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ABSTRACT
The Water Supplies and Related Structures of Roman Britain

Alfonso BURGERS

Thesis submitted for the degree of Doctor of Philosophy, University
of Leicester, August 1997

Information is provided on the remains of aqueducts, wells, Roman
baths, drains, pipes, springs and tanks, from 807 sites in Roman
Britain (fortresses, forts, towns, small towns, settlements and
villas). The introduction of running water supplies and baths had
considerable social implications, for urban and rural communities.
Aqueducts are the most intensively researched water-related structure
of Roman date; evidence from Britain 1s presented 1in detail.
Particular attention focuses on unresolved structural problems
(Leicester, Lincoln). Wells were also important for water supply at
all site types, especially for domestic use; possible religious
aspects are also discussed. The layout of bath buildings is reviewed,
and the provision of drains and sewers. Distributions of all the
various water-related structures, based on the archaeological record,
are evaluated. Several points emerge from this analysis, 1.e. a
number of settlements should be reclassified based on their
possession of public baths or running water supplies.

Generally, these systems are poorly understood, partly through
concentration of past fieldwork on monumental and domestic structures
(areas outside buildings have rarely been investigated in detail).
Britain’s high annual rainfall has tended to diminish the importance
attached by scholars to water-related features. There has been a
general reluctance to discuss water supply and baths in studies of
urban and villa development. These factors have tended to obscure
their relevance both socially and technically, resulting in a lack of
appreciation of the complexities surrounding water supply. An attempt
is made to quantify the labour organisation and costs of well and
aqueduct construction, to show the impressive scale of some Romano-
British ventures.

It 1is concluded that water-related features are gdgenerally under-
represented in the archaeological record, compared to the number of
known sites. This can only be corrected by considerable additional
fieldwork and re-evaluation of existing information.
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CHAPTER 1.
THE BACKGROUND: HISTORICAL CONTEXT OF WATER SUPPLY

1. INTRODUCTION

With the introduction of aqueducts to Rome in the late 4th century BC
the Romans had developed a desire to have unpolluted water for
drinking and domestic use. As the empire expanded, water supply was
given a high priority wherever the Romans established themselves. The
Roman army introduced into the new province of Roman Britain
organized water supply at their fortresses and forts. Where towns and
new settlements developed under Roman rule, organized water supplies
were also introduced. Amongst the many remains of structures that
have been found in Britain dating to the Romano-British period,
aqueducts, wells and baths are common in the archaeological record.
These were features which were either new to Britons following the

conquest or which were constructed on a wider scale than hitherto.

Organization of water supply is of course fundamental to all human
settlement but improvements on nature, especially when water
engineering is involved, constitutes a characteristic of
civilization. The improvement of water supply must be one of the
basic means developed by man to enhance the quality of life. Baths
and bathing derive their origin from the ability of man to bring
water to their homes or to specially constructed public bathing

facilities.

2. OBJECTIVES
In this thesis I shall bring together much of the available evidence
from the archaeological record for Roman Britain on water-related
features and discuss the possible impact they had on British society.
The thesis 1is also about the mechanics of water provision and
drainage, and their distribution at Romano-British sites. It also
seeks to address the social and economic impact of water supply and
its use. In the discussion I shall look at:

1. the sites where water-related structures have been found;

2. the type of water-related structures;

3. the inter-dependence of these structures upon each other;

4. the distributions of different water-related features at

different categories of sites.



Arising out of this information some questions are relevant, such as:

(a) how reliable are the data?

(b) how representative are the data for all the Romano-British
sites known from the archaeological record?

(c) are current interpretations of some of the Romano-British
aqueducts and wells acceptable?

(d) how to reconcile older and more recent excavation reports
on water-related structures such as agqueducts, baths and
wells?

(e) what is the relevance of water supply to a community?

This thesis will not give detailed descriptions of each site or
structure associated with water supply, rather it will examine
broader problems related to the water supply systems. I shall discuss
the wider social implications associated with the provision of the
facility, its administration, financial implications and maintenance.
The site categories used in the database are legionary fortresses,
forts, fortlets, and chartered towns (municipia and coloniae),
civitates, small towns, settlements and villas. There are
definitional problems with the latter three categories which I shall
discuss in chapter 2. The categories of water-related structures
recognized for the Romano-British period are aqueducts, baths, wells,

waterpipes, drains, sewers, springs and tanks.

This thesis owes its genesis to a short research visit I made in 1993
to the Ashmolean library to collate information on the water-related
structures of Roman Britain. I soon realized there was a much larger
project to be done gathering widely scattered information from the
existing archaeological record, and developing a new framework for
its analysis. Three months research then turned into a three year

project.

The hope is to have the database published in a gazetteer format to
provide easy reference to the data set on the water-related
structures of Roman Britain. Although the database is not claimed to
be a complete collection of all available data on such structures, it

is considered that most of the known ones have been included.



3. DATABASE

The database is effectively a large gazetteer of the data on the
remains of water-related features at Romano-British sites I have been
able to trace in the archaeological record. I have to date assembled
a database of more than 800 archaeological sites from many records
dating from the 17th to the 20th centuries. It 1is not claimed that
all the available water-related sites have been processed. The

structure of the database is discussed in detail in Chapter 2.

