Velezana 20 (2001), 53—64.

Salmoral et al. 2011
G. Salmoral, M. M. Aldaya, D. Chico, A. Garrido,
and R. Llamas. “The Water Footprint of Olives
and Olive Oil in Spain” Spanish Journal of Agricul-
tural Research 9.4 (2011), 1089—1104. URL: http:
//revistas.inia.es/index. php/sjar/article/view/2430
(visited on 23/05/2018).

Sdnchez-Martinez, Salas-Velasco, and Rodriguez-
Ferrero 2012
Maria-Teresa Sinchez-Martinez, Manuel Salas-
Velasco, and Noelina Rodriguez-Ferrero. “Who
Manages Spain’s Water Resources? The Political
and Administrative Division of Water Manage-
ment”. International Journal of Water Resources Devel-
opment 28.1 (2012), 27-42.

Sauri and Moral 2001
David Sauri and Leandro del Moral. “Recent De-
velopments in Spanish Water Policy. Alternatives
and Conflicts at the end of the Hydraulic Age”
Geoforum 32.3 (2001), 351-362.

Schiitt 2001
Brigitta Schitt. “Der Naturraum der Region Los
Vélez und angrenzender Gebiete” In Los Vélez
— Ein landeskundlicher Reisefiibrer fiir eine Region
in Siidost-Spanien. Heft 24. Trier Geographische
Studien. Ed. by Dietmar Roth, Brigitta Schitt,
and Roland Baumbhauer. Trier: Selbstverlag der
Geographischen Gesellschaft Trier in Zusam-
menarbeit mit dem Fachbereich VI Geogra-
phie/Geowissenschaften der Universitét Trier,
2001, 13-34.

Schiitt 2004
Brigitta Schiitt. Zum holozinen Klimawandel der
zentralen Iberischen Halbinsel. Vol. 20. Borntraeger,
2004.

Solbes 2003
Rosa Vives Solbes. “Economic and Social Prof-
itability of Water Use for Irrigation in Andalucia”
Water International 28.3 (2003), 326-333.

Steduto et al. 2012
Pasquale Steduto, Theodore C. Hsiao, Elias Fer-
eres, and Dirk Raes. Crop Yield Response to Water.
FAO Irrigation and Drainage Paper 66. Rome: FAO
Publications, 2012.

Sumner, Homar, and Ramis 2001
G. Sumner, Victor Homar, and Climent Ramis.
“Precipitation Seasonality in Eastern and Southern
Coastal Spain” International Journal of Climatology
21.2 (2001), 219-247.

Tyrakowski 2001
Konrad Tyrakowski. “Kulturelle Aspekte des ge-
ographischen Inventars der Region Los Vélez”.
In Los Vélez - Ein landeskundlicher Reisefiihrer fiir
eine Region in Siidost-Spanien. Ed. by Dietmar
Roth, Brigitta Schitt, and Roland Baumhauer.
Heft 24. Trier Geographische Studien. Selbstver-
lag der Geographischen Gesellschaft Trier in
Zusammenarbeit mit dem Fachbereich VI Ge-
ographie/Geowissenschaften der Universitit Trier,
2001, 97-116.

WorldClim - Global Climate Data 2018
WorldClim — Global Climate Data. WorldClim 1:
Current Conditions (1960-1990) | WorldClim — Global
Climate Data. URL: http://www.worldclim.org/
current (visited on 25/05/2018).

251



SARAH ISSELHORST, JONAS BERKING, BRIGITTA SCHUTT

Illustration credits

1 Authors’ illustration based on data provided by
Ministerio de Agricultura 2016 and Jarvis et al.
2008. 2 Authors’ illustration based on data pro-
vided by Informacidn Geogréfica (CNIG) 2018.
3 Authors’ illustration based on data provided
by Consejeria de Agricultura 2018 and Gobierno
de Espafia 2016. 4 Authors’ illustration based
on data provided by Gobierno de Espafia 2016.

SARAH ISSELHORST

studied Geography at Freie Universitit Berlin from
2008 to 2014; 2014 MSc Degree at Freie Universitat
Berlin. Since November 2014, she is a doctoral

fellow in the Topoi Research Group A-3, Water Man-

agement and PhD student in Landscape Archaeology
and Architecture (LAA) at the Berlin Graduate School
of Ancient Studies (BerGSAS). Her doctoral thesis

is part of the research project A-3-5 Functionality
and Effectiveness of Technical Water-Management
Measures and explores historical water manage-
ment with a special focus on traditional irrigation
strategies in northeastern Andalusia.

JONAS BERKING

studied Geography, Chemistry, Geology, and Me-
teorology at Freie Universitit Berlin from 2001 to
2007; 2003—2004 Exchange student at the Univer-
sity of Wroclaw, Poland; 2007 Diploma Degree
(MSc equivalent) at Freie Universitat Berlin; 2011
Dissertation at Freie Universitit Berlin. Since
2012, he has been a junior research group leader
in Topoi A-3, which investigates historical water
management. Research interests: Geoarchaeology
(drylands, Northern Africa and Central Asia); Qua-
ternary landscape evolution and climate history;
and water management, hydrology, and water
harvesting strategies in drylands.

252

5 Authors’ illustration based on data provided by
Sdnchez-Martinez, Salas-Velasco, and Rodriguez-
Ferrero 2012, 27—42. 6 Photo by S. Isselhorst.
7-8 Authors’ illustration based on data provided
by Consejeria de Agricultura 2018. 9 Authors’
illustration based on data provided by FAO 2015b
and AEMET 2014.

Sarah Isselhorst

Freie Universitat Berlin

Department of Earth Sciences
Physical Geography

Malteserstr. 74-100

12249 Berlin, Germany

E-Mail: sarah.isselhorst@fu-berlin.de

Dr. Jonas Berking

Freie Universitat Berlin
Department of Earth Sciences
Physical Geography

Malteserstr. 74-100

12249 Berlin, Germany

E-Mail: Jonas.Berking@fu-berlin.de



IRRIGATION COMMUNITIES AND AGRICULTURAL WATER MANAGEMENT IN ANDALUSIA

BRIGITTA SCHUTT

was Assistant Professor in Physical Geography at
the University of Trier from 2000 to 2001 and Sub-
stitute Extraordinary Professor in Physical Geogra-
phy, Universitit Bonn in 2002. Since 2002, she has
been a full Professor at the Institute of Geograph-
ical Sciences at Freie Universitit Berlin, and since
2010, Vice President for Science of the Freie Uni-
versitit Berlin. Research interests: past and present
soil erosion, Late-Quaternary Paleoenvironments,
Paleohydrology, past and present morphodynamics,
drylands, and watershed management.

Prof. Dr. Brigitta Schitt

Freie Universitit Berlin

Department of Earth Sciences
Physical Geography

Malteserstr. 74-100

12249 Berlin, Germany

E-Mail: Brigitta.Schuett@fu-berlin.de

253






Monika Trimper

Swimming Pools and Water Management in the
Eastern Mediterranean World of the 4th to 1st
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Summary

While it is debated in scholarship whether the Greeks conceptualized swimming as a sport
and leisure activity, the archaeological evidence of swimming pools in the Eastern Mediter-
ranean from the 4th to 1st century BC speaks for the existence of such a concept. This paper
argues that challenges of water management are a major reason why the Greeks did not
systematically build swimming pools as an urban standard for the physical education and
pleasure of broader parts of the population. By examining 13 pools, it is shown that their
water management required specific topographical conditions, notably, a location close to
a river or a spring, and the appropriate socio-economic conditions, notably, patrons with
sufficient financial means, access to technological know-how, and cultural appreciation of

swimming.

Keywords: swimming pools; athletics; water management; Panhellenic sanctuaries; Hel-

lenistic palaces

In der Forschung ist umstritten, ob die Griechen Schwimmen als Sport- und Freizeitakti-
vitit konzipierten. Die archiologischen Befunde von Schwimmbecken im 6stlichen Mit-
telmeer aus dem 4.-1. Jh. v. Chr. belegen aber eindeutig, dass ein solches Konzept existier-
te. Dieser Beitrag zeigt, dass die erheblichen Anforderungen an das Wassermanagement
vermutlich der wichtigste Grund waren, warum die Griechen nicht systematisch eigene
Schwimmbecken als urbanen Standard fiir Sport und Vergniigen der breiten Bevolkerung
bereitstellen konnten. Mit der Untersuchung von 13 Schwimmbecken wird dargelegt, dass
ihr Wassermanagement besondere Bedingungen erforderte: die Nihe zu Flissen und Quel-
len, wohlhabende Bauherren, Zugang zu technologischem Knowhow und eine kulturelle

Wertschatzung des Schwimmens.
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First of all, I would like to thank the conference organizers for inviting me to this very
stimulating conference. Earlier versions of this paper were presented at the Annual Meeting
of the Archaeological Institute of America in 2012 and the conference Cura Aquarum in
Greece, held in Athens in 2015, and I am much indebted to the audiences for the discussions
and advice they shared.

There is a strong notion in scholarship that Greeks would not have known and en-
joyed swimming as a leisure and athletic-competitive activity, although Greece was sur-
rounded by the sea and provided abundant natural waters.! While there is archaeological
evidence, namely images of people swimming and remains of pools, that challenges this
notion, it is by no means abundant. Furthermore, this evidence suggests that swimming
from about the 6th to the 1st century BC was a privilege of the urban elite and royal
households. Since swimming is today a prime athletic activity and one of the most pop-
ular sports, one wonders why the Greeks, with their strong focus on athletic-military
training and shaping the body, would not have embraced swimming more systemati-
cally for training the youth.

Efficient systematic swim training and swim competitions need, ideally, relatively
safe and reliable settings, notably, waters without strong currents, waves, winds, unpre-
dictable depths, and other obstacles. Such conditions are best met by purposely-built
swimming pools that require not only an appropriate setting (indoors or outdoors) and
certain efforts to be made for their construction, but, above all, constant maintenance.
Most challenging is the water management, particularly providing a steady supply of wa-
ter, but also maintaining the quality and purity of the water and its drainage. This paper
argues that the challenges of water management are a major, if not the main reason why
the Greeks did not systematically build swimming pools as an urban standard for the
physical education and pleasure of broader parts of the population. By examining 13
selected pools from six sites in the Eastern Mediterranean from the 4th to 1st centuries
BC in a chronological order, it is shown that the water management of these pools re-
quired specific topographical conditions, notably, a location close to a river or spring,
and socio-economic conditions, notably, patrons with sufficient financial means, access
to technological knowhow, and cultural appreciation of swimming as an athletic and
leisure activity. The selected pools are located in, or closely connected to, four Panhel-
lenic sanctuaries in Olympia, Isthmia, Nemea, and Delphi, as well as two royal palace

Most strongly Auberger 1996, but also Elitzur
2008; Handy 2008.
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areas in A7 Khanoum and Jericho.? Only when cities were increasingly provided with
aqueducts from the late 1st century BC onwards, did cold water pools become more
common, and even standard within public baths.

Due to the restrictions of space, the focus in the following is entirely on water man-
agement of swimming pools, whereas other key features such as the size and design,
architectural-urban context, dates, possible functions, users, and socio-cultural signifi-
cance of the pools cannot be discussed in detail. Since there is no comprehensive study
of ancient swimming pools, let alone their water management, and since most pools
have not been sufficiently explored and some are no longer visible today, this paper can

only offer preliminary considerations and not final answers to all of the questions.?

1 Olympia

The Panhellenic sanctuary of Zeus was probably the first to be provided with a pool,
most likely in the first half of the 4th century BC. This pool is located in the area between
the sanctuary proper (Altis) and the Kladeos River, which was used to accommodate vis-
itors in temporary structures and was gradually provided with permanent buildings for
the convenience of visitors in the 4th century BC (Fig. 1). Based on the remains of water-
proof pebble cement floors discovered at two different levels, the pool is reconstructed
as an open-air facility with a rectangular shape, at a size of 24 X 16 m at the bottom and
a maximum depth of 1.60 m, as well as inlcuding five steps (0.32 m deep and high) and
a paved walkway of about 2.50 m width on all four sides (Fig. 2).* Thus, the maximum
capacity would have been about 614 ooo liters.

Remains of a large drainage channel (.50 m wide, 0.75 m high) were found under
the later Roman Kladeos Baths, at a distance of about 5 m from the bottom of the pool

More pools are known from Late Classical and
Hellenistic sites in the Eastern Mediterranean that
cannot be discussed here: Pella, Palace, peristyle-
complex V, pool 7.5 x 5 m, 1.65 m deep, end of
4th /early 3rd century BC (Chrysostomou 1996,
114-119); Samos, Gymnasion, central courtyard with

stoat, pool 15.70 by 14.80 m, 1.26-1.66 m deep, mid-

3rd century BC (Martini 1984, 23-25); pools of the
late 15t ¢ BC and early 1st ¢ AD are also excluded,
among them pools in the palaces of Herod the
Great (Netzer 1986; Netzer 2001a; Netzer 2001b);
and a pool in the area of the gymnasion of Corinth
(10.32 X 11-12 m, at least 1.58 m deep; 15t century

AD; Wiseman 1972, 18-22).

11 of the 13 pools discussed here became only
known after René Ginouves had published his study
on the Greek bathing culture; Ginouves 1962. There
is also no monograph on the much more numerous
swimming pools of the Roman Imperial period;
however, for a summary of their water manage-
ment, see Garbrecht and Manderscheid 1994, 21-23,
59-60, 70-76.

Schleif 1943, 17-18; Kunze and Schleif 1944, 40-46,
80-96; Mallwitz 1958, 23-24. — In more detail for
this pool, Trimper 2017.
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Fig. 1 Olympia, Sanctuary of Zeus, plan of the western section.
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Fig. 3 Olympia, Sanctuary of Zeus, drainage channel of the swimming pool.

and, thus, without any direct connection with the remains of the pool (Fig. 3).° Alfred
Mallwitz assumed that this channel led from the bottom of the pool, through its steps,
to the adjacent Kladeos River, and that drainage to the south, instead of more directly
to the west, would have been chosen in order to avoid backwater during the rain-laden
winter months.® While it is questionable that the pool would have been used in the
winter, they may still have tried to keep it as clean as possible, to avoid flooding year-
round. Where exactly the drainage channel would have traversed the embankment wall
of the Kladeos and reached the Kladeos, remains unknown.”

Reconstruction of the crucial water supply is problematic. Close to the recon-

structed northeast corner of the pool, a basin (K) was found, whose size and depth are

Cf. Kunze and Schleif 1944, pl. 15 and Mallwitz
1958, pl. 2, who does not indicate any elevations

for this channel; pl. 3 shows the pool in a section of
trench 3 that was carried out in the Roman guest-
houses with an elevation of -500, in a distance of
about 15.25 m from the bottom of the pool. Mall-
witz 1958, 23, claimed that he had seen the begin-
ning of the drainage channel of the pool in the
northwest corner of the Tepidarium of the Kladeos
Baths, but this is questionable; see in detail Trimper

2017, 223 N. 23.

Mallwitz 1958, 23-24: on his reconstructed plan, pl.
4, the channel leads slightly to the southeast, but the
remains as shown on pl. 2 suggest that it ran straight
to the south.

Recent research on this embankment wall did not
yield any evidence of this channel: Kyrieleis and
Herrmann 2003, 43—45; Herrmann et al. 2013, esp.
401.
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nowhere mentioned.® This was presumably fed by the open channel X that, according
to Hans Schleif, was constructed later than the pool itself.” A channel leads from the
basin to the southwest, widening from 10 to 28 cm, but after 3 m runs against a square
block (60 x 60 cm), which is located in the northeast corner of the reconstructed paved
walkway of the pool. While Schleif used these structures mainly for a reconstruction of
the pool, their function was not discussed. A basin with an inlet, but no obvious outlet
is hard to explain. If the basin had a connection to the pool, which seems most likely,
if currently unprovable,'® it could have served as a settling basin from where cleaned
water would have been led into the pool. In this case, it remains to be assessed in more
detail how exactly this shallow open channel would have been supplied and whether
it could have sufficed to fill the entire pool. If these structures did not belong to the
pool, from the beginning or at a later period, water supply must have been granted al-
together differently: the easiest option seems to be a channel from the Kladeos River
to the northern border of the pool, of which no evidence for this has ever been found,
however. This channels would have also had to cross the Kladeos embankment wall;
the latter was located 27 m from the pool. The supply channel would have had to start
at a sufficient distance upstream, in order to provide an appropriate slope down to the
pool.!!

Whether water would have flowed continuously from the river to the pool and back
into the river, depending on the season and water level of the river, must remain open,

but seems an attractive possibility.

While the size can be taken from the plans, ca. 2.2 X
1.40 m, the depth must remain unknown.

Kunze and Schleif 1944, 43—44. The water manage-
ment of the entire sanctuary has not been studied
comprehensively; recent excavations to the north-
west of the Philippeion yielded remains of five suc-
cessive water supply systems that were dated from
the sth to the 2nd century BG; it is unclear, how-
ever, whether any of these and which would have
supplied the basin k; Kyrieleis and Herrmann 2013,
20-25.

See in detail Trimper 2017, 229 n. 30.

There is no agreement in literature, when exactly
the Kladeos ran where in relation to the embank-
ment wall: Knauss 2004, 67 fig. 10, suggests that the

river ran to the west of the wall, once the wall had
been built; Herrmann et al. 2013, 400, argue, based
on recent excavations, that the Kladeos partially re-
turned to its old riverbed to the east of the northern
part of the wall, but it would have been diverted
back to the west of the wall further south, e.g. at the
height of the workshop of Pheidias. In this case, the
Kladeos could have run immediately to the west of
the pool, without any embankment wall between
pool and river. Since the precise chronology of these
changes remains unknown, however, they currently
cannot be assessed with view to the (changing?) wa-
ter supply of the pool. Cf. also Mallwitz 1981, 370~
382; Matzanas 2012.
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2 Isthmia

The Panhellenic sanctuary of Poseidon was provided with a pool around the mid-4th
century BC, when the sanctuary saw a major remodeling and monumentalization.'?
Located about 100 m to the north of the temple and next to the theater, the pool can
be reconstructed from substantial remains of different waterproof pavements and walls
found under a Roman bath building from the 2nd century AD (Fig. 4). The open-air
pool measured 30 X 30 m and was about 1.2 m deep, thus providing a capacity of
1 080 ooo liters (Fig. 5).13 At least in the east, it was flanked by a paved walkway of 2.1
m in width and an adjacent wall; this pavement included a water line with seven oval
basins that may have served as foot washbasins for swimmers or as drainage basins for a
roofed structure.