Problems arose over the definitions of some categories of sites and
water-related features, such as:

1. sSite types - for instance, how to categorize small towns,
settlements and villas. Scholarship is generally not 1in agreement
with the category of some sites, mainly because of definitional
problems of those sites. I shall discuss some aspects of these
problems in Chapter 2. For fortresses, forts and fortlets, there
seems to be reasonable agreement. Large towns such as the four
chartered towns of coloniae and two agreed municipia seem straight-
forward. Some civitates were larger than others, but these do not
seem to present problems of category either. Since John Wacher's
seminal book The Towns of Roman Britain appeared in 1974, there has
been an intense debate on how to define settlements, towns, and
particularly “small towns’. In the papers from a 1992 conference on
Romano-British small towns almost every author refers to the lack of
acceptable definitions.? The authors analyse their development,
morphology, function and the economic implications surrounding their
activities in both the agricultural and non-agricultural fields, and
what the social and religious implications were for the communities.
Water supply does not seem to form part of the discussions of the
development or morphology of the settlements. Burnham and Wacher, in
the first five chapters of their book on “small towns’, discuss the
above aspects of towns, but have little to report on water supply or
wells. As an example, Neatham is shown to have had no less than
eleven wells, but despite the fact that there were so many wells for
the single community, there is negligible discussion on the water
supply of the site (1990, 264-9, 272).

1 Brown (ed.) 1995. It is striking how the nineteen authors of articles agree on the
lack of a definition, but that they turn up with almost as many definitions as there
are authors.



2. Data types:

2a. Aqueducts, for instance, were éonstructed in or with different
materials and the archaeological record is not always clear what was
the form of the aqueduct. Uncertainty often exists whether a stone
channel was, in fact, the aqueduct or whether it only carried a
wooden or some other pipe. Aqueducts usually originate from outside
the most commonly excavated area of a site, providing obvious
inequalities in the evidence.

2b. Baths varied tremendously in size, both at legionary forts, at
forts, at towns, settlements and villas. The functions of small baths
were different to those of public baths. Often the presence of baths
is only inferred from token evidence.

2c. Wells were used for water supply, but also served as features for
cult purposes. Sometimes they are referred to as shafts, and it is
not always clear in what context, whether for water supply, ritual
purposes, or for production of lime, or some other use. When wells
have been excavated they have often been recorded primarily for the
small finds found in them.

2d. Drains and sewers are often confused with each other.

2e. Tanks are sometimes only inferred from a base that has been
identified.

These are problems which revealed themselves as the database was
assembled. The definitions of categories of both sites and water-
related features will be looked at in greater detail in Chapter 2,

and where relevant, in the chapter for each site or feature type.

4. WATER SUPPLY
The different types of water-related features will be presented in a
series of chapters: agueducts and springs (Chapter 3), wells and rain

water catchment (Chapter 4), baths, drains and sewers (Chapter 5).

4.1 Chronology.

Water supplies from antiquity came in a variety of forms. The
earliest forms of water sources were likely to have been springs as
there is a body of evidence relating to sacred springs. Later, people
constructed wells, aqueducts, dams and the so-called dew-ponds. Man-
made drainage and sewer systems are known from the classical period.
In some settlements, and in towns, drainage and sewers formed part of
a system to remove excess water from a continuously running water
supply brought in by aqueducts and to remove human and animal waste

products.



Man-made wells was also an early form of water supply, as for
instance, in the book of Genesis? it is mentioned that Abraham dug
wells (c. 3000 BC), or the religious wells from the Indus
civilization® about 2500 BC. Water was also piped by conduit from
adits in the side of mountains for considerable distances from as
early as the later Bronze Age.4 The palace-temples of the Bronze Age
such as at Knossos, Phaistos and Mallia and the palace of Nestor,
developed elaborate water supply and drainage distribution systems.®
At the Island of Samos, Herodotus informs us that a tunnel-aqueduct
water supply was constructed through Mount Kastro during the reign of
the tyrant Polycrates in the early part of the 6th century BC.® In
other instances tunnels were dug to allow water to be brought to a

city by water carriers.

There are many remains of magnificent aqueducts built by the Greeks
dating from the 7th to the 4th centuries BC (Crouch 1993, 43) and by
the Romans (Winslow 1963, 171-6) dating from the 4th century BC
through into the 4th century AD (Hodge 1992, 92). Many of these Greek
and Roman remains have become national monuments in the modern
countries where they are situated. Yet, modern scholarship gives
scant discussion of water supply systems dating from the pre-Roman
and Roman periods in Britain, probably because none of the Romano-
British aqueducts incorporated 1large bridge structures as found

elsewhere.

Water is a prime social need and the search for water supplies must
have been of great importance to ancient communities, both during the
prehistoric period and later. Food could be obtained from remote
sources, but in antiquity water was obtained nearly always from local
sources such as a nearby stream, a spring, or from a purposely sunk
well (Clark 1944, 1; 1957, 152-8). There are several reported cases
from the Bronze Age of spring-heads being specially adapted for ease
of obtaining water and these would appear to have often developed as
religious shrines. A possible Neolithic site was recently found at

Abercynafon, Wales, by a local forest ranger.’

2 Genesis 21.15, 26.15, 21.18-21. Abraham had wells dug in the Negev desert and so did
his son Isaac, who had reopened the wells which were destroyed by the Philistines.

3 Mackay 1935, 40-2, 55-8, 85.
4 Bromehead 1942, 183-96.

5 Mathioulakis 1966, 32.

6 Castleden 1994, 23.

7 Report prepared for the open day of the Clwyd Powys Archaeological Trust, in
conjunction with other interested groups held during the summer of 1995. In a personal
letter to me Dr. Caroline Earwood, the leader of the excavation team has indicated



Manley comments that prehistoric hillforts in Britain did not have a
natural water supply, but that it was most 1likely that clay-lined
ponds within the forts must have been used as cisterns to collect
rainfall (1989, 121). Such a supply, he says, would have been
supplemented by human or animal carriers with water transported from
springs or rivers in pottery vessels or leather containers. Although
this seems to be the most feasible explanation from studies of
detailed excavation reports of hillforts, there are reports of wells

and shafts from the pre-Roman period (see wells, chapter 4).