Two drains leading from the center of the north wall of the pool to the north (and
probably northeast) were found. One of them was safely connected to an outlet at the
bottom of the pool that had a diameter of 0.12-0.18 m, which was presumably fitted
with a bronze pipe, and led to a well-made drainage channel of 0.51-0.56 m in width.'
Of the other drain, only a channel to the north of the pool survives, which was made of
large blocks and covered with waterproof cement, and reused in the later Roman bath.'
It cannot be determined whether both drains were used at the same time, presumably
for granting smooth evacuation of large amounts of water, or whether they were built
and operated consecutively. Immediately north of the pool, the water line branched to
the east and west, but it is unclear where exactly the branches ended in the use period
of the pool. They most likely emptied conveniently into the adjacent ravine, like other
drains coming from the sanctuary.'¢

In contrast, no evidence of the central water inlet and supply has been securely
identified. Possible remains of a channel to the southwest of the pool suggest, how-
ever, that water was supplied somewhere from this direction.!” Water sources seem
to concentrate in this area, in the ancient and modern periods, because there is
still a functioning spring, a large ravine (the ‘Northwest Gully’), and a network of
channels and reservoirs from the Greek and Roman periods to the sanctuary. While
the narrow water channels and the large reservoir found in the area of the temple do not

Gregory 1995, 303-312; Reinhard 2005, 9-10. Gregory 1995.

The pool is actually 1.40 m deep, but provided with 16 Gregory 1993, 9-10.

curving cap stones, which indicated the height of 17 Gregory 1995, 308 mentions a small trench, RB 76—
the water. 22, to the southwest of room XIV of the Roman
Gregory 1995, 308. bath building, in which a cutting in hardpan with
The size of this drainage channel is not indicated in several stones in situ were found.



SWIMMING POOLS AND WATER MANAGEMENT

‘ue[d ‘uoprasoy jo Arempueg ‘erurysy ¥ 81y

aERT |

"
WreaEm \

TGET

—
af

e

>

el

Y

L

o

263



MONIKA TRUMPER

A |
|
|
|
|
i

T
I
[
|
|
|
|
|
I
|
|
|
E
S el

=B

| __-3ase

T

PTG BT S RS [ R A N

r——————

M. KOUVARIS JUNE 1993

Fig. s Isthmia, Sanctuary of Poseidon, reconstruction of the swimming pool.

seem sufficient to supply the large pool,' a system of large rock-cut tunnels (0.80 m
wide, 2 m high) found close to the western ravine seems more appropriate for this pur-
pose (Figs. 6 and 7). These have barely been explored, however, and their date, exact

18 Broneer 1973, 24-27: channels I-1II (for example, had only a capacity of 110 m?, and water was drawn
channel I is 0.14 m wide at the bottom and 0.07 m by hand via three manholes.
deep); the largest reservoir, the northwest reservoir,
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Fig. 6 Isthmia, Sanctuary of Poseidon, rock-cut wa-

ter tunnel at the eastern border of the ravine (‘North-

west Gully’).

Fig. 7
ter tunnel at the eastern border of the ravine (‘North-
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Isthmia, Sanctuary of Poseidon, rock-cut wa-

west Gully’).

course, and function cannot safely be determined." It is unknown whether this large

pool could have been supplied continuously with fresh water, but the potential double

drainage system may reflect a high use of water.*’

19 Jenkins and Megaw 1931-1932, 85-89, have briefly

explored these features; they found the rock-cut tun-
nels covered with excellently preserved cement and
filled with debris that included sherds from the Ge-
ometric to Roman periods. They argue that the ce-
ment would indicate a date in the 6th or sth century
BC. The tunnels ran into a barely preserved cistern.
The opening of the main tunnel was found about
8-10 m below the top of the ravine (in the early
1930s), but earthquakes seem to have considerably
altered the landscape in the area of the sanctuary of
Poseidon over the centuries; Gregory 1993, 9. — Sim-
ilar rock-cut tunnel systems for water supply, built
from the Archaic period onwards, are known from

20

other sites, among them nearby Corinth, Megara,
Nemea, and Samos; for Corinth, Hill 1964; Landon
2003; Robinson 2011, 11-17; for Megara, Avgerinou
2015; for Nemea, see below; and for Samos, Kienast
1995.

Recent research in the area of the Roman bath has
yielded evidence that has cautiously been identi-
fied as remains of a bath building with a hypocaust
system in the north, a large complex of stoas (gymna-
ston?) in the east, and another stoa (palaistra?) in the
south. While these remains date to the Roman Im-
perial period, there are some indications of earlier
phases, not yet fully explored, however (Frey and
Gregory 2016), ongoing research in these areas may
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3 Nemea

The Panhellenic sanctuary of Zeus was provided with a separate bath complex when
the Nemean games were revived and the sanctuary experienced a building boom in
the years of ca. 330 to 270 BC. The completely roofed bathing facility was located to
the south of the temple, between a guesthouse (Xenon) and the Nemea River (Fig. 8).
It included a central pool flanked by two rooms, each with four tubs on high feet for
washing with cold water. Measuring 8.20 by 3.90 m at the bottom, the pool was at most
1.30 m deep and accessible by a monumental staircase with four steps that stretched
across the entire northern side of the pool. Its maximum capacity has been calculated at
43.56 m3(Figs. 9, 10).2!

The pool was drained through a small hole at the bottom of the northwest corner
into a shallow open U-shaped tile channel; this channel ran hidden under the lowest
entrance step of the pool and collected water from both tub rooms and the pool, exiting
through the west wall of the West Tub Room. All water from the bath complex was
drained into a rubble-lined drain, which was covered with reused starting blocks of an
early stadium.”

Reconstructing the water supply is again more challenging, although there are sub-
stantial remains of the supply system. Both the tubs and the pool were fed with water
from a system of reservoirs along and outside the southern wall of the building, which
in turn, was most likely fed by a spring located 650 m to the east of the bath building.
While no continuous channel from the spring to the bath complex was found, several

sections were explored that may have belonged to different phases:

1. At the spring, a rock-cut tunnel (1.97 m high, 0.48 m wide, preserved for a length
of about 16.40 m);

2. About 100 m west of the spring, a series of blocks that originally formed a rather

monumental triangular shaped closed channel and that show heavy lime encrusta-

tions;?

shed more light on the water supply, context, and the river is identified as a wide, deep, artificially

function of the pool. made drainage channel that was only created at the
21 Miller 1992. end of the 4th century AD in order to convert the
22 Miller 1992, 212-213: no measures for the outlet once swampy valley into arable land.

hole are given; the tiles of the channel had an inte- 23 Miller 1992, 225-227: the blocks are about 0.29 m

rior width of 0.08 m at the small end, and an inte- thick, 0.89-0.9 m high, and 1.02 m long. Since the

rior height of 0.14 m at the small end and 0.21 m technique of these reused blocks is strongly remi-

at the large end. Miller 1992, 216 had still assumed niscent of that on blocks of the Temple of Zeus, the

that water was drained into the adjacent Nemea aqueduct would be too late for the bath building.

River. In Miller 2004, 67 and Miller 2015, 279280,
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Fig. 8 Nemea, Sanctuary of Zeus, plan.

3. A covered small aqueduct line found to the south of the Xenon; this channel was
traced for about 80 m, was made with shallow U-shaped terracotta tiles at the bot-
tom, and may have supplied the reservoir system of the bath complex, even if no
immediate connection between these structures was found. For this stretch, Stephen
Miller calculated a steady slope of 0.9 m over every 100 m of distance traversed;*

4. An aqueduct located directly south of, and largely parallel to, the reservoirs of the
bath complex, which is constructed of small stones and tile fragments. Since it was
cut by the reservoirs, it may originally have supplied the bath building with water.”

24 Miller 1992, 227, 300: the U-shaped tiles are 0.107 m wide and 0.3 m deep. It is lined with hydraulic
wide and 0.201 m high; the area was covered with cement and notable for its lack of heavy lime ac-
Corinthian cover tiles, Lakonian ridge cover tiles, cretions; its bottom is with 332.839 partially on a
and broken Corinthian pan tiles. lower level than that of the reservoirs with 332.740

25 Miller 1992, 231: followed for about 19 m, 0.1 m to 332.995; cf. Miller 1992, Fig. 259%
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Fig. 10 Nemea, Sanctuary of Zeus, reconstruction of the bathing rooms.

Therefore, the intricate system of four reservoirs seems to belong to a later phase
of the building when water supply was improved: either in order to better feed the
existing pool and tubs, or to feed the newly built pool and tubs that replaced some
unknown, presumably simpler bathing installations.?® It is not at all clear, however, why
the reservoir system was established and how exactly it worked. There were presumably
two connections between the aqueduct and the reservoir system: one to the eastern north
reservoir that was connected with the ‘water closet’ to its west and fed the East Tub
Room.?” The other must have filled the south reservoir, which supplied the central north
reservoir, from where water ran into the western north reservoir; the latter fed both
the pool, most likely with a pipe of less than 0.1 m diameter from its eastern end, and
probably also the West Tub Room via a water closet system from its western end. Since
the capacity of these three interconnected reservoirs has been calculated to be 12.34
m?, it would have required 3.5 fillings of all three reservoirs to fill the pool. Thus, one
wonders whether the reservoirs did not primarily function as settling basins, rather than
storage facilities, at least with the view of supplying the pool.?®

Miller assumed that the bath building was operated and supplied with water at
intervals, and not continuously throughout the day.?” Alternatively, the aqueduct could

Miller 1992, 237-239. connected.

Miller 1992, 219, does actually not discuss at all 28 Note, however, that the aqueduct was presumably
how this reservoir was supplied, but states that fully covered and the pool was also roofed, whereas
the eastern north reservoir and the closet “served the reservoirs were left open.

the hydraulic needs of the East Tub Room exclu- 29 Miller 1992, 216-220; Miller 2004, 120-122, recon-
sively”; since the water closet is only connected with structs a kind of flushing system for the tub rooms
this reservoir and since the south reservoir with which would not have received constantly flowing
its slope from east to west has an outlet at the very water, but would have been filled periodically; one
western end, it seems most likely that the eastern closet filling would have sufficed to fill all four tubs

north reservoir and the south reservoir were not
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have provided a steadily running supply for the bath building where the tub rooms
were fed intermittingly, via the closet system, and the pool permanently, serving as a
kind of ‘low-through’ pool. Outlet and inlet were correspondingly small in this pool,
suggesting a modest, if possibly still permanent flow or trickle of water.

If the bath building was not supplied continuously with water, however, the aque-
duct must have been shut off regularly somewhere between the spring and the bath
complex, and it must have led water to other destinations, probably on a more perma-
nent basis. One such destination could have been a large tripartite reservoir (112.72 m?
capacity) which has recently been discovered to the west of the bath complex. Miller
suggested that excess water of the aqueduct was channeled to this large reservoir once
the needs of the bath were satisfied. The elevation of the inlet and outlet of the bath
complex and the inlet of the large reservoir show that the reservoir could only have
been supplied with fresh water from the aqueduct, which must have been split at the
height of the bath complex to feed both the bath and the reservoir. Since the reser-
voir was only constructed in the late 4th or early 3rd century BC, it could have been
conceived when the water supply of the bath was remodeled and improved; some con-
temporaneously established intricate system may have regulated distribution of spring
water to the small bath reservoirs and the large reservoir. The latter presumably served
to supply horses that ran in the nearby Hippodrome;®! therefore, in theory, it could also
have received wastewater from the bath. The drain from the bath lies on a slightly lower
level (0.07 m), however, than the inlet of the large reservoir, and could hardly have led
water over a distance of about 8o m from the bath to the reservoir. Thus, it must remain

open for now, where exactly the wastewater from the bath was drained to.

3.1 Delphi

The gymnasion complex at Delphi was located in close vicinity to the Panhellenic sanctu-
ary of Apollo. Its palaistra was built in the third quarter of the 4th century BC and later
enlarged, probably in the second quarter of the 3rd century BC, to include race tracks
(xystos and paradromis) and a separate bathing complex (loutron) (Fig. 11). The different

components of the gymnasion were organized on two long, north-south oriented terraces,

once. The pool would have been drained and re- ern north reservoir of the bath is at 332.740; the
filled perhaps only once per day. Miller 2004, 122: drainage outlet of the bath complex (in the north-
“the pool was probably completely filled and emp- western corner of the West Tub Room) is, according
tied at relatively lengthy intervals” Cf. also Mander- to Miller 1992, 216 note 611, at 331.582.
scheid 2000, 483-484. 31 Assuggested by Miller 2004, 92-93, fig. 60, 135;

30 Miller 2004, 134; Miller 2015, 335-344; the inlet of Miller 2015, 344-348.

this reservoir is at 331.65; the bottom of the west-
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the bathing complex and palaistra on the lower terrace being complemented by the race
tracks on the upper terrace. The loutron occupied an open-air paved terrain to the north
of the palaistra and included ten basins for cold water ablutions along its eastern wall,
and a centrally placed round pool (Fig. 12). The pool may even have been mentioned
in an inscription that refers to a kolymbethra.>* The latter has a diameter of 8.6 m at the
bottom and 9.7 m at the top and originally had a depth of 1.9 m, being provided with
four steps all around. Thus, its maximum capacity was about 98 ooo liters.

The pool was drained through an outlet that was installed at the bottom of its
northwestern wall and had a diameter of 0.16 m. This was connected to a built cov-
ered drainage channel (0.69 m high, 0.5 m wide) that ran to the northwest with a steep
decline and emptied into the adjacent Castilian ravine.*

The pool was fed presumably by running water from the nearby Castilian spring
that first supplied a channel system on the upper terrace (Fig. 13); an open channel
made of limestone blocks (interior width of 0.95 m and depth of 0.11§ m) and provided
with settling basins was found in the middle of the terrace, running in a north-south
direction parallel to the xystos and paradromis. While the beginning of this channel has
been excavated at the northern end of the paradromis, it is unclear how this channel
received water from the ravine below. Published plans show a system of terrace walls
and two reservoirs in the embankment between the ravine and the paradromis that could
have served to supply the channel, with possible temporary storage facilities.** On the
terrace, the channel descends with a steady slope.*® This channel, or a branch extending
from it, must have turned west, roughly at the height of the pool, and descended quite
steeply in order to feed a covered channel that ran behind the east wall of the loutron;
the connecting channel ended in a settling basin from which water must have flown to
the north and south.>

32 Jannoray 1953, 53-63; Wacker 1996, 195-207. — For

the inscription, accounts written under the archon
Dion II (247-246 BC), see Pouilloux 1977.

33 Jannoray 1953, 62.
34 Jannoray 1953 does not discuss these structures, but

his state plans, pl. I and III (here Figs. 11, 13), clearly
show them. The channel starts at an elevation of
12,027, the bottom of the two interconnected reser-
voirs seems to have been at 12,70, and their top bor-
ders at 13,51. The elevation of the ravine is not in-
dicated, but it seems to be significantly lower than
that of the reservoirs; thus, a channel must have led
from some point upstream down to the reservoirs.

35 Jannoray 1953, pl. I: from 12,027 in the north to

10,85 at the height of the northeast corner of the
loutron terrace. When Pentazos and Trouki 1994,
433-434, reexcavated part of the upper terrace they

did not find any evidence that would safely date this
channel to the 3rd century BC, however; their inves-
tigations showed that the terrace was used until late
antiquity and that some of the water management
structures (esp. terracotta pipes) certainly belonged
to late phases of use.

36 Jannoray 1953, pl. I: this connecting channel had to

descend from 10,85 down to 9,84. Jannoray 1953,
63, assumed that a terracotta pipe running from

the open channel west to the southeast corner of
the loutron would have supplied the loutron chan-
nel; recent excavations showed, however, that this
terracotta pipe, made of reused elements, went to
the northeast corner of the palaistra and served as
a drain; Pentazos and Trouki 1994, 428-433, also

found the location of the original supply channel
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Fig. 12 Delphi, Gymnasion, state plan and north-south section of the bath complex (loutron).
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Fig. 13 Delphi, Gymnasion, state plan of the northern upper terrace.
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Fig. 14 Delphi, Gymnasion, reconstruction of the loutron.

The loutron channel supplied 11 water spouts that fed the ten above-mentioned basins,
and presumably the pool. It must be emphasized, however, that no traces remained of
the necessary connecting (open or closed?) channel between the central water spout,
which was larger than the ten flanking spouts, and the pool; the precise location and
size of the inlet of the pool remain unknown.?” While obvious care was taken to supply
the basins with relatively clean water, this was maybe not the case for the pool. Since no
channel was found that would have drained waste and spilled water from the basins, Jan-
noray assumed that this water was led to the pool, via the central connecting channel be-
tween the central water spout and the pool; the basins would have been interconnected,
water flowing from the northernmost and southernmost basins to the center (Fig. 14).
Thus, the pool would have received more water, but presumably partially wastewater.
The whole argumentation is flawed, however, because Jannoray misinterpreted the only
evidence for his reconstruction, the only relatively well-preserved basin.?® This basin has
a groove or overflow channel on its left short border and a drainage hole in its left front
corner; today, the right border is not sufficiently preserved to exclude the existence of
a groove.”” In any case, the hole in the bottom clearly suggests that water was drained
onto the floor, at least at certain intervals, and not (solely) via the lateral grooves into a
channel.

with its settling basin; this is not shown on the step.

plan of their trenches on the upper terrace, 429 38 This basin has a length of 1.82 m and, according to

Fig. 5, however, which also does not include any Jannoray 1953, 39, would have an overflow outlet at

elevations. the top right border; Jannoray 1953, 59 n. 1, argued

37 Jannoray 1953, pl. XI, 2 (here Fig. 14), reconstructs a that this basin could only have been set up as the

small circular inlet (pipe?) at the top of the highest fifth basin from north (with the direction of flow

275



MONIKA TRUMPER

276

39

In sum, it seems most likely that water from the basins simply ran over the paved
floor of the terrace and via two outlets in its northwest terrace wall into the Castilian
ravine. The pool could have been protected from this run-off water if its upper fourth
step was slightly raised above the pavement of the open terrace; since the pavement of
the open area and the highest step are not preserved in situ, however, their relationship
cannot be safely determined.

While the supply from the Castilian spring, in theory, could have been shut off and
the loutron fed only at intervals, when needed, water could also have run permanently,

adding fresh and cold water to the ‘llow-through’ pool.

4 AiKhanoum

The palace complex of Ai Khanoum in Bactria was located on a terrace next to the large
Oxus River (Fig. 15). It was provided with a pool shortly before the destruction of the
city in 145 BC. Located between the palace in the south and a complex identified as
a gymnasion in the north, the pool was built in a large open-air courtyard® that was
possibly planted with trees and most likely surrounded by a precinct wall on all sides
(Figs. 16, 17). The pool is reconstructed from remains of its pebble pavement with a
size of 41.5 X 44 m and a maximum depth of 2.1 m in the center; the pavement sloped
slightly from all sides to the center. No evidence of access facilities (ramp or stairs), of a
paved area around the pool, or of water management was found in the cross-shaped large
trench that revealed the center of the pool and scanty remains of its borders (Fig. 16).
It is assumed that drainage would have been unnecessary because the pavement of
the pool, made of two thick layers of pebbles, was most likely not entirely waterproof
but would have allowed for seeping. It is unclear, however, how this would have worked
and how quickly water would have disappeared: if too quickly, this would have required
a significant steady inflow of water in order to keep a certain level in the pool, and, if
not quickly enough, it may have hindered the regular exchange of water and caused
flooding. In theory, water could have been drained to the west or southwest, into the
nearby Oxus River, but two facts challenge this idea. First, the drain would have had to
cross the precinct wall of the pool area, as well as the fortification along the Oxus River.

from the north to the center), next to the central flow from the south to the center), or the fifth basin

outlet, or as the tenth basin from north (with di- from the north (with the direction of the flow from
the center to the north).
40 Veuve 1987, 39—41, 97, 103106 Taf. IV, VI: precinct

with a north-south extension of 152.8 m and an un-

rection of the flow from the center to the south); it

would have been too short, however, to have served
as the tenth and last basin in the row.

With a single groove, this basin could have been the known east-west extension (at least 88 m).

tenth basin from the north (with direction of the
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Fig. 15 Ai Khanoum, Plan of the city.

Second, and more crucially, the inclination of the floor to the center of the pool would
have prevented efficient drainage to one side.

More difficult is, again, the question of water supply, which is not addressed in
the publication. Given the maximum capacity of the pool of about 3 8co ooo liters, its
water supply must have been a major challenge. In theory, the Oxus would have been
an appropriate supply, but the embankment of the river is very steep and the entire
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Fig. 16 Ai Khanoum, Pool area, state plan.

palace area is built on a terrace about 20 m above the river.*! The water supply of the
city and the palace area has not been studied comprehensively, but it is generally stated
that the city was supplied by a network of open-air channels,* and it is emphasized that
water-supply and water-drainage networks were highly developed.* The high number
of bathing installations in the palace area and in private houses confirms that water must
have been available in significant abundancy.** A main channel brought water into the
city from the north, lowing between the main north-south street and the foot of the

eastern acropolis hill (upper city); but whether this channel also supplied the palace

This is clearly visible in the sections at the area of Leriche 1986, 32—41. Cf. also the recent 3D recon-
the fountain house and fortification, located to the struction of the city, Martinez-Seve 2014, 271 fig. 3.
north of the palaistra; Leriche 1986, pl. 8 fig. 11; cf. 42 Bernard 1981, 110: “I'approvisionnement en eau
also the plan in Veuve 1987, pl. 2 with levels: the étant normalement assuré, comme partout en Asie
pool area is almost 10 m (+ 436.7) above the low- Centrale, par des canaux a ciel ouvert, branchés sur
est point of the embankment (+427.8); no levels are le systeme d’irrigation de la pleine? ; cf. also Franc-
indicated for the Oxus and its immediate border. fort et al. 2014, 21, 64, 84, 96.

A fountain house that was built between the Oxus 43 Martinez-Seve 2014, 273-274, 279.

River and the fortification, to the north of the palais- 44 Bernard 1981, 118.

tra, was supplied by its own spring from the east;
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and pool area, currently cannot be determined.*

It cannot be safely determined whether this pool ever functioned, and how precisely.
It must be emphasized that its identification as a pool has been challenged, in favor of
a park for horses with a drinking trough.*

5 Jericho

The Hasmonean royal family seems to have been very interested in installing swimming
pools. Between 125 and 63 BC they built a large palace complex at Jericho that included
eight large open-air pools (Fig. 18). Jericho is located in a desert area with an arid climate
that was mild and agreeable in winter. The palace complex itself was laid out between
a Wadi, Wadi Qelt, and the royal estate, an irrigated terrain of 45 ha surface that was
surrounded by a wall and used to grow date palms and balsam shrubs. While Ehud Net-
zer reconstructed the development of the Hasmonean Palace complex in seven phases,
swimming pools were only installed in phases 2-6.* Almost all of these pools were
used contemporaneously until the destruction of the palace complex by an earthquake
in 31 BC, and four of them were even reused by Herod the Great in his second palace
at the site, built after 31 BC.The eight pools are very similar in design and function:
they are rectangular and fall into two different size groups, namely 8 x 8 m and 13 X
18—20 m; they are 3-3.8 m deep, have benches built along the top of the side walls and
a staircase leading to the bottom of the pool in one corner. Their capacity ranged from
about 220 000 liters to 819 ooo liters. All pools were open air, surrounded by paved areas
and gardens with various banqueting facilities, and presumably also by high walls that
granted privacy.*®

The drainage system of the pools is known in a general outline, even if its full
functioning and final destination cannot always be clearly determined. The pools were
commonly provided with outlets at the top of the side walls, a position that is com-
mon for overflow drainage.”’ For example, two narrow open channels emerge from the
southwest corner of pool A(C)94, one coming presumably from the pool itself, and the

other from the outer edge, although no immediate connection was found in either case

Martinez-Seve 2014, 269 Fig. 2; the 3D model de- 48 Netzer 1986; Netzer 2001b; Netzer 2001a. — Stacey

veloped by G. Lecuyot and O. Ishizawa, https:
//www.youtube.com/watch?v=oyap-dAjJ6M (visited
on 25/05/2018), does not include a clearly visible
network of channels in the city.

Francfort et al. 2014, 63: “une vaste enceinte abritait
une ‘piscine; a ciel ouvert, espace que 'on a plutdt
identifié & un parc a chevaux avec abreuvoir?
Netzer 2001a, 1-7.

2006 challenged the function of the pools as recre-
ational facilities and identified them as fishponds;
Regev 2013, 246 n. 85, refers to an unpublished re-
ply by Netzer who emphasized the lavish character
of the garden areas with pools. Netzer’s interpreta-
tion is followed here.

49 Netzer 1986, 7.
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Phase 2: 125-115 BC (First Palace)
Phase 3: 103-76 BC {Pools Complex)
Phase 4: 93-86 BC (Fortified Palace)
Phase 5: 76-67 BC ( Twin Palaces)
Phase 6: 67-63 BC
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Fig. 18 Jericho, Hasmonean winter palaces with pools.

(Fig. 19). With elevations at 102.88 and 102.84, the bottom of these channels is located
far above the bottom of the pool at 99.45 and even above the level of the bench of the
pool with 102.71. The channels merged before passing through the precinct wall of the
pool area; although the channel was not found to the west of this wall, it is assumed
that it would have continued further west and irrigated the fields of the adjacent royal
estate.’® Similarly, none of the other many pools of the palace that are identified as rit-
ual baths and reservoirs included drainage holes at their bottom; they were presumably
either bailed out by hand with the help of buckets and jars, or also included pipes and
channels at their upper border that drained overflow water.’!

50 Netzer 2001a, 60 fig. 88: While no measures (width, edge of the pool, 8 cm above the bench, and could
depth) of these channels are given in the text, the be followed for 20 m, sloping down to 102.31 ata
state plan and published photos suggest that these point when it apparently continued underground;
were no more than o.1-0.2 m wide, shallow, and this channel became broader and deeper towards its
found without cover. Similarly for the adjacent pool western end and was found partially covered with
AC44, the bottom of the narrow shallow drainage simple slabs (Netzer 20014, 60).
channel was found 102.68 close to the southwestern 51 Netzer 2001a, 119, 122, 131, 153, 157, 160, 167, 194.
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Fig. 19 Jericho, Hasmonean winter palaces: state plan of area AC, water management (blue: supply — red: drain).
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SWIMMING POOLS AND WATER MANAGEMENT

The water supply of the royal estate and palace area has been comprehensively stud-
ied.>> Two main phases can be distinguished: When John Hyrcanus I built the royal es-
tate and palace with the first two swimming pools around 125 BC, they were supplied by
three springs in the Wadi Qelt, whose water was combined in one large open aqueduct
channel. From this channel, a terracotta pipe with a diameter of 12 cm, buried 40cm
under the ancient surface, branched off to supply the palace, and probably also the first
two pools. At the end of the 2nd century BC, the successor, Alexander Jannaeus, en-
larged the estate and palace, building the two largest swimming pools (Pools Complex)
and improving the water supply: water from three more springs, which were partially
located much farther away in the Na’aran Valley and provided more water more reliably
year-round, was channeled to the palace area.’® While the Wadi Qelt aqueduct mainly
supplied the royal estate, the Na’aran aqueduct fed first and foremost the palace and an
adjacent industrial complex. The latter ran right through the palace area from west to
east, but its course was changed several times in the Hasmonean Era.>* While many re-
mains of hydraulic installations were found in the palace area, connections between the
different elements were often missing, so that coherent supply and drainage circulation
patterns could rarely be reconstructed. Furthermore, in correspondence with the aque-
ducts, the sophisticated water management in the palace area itself saw many changes
that also regarded the various pools.>

For example, pool A(C)94, one of the earliest in the palace area, provides evidence
of three different supply systems that belonged to at least two different phases (Fig. 19):
1. a terracotta pipe leading water from a roof in the east to the southeastern corner of
the pool, but no inlet was found there;*® 2. a terracotta pipe was found in the northern
wall of the pool, close to the northwest corner; it could be followed for 3.3 m to the
northwest, and originally most likely branched off of the Wadi Qelt aqueduct;*’ 3. this
pipe was cut when the Na’aran aqueduct was built, which fed, among others, a distribu-
tion basin to the northeast of the pool. One of the three channels emerging from this

Garbrecht and Netzer 1991. ming pools. In addition, there are many other pools
The farthest spring, Ein Auja, was located 11 km and basins in the palace area, identified as reservoirs,
northwest of Jericho; Garbrecht and Netzer 1991, distribution basins, and ritual baths, which cannot
pl. 5. 1; the aqueduct was at least 18.73 km long; the be taken into account here.

aqueduct coming from the Wadi Qelt was around 56 Netzer 20014, 60, plan 13: no elevation and no date
8 km long. are indicated for this pipe.

While the aqueduct originally ran as a covered chan- 57 Netzer 20014, 57, plan 13: this pipe slopes from

nel between the two large swimming pools of the 102.87 to 102.80 and must have ended at the very
Pools Complex, it was later relocated several times, top of the pool; the bench below the inlet is at
bypassing the Pools Complex (Netzer 2001a, 92— 102.73. The top of the Wadi Qelt aqueduct (under-
100, plans 17-22). ground pipe set into casing made of fieldstones) is at
Netzer 1986, 3; Netzer 2001a. — The many changes 104.77-105.14 to the northwest of the pool.

cannot be discussed in detail here for all eight swim-
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Fig. 20 Jericho, Hasmonean winter palaces: reconstructed plan of phase 3 of the Pools Complex.
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basin supplied the pool; while part of this open channel was found to the north of the
center of the pool, its connection with the pool did not survive.’®

The development of the water supply is even more complicated for the Pools Com-
plex with its two large swimming pools. Apparently, the builders of the first Na’aran
Aqueduct miscalculated the slope required for supplying both pools directly from the
main branch that ran between both pools (Figs. 20-22).%? Therefore, a separate channel
with some distributive installation was built further west at a higher level, which pre-
sumably fed the south pool that, in turn, supplied the north pool via a connecting pipe.
At a later point, the north pool was supplied with its own channel that branched off of
the Na’aran Aqueduct. In a third phase, when the course of the Na’aran Aqueduct was
significantly changed to bypass the Pools Complex, a separate settling basin was built to

58 Netzer 2001a, 54-55, 57, plan 13: bottom of Na’aran 59 Netzer 2001a, 79: The aqueduct should have been
channel at 104.40; bottom of distribution basin at about 0.60 m higher than actually built, which is a
103.54; bottom of the channel to the north of the significant miscalculation.

pool at 102.80.
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Fig. 21 Jericho, Hasmonean winter palaces: reconstructed plan of phase 5 of the Pools Complex.

the west of the pools that supplied both pools via two channels.®® Due to substantial re-
modeling of the Pools Complex under Herod the Great, no original inlet to either pool
and no connecting pipe between the pools were preserved. It must be emphasized, how-
ever, that the frequent changes in the water management of the Pools Complex clearly
reflect the concern to grant, maintain, and improve the functioning of the pools.®!

It is assumed that water was running constantly in the aqueducts and that the pools
were supplied permanently, serving as flow-through pools on the way to the final desti-
nation, the gardens and cultivated fields. Cleaning these pools must have been challeng-
ing or impossible, however, because they could never be conveniently fully emptied,
except by hand or by letting the water fully evaporate and dry out.

That these pools were really used for swimming and all kinds of entertainment,
however, and not just as reservoirs, is confirmed by Flavius Josephus, who describes a

AC44, A(C)9o, AE103, A(L)255, A(L)330: Netzer

60 Netzer 2001a, 74-84, plans 14, 17-21.
61 For the water management of the other pools,

20014, 50-216.
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Fig. 22 Jericho, Hasmonean winter palaces: reconstructed plan of phase 6 of the Pools Complex.

political murder in the mid-30s BC that took place in one of the palace’s several large

pools ( /eolymbez‘lmzz').62

5.1 Conclusion

For none of the 13 swimming pools discussed here, can the water management be fully
reconstructed in all of its different aspects. There is evidence, however, that all pools
were used and must have functioned, except for the example of Ai Khanoum.®

Combining the data from various pools, the following picture emerges.

— Construction, topography: Swimming pools were commonly dug into the ground
and lined with walls and some waterproof material. In two sites, evidence was found

62 Flavius Josephus, Jewish Antiquities 15.3.3. calcareous concretions are not specifically men-

63 Evidence includes a renewal of cement on floors and tioned for any of the pools. — For the questionable
walls, and changes of the water management, not identification of the pool in Ai Khanoum, see Franc-
mentioned in detail here for the pools; in contrast, fort et al. 2014, 63.
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that the flanking walls were built as freestanding walls.** In all of the other cases,
the area outside the pool walls was not sufficiently excavated in order to determine
the construction technique and process. Where known, the top of the pools was
commonly more or less at the level of the surrounding area; while this facilitated
access, simply stepping down from walking level into the pool, it must have had
consequences for the water management and water quality. From a practical point
of view, ideal operation would have been to have inlets coming in at the top of
the pool and outlets going out at the bottom; thus, drainage channels would have
been on a significantly lower level than supply channels. How these differences in
levels were negotiated, can only be assessed for the pools in Nemea and Delphi. The
complex in Delphi, with its placement on terraces, provided the most convenient
setting for water management. In Nemea, and presumably the other cases that do
not provide evidence of extensive terracing or sloping terrain, slopes of supply and
drainage channels must have been carefully calculated.®* Certainly not by chance,
the most ambitious, particularly deep pools were certainly (Jericho), or presumably
(A1 Khanoum), not provided with drainage channels at their bottoms.

— Water supply: The supply sources for the pools include nearby rivers in Delphi,
and possibly also in Olympia and Isthmia. Spring water was tapped with a short
aqueduct in Nemea (650 m) and by much more ambitious aqueducts in Jericho (8
and 18 km). The pool of Ai Khanoum may have been fed by a channel system of
unknown provenance and length. How precisely water flow was regulated and con-
trolled from the source to the inlet of the pool cannot be fully reconstructed for any
of the pools. The evidence in Delphi, Nemea, and Jericho® suggests that there were
intermediating structures between the source and the pool, namely basins and reser-
voirs. Their precise function - settling, storage, distribution, pressure compensation
— is not clear, however, and certainly depended upon their size and location. For
example, the features in Jericho are all far too small in comparison to the pools to
have served any kind of significant storage function. Distribution and settling seem

more likely functions, the latter in order to keep channels unclogged and clean,

64 Jericho, Pools Complex: walls tapering from 1.50 surrounding area is unknown.

at the bottom to 1.20 at the top (Netzer 2001a, 73— 65 In Nemea, some artificial terracing was required

74 fig. 104); Jericho, pool A(L)255: walls widening
from 1.00 at the bottom to 1.20 at the top (Netzer
20014, 198); Nemea, pool: the lateral walls served
as partition walls between the tub rooms and the
pool and were built up to a height of about 1.3 m.
Ai Khanoum, pool: the relationship between the
top level of the walls and the walking level of the

66

for the construction of the bath complex: Since the
terrain sloped down to the west, it had to be raised
about 2 m with debris from the destruction of the
early temple of Zeus; Miller 2004, 124; Miller 20135,
302, 324-326.

Possibly also Olympia, if the basin k was ever con-
nected with the pool.
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rather than the large open-air pools. While there is no evidence for sophisticated
metal valve systems similar to those that regulated flows in water pipe systems and
baths of the Roman Imperial period, sluice systems could have been installed: this is
possible in cases where supply channels branched off from rivers (Delphi) or central
aqueducts (Jericho), or some distribution system (basin, reservoir) was constructed

between the source and different users (Jericho, Olympia?, Isthmia?, and Nemea?).