A number of hillforts around Britain have been identified as having
Neolithic origins. Examples are at Crickley Hill (Dixon 1994),
Gloucestershire (S0-32-927161 - on the Cotswold scarp), dating from
the Neolithic to Bronze Age; Breiddin Hillfort (Musson 1991),
Montgomeryshire (SJ-33-292114), with evidence of habitation from the
Neolithic to Late Bronze Age, and Danebury (Cunliffe 1995, 91)¢,
Hampshire (SU-41-323376). Each of these sites had water supplies some
distance away from the hillforts themselves and it seems certain that
water was carried either from spring or pond or river sources. In the
case of Breiddin Hillfort, the pond appeared to have become overgrown
with flora over a long period and a cistern was constructed later
during the Late Iron Age, probably between 300 and 200 BC (Musson
1991, 89). Some of these pre-Roman hillfort inhabitants migrated down
to the valleys to work the land where water also was more abundant.
By the time the Romans arrived there were already many established

British settlements all over Britain.

At their third attempt in AD 43 the Romans obtained a foothold in
South East England. There is a growing perception that far from
seeing the invasion just as conquest, some of the southern tribes of
Britain welcomed the invader for protection against aggressive
neighbours. The Romans also introduced order and stability to the
region, a local form of Pax Romana. They also introduced expertise in
architecture and engineering construction of buildings, (especially

baths), roads, bridges, aqueducts and wells. Among all the real or

that the findings will not be completed for a few years as they are having extensive
dendrochronology tests done on wood recovered from the site. Letter to A Burgers from
Dr Caroline Earwood, dated 5 February 1996. Another example is the Budsene spring on
the Danish island of Moen which was enclosed in a hollow alder wood (Brondsted 1958,
2.202). The figure shows the tree trunk which was inserted into the springhead, and
also the relics which were deposited by worshippers of the spring goddess.

8 Dating from pottery indicators were from before the 4th century BC, but it is
thought that habitation might have been from the Neolithic period, though the main
activity dated to the 4th ¢ BC and later.



supposed ‘benefits’ that the Romans brought to the Britons, the
improvements in the provision of water must have ranked high. Yet
water provision at Romano-British sites has not received the
attention it warrants. Richmond (1968, 2.87) said that "in the
literature it is one of the necessities of life so much taken for

granted as to be little mentioned".

The native British must have been profoundly intrigued by the Roman
baths which were constructed in the wake of the conquest. It would
appear from recent literature that they came to accept bathing as a
norm, because from about the mid 2nd century many British towns,
settlements and villas seemed to have included bath complexes. The
cult of the bath was probably one of the most significant non-

political aspects of the so-called romanization of the Britons.

At some stage after the conquest the Britons were introduced to Roman
features such as aqueducts for obtaining water for their towns and to
bathing. Suddenly to be confronted with this foreign concept of
having water wvirtually on-the-tap must have been something of a
culture shock. The profound effect that the provision of running
water for domestic use could have had on such prehistoric societies
has been observed time and time again during modern colonization.
Whether or not individual Britons had access themseves to such
supplies, water supply was no doubt viewed as a symbol of Roman
power. Both colonial powers, Britain and France, having occupied many
African and Far Eastern countries for economic and political reasons
during the 1late 19th and early 20th centuries, made attempts to
improve the lot of the indigenous inhabitants of their new colonies.
Provision of running water for these people was a prime facility that
was introduced, often accompanied by celebrations on the part of the

9

recipients.’” The same may well have applied to the indigenous British

when they were provided with improved water supplies.

The Iron Age nucleated communities assimilated a new cultural
awareness under Roman rule. New settlements developed as Roman style
towns along main roads and military communication routes.'® The

Romans built or encouraged the construction of houses, streets,

9 I was involved with a project through my firm working for a municipality in the Cape
Province of South Africa, drilling for water in a remote rural area in order to
provide drinking water to the African community. When the scheme was completed and
communal water points laid on in the area, celebrations lasted for a week to thank the
Inkosis for this wonderful gift.

10 Frances Condron provides an extensive bibliography in her PhD thesis, 1996, on the
development of settlements and towns in Britain after the Roman invasion.



hospitals, granaries and roads. Drainage systems were also provided,
sometimes in the form of elaborate éewers, as at legionary fortresses
such as at York (Whitwell 1974, 4 and Fig.2.), Exeter (Bidwell 1980,
32 Fig.18) and Caerleon (Boon 1972, 25 and Fig.10) and at the Roman
colonia at Lincoln (Wacher 1995, 138, and my Fig.3.9), and at
Colchester. Impressive public buildings were erected - fora, temples,
theatres - and abundent water provided - aqueducts, wells, baths and

1 Dams were also constructed in some locations.

fountains.
The data collected in this thesis, although biased towards water-
related structures, show that for four centuries from the conquest
period onwards, the British landscape was transformed as fortresses,
forts and chartered towns were built by the Romans, and the Britons
transformed their settlements into towns and villas with these
facilities, which improved the quality of life. For the Britons it
was especially a stage of improvement from their own more primitive
type wattle and daub huts. Although some of the earlier structures
were built with timber, during the 2nd century most of those
structures were replaced with stone-built buildings, both in forts,
towns, other settlements and villas. The indigenous British had
little or no prior experience of many of these facilities. It can
only be guessed at how the Britons responded to these new 1living
conditions and how improved availability of water supply impressed

itself on the people.

The provision of water supplies was an important aspect of the new
material culture for the Britons. The data shows that many towns,
settlements and villas acquired water supplies to support large
communities. However, based on the archaeological record, there are
still many sites which do not show any remains of these facilities.
Can one conjecture from the data available that all or most of the
forts, towns, settlements and villas actually had these water-related
structures, but that they simply have not been found, or that they
have been destroyed during the passage of time? From the excavation
reports of many sites I gain the impression that many more excavated
sites than are indicated in my database, in fact, did have water-
related features. Comparing descriptions of sites (stratigraphy,
materials, smallfinds) where no water-related features have been
explicitly recorded with sites where they have, it seems likely that
many of the former group could also have had aqueducts, wells and
baths.