Inlets: The little surviving evidence suggests that inlets were rather small in size
and possibly preferably round. So far, not a single rectangular inlet has been found.
Special configurations of the inlet, notably water spouts and pipes projecting into
the pool that would have provided special visual and acoustic murmuring and rip-
pling effects, cannot be safely reconstructed. With the exception of one terracotta
pipe,*’” no ceramic or metal appliances were found in situ. The loutron in Delphi was
supplied with 11 decorative water spouts, of which imprints survive on the eastern
terrace wall; but for the pool itself, no trace of a spout was found. The pool in Ne-
mea may have been supplied by a lead pipe, but no evidence of any water spout
survives and the inlet was not located centrally in the south wall of the pool.®® Wa-
ter spouts would have made incoming water clearly noticeable and possibly even
suggested the notion of constantly running water.” Other special water effects like
water cascading down over steps or water falls, known from baths of the Roman

Imperial period, were certainly lacking in the swimming pools under discussion.

Drainage, destination of wastewater: Water was certainly (Delphi) or most likely
(Olympia, Isthmia) drained to adjacent or nearby rivers. In Ai Khanoum, water
seems to have seeped away into the ground at an unknown speed. In contrast,
wastewater from the pools in Jericho was obviously reused for the irrigation of the
gardens of the palace and agricultural fields of the royal estate. Similarly, wastewater
from the pool in Nemea may have fed a nearby reservoir used for supplying horses.

Outlet, drainage channel: The size of the outlet holes and drainage channels is po-
tentially important for calculating the low of water. The known outlet holes (Isth-
mia, Delphi, and Nemea) are small, with diameters of 0.12 to 0.16 m. The drainage
channels of three pools were significantly larger, however, with widths of about
o.5 m and depths of about 0.7 m (Olympia, Isthmia, and Delphi). In contrast, the

67 Jericho, Pool A(C)94: Netzer 20014, §7. 69 For the multifaceted connotations of water spouts

68 While there is evidence that the outlet holes of the that splashed water permanently into pools of Ro-
tubs were lined with lead, no traces of water spouts man Imperial baths, Garbrecht and Manderscheid
survive (Miller 1992, 207 n. 598; 213 n. 605). 1994, 71.
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small pool and the flanking tub rooms in Nemea, as well as the pools in Jericho,
were drained with remarkably small and shallow channels.

Jannoray assumed that the outlet in Delphi was small in order to prevent water
from draining too fast and to maintain a constant level of presumably permanently
running water in the pool. This does not explain, however, the significant size of
drainage channels and the possible double drainage system in Isthmia. Most rele-
vant for granting constant levels of running water is the close correlation between
the size of the inlet and that of the outlet. These seem to roughly match in Nemea
and in some examples in Jericho, but cannot be assessed for the other pools.

The position of drainage outlets differs significantly, with a preference for the bot-
tom in most sites (Olympia, Isthmia, Delphi, and Nemea) and the unusual location
at the top in the pools of Jericho. Since both positions would have granted a con-
tinuous flow through of water with matching inlets and outlets, the main differ-
ence regards maintenance and the quality of the water. Pools with drainage at the
bottom could be conveniently emptied and cleaned, whereas the pools in Jericho
would have required emptying by hand, which is hardly feasible for pools with fill-
ings of up to 820 ooo liters of water. Providing inlets and outlets at different levels
may have facilitated complete, efficient exchange of the water. Modern swimming
pools, in which water is circulated and cleaned with the help of electrical pumps,
are commonly built with inlets at the top and the main drain at the bottom in or-
der to grant complete circulation and filtering of the water. While in these pools the
pump sucks in the water, in the ancient pools the floors needed to slope consistently
to the point of the outlet. Such a continuously sloping floor is indeed evidenced by
the pools in Olympia, Nemea, and Delphi, and must also have been present in the
pool of Isthmia.

- Quantity and quality of water: The crucial question of whether water was constantly
running through the pools, day and night and in all seasons alike, cannot be safely
answered for any of the pools. The availability of water may have changed in differ-
ent seasons, and none of the pools are located in a climate where swimming in cold
water would have been particularly agreeable year-round.”® Constantly running wa-
ter is neither compelling nor excluded for any of the pools, with the possible excep-
tion of the example in AT Khanoum, whose ‘outlet’ was possibly not blocked, but
the inlets and outlets, supply and drainage, could have been blocked in all cases,

70 Note, however, that the Hasmonean Palaces at Jeri- cles celebrated between the end of September and
cho are commonly identified as winter palaces. Aris- the end of October. The nature of this place, how-
tobulos I1I was murdered in one of the pools in 36 ever, was hotter than usual (Flavius Josephus, Jewish
or 35 BC, shortly after Sukkot, the Feast of Taberna- Antiquities 15.3.3).

289



MONIKA TRUMPER

290

even if no evidence survives of the practice. None of the pools provided an out-
let at the bottom and an overflow outlet higher up in the wall, which, according
to Giinther Garbrecht and Hubertus Manderscheid, would have clearly suggested
permanently running water.”!

The quality of water must have depended upon exchange rates. Furthermore, all
open-air pools (all except for the pool in Nemea) were also filled with rain water,
which was most relevant in the rainy winter months, and were susceptible to flood-
ing, evaporation, and pollution. While the areas around the pools seem, in general,
to have been paved, it is unclear whether pavements were laid out in such a way that
dirty run-off water would not have flown into the pools. Some pools had decorative
curbed borders (Isthmia and Delphi), but with the curb inside the pool; thus, the
borders were not necessarily raised above the level of the paved areas in order to

prevent the contamination of the pool water.

— Patronage: All pools were ambitious costly enterprises, in terms of construction,
operation, and maintenance. Differences in water management, particularly with a
view to the water supply may reflect certain technological developments between
the 4th and 1st centuries BC, but also, if not primarily, reflect the interests and
socio-economic power of their patrons. The largest pool of the examples discussed
here was built in the palace complex of Ai Khanoum, which is known for its im-
pressive monumental building projects and corresponding royal pretensions; even
if this never served as swimming pool, but was a watering horses of the royal sta-
bles,”? it would still have been an awe-inspiring water installation. A similar, if not
even more daring conspicuous consumption of water can be reconstructed for the
palaces of the Hasmoneans, which transported water from considerable distances
to feed its many pools in an arid climate. Impressive water works were regularly
praised as a hallmark and major achievement of powerful rulers in ancient litera-
ture. The range of works is broad, but large reservoirs and pools played a partic-
ularly important role. For example, the Emmenides in Agrigento were intimately
connected with an artificially made kolymbethra that was built in the city after the
victory of Himera in 480 BC, and that has been identified as a public reservoir for
water supply and various pleasures.”> Another impressive case is the immense arti-
ficial basin that the emperor Augustus built in 2 BC on the right side of the Tiber

71 Garbrecht and Manderscheid 1994, 72. — A hole challenges indeed its identification as a purpose-
in the third step of the pool in Delphi is identified built swimming pool.
as a late addition, and not as an original overflow 73 Bouffier 2000: with a perimeter of 12501.250 m
drainage hole; Jannoray 1953, 62 n. 2. and a depth of 9 m this reservoir had a capacity of
72 See above, n. 46. — The ‘idiosyncrasies’ of this pool ca. 12 000 m® or 12 000 o0 liters.

in comparison with the other pools discussed here
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River in Rome for a Naumachia, the spectacle of a sea battle; this basin was supplied
by its own aqueduct and served to demonstrate Roman sea power and engineering
skills.”* The swimming pools of the royal families in Ai Khanoum and Jericho can
certainly be counted among the monumental hydraulic masterworks of powerful
rulers.

The Patrons and the significance of the other pools discussed here are more difficult to
assess, but it is certainly not by chance that they adorned the major Panhellenic sanctu-
aries. The pools in Olympia and Isthmia were the earliest of the examples discussed here,
and may well have served as prominent models and benchmarks. In Delphi, the gym-
naston and its swimming pool were included in accounts of the Amphictyonic League
from the mid-3rd century BC, which enumerated expenses for preparing the important
festival of the Pythia. While the Amphictyonic League that controlled the sanctuary
of Apollo may not necessarily have been responsible for constructing the swimming
pool, they were at least interested in granting its proper functionality for Apollo’s main
festival.”> Thus, one may conclude that swimming pools as an extravagant novelty and
technological masterpiece conveyed the importance and prestige of the sanctuaries, no
less than those in royal palaces.

Most of the pools discussed here were no longer used by the end of the 1st century
BC.”® While the royal pools went out of use when the palaces were destroyed, abandon-
ment of the sanctuary pools (esp. Olympia and Isthmia) may have been motivated by
challenges of water management, as well as the changing fashions of bathing culture.
The idea of swimming pools did not die with these pools, however, instead, cold wa-
ter pools of different sizes became an integral part of public bath buildings from the
1st century AD onwards, when water management could be efficiently, reliably, and
abundantly provided via aqueducts. This is vividly illustrated by the swimming pool in
Delphi: this was the only one of the examples discussed here that was obviously used

continuously until late antiquity, and it only seems to have survived because it could

Sueton, Augustus 23; Cariou 2009; Baltrusch 2016: donment around 100 BC is commonly identified,

this reservoir had an extension of 1800 X 1200 but without conclusive evidence; later abandon-
ment cannot be excluded, but the pool was replaced
by AD 100 by a Roman-style bath building. The

pool in Nemea was most likely abandoned when

Roman feet, ca. 533 X 355 m, thus a perimeter of
1776 m, whereas the depth is not known.
Pouilloux 1977; the nature of the works (repairs,
cleaning and the like) performed for the pool is the sanctuary declined after 270 BC. The pool of

unknown, however, because the inscribed stele is Ai Khanoum was abandoned when the city and

broken right at the point where the kolymbethra is
mentioned.

The pool in Isthmia was abandoned in 146 BC,
but probably reused from AD 5o until the Hadri-
anic period, when it was replaced by a Roman-style
bath building. For the pool in Olympia, an aban-

palace were destroyed in about 145 BC. The pools

in Jericho were only partially reused after an earth-
quake in 31 BC in the palaces of Herod the Great,

but Herod’s palaces were, in turn, destroyed by an
earthquake in AD 48, at the latest.



MONIKA TRUMPER

conveniently be integrated into a new fashionable bath building in the Roman Imperial
period, now serving as the canonical frigidarium pool. This smooth transition was cer-
tainly facilitated, if not inspired by, the well-designed water management of this pool.””
In contrast, the much larger pools in Olympia and Isthmia were completely overbuilt
with modern bath buildings in the same period.

77 The bath complex of the Roman Imperial period way as the loutron of the 3rd century BC, by chan-
is barely discussed by Jannoray 1953, 78-79, who nels coming from the Castilian Ravine.
assumed, however, that it was supplied in a similar
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HYDROSYRA Project. Some Reflections about the
Ancient Aqueduct of Galermi (Syracuse, Italy)

Summary

Since 2012, the Centre Camille Jullian team carries out an interdisciplinary study of the
aqueduct Galermi, architectural work and hydraulic engineering of about 30 km long. This
aqueduct, built between the sth century BC and the Roman Empire, first supplied drinking
water to Greek and/or Roman Syracuse. In the 16th-17th centuries, partial transformations
have been done and changed the function of the channel, with the installation of flour mills.
In the 19th century, the new Italian state gradually expropriated immediate neighbors who
exploited abusively the aqueduct. It was then devoted only to irrigate the Syracusan territory
according to a system of concessions that has almost remained unchanged since the 19th
century. The paper will present this program and the last results that the team obtained in
the last two years, particularly about intakes of water and underground galleries, and which
chronology can be proposed.

Keywords: Aqueduct; Greek and Roman Antiquity; drinking water; Sicily

Seit 2012 fithrt das Zentrum von Camille-Jullian eine interdisziplinire Studie zum Galermi-
Aquidukt, seiner Architektur und hydraulischen Technik auf ungefihr 30 km Linge durch.
Dieses Aquadukt, gebaut zwischen dem §. Jahrhundert v. Chr. und dem rémischen Reich,
lieferte zunichst Trinkwasser zum griechischen bzw. rémischen Syrakus. Vom 16. bis 17.
Jahrhundert sind partielle Umwandlungen getatigt worden, die die Funktion des Kanals
durch die Inbetriebnahme von Getreidemiihlen dnderten. Im 19. Jahrhundert dann ent-
eignete der neue italienische Staat stufenweise Anrainer, die das AquaduktWasser illegal
angezapft hatten. Das Wasser kam somit vollstindig dem syrakusischen Gebiet zu und die
entstandenen Konzessionen behalten bis heute ihre Giltigkeit. Der Aufsatz wird diese Ge-
schichte und neueste Forschungen prisentieren, die sich in den letzten zwei Jahren beson-
ders mit der Aufnahme unterirdischer Wassergalerien und der Erstellung einer Chronologie
beschaftigt haben.

Keywords: Aquidukt; griechische und romische Antike; Trinkwasser; Sizilien
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This work has been produced within the framework of the Unit of Excellence LabexMed —
Social Sciences and Humanities at the heart of multidisciplinary research for the Mediter-
ranean — which holds the following reference 10-LABX-0090. This work has benefited from a
state grant administered by the Agence Nationale de la Recherche for the project Investisse-
ments d’Avenir A“MIDEX which holds the reference n® ANR-11-IDEX-0001-02. S. Bouffier
is the scientific and administrative chief of the project, with the collaboration of Vincent
Dumas, Marcello Turci, Philippe Lenhardt, Jean-Louis Paillet, Simona Laudani, Maria Tre-
filletti, Julien Curie, and Vincent Ollivier. Logistical and administrative support are pro-
vided by Genio Civile and Soprintendenza ai Beni Culturali e Ambientali di Siracusa.

Since 2012, the Centre Camille Jullian (Aix-Marseille University) has carried out an in-
terdisciplinary study of the Galermi Aqueduct, a work of hydraulic engineering about
30 km long that is situated in the Province of Syracuse (Fig. 1).

This aqueduct, which was built between the 5th century BC and the Roman Empire,
supplied drinking water to Greek and/or Roman Syracuse. In the 16th—17th centuries,
partial transformations of the aqueduct were made, including the creation of new water
intakes and the installation of flour mills, which changed the function of the aqueduct.
In the 19th century, the Syracusan Senate recovered the control of the aqueduct from the
aristocratic Gaetani-Specchi family; the new Italian State then gradually expropriated
the immediate neighbors who had exploited the aqueduct abusively. They then devoted
the aqueduct to irrigating the Syracusan territory according to a system of concessions
that has remained almost unchanged since then (Fig. 2).

This shift promoted the implementation of an agrarian economy and a specific land-
scape: as it runs through an arid area, it has created a green zone of citrus fruits and plan-
tations all along its sides because tanks and pipes have been installed on its course. From
1924 to 1967, it has also been used to operate one of the first hydroelectric firms in the
region: Salonia e Carpenteri firm. Like other investors, these entrepreneurs bought land
in 1923 to benefit from the close aqueduct and diverted its waters into a channel to run
an electrical turbine. Technical responsibility for the aqueduct was given to Genio Civile
under the supervision of the Syracuse Soprintendenza ai Beni Culturali. The aqueduct is
still the center of the political and economic management of a Mediterranean country
and the heart of debates about Sicilian and Mediterranean water policies. Compara-
tive studies of other similar water transportation systems in the cities of Agrigento and
Palermo, and in the countries of Spain and Portugal, highlight shifts in traditional prac-

tices. The project HYDROSYRA intends to explore the various facets of the aqueduct to
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Fig.2 The irrigation system: Fig. 2a: on the left, private reservoir for storing irrigation water. Fig. 2b on the right,

Regulatory tank of irrigation, under the supervision of Genio Civile.

allow us to understand the control strategies implemented and the management of wa-
ter resources of this territory in Sicily from a case study perspective. Inherently interdis-
ciplinary, the project draws upon the expertise of several humanities and social science
disciplines: geomorphological and paleo-environmentalism, archaeology, architecture,
history, and anthropology.

After providing a general presentation of the aqueduct, this paper focuses on the
knowledge that the team obtained regarding this ancient monument after field missions
conducted between 2012 and 2016. We have been able to highlight the digging strategies
of the engineers and the hydraulic technology in sectors that have been the least affected
by recent repairs. Now it is possible to propose some dating to the different stages of use

of the channel and underline its specificity.

1 State of the art

1.1 Chronology of the aqueduct

One of the main problems being addressed is that the chronology of the aqueduct is
challenging to determine. Actually, like all the hydraulic structures, it has been regularly
cleaned from Antiquity to nowadays, and the sediments and traces of human frequen-
tation and occupation have been removed during the cleaning phases; so it is difficult
to accurately identify and date the different interventions.

For a long time, historiography knew several aqueducts in Syracuse and discussed
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their chronology and sponsor'. About the Galermi Aqueduct, the problem is more com-
plex because the aqueduct has been used for more than 2000 years. The first unknown
date is when the Syracusans excavated and created the structure, with scholars hold-
ing conflicting views. The other ones concern the different repairs of the monument.
According to Julius Schubring, a German historian of the 19th century who wrote a
number of papers about water management in the Sikeliot cities, the Galermi Aque-
duct could have been established during two periods: before the tyrant Gelon, that is to
say before 485 BC, or during the autocratic rule of Dionysius the Elder, between 405 and
367.% Francesco Saverio Cavallari and Adolf Holm set up the first scientific plans of the
Syracusan aqueducts in 1883. They proposed to date these aqueducts before the Sicilian
expedition in 415 BC.? In Sophie Collin Bouffier's PhD about water in Greek Sicily*
and several papers she wrote,® she discussed several dates of creation for the aqueduct:
the contracting authority could be Dionysius the Elder between 405 and 367, Timo-
leon between 344 and 337, or Hiero the Second between 289 and 216. Collin Bouffier
took no position on the dating, based upon the poverty of information available at the
time her works were written. Some quick architectural studies have been carried out
that have not resulted in anything novel in regard to the chronology of the aqueducts.®
Roger A. Wilson, at the congress of the Frontinus Gesellschaft Cura aguarum in Sicily in
1998, proposed dating the aqueducts to the Roman period.” The latest investigations
continue to highlight the questions surrounding the dating of the aqueducts.®

1.2 Ancient writers

The Syracusan aqueducts have been known since the sth century BC, when Thucydides
evoked the Athenian expedition in 415—413; he noted that the Athenians cut under-
ground pipes that were established to provide the city with drinking water.” Later texts

Collin Bouffier 2001.
Schubring 1865, 625-28.
Cavallari and Holm 1883, 106, note 1.

terre: Maison Archéologie et Ethnologie — René
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Collin Bouffier 1992. “Nouvelles recherches sur I'aqueduc du Galermi”

Collin Bouffier 1987, 278-280; Collin Boufhier 2001;
Collin Bouffier 2009, 73-74.