11 wWacher 1995, 2nd ed., (1974); Burnham & Wacher 1990; Brown (ed), 1995; Smith 1987.



4.2 Roman Britain.

In Britain, aqueducts were often of the 1leat type, a specially
designed ditch dug along contours of uneven ground from a source to
the delivery point. Examples are the leats at Dorchester (Dorset),
Great Chesters, Winchester and Wroxeter. At Lanchester three
aqueducts of the stone channel type served the fort, constructed
along contours of the land between the source and fort. Elsewhere
wooden pipes were used. At Chester (Hanson 1970, 185) and at Lincoln
(Lindum) (Thompson 1954) earthenware pipe-lines were constructed as
the water supplies. At York the suggestion is that it may have been
supplied with a lead pipe encased in concrete (Hanson 1970, 192).
Both wells and shallow tanks also were important water supplies
during Romano-British times and they were probably the most important

forms of water supply for most communities.

I think that much of the evidence pertaining to the ancient water
supplies in Britain has become lost through a combination of lack of
interest, natural decay and the activities of industrial and property
development during and after the industrial revolution.
Circumstantial evidence seems to indicate that water supply in the
form of wells and aqueducts were much more common than present
excavation evidence would suggest for forts, towns, settlements and

villas.

5. DISTRIBUTION OF WATER-RELATED FEATURES
In Chapter 2 I shall define the types of sites and structures as I
intend to use them in the thesis. In Chapters 3, 4 and 5 the evidence
of the database will be presented giving the information on which an
assessment can be made of the features and their distributions. Then
in Chapter 6 I shall look at the distributions of both sites and the
features found at them. The issues that will be addressed will be:
a) the geographical distribution of site types;
b) the distribution of features at different site types;
c) the distribution of types of features within a site;
d) the assessment of the evidence of a-c;
e) the problem of who paid for the amenities which were
provided to forts and to other communities;
f) the aspirations of private benefactors and those who sought
public office within a community.
To assess the evidence given in Chapters 3, 4 and 5 the issues listed

above will be considered as will the associations between the site



types, their distributions and the different categories of water-
related structures. The tables and. distribution figures show that
there are patterns in the distribution of site types across the
country with water-related structures, but that at some sites where
there is an expectation of particular features, they are absent. The
question is, why? In particular, why would a site have an aqueduct,
and/or wells, but no bath? Conversely, why will a site have a bath
complex but no water supply? In part at least this must be due to
lacunae in our archaeological knowledge, but some of the gaps may be
genuine incongruities. The remains of some water-related features in
older excavation reports, are often susceptible to new
interpretations, for example the Dorchester Roman aqueduct. There are
other instances, such as the problem of the water supply for the fort
at Housesteads. Many indications within the fort suggest that it must
have had a running water supply. Why is there not even the smallest
physical evidence to indicate that there was such an aqueduct?
Similarly, the aqueducts at both Chester and Lincoln leave many
unanswered questions about how they functioned. Similarly there are
divergent interpretations as to the functions of certain deep
wells/shafts: were they dug as water supplies or for ritual purposes,
or did they function as one and reverted to the other at a later
date? Why did some settlements or villas (usually not large
communities) have an unusually large number of wells, such as the
settlement at Stonea Grange with 13 wells, the villas at Stanwick
with 12 and Thetford with 10? At the small town of Tiddington 14
wells are recorded and the fort at Derby had 6 wells. These numbers
are not the norm for recorded water-related features when compared
with most of the other sites. I shall discuss these questions, but

answers to them are not obvious.

An important question to consider is, why are there these disparate

distributions amongst similar site types?

6. SOCIAL CONTEXTS

6.1 The Romanization debate.

The so-called romanization of conquered peoples by the Romans is
complex. It is my belief that there was some intention by them to
influence the material culture of the conquered people. It may have
been more successful in Italy itself or even parts of Gaul, but
whether romanization of the British was as successful is debatable. I
do not want to enter into a profound discussion of the romanization

process, but will consider in Chapter 7 Burnham's comment on the
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subject of water provision of water related features in this regard
(1995, 121). The native British ekperienced many new things under
Roman rule - new ways of construction, changes 1in domestic
architecture, the provision of major buildings such as fora,
basilicas, amphitheatres and running water supplies. The perception
of the power motive could not have escaped the Britons, but did it
romanize them? Even before towns or villas were built many Britons
would have come into contact with the new way the Romans built their
forts and with the amenities they provided for themselves. I shall

examine this aspect in relation to water supply and baths.

6.2. Organization and administration of water supplies.

There is no extant literature from antiquity to inform or guide us on
the topic of water supply administration, or of any of the other
public structures, in Britain.!? It would appear that during the
early 2nd century and the 3rd century the people of Britain
experienced prosperity and wealth, and tremendous expenditure took
place on construction of buildings, housing, water supplies, baths
and other amenities. Places 1like Dorchester, Leicester, Lincoln,
London, Silchester, Wroxeter, York, and many other British towns grew
in population, and with the wealth that accompanied this growth,
these centres embarked on extravagent building projects such as
temples, fora, public baths and amphitheatres, and water supplies.
How successful was this extravagance? Were the tribal authorities
able to sustain this progress? How long did it 1last? Did urban
development costs exceed the available wealth? To what exXtent was
provision of running water a contributing factor? I shall 1look at
these problems (in chapter 7) as they affected the water related

features in Roman Britain.