Crouch 1993.

Wilson 2000.

Sophie Bouffier, Julien Curie, Christophe Petit,

and Cees Passchier. “Caqueduc grec du Galermi

a Syracuse, Sicile” In Les dépdts carbonatés en con-
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10

11

by Servius (from the 4th century AD) seem to refer to an aqueduct of the city, when he
talks about a ditch that was dug by prisoners of war and filled with the water of a river.
He noted that these prisoners were Athenian and Carthaginian captives after a defeat
which is not dated.’ This ditch has been interpreted by Schubring as one of the Syra-
cusan aqueducts: according to him, Servius was confused regarding the Athenian and
Carthaginian prisoners, and these aqueducts had been dug after the battle of Himera in
480 BC, as was the case in Agrigento.!!

If we look at the historical context, aqueducts existed in several major Greek cities, in
Sicily in Agrigento, as noted in Diodorus Siculus, and in Samos,'? Athens,'? Corinth,'
and Megara," identified from archaeological ruins.'® The major cities of the Aegean
world were equipped with water supply installations, fountains, and pipes of drinking
water' from the beginning of the 6th century BC (maybe even from the 7th century BC)
until the Hellenistic period. Some of them were established under tyrannical regimes
that, according to Aristotle,'® were intended to divert the people from their aspirations
of freedom. In actuality, though, most of the Greek aqueducts were designed in cities
that were experiencing an economic boom, during times that corresponded to devel-
opment of the urban centers that improved the living conditions of the populations, in

hopper/text’doc=Thuc.+6.100&fromdoc=Perseus%o [the Carthaginian captives] were handed over the
3Atext9%3A1999.01.0199 (visited on 25/05/2018). state, and it was these men who quarried the stones
Serv. Aen. 3.500: “At that time, the Syracusans, vic- of which not only the largest temples of the gods
tors of the Athenians, took a huge number of pris- were constructed but also the underground con-
oners at Syracuse, and made them increase the de- duits were built to lead off the waters from the
fence of the city by breaking the mountains. Then, city: these are so large that their construction is

as the walls had been extended, they also dug inside well worth seeing, although it is little thought of
the rampart a ditch that was filled with the water of since they were built at slight expense. The builder
the river to reinforce the city. This ditch, that had in charge of these works, who bore the name of
been realized thanks to the punishment of the en- Phaeax, brought it about that, because of the fame
emy for the damages they caused, they called it Thy- of the construction, the underground conduits got
bris” (“Quodam tempore Syracusani, victores Athe- the name “Phaeaces” from him. The Acragantini
niensium, ceperunt Syracusis ingentem hostium also built an expensive kolumbethra, seven stades in
multitudinem et eam caesis montibus fecerunt circumference and twenty cubits deep’, 13.82.
addere munimenta civitati. Tunc auctis muris etiam 12 Kienast 1995.

fossa intrinsecus facta est, quae flumine admisso 13 Camp 1980; Tolle-Kastenbein 1994.

repleta munitiorem redderet civitatem. Hanc igi- 14 Hill 1964; Robinson 2011.

tur fossam, per hostium poenam et iniuriam fac- 15 Panagiota Avgerinou. “Investigation of the Ancient
tam, Thybrin vocaverunt”). Serv. Aen. 8.330: “The Underground Aqueduct in Megara: Preliminary
poet called Tiberis Tybris compared with the Syra- Results” In Politiques et techniques hydrauliques en
cusan ditch that has been dug near the rampart of Méditerranée préromaine, HYDROMED Symposium
the city by Africans and Athenians because of the 11, Universita di Palermo, décembre 2015. Ed. by S.
damages they caused” (“Tiberim Tybrin poetam Bouffier, O. Belvedere, and S. Vassallo. Aix-en-
dixisse ad similitudinem fossae Syracusanae quam Provence: PUP, forthcoming.

fecerunt per iniuriam Afri et Athenienses iuxta civi- 16 Arnone 1952.

tatis murum?) 17 Tolle-Kastenbein 1990.

Diod. Sic. Bibliotheca historica, 11.25. “Most of them 18 Arist. Po. 1313a-b.
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particular, improving public health. In Sicily, the victory of the tyrants, Gelon of Syra-
cuse and Theron of Agrigento, over the Carthaginians at Himera in 480 BC fits into an
era of urban upheaval that led them to the realization of large-scale hydraulic works,
like aqueducts and the basin of Agrigento (the famous kolymbethra), as explained by the
historian Diodorus Siculus."”

1.3 Fazello and other modern scholars

Since the 16th century, scholars and travelers in Sicily have confirmed the existence of
aqueducts that they have described in a way that is more or less succinct and realistic.
The most complete and detailed list of Syracusan works was been complied by Tomaso
Fazello in 1558. His work, written first in Latin (De rebus siculis, descades duae, nunc primum
in lucem editae. 1st ed. Palermo, 1558) was translated into Italian in 1628.2° It described

the aqueducts as follows:

As freshwater of this land was limited, Syracusan people dedicated their in-
genuity and financial resources to excavate underground aqueducts, as we do
nowadays; these aqueducts were perforated in depth and had the dimensions
of a regular-sized man. And so that the water meets no obstacle and can be
drawn easily by everybody in town, they excavated a lot of openings in differ-
ent points, used as wells [...] Nearly twenty milia far from Syracuse westward,
there is a big valley, which has a modern little castle named Sortino [...]. From
there gushes some huge and abundant spring, which name is Guciuno nowa-
days; right away it becomes a river which flows some hundred paces and grows
thanks to the arrival of two others springs, the one called Argentino, the other
Rugio; the first is coming from the left bank and is named after its sands, which
seems to be silver; the other one is coming from the right side; below the castle,
there is another spring, called Primo, which flows into the other ones. Above

Sortino, there is a hill, nowadays called Serramenzano. [...]

At its bottom, south, at the beginning of a valley situated between Pantalica
and the city of Serramenzano now destroyed, which was called Herbessos in
Antiquity, two other spring gurgle very abundantly: they are commonly called
Buttigliarie nowadays, and form immediately a genuine river. From there Syra-
cusan people, for lack of water, were forced to dig an underground channel and
bring it up to the city with considerable effort and expense. It is called nowadays
channel of ‘the beautiful woman? [...]Then thanks to numerous aqueducts,

19 Collin Bouffier 2000. 20 Fazello 1628, 72-96.
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partly consisting in masonry, partly excavated underground, they led a lot of
water to the city, nearly 20 milia far away: we can see still now many remains of
these aqueducts. Then these channels at the time in which the Athenians were
fighting against the Syracusans, were cut off to deprive the besieged of water,
so that they should have to surrender because of the lack of water, according
to the narrative of Thucydides in the 6th book. And as the channels are cut off,

these water discharge in the river Anapo [...]

Theater in Napoli of Syracuse: it was surrounded all around with big walls
which have been built in huge cut blocks, and it had, in the part toward Tica,
one spring which was flowing from underground channels, very crafty exca-
vated; this spring lost its once name and is called now from Saracen language
‘Garelme] that means in our language, hole of water, and nowadays is called

Galermo by linguistic deformation.

His description is an essential starting point for a number of reasons. The first reason is
that Fazello listed some monumental waterworks in urban areas, such as those in Trim-
ilia, Garelmo, and Paradiso in the South and Targiuni, Targia, Bosco, and Targeta in the
North. According to him, it is not possible to identify their intakes even if most people
think that they come from Monte Climiti in the northwest hinterland. Another aque-
duct, called ‘Bella Femina’ came from Sortino and was supplied by two main streams:
Buttigliarie (oggi Bottiglieria o Calcinara, because it brings calcite), which is a tributary
of the Anapo River, and the Guccio, another tributary of the Anapo River that is today
called Ciccio. These rivers arose from karstic springs. The ‘Bella Femina’ is the aqueduct
that is today called Galermi. From there, they created a lot of aqueducts, some built
above ground and some completely underground. In the 16th century, these aqueducts
could be seen, but that is often no longer the case.

As well as describing the channel, Fazello provided an important indication about
its chronology. He visited the channel before 1576, the date of attribution of the monopoly
of exploitation of the Marquis Gaetani of Sortino by the Syracusan Senate, and before
the earthquake of 1693, before the big transformations that were applied to the Galermi
Aqueduct. So his description is likely of the ancient water channel. The technical typol-
ogy that we know from Fazello is that: an underground channel was dug into the lime-
stone cliff; there was an arched bridge over the Anapo River, which still exists today; and
there were several water intakes. Today, we know only the underground channel that
was reconstructed and repaired over five centuries.

After Fazello, some local scholars proposed the first archaeological maps of the city*!

21 Mirabella and Alagona 1613; Capodieci 1813.
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and the first inventories of Syracusan monuments** by repeating each other.

1.4 19th century historians and archaeologists

Among scholars, Schubring wrote the first summary about water management in the
Greek city of Syracuse; in his work, he mostly agreed with Fazello.”> According to him,
all Syracusan water pipes came from the Monte Climiti and crossed underneath to the
Ortygia Island. He calls the aqueduct of Galermi ‘Anapo’ Fazello indicated that the
aqueduct had two water intakes, drawing water from the Bottiglieria and the Santa
Sofia/Ciccio River, that he called ‘Guccio? Then the aqueduct was completely under-
ground and would have followed the Anapo as it meandered to the Syracusan shelf,
where it passed south of Belvedere Village to a site called Buffalaro, where it fed two
tanks before arriving into the city just north of the theater. According to him, the the
structure of the aqueduct cannot be traced after the area of the theater, in the vicinity of
Contrada Zappala, where Hellenistic baths were excavated in 1938.%*

A few works discuss Syracusan aqueducts in more precise detail, even if they were
not the focus of the work itself; Cavallari and Holm’s Topografia archeologica di Siracusa®
provides scientific information and topographical maps. From these sources, they cal-
culated that the aqueduct was 29.5 km long with a slope of 0.5%. At what is now the
Casa dell’Acqua, the aqueduct split into two channels: one powers the Nympheum to-
day and the other goes towards the eastern part of the city. The two authors described
the typology of the aqueducts as entirely dug and opencast built, in opus incertum or in
irregular blocks, and covered with slabs of stones. However, this peculiarity has since
been attributed to modern repairs, as the two authors had suspected.

2 New investigations

We distinguish three various phases of the Galermi Aqueduct: the ancient; the modern,
from Gaetani times; and the contemporary, after Italian Unity. Our primary mission

has been to work to understand the water intakes, the layout, and progression of the

aqueduct.
22 For example Logoteta 1788. 24 Cultrera 1938, 261-301.
23 Schubring 1865. 25 Cavallari and Holm 1883; Cavallari 1891.

305



SOPHIE BOUFFIER, VINCENT DUMAS, PHILIPPE LENHARDT, JEAN-LOUIS PAILLET

Fig. 3 The Ciccio niche and

water intake.

2.1 The water intakes

Nowadays, as in Fazello’s time, the aqueduct’s source stems from several places in the
Hyblaean Hills, which are about 30 km from the ancient city of Syracuse, via the tribu-
taries of the Anapo River. There are at least four water intakes, including two that seem
likely to be ancient and one that was created in the 19th century. One of the more an-
cient ones was created in the Ciccio River: it was carved into the limestone and presents
a trapezoidal niche that still shows the remains of an inscription that is currently be-
ing decrypted. For the moment three Greek letters can be read: 1 (iota), & (epsilon), ®
(omega) and maybe a fourth letter § (delta), which form is certainly ancient, as we can
deduct in contrast to another Greek inscription, which has been found in one of the
openings and whose typology is clearly byzantine. The niche has been later coated by
two coatings: a fresco and a thick mortar (Fig. 3).%6

The intake that is furthest from the city of Syracuse is the Bottiglieria; it recovers
the water that has been stored in a dam (that seems to have been artificially made) on
the Calcinara River (Fig. 4). A modern arrangement partially fills the entrance of the
gallery, which prevents us from restoring the original typology. At a point where the
stream broadens, before a vertical drop of around 5 m, the river forms a kind of tank
%)

(width 9 m and length around 20 m, for a surface 180 m*). Here, something like a dike

has been created that blocks the full width of the stream. It is nearly impossible to restore

26 We have highlighted elsewhere that the intake drauliques en Méditerranée préromaine, HYDROMED
has gone through several transformations. So- Symposium II, Universita di Palermo, décembre 2015. Ed.
phie Bouffier, Vincent Dumas, Philippe Lenhardt, by S. Bouffier, O. Belvedere, and S. Vassallo. Aix-en-
and Jean-Louis Paillet. “Nouvelles recherches sur Provence: PUP, forthcomingb.

I'aqueduc du Galermi” In Politiques et techniques hy-

306



HYDROSYRA PROJECT

Fig. 4 The Calcinara water

intake.

the initial form of the dam because of the limestone deposits that have transformed the
site, but there are no other abrupt breaks of slope in the riverbed. It seems that those
who constructed this dike exploited the natural slope of the riverbed and accentuated it
by digging it deeper, to be ensure that the water would flow into the channel. A forebay
opposite the intake of the aqueduct allowed the users to empty the dam in order to
divert the water away from the channel. On the top of the dam, there are tracks of some
rock-cuttings, which are visible on the map (Fig. 5): in case of overflow, they could be
opened or closed and regulate the stream. A core drilling that is planned should help us
to understand the configuration of this arrangement.

Actually, there is no comparison between this rudimentary work and sophisticated
dams, such as those that we see in Greece from the Bronze Age, where we find the dams
of Boedria and Thisbe in Boetia, of Kofini at Argos, Tiryns and Orchomenos, which
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Fig. 5 Plan of the Calcinara water intake.
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Fig. 6 Inscription of the
Bottiglieria.

have been created for flood prevention,27 and from Classical times at Delos, with the
dam of the Inopos Reservoir.?8

When we know the origin of the water, as for the Eupalinos Aqueduct” and the
Naxos Fleri Channels,?® we can see that those who designed these systems utilized wa-
ter caught in natural springs in a pond or a tank. In Roman times, even if those who
constructed the structures rarely alluded to dikes in the construction of aqueducts, these
kinds of water arrangement can be found in several of the aqueducts, such as the Glanum
Aqueduct in Gaul.’! So the Bottiglieria water intake testifies a real mastery of hydraulic
techniques, and is one of the rare examples of ancient dikes currently known.

The Bottiglieria water intake has another specificity: just inside the gallery, an in-
scription of five or six letters and symbols is deeply incised into the left pier (Fig. 6).
At the moment, the inscription is difficult to read because of the calcareous deposits
that have damaged it. It seems to present a Latin alphabet and further studies should be
conducted to understand what was inscribed here more precisely and five us evidence
of dating.

At least three other water intakes were established during the life of the structure:
one that can be dated to the period following the concession of the waters to the Marquis
Gaetani in 1576 (on the Anapo River, 2000 m after the Bottiglieria water intake); one
established in 1921, which covered the preceding one because it was damaged by the
floods of the Anapo River; and one established after 1953, to increase the capacities of
irrigation of the channel that had been dedicated to land exploitation.

De Feo et al. 2012, 351-352. info/en/greece-naxos-ancient-flerion-aqueduct/
Moretti and Fincker 2007. importance13 (visited on 27/10/2017). Lambri-
Kienast 1995. noudakis et al. 2017.
http://www.hydriaproject.info/en/ (visited on 31 Agusta-Boularot and Paillet 1997.

27/10/2017) for example, http://www.hydriaproject.
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Fig.7 Track of the Aqueduct in
the Hyblaean Mountains.

2.2 The track of the channel

After the Bottigliera water intake, the aqueduct runs along the valley of Calcinara and
then along the Anapo River on a cliff that was carved directly into the limestone. It is
uncertain if the track contained a clay or metal pipe for receiving the water. The chan-
nel adopts a zigzag path that is characteristic of the technique used for its construction
(Fig. 7). The channel is 1.4 to 2.0 m in height and has a width of 0.4 to 0.8 m. In some
places in the walls, cavities can be observed for the installation of lamps for the main-
tenance workers. The channel has several horizontal and vertical access shafts that were
used for the digging of the channel and then for maintenance; there is no observable reg-
ularity of distance between these openings. In the parts near the Bottiglieria, the space
between these openings can vary from 2 to 13 m. The intervals seem to differ according
to the slope of the cliff. The steeper the slope is, the greater the distance between two



32

HYDROSYRA PROJECT

Fig. 8 aand b: Some late in-
scriptions in the walls of the
windows, c: Malta cross.

openings is. The width of the horizontal openings also varies from 0.9 to 1.35 m, and
the height from 1.4 to 1.7 m. The dimensions of the vertical shafts have changed over
history as they have been reused over the centuries. It is possible that those who con-
structed the channel excavated standard sized vertical shafts, and then the horizontal
shafts were opened to extract the earth stemming from the excavation activities.

We also observed inscriptions in some access shafts. These inscriptions included
crosses, sometimes oriental crosses, and symbols that remain to be decrypted (Fig. 8 a,
c). Are these inscriptions simply signs of human presence and occupation in the times
when they were made? Are they the marks of the tunnel and rock workers? We probably
cannot assimilate all of them to the same process, as they are typologically and techni-
cally different. Some of them are only graffiti. Some refer to the use and transformations
of the aqueduct. For example the Malta cross and another single cross have been cut at
the point where we have identified a repair of the Gaetani period, in the 16th or 17th
century (Fig. 8 a-b). In some Greek aqueducts that have been investigated, Greek letters
have been interpreted as marks of the work of a particular mason, maybe in order to
claim payment, as in Megara®* and Samos.>* At the moment, as we do not have investi-

Panagiota Avgerinou. “Investigation of the An- stum II, Universita di Palermo, décembre 2015. Ed. by
cient Underground Aqueduct in Megara: Prelimi- S. Bouffier, O. Belvedere, and S. Vassallo. Aix-en-
nary Results” In Politiques et techniques hydrauliques Provence: PUP, forthcoming, 44

en Méditerranée préromaine, HYDROMED Sympo- 33 Kienast 1995, 193-194.
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gated a long part of the aqueduct, it is difficult to give an explanation of these marks.