For an understanding of the Roman approach to the decision-making
processes for the construction of new amenities or how they were
subsequently constructed and administered, it is necessary to look at
how the Romans set about creating their major towns and also the
civitates for the 1local tribes (in Chapters 2 & 7). This process
seemed to have had its beginnings already before the invasions of
Julius Caesar, with increasing trade between Britain and Gaul

(Liveridge 1973, 3)”. An important question is whether there was an

12 The best ancient evidence relates to Rome: Vitruvious and Frontinus. Also,
translation by Evans H B, 1994: Water Distribution in Ancient Rome, The Evidence of
Frontinus, 13-52

13 Julius Caesar invaded Britain during 55 and 54 BC in two separate expeditions. A
number of scholars have written on the subject, such as Bruun (1981), Ward-Perkins
(1970, 1-19), MacMullen (1974), Duncan-Jdones (1974 and 1990), and others.
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intention to control spending by the civitates? The complex problem

of who paid for public spending wili be discussed in Chapter 7.

6.3. Cost and maintenance issues. Case studies.

There is no indication in the ancient 1literature for the costs of
structures in Roman Britain. However there are some statistics of
costs of structures from elsewhere in the Empire and, through two
case studies, an aqueduct leat and a well, I shall arrive at some
order of cost for such structures. Such studies have certain
limitations as we have to make many assumptions about conditions
existing in Britain at the time, of which we have no actual evidence.
We can use some labour costs that are known for services such as
agriculture or the army, and the quoted or estimated costs of

structures from antiquity.

The performance of service structures is always problematic and their
efficiency 1is generally directly proporticonal to their regular
maintenance. This applies now as it must have done in antiquity.
Funding for maintenance purposes in antiquity is difficult to assess,
but that the need was there and provision made cannot be disputed.
Pliny the Younger, in his letters to Trajan, several times draws the
Emperor's attention to the need for the maintenance and repairs of
structures that had deteriorated during service, or had gone wrong
during construction, or after a period of negligence, and that
additional funding would be required.' From the archaeological
evidence some assessment can be made of what maintenance was likely

to have been carried out and will be discussed in Chapter 7.

6.4 Religious aspects.

Water in antiquity had far wider implications than its use for
drinking, bathing and other domestic or industrial uses. Religious
ritual also played an important part in the interaction with water
supply, especially at spring sources. In Celtic religion the
importance of water is indicated by the representation of river gods
such as the Tyne river god found at Chesters and a sculpture of the

Tamesis river god discovered at the mithraeum of London (Jones and

14 Gaius Plinius Caecilius Secundus, Pliny the Younger, AD 72?-113?: Pliny, Letters
and Panegyricus, in two volumes, tr. by Betty Radice, Loeb Classical Library, 1972,
(1969), letters 37, 38, 39, 40,41, 42, 61,62, 90,91, 98 & 99. All these letters refer
to some technical problem related to water or construction and the finances for the
projects. It would appear in the case of the province of Bithynia Trajan had given
Pliny the authority to allocate funds for spending on construction projects without
reference to a higher authority.
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Mattingly 1990, 264). An important Celtic water-related goddess of
the sacred well found at Carrawburgh; is that of the nymph Coventina,
also found elsewhere in Britain (Allason-Jones & McKay 1985), another
indication of the importance of water in the Celtic religion. There
were a number of spring sources in Britain which were modified to
include a well and were ornamented with temples and altars. Often
these religious sgpring sites had a Celtic background, but, true to

the Roman ethos, they romanized a number of these.

Springs, rivers and wells were associated with Celtic religious
functions and became focal points for their cult practice and ritual
long before the coming of Rome. The pre-Roman Celtic Britons appear
to have adopted the concept of the sacred well similar to their
Gallic counterparts. Together with its religious function, the well
also would have served the purpose of providing the community with
water and some of the early wells were probably dug by these early

Britons.

Rivers were important because they were associated 1in Celtic
tradition with fertility and with deities such as the divine mothers
and sacred bulls. The Celtic mother-goddesses, who frequently also
functioned in the role of war-goddesses and prognostication
(foretelling the future), have wide association with water (Ross
1967, 20). There was a connection with fertility which could be
likened to the life-giving powers of water and this was exemplified
in the naming of rivers after goddesses. In Gaul there are several
rivers so named, as for example the river Marne, which derived its
name from “Matrona', or ‘Divine Mother',6 probably because at one time
there was a cult legend associating the mother with the river (Ross
1967, 20). Ross reports that "in 1963, some 140 carvings of a cult
nature in wood were recovered from the marshes at the source of the
river Seine... This find adds weight both to the importance to the
Celts of sanctuaries associated with the sources of rivers and to the
association of the human head with sacred springs" (1967, n.2, p.21).
Ross reports other cult object finds found in rivers and at springs.
Some finds 1in rivers are images of deities which probably were
related to the cult practices, but others are often ordinary items
like swords and Celtic metal artifacts. Although Jane Webster
indicates that one has to be careful in the interpretation of
evidence of early finds used for cult practices (1996, 1, 5), there
seems to be no reason wholly to abandon the conventional view of the

religious associations of water in Celtic society.
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In Britain a similar pattern is fouhd in the naming of rivers after
goddesses (Rivet and Smith 1979, 22-47, such as the river Dee, the
“holy one”, or Celtic Deva “the goddess” (22), the river Clyde after
the Celtic Clota name the *“washer, the strongly flowing one” (45), the
Severn (Sabrina) (457), and both the Braint from Anglesey and the
Brent of Middlesex from #“Brigantia” a river goddess (278-9). The
archaeoclogical evidence for temples at sources of rivers in Britain
is lacking, but Rogss says that "the siting of the Lydney temple makes
it clear that the wide estuary of the Severn (Sabrina) was of first
importance, while the actual cult objects recovered from the temple
to the god Nodons strengthens the connection between the cult and the
water itself" (Ross 1967, 22). There are other shrines associated
with aquatic cults in the region of the Severn estuary and adjacent

areas (p.22).

There is other direct evidence for the cult of wells, pools and lakes
in the British isles. From Europe the two prime examples for the
veneration of lakes come from the La Téne phase of Celtic culture
found in Lake Neuchédtel. Strabo, quoting Posidonus, reported "that
the treasure found at Toulouse...and part in the sacred lakes...",
seems to indicate that there was a practice of using the 1lake at
Toulouse as a cult centre. (Strabo IV,I,13: Tierney, 262). Fox (1946)
reports that Celtic metalwork was found in the small lake Llyn Cerrig
Bach, in Anglesey, and that the manner in which it was deposited
strongly suggests a ritual deposit (Ross 1967, 24). Fox (1958) also
reports discovery of “the finest pieces of La Tene art in rivers,
such as the Witham in Lincolnshire and the Thames...and the most
likely reason for their presence here is...of the placing of precious
objects in water for religious purposes" (Ross 1967, 24). On the
evidence quoted above it seems clear that early religious practices
were important in pre-Roman times, but in view of the comments by
Webster it would seem that a new assessment of the original

interpretations is necessary.

It would seem that the Celtic religion was highly developed amongst
Britons at the time of the Roman conquest. The Romans, in the
tradition of romanization, also influenced the Celtic religion, often

naming the gods and goddesses of the Celts after their own.
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7. CONCLUSION

In the chapters that are to follow Ilshall look closer at the aspects
that have been presented above. I outline the methodology of
collecting and collating the material. I shall discuss some problems,
issues and gquestions that have emerged from my study of the
archaeological data. A simplified presentation of the database
material will be given. The main gazetteer database is incorporated
in summary form in Appendix 2. An attempt will be made to establish
patterns of water facilities and how much can be gleaned from the
analysis of this data. The extent to which the provision of water
facilities contributed to the romanization of the British and the
success of that provision will be discussed. Finally, there will be a
concluding section reviewing the analysis that has been presented

with some comments on possible future research.
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CHAPTER 2.
METHODOLOGY, DATABASE, ROMAN HYDRAULIC ENGINEERING
IN ANCIENT TEXTS

1. GENERAL

After trying several databases, Microsoft ACCESS version 2.0 was
adopted for creating a database and the other type tables to record
the information on water-related structures from the archaeological

record of Roman Britain.

2. PURPOSE OF THE DATABASE

There 1s no comprehensive gazetteer summarizing the available
material on water-related structures for Roman Britain for easy
reference.! For this reason I have produced a gazetteer database of

information on water-related features at Romano-British sites.

The information used in the database covers archaeological remains
reported in many sources and includes sites reported up to the end of
1995. An attempt has been made to cover most of the available reports
on Roman water type structures, but inevitably some publications
might have been overlooked. A primary motive for the research
presented here has been the need to bring together information spread
out in many publications. Also important in the study is the inter-
relationship of the various features, and their significance in the
romanization process, and in their social and religious contexts. The
data can never be complete as new excavated sites are continually
reported in the 1literature and a vast number of sites remains

unpublished.

3. DATA COLLECTION

The most important previous work on water supply and drainage in
Roman Britain is the unpublished thesis?® of Julie Hanson, which
summarizes data available up to 1970. She discussed in detail aspects
of aqueduct types, the types of channel and piping used and some

details about the sites. Her primary purpose was to look at the known

1 At the present time there is no comprehensive summary for the water supplies of the
empire or even for the various provinces, though one may note the work of Gsell (1902)
and Birebent (1962), both for Algeria in North Africa. Research is currently in
progress to summarize information on water supplies for the Mediterranean area. The
Germans have done some work in collation of water supplies through the Frontinus-
Gesellschaft in three volumes Die Wasserversorging antiker Stadte edited by Garbrecht
et al, 1986, 1987, 1988. For this reason I have produced a gazetteer type database of
information on water supply features at Romano-British sites.

2 Hanson 1970, PhD Thesis, submitted to the University of London, Faculty of Arts.
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aqueduct water supplies for military and town sites, and inevitably
there are some omissions in her wbrk and in the 1light of recent
investigations and new excavations, her discussion of many sites
requires updating. Not all the sites she discussed had remains of
aqueducts, but because of other <circumstantial evidence she

conjectured that such sites may have had an aqueduct-type water

supply.

Stephens discussed sites with civic and military aqueducts in his two

1985 papers,3

but he did not go into the sort of detail that Hanson
covered. Both authors in a few instances make comments on technical
detail that require some re-interpretation, which I shall attempt to

do in the sections of this thesis where it is appropriate.

The features discussed by Hanson and Stephens are summarized in
Tables 2.la and 2.1b as follows:

Table 2.la: Water supply features cited by Hanson®

Total record entries: 76
Number of sites entered twice*: -9
One site entered 3 times**: -2
Actual number of sites: 65

* different periods, or once for fort and once for town.

** Corbridge i) Flavian, ii) Severan, iii) 4th century

Distribution of water supply features:

AQ BA' wp** SP TA
Military: (certain/conjectured) 29/13 13/- 22/2 6/1 8/-
Towns (+1 villa): 12/6 7/- 13/~ 6/2 1/-
Total: 41/19 20/- 35/2 12/3 9/-

AQ = agueduct; BA = baths; WP = waterpipe; SP = spring; TA = tank.
* 5 baths were reported as being external to the forts.

** 7 of the pipes shown by collar remains within forts were conjectured to indicate

that forts had agqueducts.