After the Anapo Valley, the aqueduct runs through different geological levels and is
entirely underground. The channel is at times carved into the rock and covered by slabs.
Sometimes the channel is completely excavated underground, as in Contrada Sinerchia,
or excavated in the sedimentary ground, requiring those who constructed it to fit in
masonry walls in order to prevent collapse and water damage, which remain threats
during the rainy season even today.

This is the part that has undergone the most repairs over time. While we have not
studied this part physically yet, we can identify that a lot of work has been done on the
track based on the Archives from the 19th century. Beyond that, however, it is difficult
to draw any conclusions at this state of our research.

When one travels down into the plain, we observe vertical shafts at more or less
regular intervals. The typology of these manholes is not homogeneous and we will reflect
to see if it is possible to date them more precisely.

Based upon the points where we were able to make calculations, we found that the
slope of the channel is irregular. At the water intake at Bottiglieria, the slope is greater
than 7%, while in the Grottone area, it is about 0.02%. No conclusions can be drawn
yet though, as the research is still ongoing.

Finally, though today the aqueduct reaches the Nymphaeum of the theater, it was
not probably the case in antiquity, which will be the next focus of future study.

3 Some problems

The long life of the aqueduct and the numerous repairs and transformations that have
been realized along its course have left testimonies of the technological knowledge of
the past, some of which we present below. We will start by looking at the part of the
channel that was dug into the Hyblaean Cliff, where we noticed some anomalies that
testify to the digging techniques used there, and we will then conclude with the problem
of the siphon.

3.1 Side-by-side Channels

A few meters after the water intake at Bottiglieria, there are two channels that run along-
side one another, side-by-side (Fig. 5 and 9): the upper channel, where water is still low-
ing, and the lower channel that is about 2 m below the upper channel, which has nearly
disappeared.

The lower channel, running off the cliff, is 2 m high at the most and 0.5 m wide at
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Fig. 9 The side-by-side channels.

its widest. The upper channel, running inside the cliff, has a lower height of 1.5 to 1.7
m and rests at a right angle behind the lower channel. On the external face of the cliff,
we have the impression that the channel was closed with blocks, as in the internal face,
the wall does not seem to have been dug. How can we explain this anomaly? First, we
conceived two possibilities:

— Those who constructed the channel experienced difficulties during the digging and
the carvers, who were working from two opposite ends of the channel and working
towards one other, mistook the calculation of the slope, with one going too high,
compared to the other one. Observations from inside the channel show that the top
of the ceiling decreases extremely. Based upon this theory, the change to the higher
channel could be the consequence of a quick remodeling.

— The lower gallery was the only original channel, but the channel was eventually
covered by mud and dirt from the river during the winter floods, and the water was
polluted. The channel could have even been damaged. They then decided to carve
another channel at a higher level, where the floods would not reach.

Actually, the last field campaigns allowed us to date the transformation during the
Gaetani period, so after the 16th century, thanks to the Malta cross which has been
engraved at the starting point of the repair.

3.2 The preexistent chamber

About 12 m after the intake, as the crow flies, the channel crosses a more or less rect-
angular structure, a kind of room (3.65 m2) which has been carved in the limestone
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Fig. 10  Plan and elevation of the chamber.

before the aqueduct. Above the door jamb of the channel there is a decorated bas-relief
(Fig. 10). It is a frame with a pediment for receiving a pillar pinax that would be at-
tached via hinges or hooks (Fig. 11), as can be seen from the holes dug at the middle of
the bas-relief.

Can we think of a layout recording a form of consecration of the water channel, as
is the case in other water intakes?

This is unlikely, if we consider the location of the relief. Resting about 5o m from
the water intake, it is located in a room that contains a bench that has been carved
into the passage of the canal. Actually, it appears as though this room has no relation to
the aqueduct. In addition to this bas-relief, there are other suspension holes on the other
walls of the room, which are more difficult to understand. The pediment is characteristic
of the Hellenistic period, and more precisely, at a time period after the 4th century BC.
This kind of pediment spread during Roman times, as evidenced by the assumed tomb
of Archimedes.>*

34 Ciancio 1965.
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Fig. 11 The pediment of the
chamber where a pillar pinax

would be attached.

At first sight this structure seemed to be a burial chamber, which was a tradition in
nearby Pantalica or Akrai, a sub-colony of Syracuse. Actually it was a tradition in the
Bronze Age, no more at the Hellenistic period to which belongs the monument. It is
more likely that this chamber is a cave shrine, dedicated to some god or goddess linked
to the river, the mountains, or the wild land. No matter its function, it helps provide a
clue for dating the channel.

3.3 The question of the siphon

The existence of a siphon would have been a good indicator for the date of the channel,
as siphons did not appear in the Mediterranean world before the Hellenistic period. If
the Galermi Aqueduct was created by Gelon or some tyrant before the Athenian Expe-
dition in 415 BC, it could not have a siphon.

The channel had to cross several deep thalwegs, particularly the so called Grottone:
the aqueduct has to cross a vertical drop of about 25-30 m. We could presume the pres-
ence of a siphon; however, the general survey and the speleological exploration have
revealed that, in the first section, the channel follows the slope to the bottom of the
valley before crossing it under the rock slopes without using a siphon. Two quadrangu-
lar manholes punctuate the peaks of the eastern and western slopes of the valley that
are symmetrical in placement and similar in terms of their dimensions. Their depth ex-
ceeds 20 m and there is no longer water in the channel today, though some shafts that
are located before and after this point are full of water. Following a landslide or collapse
that we cannot date at the moment, the channel was closed by a wall and a pass-by was
installed to permit the channel to cross the valley (Fig. 12).

So exploring this specific part of the aqueduct as much as other parts that present
an important slope, we can deduct that there are no siphons in this hydraulic structure.

315



SOPHIE BOUFFIER, VINCENT DUMAS, PHILIPPE LENHARDT, JEAN-LOUIS PAILLET

316

Fig. 12 The crossing of the Grottone Valley.

That evidence is a clue of a high-dating of the monument.

4 Conclusion

To conclude, in this research program, we have already gained some insights that can
help us answer the essential question of dating the aqueduct: when was the aqueduct
constructed, and by whom? At this point, typology and the apparent lack of technolog-
ical requirements — the absence of a siphon, the very irregular course of the channel-
might suggest a fairly early date, that is to say during the Classical period or at the end
of the Archaic period. The relief of the pediment and the presence of an ancient bridge
that allows the aqueduct to cross the Ciccio River, however, forced the chronology later
than what we had originally thought. If the Athenians destroyed some channels, it was
not the Galermi aqueduct, but presumably the so called Nympheum or Paradiso Chan-
nels. As the Ciccio inscription probably indicates this, the Galermi aqueduct seems to
go back to the Hellenistic period between the 3rd and the 1st century BC. The person
responsible for such a great structure could be Hiero the Second, who encouraged the
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development of technology in his city and constructed several monuments of prestige
in Syracuse; he was assisted in his efforts by the engineer Archimedes.

It should be noted that the absence of a siphon does not mean that those who con-
structed the aqueduct did not know the principles underlying the siphon. Actually, even
Roman aqueducts have utilized channels that a track that ran along a slope over using a
siphon, which is a typology that is rather fragile because it requires a great deal of accu-
racy when it comes to its maintenance. The continuation of our research program should
provide us with more information about this work, which is rare in ancient Sicily, and
give evidence to this hypothesis.
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Anette Schomberg

The Karnak Clepsydra and its Successors: Egypt’s
Contribution to the Invention of Time Measurement

Summary

The invention and establishment of the water clock in Egypt, at first glance, seems to be one
of the best-documented developments in the history of ancient technology. A closer look
at these clocks, however, reveals that their form and function have not yet been described
sufficiently. Meanwhile, acquisition of three-dimensional data enables novel analysis of the
preserved examples scattered all over the world. Regarding the fragmentary condition of
most of the clocks, 3D scans are indispensable to investigate developments and functions
of particular examples more closely and to ascertain the knowledge that existed about fluid
dynamics around 1500 BC.

Keywords: Egypt; time measurement; water clock; 3D scans; transfer of technology

Die Erfindung der Wasseruhr in Agypten scheint auf den ersten Blick so gut dokumentiert
zu sein wie kaum eine andere Entwicklung der antiken Technikgeschichte. Betrachtet man
jedoch diese Uhren naher, so zeigt sich, dass ihre Form und ihre Funktionsweise langst nicht
ausreichend beschrieben sind. Inzwischen macht die Aufnahme dreidimensionaler Daten
neuartige Analysen der erhaltenen Stiicke moglich, die heute auf der ganzen Welt verstreut
sind. Im Hinblick auf den meist fragmentarischen Erhaltungszustand der Uhren sind 3D-
Scans unerlasslich, um Entwicklungen und Funktionen der einzelnen Instrumente genauer
zu untersuchen und so zu erforschen, welches Wissen um 1500 BC iiber das dynamische
Verhalten von Flissigkeiten herrschte.

Keywords: Agypten; Zeitmessung; Wasseruhren; 3D-Scans; Technologietransfer
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Before the origin of time measurement in antiquity can be addressed, we must realize
that the first clocks had only an extremely limited effect on people’s lives. This may
come as a surprise, given the importance that we attach nowadays to this instrument.
Unlike today, however, ancient timetables and time clocks did not provide a rhythm
to daily life.! Time measurement followed different rules, as the introduction of the
clock in Rome demonstrates. Pliny the Elder’s account gives a good impression of the
implementation of this instrument and can be considered exemplary of antiquity in

general:

Marcus Varro records that the first sundial in a public place was set up by the
consul M. Valerius Messalla, on a pillar beside the Rostra, after the capture of
Catania in Sicily during the first Punic war; and that it was imported from
Sicily thirty years after the traditional date of Papirius’ sundial, in 263 BC. The
lines of this sundial did not agree with the hours, but they were followed for
99 years, until Q. Marcius Philippus, who was censor with L. Paulus, placed a
more precisely constructed one next to it; a gift which was the most appreciated
action of his censorship. (215) Even then, however, the hours remained uncer-
tain on cloudy days until the next lustrum. Then, Scipio Nasica, the colleague
of Laenas, was the first to use a water-clock [clepsydra] to mark the equal hourly
divisions of night as well as day. He dedicated this clock, which was installed
under cover, in 159 BC. For so long had the Roman people been without a
means of dividing their day!?

A lack of precision was of no consequence, to Pliny’s astonishment, since the Romans
had lived quite well by a miscalculated clock for a hundred years. On the other side,
Pliny stressed an important point — people appreciated the clock as a singular gift. In
evaluating time measurement in antiquity, both aspects need to be taken into consid-
eration, so that a standard different from the modern one is applied with regard to the

importance, value, and accuracy of clocks within their inherent contexts. Clocks had

Historians and sociologists agree that the concept of
time changed fundamentally in the medieval age.
See, for example, the remark by Lewis Mumford
that the mechanical clock and not the steam engine
was the key invention of the modern industrial age;
see Mumford 1934, 12-18; cf. also the historical sur-
vey by Dohrn-van Rossum 1995, 11-23, 202-295,
318-321.

Beagon 2005, 106. — M. Varro primum statutum in
publico secundum Rostra in columna tradit bello Punico

primo a M. Valerio Messala cos. Catina capta in Sicilia,

deportatum inde post XXX annos quam de Papiriano
horologio traditur, anno urbis CCCCLXXXX. Nec con-
gruebant ad horas eius lineae, paruerunt tamen ei an-

nis undecentum, donec Q. Marcius Philippus, qui cum

L. Paulo fuit censor, diligentius ordinatum iuxta posuit,
tdque munus inter censoria opera gratissima acceptum est.
Etiam tum tamen nubilo incertae fuere horae usque ad
proximum lustrum. Tunc Scipio Nasica collega Laenati
primus aqua divisit horas aeque noctium ac dierum idque
horologium sub tecto dicavit anno urbis DXCV. Tam diu
populo Romano indiscreta lux fuit.
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Fig. 1 Athenian clepsydra.

not been necessary in everyday life, as a rule, because people relied upon observations
of the sun and the stars, as well on estimations of the length of their own shadows.?
Nevertheless, monitoring the passage of time in detail was necessary in some cases.
Unfortunately, these cases also contain the origin of a common misconception: the dis-
tinction between a true clock and a stopwatch.* The problem is complicated further by
the use of the word ‘clepsydra’ to refer to both devices. The most famous example of an
ancient stopwatch of this type is the Athenian clepsydra,’® an instrument solely destined
to limit the length of speeches at the law courts in Athens (Fig. 1). Similar instruments
were used to divide vigils into equal lengths in the Roman army® and in second mil-
lennium Mesopotamia,” and to regulate irrigation intervals in northern Africa.® Such
instruments differed fundamentally from a real clock in one respect, they did not reveal
the actual time, but rather the length of a (repeated) interval, and this makes all the
difference. This kind of clepsydra consists of a simple vessel with a small outlet at the
bottom that is either filled with water or placed empty into a larger vessel filled with
water. In the former case, the interval in question lasts until the vessel is emptied, as
with the Athenian clepsydra; in the latter, the interval lasts until the inflowing water

submerges the so-called water-sinking bowl.”

Bilfinger 1888, 75—78. 1932, 133-136; Thureau-Dangin 1937, 51, and Al-
For the distinction between a stopwatch, which is Rawi and George 1991/1992, 52—73, while the work
quite easy to construct, and a clock, which requires of Neugebauer 1947, 37-43, is still fundamental.

a high degree of sophisticated skills and precondi- The Mesopotamian water clock was recently the
tions with regard to antiquity, see for example Bil- subject of several articles that provide an overview.
finger 1886, 6. Nevertheless, the authors do not discuss the distinc-
See Last 1924, 169-173; Young 1939, 274-284. tion between a clock and a stopwatch, and hence do
Aen. Tact. XXII, 24; cf. Diels 1920, 195 n. 1. not even take into account that the Mesopotamian

See Hunger and Pingree 1989; Thureau-Dangin
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It is often overlooked that in contrast to a stopwatch, the construction of a properly
functioning water clock requires not only a high level of theoretical knowledge and
practical abilities, but also a context in which the demand for such a clock exists, as
well as the conditions to enable time measurement. In short, the amount of knowledge
required before development of a water clock could begin was far more advanced than
itappears at first glance. For example, time units had to be defined: in the case of ancient
Egypt, twelve hours per night/day were the smallest measureable units.'® With regard to
antiquity in general, this meant dividing the shifting time period between sunrise and
sunset into twelve parts and operating with so-called unequal or seasonal hours.!* As
a consequence, a clock in antiquity had to show different hours over the course of the
year (and, in an ideal case, each day): long daylight hours in summer and short daylight
hours in winter, and of course vice versa at night. Only for a very limited period at the
equinoxes in spring and autumn are the hours of day and night equal. Therefore, the
geographic latitude had to be considered too, since the latitude determines the rising
and setting of the sun. To put it the other way around, determining the running time
of such a clock allows us to to determine its appropriate latitude, or the latitude of its
original site location."” The removal of such a clock from the particular latitude for
which it was manufactured would, inevitably, result in an incorrect display.

A working (stable) calendar is an absolute necessity in order to determine regular-
ities concerning the increase and decrease in the length of the hours over the course of
the year reciprocal to a specific latitude; it provides a clear concept not only of periodic
months, but also of each month, with corresponding hours of an appropriate length.
Most ancient calendars were based on the lunar cycle, however, even with its inherent
irregularities.”® For this reason, they created unfavorable framework conditions. Only
in ancient Egypt is an entirely different situation apparent. According to the Egyptian
civil calendar, a year of 12 months, at 30 days each, plus 5 additional ‘epagomenal’ days,
results in 365 days in total. The civil year, thus nearly approaches the dimension of the
modern calendar year of 365 % days, although it lacks the addition of a leap-year day

sources may refer solely to stopwatches; cf. Brown, cal clock, when these hours were gradually replaced

Fermor, and Walker 1999/2000, 130-148; Michel-
Nozieres 2000, 180-209; Fermor and Steele 2000,

by the equinoctial or equal hours common today;
cf. Dohrn-van Rossum 1992; cf. for example, the
mechanical clock by Giovanni de Dondi; Bedini
and Maddison 1966, 1-69; cf. Flachenecker 1996,

210-222; Falk 2000, 197-132 and a more critical
voice Hoyrup 1997/1998, 192-194.

Diels 1920, 196-197 pl. XVI. 391-398.
12 This has already been discussed in detail by Bor-

chardt 1920, 17-19; cf. Holbl 1984, 31, 35.
13 An early reference to the superior Egyptian civil cal-

See Smith 1907, 319-334 fig. 2; Turner 1984, 9-11;
Brown 2000, 119-120.

Cf. Borchardt 1920, 3-5.

This concept was used throughout antiquity, until endar appears in Hdt. I1. 4.

the Middle Ages and the invention of the mechani-
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every four years. It follows that, beginning with the introduction of the civil calendar,'
Egypt provided calendrical conditions that encouraged the development of a clock to a
much greater extent than Mesopotamia or Greece did. Given these challenges, however,
there had to be a real need to measure time in order to engender a determined effort to
construct a clock.

Only two devices were available for time measurement in antiquity before the in-
vention of the mechanical clock, which took place at some point in the fourteenth cen-
tury AD. Pliny refers to the differences between these devices: whereas sundials's only
work on sunny days, a water clock has the potential to operate independently from ex-
ternal circumstances. The operation of a sundial requires only sunshine and some kind
of shadow-caster, combined with a few calculations, to form a time-measuring instru-
ment. A water clock, by contrast, involves extending beyond observation, thus, creating
a higher degree of abstraction: first, it requires the conceptual development of a device
that is independent from its surroundings, and then it requires the conditions for the
device’s creation. As the invention of the water clock shows, both the concept and the
conditions existed in Egypt before anyone came up with the idea of measuring time
with a clock. In addition, the invention of the water clock occurred in response to a
fundamental need.

As the quote by Pliny the Elder has already shown, Rome was without a doubt
‘behind the time’ in the second century BC as far as the invention and application of
the water clock was concerned. Instead, another city played a leading role in techno-

¢ in early Hellenistic times, especially in the development of water

logical innovation'
clocks. The Roman author Vitruvius dedicates several chapters in his De Architectura to
the description of water clocks'” — sophisticated and highly representative devices that
he credited the famous engineer Ctesibius with inventing at the Museion in Alexandria
during the reign of Ptolemy II. These clocks inspired admiration not only from Vitru-

vius but also from others throughout antiquity and beyond. However, as famous and

The exact date of the introduction of the civil calen-
dar is still disputed; see Leitz 1989, 53—54.