Table 2.1lb: Aqueduct features cited by Stephens5

Military: 55
Civil: 31
Total: 86

3 Stephens 1985a, 197-207; 1985b, 216-36.
4 Hanson 1970, 358-74.
5 Stephens 1985a, 197-207; 1985b, 216-36.
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For comparison, I have recorded a total of 135 sites with aqueducts
(see Chapter 6, Table 6.1). Neither of these two authors dealt with
the wider range of archaeological sites with water-related features

that have been reported on during the past 200 years.

I have collated information on water-related structures for 7 types
of sites. Military sites are divided into fortresses, forts and
fortlets. This evidence includes agqueducts (with a variety of conduit
types), Roman baths, wells, and cisterns or tanks. The presence of
baths would generally indicate the probable existence of a reasonably
effective water supply, either of wells or aqueducts or a water
source such as a spring or clean stream close to the site. Smaller
baths, such as found in or near forts and in settlements and villas
could have been provided with water from wells, or some other source,
by soldiers or slaves carrying water to the baths. Baths are
generally reported in detail in structural terms, but for some reason

their water supply has not often been investigated or commented on.

In the next section, the typology of water-related features and the

typology of sites are defined for the purpose of this thesis.

4. DATABASE RECORDING

The procedure used for compiling the database was to record
information obtained from the libraries for each site on index cards
with as many bibliographic references as possible, and then to

transfer it to a computer database.

The types of sites are given in the records of the ‘site type’
field®. The database consists of fourteen fields as follows:

Field one: site name

Field two: site type

Field three: Roman name (where known)

Field four: eastings, and

Field five: northings, in International Grid format

Field six: location, in National Grid format

Fields seven to fourteen give the following eight data types:

aqueduct, bath, well, drain, pipe, spring, tank and sewer.

6 The database table was originally headed by fifteen fields of which the last eight
represents the actual typological features data. The 7th field was the ‘Reference’
memo field, but the large size of each memo record made it impractical to handle
within a database, and was transfered as a table to Appendix 2.
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The initial two fields provide the site name and category of site
(for simplicity I defined nine types: fortress, fort, fortlet,
colonia, municipium, civitas capital, small town, settlement and
villa). Field three gives a Roman name for the site name where it is
known. The fourth and fifth fields give the location of each site in
the International Grid format in terms o¢f the ‘easting’ and
‘northing’ coordinates based on 100km (100,000m) grids. The sixth
field provides the location for each recorded site using the Ordnance
Survey National Grid system for Britain, with the two-letter notation
for each 100 square kilometre grid area. Fields seven to fourteen
give the water-related features of the database which represent the
archaeological remains discussed in the text. Query tables have also
been produced based on the database table which gives the location of
sites in the International Grid format based on eastings and
northings for 100km square grids. Plots have been produced showing
locations of sites for specific water-related feature types based on
the International Grid pattern. The database 1s presented in this
thesis as a series of specialized tables because the format is too
wide for all the fields to be given together in a single table. These
are divided into three basic divisions:

a) a single table (Appendix 1) gives all the data for the eight

types of water-related features;
b) the reference memo field is now given as a separate table
with each record headed by the site name (Appendix 2);
c) site names and types with their locations and the category

of feature under discussion, (Appendix 3);

One of the problems with the typological data was to decide what to
include without making it completely unwieldy. Originally it was my
intention to include the dates of the various structures in the
fields for each type of structure, but as the dates of so few of the
structures are known it was decided not to include it at this point.
Inclusion of a date field adjacent to each structural type would have
doubled the number of fields and would have made printing of
meaningful tables a difficult task. Date information is usually given
in the references of 2Appendix 2. The typology of water-related
features does not include agricultural drainage features and Fen-type

drainage.7

7 Areas such as Wentlooge Level (Gwent) show Roman expertise in this type of hydraulic
engineering. On Wentlooge Level, the Romans used many drains to lower the water table
in order to reclaim land which was affected not only by surface flooding, but also by
erosive attack from usually violent sea waveg. At Romney Great Wharf alone more than
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All reference material will be in Harvard format and details will be
given in the bibliography. I have added pertinent notes about some of
the water-related features for information and to clarify aspects
about them. Also, the three references CSIR and TIBRS and TIRCGLL®
always are given at the end of a reference record where they apply.
It is also to be noted that many of the references in the database
and the bibliography are dated in the last and previous centuries.
These authors give descriptions of structures which they have
actually seen or had first hand knowledge of and many of which may
have disappeared since. For many water-related features the older
references are the only ones that I could trace. However, early
archaeological reports often did not give sufficient details for the
precise location of sites or for features such as wells or aqueducts
at particular sites. Nevertheless the reports can provide visual
testimony of the existence of specific structures at sites where the

evidence is now lost.

The database provides a reasonably extensive sample of water-related
structures for the Romano-British period (Appendix 1). Many
references are included in the table of Appendix 2, and I have
endeavoured to make these as complete as possible. Where the
literature mentions that, for example, wells were found at a site,
they are indicated in the field as Wl+. Where the specific number is

given it would be indicated.

The inclusion of structures such as baths or piping or drains is
assumed to indicate the presence of some form of water supply by
implication. Large public baths would most likely have required some
form of constant running water supply such as an aqueduct. Baths in
some forts, villas or homes may have been small enough for them to
have been filled by water carriers. Many of the sites listed in the
database show only a bath or a drain or piping, without also showing
a water supply. It is to be inferred that such sites had some form of
a water supply source. A number of these may have had running water

supplies of which the structures are now no longer visible, or they

forty drainage ditches have been found and also protective dikes to protect the land
from the sea. Britannia 17, 1986, 91-117; 19, 1988, 191-2; 25, 1994, 175-211.