The same applies, of course, for Egyptian star

clocks on nights with a clear sky, the oldest time-
measuring instruments of all. Without entering into
a detailed study of Egyptian star clocks, it is worth
mentioning that time measurement in Egypt not
only started quite early, but also used a device that
was limited to nocturnal use - a clear indication of
the field of application of clocks in Egypt; cf. Leitz
1995.

Cf. for example Schiirmann 1991; Argoud and Guil-
laumin 1998; D. M. Lewis 2000, 631-648; Russo

2005.

17 Vitr. IX, 8, 2—15. — “These same writers have also

invented methods for assembling clocks that use
water, Ctesibius of Alexandria first among them”
(Rowland 1999, 116); for Vitruvius sources see
Fleury 1998, 103-114; D. M. Lewis 2000, 361-369,
gave an overview of the invention and development
of water clocks in ancient times. Unfortunately, in
his article he made no distinction between a wa-
ter clock and a stopwatch like the Athenian clep-
sydra (see Fig. 1). Therefore, he fails to underline
the unique role Egypt played in the development of
water clocks.
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Fig.2 Karnak clepsydra.

sophisticated as the water clocks by Ctesibius may have been, the actual invention of
this device took place more than a thousand years earlier, remarkably, in the same cul-
tural area. Although Ctesibius clocks left hardly any traces, except for descriptions made
by authors like Vitruvius,'® pictorial reconstructions based on these descriptions turned
out to be extremely formative. From the beginning, these pictorial reconstructions es-
tablished the modern notion of ancient water clocks and their appearance.

As a consequence, the emergence of original fragments of Hellenistic water clocks
in seventeenth-century Italy drew little attention.'” This initial lack of interest can be at-
tributed to their fragmented condition and, therefore, to the common misinterpretation
of the objects, but it continued later on because of their fragmented appearance. Only
when G. Legrain discovered a nearly complete specimen in 1904, in the famous Karnak
Cachette, did this type of water clock begin to attract researchers.’ Examined first by
G. Daressy?! in an article in 1915, the Karnak clepsydra (Fig. 2) undoubtedly constitutes
the oldest preserved water clock, originating from the time of Pharaoh Amenhotep III
(1379-1342 BC).”

The famous Egyptologist Ludwig Borchardt was the first to recognize the funda-
mental importance of these pieces. Unaware of the article by Daressy, Borchardt pub-
lished a thorough study in 1920 about time measurement in ancient Egypt that turned
out to be perhaps the most influential and authoritative examination conducted in the

See Schomberg 2017. 20 Cf. for the Karnak clepsydra: http://www.ifao.egnet.
Kircher 1654, 385; although Athanasius Kircher was net/bases/cachette/, search term: ‘clepsydra’ (visited
the first to publish two fragments of water clocks on 23/05/2018).

and succeed in identifying them correctly (“proba- 21 Daressy 1915, 5-16.

bly a water clock”), his interpretation was not con- 22 Cf. Warburton 2009, 134.

firmed until the early twentieth century.
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field of Egyptian time measurement to date.”> Borchardt’s rather condensed presenta-
tion has precluded any critical discussion of his groundbreaking investigation for almost
a century, but such a discussion must now be the essential starting point for further ex-
amination of the present topic.

While Daressy focused only on the recently discovered Karnak clepsydra and a sec-
ond vessel in the Egyptian Museum in Cairo, Borchardt took a much broader approach,
using all of the means at his disposal. Just before his book was published, Borchardt
learned of an inscription that provided a key to understanding Egyptian water clocks.?*
As he writes in a supplement to his book, K. Sethe had drawn his attention to a report
inscribed at the tomb of an Egyptian official named Amenemhet.”®

This grave, which was discovered by fellaheen in 1885 at Sheikh Abd el-Qurna in
western Thebes, is now lost. The only items preserved from it are a small fragment of
the inscription, now in the Egyptian Museum Berlin, and two copies made immediately
after the discovery.”® Amenemhet, who lived under the pharaohs Ahmose I, Amenhotep
I, and Tuthmose I, around 1500 BC,” explains in his inscription that he has recognized
that the length of the night increases and decreases from month to month. For this
reason, he has constructed an Mrht — an “instrument for telling time?*® This device, he
claims, shows the hours precisely, has astronomical depictions on the exterior, and has
no predecessors (although he had consulted older texts beforehand);% its water runs out
through a single exit.

The significance of this inscription was revealed a few years later, when the afore-
mentioned discovery of the Karnak Cachette brought to light the remains of a vessel that
met all these conditions, as Borchardt and especially Sethe realized.>® The Karnak clep-

See Borchardt 1920; as Borchardt explains on page

6 in note 1, he had had no access to the article by
Daressy because of the war. In the same note, Bor-
chardt also points out that his chapter on the Egyp-
tian water clocks stems from a more detailed but
only handwritten treatise he had been planning to
publish. Unfortunately, he refrained from doing so.
Borchardt’s hitherto unpublished manuscript was
discovered in the archive of the “Schweizerisches
Institut fiir Agyptische Bauforschung und Altertum-
skunde” in Cairo. Its publication is the subject of an
ongoing Topoi project.

See Borchardt 1920, 60-63 pl. 18.

Sethe dealt with this inscription in an article pub-
lished in 19205 cf. Sethe 1920, 114-115 n. 3; nev-
ertheless, Borchardt partly disagreed with Sethe’s
conclusions; see Borchardt 1920, 61-62; the inscrip-
tion has recently been reedited by A. von Lieven; see
von Lieven 2016, 207-231.

26

27
28

30

Egyptian Museum Berlin, Inv.-No. 14470; see von
Lieven 2016, 207-208 esp. n. 4; the copies were
made by E. Schiaparelli and W. Golenischeff. Bor-
chardt based his transcription on Golenischeff’s
copy.

Cf. Hornung, Krauss, and Warburton 2006, 492.
For the translation of this term see Borchardt 1920,
62 n. 4.

Cf. von Lieven 2016, 221: (1] studied [?] by reading
in all writings of the god’s works?”

For the Karnak clepsydra cf. Daressy 1915, 5-16;
Borchardt 1920, 6-7 pls. 1-3; Sloley 1924, 43—50;
Sloley 1931, 174-176; Pogo 1936, 403—425; Chatley
1940, 68—72; Parker 1950, §207-208; Neugebauer
and Parker 1969, 12—-14; Desroches-Noblecourt
1976, 139-149, pl. 33; von Mackensen 1978, 13—
18; Cotterell, Dickson, and Kamminga 1986, 31—
50; Long 1989, 589-591; Mengoli 1989, 227-271;
Clagett 1995, 66—73; Spalinger 1995, TT1-114;
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Fig. 3 Interior of the Karnak
clepsydra.

sydra was found broken in pieces, and was made of alabaster. Its shape is reminiscent of
a large flowerpot; the outside of this vessel has characteristic depictions in three horizon-
tal rows and a vignette of pharaoh Amenhotep III. The vignette allows the clepsydra to
be dated to the middle of the fourteenth century BC. The uppermost row shows decans
and anthropomorphic representations of stars and planets depicted in barks. Below, in
the middle row, are the more prominent constellations of the northern sky and deities
on both sides. The bottom row has six frames, each displaying the king, flanked by two
of the twelve gods of the months. The outflow aperture is located between two of the
frames.

Twelve scales of various length, with hour markings, are inscribed on the inside of
the vessel (Fig. 3). Above each scale, on the rim of the vessel, the name of the correspond-
ing month is inscribed, with the god of that month depicted on the outside. The months
containing the two solstices — and therefore the longest and shortest hours of the year
— correlate with the longest and the shortest scale, respecitvely, while the months con-
taining the equinoxes are represented by the medium-length scales (Fig. 4). The lengths
of the other scales follow accordingly. At sunrise or sunset, the vessel could be filled
with water, which flowed out gradually from the small aperture near the bottom of the
vessel. The hour was obtained by comparing the dropping water level to the scales on
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Fig. 4 Karnak clepsydra, scales.

the inside.

Having the Karnak clepsydra as a means of comparison made it obvious that sev-
eral other collections contained fragments of Egyptian water clocks. The identification
of these fragments was unmistakable: they shared not only the shape and the functional
principle of the Karnak clepsydra, but also the depictions on its outside, in varying de-

tail.3!

Parallels to such depictions can be found in the astronomical ceiling decorations
at the Tomb of Senmut and at the Ramesseum.?* All of them are based on an older tradi-
tion of ‘classical sky representations’ whose traces lead back to the Middle Kingdom.*
Each of the Hellenistic pieces copies the depiction of the Karnak clepsydra accurately;
some of them show the complete pattern of the clepsydra in three rows, while others
reduce the decoration to the bottom row. Both versions existed in parallel in Hellenistic
times.

Once there could be no doubt that these pieces of characteristic shape and decora-
tion came from water clocks made in the tradition of the Karnak clepsydra from over
a millennium earlier, the crucial question, according to Borchardt, was whether these
kinds of clocks kept time properly.>* Scholars have followed his lead since he first raised
this issue in 1920, and they still focus on this question more or less exclusively, or confine

1‘35

themselves to an overview of the material.”> Such means do not sufficiently interrogate

Borchardt’s methods and procedures, however. This is by no means a criticism of his

Depuydt 1997, 110-119; Mills and Symons 2000, 33 von Lieven 2012, 1-2; von Lieven 2007, 43; see J. F.
18-20; http://www.ifao.egnet.net/bases/cachette/, Quack, Beitrige zu den dgyptischen Dekanen und
quv. clepsydre (visited on 01/02/2018). ihrer Rezeption in der griechisch-romischen Welt
With one exception: a fragment in Cairo that stems (in prep.).

from the time of pharaoh Necho II. The water clock 34 Borchardt 1920, 14.

fragment, discovered between 1929 and 1937 by P. 35 Cf. for example the articles by von Mackensen 1978,
Montet in Tanis, follows a different pictorial tradi- 13-18, Holbl 1984, 5-67, Cotterell, Dickson, and
tion; see Montet 1946, 35-39 pls. I-1I. Kamminga 1986, 31-50, or Mengoli 1989, 227-271,
See Neugebauer and Parker 1969, 8-62. and the overview by Lodomez 2007, 57-76.
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accomplishments, but rather a call to reconsider our approach today, while still recog-
nizing him as the most important forerunner in this area of study. Unfortunately, the
way Borchardt expressed himself presents an obstacle to a critical analysis, even for na-
tive speakers. It, therefore, seems appropriate to first discuss his chapter on water clocks
critically, and then focus on new research perspectives.

Borchardt’s interest in water clocks must have been aroused more or less immedi-
ately after the discovery of the Karnak Clepsydra, as evidenced by the inventory book
of the Egyptian Museum Berlin. In order to study these instruments, Borchardt endeav-
ored to receive plaster copies of all Egyptian water clock fragments known at that time.
The arrivals of these plaster copies are recorded as having occurred as early as 1911/1912,
either as donations from other museums and researchers or as donations to the museum
in Berlin from Borchardt himself. These copies formed the basis for his study and are
still preserved in the Egyptian collection. They also denote the material basis available to
Borchardt at the time. The collection comprises fourteen fragments, which according
to Borchardt, originally belonged to twelve outflow water clocks.>® The fact that this
material basis has been significantly expanded since then is reason enough to reopen
the issue of the Egyptian water clocks: new discoveries have led to knowledge of over
thirty fragments, more than twice as many as Borchardt had at his disposal.’”

As simple as the water clock seems to be, on closer examination, it depicts a cer-
tain ingrained knowledge of fluid dynamics. Borchardt was the first to recognize that
the shape of these water clocks revealed the application of a fundamental theorem in
fluid dynamics, described for the first time in 1643 by the Italian scientist Evangelista
Torricelli, and now known as Torricelli’s Law. It states that the velocity v of a liquid
flowing under the force of gravity out of an opening in a tank is jointly proportional to
the square root of the vertical distance h between the liquid surface and the center of
the opening and the square root of twice the acceleration caused by gravity, 2. In short
v = /2g", where g is the acceleration due to gravity. The exceptional importance of
the Egyptian water clocks is that their design demonstrates the practical application of
this theorem more than three thousand years before its theoretical formulation.

Applied to an open vessel filled with water and with an aperture at the bottom
like the Egyptian clepsydra, or to an outflow water clock in general, Torricelli’s law
states that the velocity of the outflow is based on the water pressure inside. This pressure
normally decreases as the water level sinks, and the outflow velocity drops accordingly.

36 All of these plaster copies conform to Borchardt’s require a plaster copy. It has since been lost; only
clock nos. 1-12 and are preserved in the Egyptian a couple of photos have survived. One other water
Museum, with the exception of one complete wa- clock (Borchardt no. 13) has only a reference, since
ter clock—Borchardt’s clock no. 11. This piece had Borchardt already considered it lost at the time; for
been found in Rome and had belonged to the col- his compilation see Borchardt 1920, 6-10.
lections in Berlin since 1910, so Borchardt did not 37 Cf. the catalogue in Schomberg 2017.
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The problem for such an outflow water clock lies in ensuring constant water pressure
inside and a steady outflow rate. The solution presented by the Egyptian water clocks is
as simple as it is brilliant: reducing the circumference of a vessel and, hence, the water
surface, to the shape of a truncated cone means that the sloping sides of the vessel (at a
ratio of 1 to 3) can provide constant water pressure inside the vessel and consequently
a steady outflow rate. This is the exact reason a cylindrical vessel is unsuitable:*® the
sinking water level would result in diminishing water pressure and therefore a declining
outflow rate.

By applying Torricelli’s Law, Borchardt® tried to calculate the actual accuracy of
the Karnak clepsydra, as well as whether the designers of this clock had succeeded. Un-
fortunately, the outcome was disappointing. A vessel that would be able to manage a
steady outflow has to have the shape of a fourth-order parabola, and the Egyptian water
clocks lacked precision in this regard (Fig. 5): the vessels were too narrow at the top and
too wide at the bottom. This would have caused the clocks to run too fast in the first
half of the period of time to be measured and too slowly in the second. His calcula-
tions brought Borchardst to the realization that the Egyptian water clock was not able to
display time correctly. In fact, he concluded:

This collection clearly shows that the ancients failed to divide the time consis-
tently with their outflow clocks. The hours these clocks indicated during one
and the same night or one and the same day were not consistent at all, but
rather differed significantly [...] This must have had the consequence, for ex-
ample, that not even midnight could be correctly determined with these water
clocks, since the clock would have indicated it almost three quarters of an hour
after its actual occurrence [...] The ancient [Egyptian] theory that the water
flowing out of a round container with walls in a slope of 1:3 will drop at a

consistent rate to a consistent level is therefore appreciably false.*’

38 Related to this, is the complete discussion of the wa- teilen. Die Stunden, welche diese Uhren in einer

ter clock in ancient Mesopotamia, since the sources
seem to suggest a cylindrical water clock; cf. for
example the recent articles by Heyrup 1997/1998,
192-194; Fermor and Steele 2000, 210-222; and
Brown, Fermor, and Walker 1999/2000, 130-148.

39 Although Borchardt did not mention his sources,

Hoyrup 1997/1998, 192, states that, “his choice of
symbols shows that he has consulted the standard
literature on hydrodynamics”

40 Borchardt 1920, 15-16. “Diese Zusammenstellung

zeigt deutlich, dass es den Alten nicht gelungen ist,
mit ihren Auslaufuhren die Zeit gleichmifig zu

und derselben Nacht oder in einem und demselben
Tag anzeigten, waren keineswegs gleich, sondern er-
heblich verschieden, [...]. Dies muss z. B. zur Folge
gehabt haben, dass mit diesen Wasseruhren nicht
einmal die Mitternacht richtig bestimmt werden
konnte, da die Uhr sie beinahe 34 Stunden nach
ihrem wirklichen Eintritt angab [...]. Die Theorie
der Alten, dass in einem runden Gefaf mit Wan-
dungen in einer Neigung von 1:3 das auslaufende
Wasser in gleichen Zeiten um gleiche Hohen sinkt,
ist also betrachtlich falsch® (translation from the
German by Casey Butterfield).
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um gleiche Hohen senkt. . .
1/ natirl, Grage, Fig. 5 Cross-section of a clepsy-

F=1 agypt. Finger = 18,75 mm. dra and a fourth-order parabola.

Borchardt states in his summary that the display of the clock must have been wrong
to an extent that should have been obvious even back then.*! However, the question
remains: If this type of outflow clock did not work properly, then why were so many of
them reproduced in the time of Alexander the Great and Ptolemy II? This is even more
astonishing in light of the knowledge that this was the era in which the famous Greek
engineer Ctesibius constructed his much more elaborate clocks at Alexandria, with far
more advanced theoretical knowledge.**

More than ten Hellenistic fragments of this type of outflow clock had already come
to light when Borchardt wrote his book, giving the impression that he himself was quite
puzzled by this obvious contradiction. Nevertheless, there can be no doubt as to their
dating. Some fragments bear the names of Alexander the Great, his brother Philip Ar-
rhidaios, and Ptolemy II. In other cases, empty cartouches point to production in a
relatively short period between 320 and 246 BC, and inscriptions or find circumstances
at least reveal their origins in Hellenistic times. On an overall basis, the chronological
distribution of the finds is remarkable. Depictions dating from after the first appear-
ance of the outflow clepsydra, at the time of pharaoh Amenhotep III (1379-1342 BC),
have been found in four Ramesside grave chambers.** A fragment from Tanis bears the
cartouche of pharaoh Necho II (610-595).* Nearly twenty pieces were created in the
comparatively short period in the early Hellenistic times that followed. Moreover, some
of these Hellenistic water clocks have been discovered outside Egypt in Turkey and Italy,

41 Borchardt 1920, 59. 43 Barguet 1978, 52—55; Roberson 2012, 179-188.
42 See Schomberg 2017. 44 Cf. Hornung, Krauss, and Warburton 2006, 494.
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near Egyptian sanctuaries. In some cases, they even bear secondary Greek or Latin in-
scriptions, revealing their adaptation in Roman times.* This also means that they must
have been removed from Egypt and, therefore, from the latitude for which they were
originally made. It appears, therefore, that there was a deliberate acceptance of the loss
of accuracy, at least in Roman times. One must take this realization into consideration
before imposing modern standards on the clocks’ accuracy.

Indeed, Borchardt disregards this dislocation. He even wrote, “now we must also
approach the question of whether they reached this goal, whether their outflow clocks
ran correctly according to our perceptions?*® After having stated that the Karnak clepsydra
did not work properly, however, he detected several ‘Hellenistic’ improvements related
to the influence of Greek science and advances in theory, which according to him would
have improved accuracy.*” This served as his explanation for the revival of the Egyptian
outflow clock in Hellenistic times. Since it was obvious that shape and inclination stayed
the same, these improvements concerned the scales of the clocks exclusively.

Borchardt was convinced that the Hellenistic scales contained new and vital in-
sights.*® The lengths of the scales inside the Karnak clepsydra increase and decrease lin-
early, meaning that the lengths of the days/nights or measured hours did as well. This
linear increase/decrease did not, however, correspond to reality: change in the lengths of
days and nights is nonlinear — it happens faster around the solstices and slower around
the equinoxes.”’ Since only the Hellenistic clocks would reflect such an adapted scale
system, he concluded that the ancient Greeks would have been able to measure time
with greater accuracy. Borchardt’s evidence of this adaption, unfortunately, is based en-
tirely on hypothetical reconstructions of scales that in fact contradict the genuine values
of the preserved scales.*® Upon closer examination, the scales of the Hellenistic clocks
show linear development, just like the scales of the Karnak clepsydra.

Another of the improvements Borchardt cited, concerns the relationship between
a clock’s scales and the distribution of the months/length of the hours according to the
contemporaneous calendar.’! He referred, in this context, not to the engraving of the

hour marks on the scales in detail (the execution of these was always imprecise) but to

Cf. for example a fragment at the Musei Capitolini 48 Borchardt 1920, 14. “Bei der Steigerung der Skalen
in Rome (Fig. 11; Borchardt 1920, 9 no. 12; Win- ist also ein Fortschritt der Theorie bemerkbar”

ter 2013, §32 no. 10) or at the British Museum in 49 This observation was first mentioned by the Greek
London (Inv.-no. 938; see Borchardt 1920, 8 no. 6; astronomer Kleomedes; see Bilfinger 1888, 153.
Winter 2013, 407). 50 This discrepancy is even reflected in the data given
Borchardt 1920, 14. Original: “jetzt miissen wir by Borchardt himself: compare, on the one hand,
aber auch der Frage niher treten, ob sie dieses Ziel his data evaluation on pages 12—13 and, on the
auch erreicht haben, ob ihre Auslaufuhren nach un- other, his figures of the clepsydras with genuine
seren Begriffen richtig gingen” (translation by Casey marked scale values on plates 2 (clepsydra of Kar-
Butterfield). nak) and 5 (clepsydra in the Museo Barracco).

On this point see also Holbl 1984, 27-28. 51 Borchardt 1920, 19-21.
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the question of the extent to which the length of a given month-scale corresponded to
the length of the hours in exactly that month. This was due to the fundamental defi-
ciency of the aforementioned Egyptian civil calendar: despite this calendar’s advantages
in comparison to the irregular lunar calendars, the lack of an intercalary day every four
years inevitably had serious consequences regarding the correct display of a clock. Af-
ter 120 years of missing leap-year days, the calendar would be off by a whole month. A
water-clock scale for one month would display the hour length of the preceding month,
and so on. In other words, the monthly display of an Egyptian clepsydra would have
become irrevocably outdated after no more than 120 years.

By focusing on the distribution of the solstices and equinoxes (or the correspond-
ing longest, shortest, and both middle scales) as representative of the entire scale system,
Borchardt’s analysis of the Karnak clepsydra showed that their scales did not fit the calen-
dar at the time of Amenhotep III. Rather, they reflected the calendar of 120 years before.
He saw this realization as evidence of another basic error made by the clockmakers. He
categorically excluded the option that the Egyptian designers may have been aware of
this fact®? and subsequently constructed a hitherto undocumented ‘astronomic year’ in
order to find an explanation. R. Parker pointed to another coincidence instead:> that
the established time frame might not correspond to the dating of the Karnak clepsydra
but to the time of the tomb inscription by the inventor Amenemhet, from whom the
scale system of the Karnak clepsydra, thus, had probably been copied.

Unfortunately, the scale system of the Karnak clepsydra does not fit the period of the
inventor Amenembhet either, as revealed via an examination of the preserved scale values
in contrast to the values given by Borchardt.>* In fact, considering the scale marks that
have actually been preserved, the shortest and the longest scale are to be identified with
the third and ninth scale/month, respectively. These do not correspond to the fourth and
tenth scales as depicted by Borchardt,”> whose result was achieved by simply adding a
hypothetical line at the top (to mark the water level at the beginning) and an imaginary
twelfth point at the bottom of every scale except one - scale 1o (Fig. 6).5¢ While the line

Borchardt 1920, 21. “ganz ausgeschlossen erscheint
es aber, dass man zur Zeit Amenophis* I1I. eine Uhr
hergestellt hat, die vor reichlich 100 Jahren einmal
richtig gegangen wire?

Parker 1950, 76 n. 73. “It seems to me quite safe to
conclude that the scale of the Karnak clock, fitting
as it does the period of the inventor, is simply an-
other manifestation of Egyptian conservatism?
Compare Borchardt 1920, 12 and pl. II. While plate
II reproduces the actual values, the chart on page 12
reflects an idealized version.

Cf. Daressy 1915, 12 fig. 5, who indicates — indepen-

dently from Borchardt - the correct scales. Unfor-
tunately, Borchardt’s ‘revised’ values were the ones
adopted following Borchardt’s publication in 1920.

56 The completely preserved scales have eleven marks.

Yet, according to Borchardt’s concept, such a clock,
which runs for twelve hours, would need twelve
marks. As a consequence, he postulated that all of
the scales should have had twelve marks, but with
the exception of the ‘shortest’ scale of the tenth
month, the space under the scales would not have
been sufficient for another — a 12th — mark. Hence,
he added one mark to the bottom of the other
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Borchardr's addition to the Karnak-Clepsydra
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Fig. 6 Scale system of the Karnak clock with Borchardt’s additions.

at the top applied to all scales to the same extent and hence had no consequences, the
supplemental interval at the bottom did make a difference, since Borchardt chose the
length of the added interval arbitrarily in order to restore the fourth and tenth scales as
the longest/shortest scales, in contradiction to the preserved condition. According to the
Egyptian civil calendar, in the years between 1700 and 1597 BC, the solstices fell in the
third and the ninth month, and in this period, the scale system of the Karnak clepsydra
would have been correct. Thus this clepsydra ‘conserved’ a calendar pattern from over
250 years prior — a pattern even older than the inventor Amenemhet himself.

By contrast, Borchardt declared that the scale systems of the Hellenistic clocks had
been adapted and, therefore, accurately reflected the contemporaneous calendar situa-
tion. The problem is that most of the later specimens are only poorly preserved, making
their scales too incomplete to draw such a conclusion in most cases. Borchardt, again,

largely based his assumption on ‘reconstructed scales:

eleven scales and then obtained the absolute length ter, so that only the upper four and the lower three
of the scales in relation to the only complete pre- marks are preserved. Instead of four missing marks,
served scale of the tenth month. Unfortunately, his he assumed five — and used this assumption to jus-
concept was based on an incompletely preserved tify all of his amendments; cf. Borchardt 1920, 10,
tenth scale and stands in contradiction to the other 12, 15, 2021 pl. 3.

scales. The tenth scale has a large gap at the cen-
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Fig. 7 Plaster copy of the Karnak
clock with reconstructed outlet.

Even the assumption of improved readability turned out to be wrong.>” On closer ex-
amination, none of the Hellenistic improvements can be proven. Instead, a preliminary
check shows that the Hellenistic water clocks seem to be faithful copies of the Karnak
archetype. This calls for a new examination and estimation of the preserved material,
without any hypothetical additions or reconstructions based on fixed ideas.

It was already high time, however, to reconsider Borchardt’s negative judgment
about the accuracy of these clocks and the modern expectations placed upon them. In
a frequently overlooked article, published in 1978 in a remote journal, a German astro-
physicist reported on a series of experiments with a plaster copy of the Karnak clepsydra
(Fig. 7).°® By simply filling the vessel and recording the course of the water flow, as well
as the effects of cohesion and surface tension, it became apparent that, contrary to ear-
lier assumptions, the clock displayed the time quite precisely. The clepsydra may have
been an average of ten minutes too slow in the first six hours, and too fast in the second
six, leaving it running around ten to twenty minutes fast after twelve hours (Fig. 8), but
no other clock around 1350 BC could have revealed this lapse.”

How could Borchardt have been so wrong? First of all, he wasn’t a physicist, and in
adapting Torricelli’s Law to the Egyptian water clock, he made a mistake. What’s more,
all of his reflections on this subject were completely theoretical. The aforementioned

experiments with this clock have demonstrated that cohesion, surface tension, and the

Borchardt 1920, 10; cf. von Mackensen 1978, 18, 59 von Mackensen 1978, 17; similar results are pro-
whose experiments with a copy of the Karnak clep- vided by Cotterell, Dickson, and Kamminga 1986,
sydra proved otherwise. 44—48.

von Mackensen 1978, 16-18.
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GANGGENAUIGKEIT Auslaufubr I, bises
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(based on 15 measurement rows).

shape of the aperture must not be neglected. In fact, they may improve the clock’s proper
functionality. Imposing modern standards, in terms of precision, does not help either:
after twelve hours, the sun is going to rise anyway. It would not matter if the clock were
ten minutes fast, since one look at the horizon would make this clear. For an Egyptian
of the time, this clock would have been a precise measuring instrument. Since no other
corrective instruments existed, contemporaries of the inventor Amenemhet would most
likely have agreed with his assessment of the clock’s accuracy.

As important as the discussion about the accuracy is, however, other aspects of these
instruments have also been neglected for too long, such as their use in practice. Why was
it so important for the Egyptians to have a clock available? Conveniently, the reason is
written on the clepsydra itself. There to tell the time when the sun and stars are not
visible, in order to make offerings at the right time.®® Find contexts have consistently

. On some clocks, it is

been Egyptian sanctuaries, both inside and outside of Egyp
mentioned that they belong to a sanctuary.®* These water clocks were even exported to
Egyptian sanctuaries in the Roman Empire, without regard for their accuracy.®* From
this, it is apparent that at some point the application of this specific type of water clock
or the provision of an original water clock from Egypt became more important than
any precision or improved accuracy, probably because of their symbolic meaning.

This shows that the use and the development of this type of outflow clepsydra has

to be put into a wider perspective. The prevailing assumption is that the invention of

Borchardt 1920, 8 (see London, BM, Inv.-no. 933); III near a sanctuary of Isis and Serapis).

translation from the German by A. S. 62 Cf. St. Petersburg, Hermitage 2507a (“to offer sac-
Cf. Cairo, Egyptian Museum JE 37525 (Temple of rifices at the right time”); London, BM 933 (“to
Karnak); Cairo, Egyptian Museum JE 67096 (Tanis, determine the hours [...] for the sacrifices at the
near the great temple/Anta-temple); Turin, Museo right time”); Naples, Museo Nazionale 2327 (prob-
Egizio Suppl. 8 (Rome, Iseum Campense); Rome, ably Temple of Osiris); Turin, Museo Egizio Suppl.
Museo Barracco 27 (Rome, Iseum Campense); St. 8 (originally probably a temple of the Nile god);
Petersburg, Hermitage 2507b (Rome, Iseum Camp- Rome, Museo Barracco 27 (temple of Osiris); Eph-
ense), Ephesus (near Serapeum); Alexandria, Greek esus (temple of Serapis).

and Roman Museum Reg. No. P. 9161 (Alexandria, 63 Roullet 1972, 145-146; Lembke 1994, 246-248;
Serapeum); Rom, Musei Capitolini (Rome, Regio Quack 2003, 59.
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Fig.9 Roman clepsydra in
the Archaeological Museum,
Frankfurt.

sophisticated inflow water clocks in Hellenistic times by the Greeks in Alexandria and
the subsequent innovative enhancement of such clocks in Greek and Roman antiquity
exposed the apparent weakness of the old outflow clock and established much better
alternatives.®* Such an argument focuses solely on technological innovation, however,
and misses a central point. The use of Egyptian clepsydras for time measurement in the
Egyptian cult may have been inspired by innovation in the sixteenth century BC, but
their existence in Greek and Roman times was not determined by technical feasibility.
In this regard, technological progress did not make them redundant because tradition
superseded innovation.

Nevertheless, the absence of this type of clock in later contexts seems to imply that
the production of the outflow water clock came to an end because it could be replaced by
more technologically advanced types of clocks. A closer look paints a different picture.
First of all, Borchardt himself quoted a papyrus from Oxyrrhynchus that contains a par-
tially preserved calculation of an outflow water clock.®> Although Borchardt based his
assumptions on these ancient calculations to a great extent, he could not fail to observe
that the papyrus was full of mistakes, which were probably due to errors by a copyist.

A bronze vessel in the Archaeological Museum in Frankfurt provides clear evidence
for the survival of this clock type.®® Although its shape and material are different, the

basic features are the same and characterize the piece as an outflow clock. Instead of

Cf. for example the description by Vitruvius, De ar- 1920, 10-12; Couchoud 1988, 25-34.
chitectura 1X, 8, 2—15 (see Schomberg 2017). 66 Stutzinger 2001, 512, 22—46.
Grenfell and Hunt 1903, no. 470; cf. Borchardt
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Fig. 10 Fragment of a Roman
clepsydra from Vindolanda.

Fig. 11 Fragment of an Egyptian
clepsydra in the Musei Capitolini

in Rome.

a truncated cone, it has the shape of a bowl, with a specific inclination to meet the
flow requirements (Fig. 9). Inscriptions on the rim give the names of the months, the
equinoxes, the solstices, the calends, the nones, and the ides. Drilled into the rim are 368
holes for the days, and two holes can be found at the bottom: a large one, with traces
of a different material, and a very small one made of gold® that served as the outflow
aperture. The time was indicated by the sinking water level against twelve scales on
the inside. Unfortunately, the accuracy of the clock has not yet been examined. Another
inscription on the outside reveals that it was dedicated to a Gallo-Roman sanctuary. This
Roman clepsydra can be dated to the second century AD for epigraphic reasons.

Recently, another fragment has come to light in a remote area of the Roman Empire.
In the fort of Vindolanda at Hadrian’s Wall, a small bronze stripe was discovered in the
remains of a granary dating to the second/third century AD (Fig. 10). The inscriptions on
this stripe have led to its interpretation as a calendar or as part of a bronze disc from an
anaphoric clock.®® Seen in comparison to the rim of the clepsydra in Frankfurt, however,
it proves to be a fragment of another Roman outflow clock. The origin of these Roman
pieces is still recognizable, as a look at a fragment of an Egyptian forerunner in the
Musei Capitolini at Rome shows (Fig. 11).% This type of clock was obviously such a
success that even in the face of more advanced devices, and despite the end of antiquity, it
continued to be used. Even a medieval Arabic manuscript in the British Library contains
a description of how to build such an outflow clock (Fig. 12-13),”® which attests to a
much more persistent tradition of this type of clock than previously thought.
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Fig. 13 Page 10 of an Arabic manuscript, in which
various technological texts are detailed (691/1292
AD).

Fig. 12 Page 13 of an Arabic manuscript, in which
various technological texts are detailed (691/1292
AD).

As stated at the beginning of this paper, the study of the use of water clocks to mea-
sure time in Greek and Roman antiquity suffers from one major problem: until now,
such investigations have relied almost entirely on written sources. Sophisticated devices
like the Ctesibius clock left no traces and survived only in descriptions. Yet, as we have
seen, nearly thirty outflow water clocks ranging from 1400 BC to AD 300 have been pre-
served in various states of fragmentation. An inventor’s description, as well as a Greek
and an Arabic manual, provide insight into their construction. Even pictorial represen-
tations of this instrument in certain contexts are available. Unfortunately, the material

This aspect can be attributed to technological 70 The manual is preserved in two Arabic manuscripts:

progress with reference to Vitruvius. As he reported,
it was the Greek engineer Ctesibius of Alexandria
who first created an aperture made of gold or a per-
forated gem for a water clock; see Vitr. IX 8, 53 cf.
Rowland 1999, 116.

M. Lewis 2009, 12-17; Birth 2014, 395-411; Meyer
2014, 109-115.

Borchardt 1920, 9; Winter 2013, 532.

one in the British Library in London (Ms. Or 14270)
which is available online, see http://qdl.qa/en/
archive/81055/vdc_100023698323.0x000001 (vis-
ited on 23/05/2018), dated 12th October 1292, and
the other in the Bibliotheque nationale de France in
Paris (Ms. 2468); cf. Wiedemann and Hauser 1915,
25-29.
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™ I

Fig. 14 3-D scan of a fragment

of a Hellenistic water clock.

is poorly published, and the only thorough study by Borchardt dates from nearly a hun-
dred years ago. His approach — to order exact plaster copies for his study — was exemplary
for his time.

Nevertheless, modern technology offers a multitude of possibilities to more thor-
oughly investigate this precise ancient measurement device. Three-dimensional scans
offer a unique opportunity to examine the preserved remains with unprecedented pre-
cision. Instead of approximated measurements and reconstructed values, these scans
(Fig. 14) allow an exact analysis of these vessels shaped like truncated cones or bowls,
and of their scale systems.

Based on these data, reliable statements can be made for the first time about the ac-
curacy, variety, and development of ancient water clocks. The examination of this mate-
rial has for too long been restricted to the issue of accuracy, as the aforementioned quote
from Pliny the Elder demonstrates. Egypt played a unique role in the invention, use, and
transmission of clocks and time measurement in general; this is why a broader approach
is needed. Instead of focusing solely on accuracy, future research must also consider the
context of time measurement, the application of the measuring instruments, and the
preconditions for their development. Only then, can we adequately appreciate the level
of accuracy achieved and the importance of the measuring instruments in their relevant

contexts, as well as their influence on the further development of the clock.
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