8 CSIR: Corpus Signorum Imperii: Great Britain (Oxford).
TIBRS: Tabula Imperii Romani: Britannia Septentrionalis.

TIRCGL: Tabula Imperii Romani: Condate-Glevum-Londinium-Lutetia.
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may have been filled from water in a tank or cistern, or water

carried from a well or spring.

Many sites mentioned in the literature have yielded items such as
hypocaust tiles, which could have originated from the hypocaust of a
bath, but since rooms other than baths were also heated, it cannot be
assumed every such tile would indicate the presence of a bath.
Although some such isolated tiles could have been part of a bath
complex, I have not included such sites in the database unless some
additional information indicates that it is warranted to assume that

the site had a bath.

It is also 1likely that many Roman settlements and towns had wells
which have not ©been found or recorded during archaeological
investigations. This could equally apply to other water-related
structures. Many archaeological excavations, especially of the last
30 years of rescue archaeolegy, remain unpublished and this
necessarily affects the completeness of the data set available for my
thesis. Where available, the more recent excavation reports, such as
at Colchester (Crummy 1984 Report 3 and 1992 Report 6) and Caerleon
(Zienkiewicz, et al, 1986), are more thorough in their descriptions

of features such as water supplies.

The database of archaeological sites used in this thesis is thus by
no means a complete gazetteer, representing a sample of excavated
Roman period sites which has provided evidence of water-related
structures. The reason for this limitation is that there is a dearth
of information about such structures at many other Romano-British
sites. For instance, study of the Nene valley, south-eastern England,
or the Cotswolds area, areas where there were numerous Roman period
settlements, reveals many details of water supply for some sites, but
there are many more which have shown none. This seems to apply
throughout Britain. The ’‘missing’ information was either not recorded
during excavations, because they had been completely destroyed
beforehand or the excavators were not particularly looking for that
category of structure, or of course, the site might genuinely not
have had water-related structures. One 1is 1led to the tentative
conclusion that the fairly extensive sample of sites in the database
could be a reasonable indicator that many, if not most, of the
remaining sites must have had access to water supplies that were
quantitatively or qualitatively different from the traditional

supplies used at the pre-Roman British settlements.
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What are the chances that the sites that had no record of having had
water structures, did in fact have them? I am conscious of my lack of
archaeological experience and of the problems involved during
excavation of sites. However I find myself asking whether
archaeologists have paid enough attention to those factors that allow
a community to thrive. There were so many factors which influenced
the location of settlements, whether it was to establish a fort, a
town or a villa. One constant factor must have been: could they
subsist at those sites, and for this the two prime requirements were
food and water. Defence was also important, but under Roman rule
defence was of less significance to the ‘new’ Briton and for them
their 1livelihoods and commercial prosperity became the motivating

forces.

Since water was vital to existence it can be assumed that they gave
it some priority in their planning. Scanning some of the standard
works on Roman Britain it is difficult to find the word ‘water’
mentioned and even more so ‘water supply’. This seems to indicate
some reluctance concerning this important social requirement and one
which would surely have demanded early attention when establishing a
household or a community. When reports do mention a well, for
instance, it might be merely to describe the small finds found in it,
with less concern about identifying the length of time the well may
have been in use. That the well in itself was of importance to that
site in its own right is usually ignored. This, it can be argued, may
account for the fact that many sites have been reported on and no
water-related structures recorded. It may also be because interest in
water or the technical aspects of what made a site viable as a place
to live at was outside the ken or interest of the investigating
archaeologist. It is possible that little attention has been given to
the details of the remains of aqueducts or wells in Britain precisely
because of the relative abundance of water in this country, leading
scholars to underestimate the significance of water supply. An
abundance of water in nature is not the same as a sufficiency on

site.
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5. TYPOLOGY OF WATER-RELATED FEATURES

The database presents information bon 807 archaeological sites and
data records of eight water-related features: aqueducts, baths,
wells, drains, pipes, tanks, springs and sewers. A brief definition

is given of each feature as it will be used in this thesis.

1. An aqueduct is any type of conduit which conveys water from a
source to a distribution tank (castellum divisorium).

2. Baths, a place for bathing. From the 1lst century BC they were
generally heated by a hypocaust system which warmed the floors

from underneath and walls built with flue pipes to heat the rooms,
and almost invariably had a hot room (caldarium), a tepid room
(trepidarium) and a cold room with plunge baths (frigidarium).

3. Wells were shafts sunk into a water-bearing layer (aquifer) of
permeable rock, gravel or sand, or to below the top of the water
table where ground is permanently saturated.

4. Drains consisted of ditches, stone- and wood-lined channels, and
occasionally pipes, to convey rainwater, water from baths, waste
material from kitchens and latrines, and stormwater along streets,
away from the buildings on a site.

5. Pipes were made of wood, lead, ceramic materials and stone.

6. Tanks were receptacles 1in which water was stored, wusually
constructed with stone and lined with mortar. It is 1likely that
there were also many wooden tanks, but these are 1less visgible
archaeologically.

7. Springs were sources of water which issued from the ground fed by
an aquifer in the form of a perched water table, usually along the
slopes of hills or mountains.

8. Sewers were stone-built structures, generally arched and usually
underground, which were conduits into which drains discharged waste
materials from kitchens, latrines, baths, and also rain water from

stormwater drains.

Each one of these features had particular characteristics, which were
often dependent on where they were situated on a site, and also on
the materials from which they were manufactured. A brief discussion

of each feature will be given below.
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5.1 Aqueducts

These consisted of the following tybes:

la. Leats: open ditches cut into soil or rock.

1b. Stone channels: usually lined with clay or lime-based mortar to
render them impermeable to seepage; on more elaborate aqueducts the
channel (specus) 1is usually an arched structure tall enough for
cleaning purposes, popular in the rest of the Empire; sometimes
they are covered with ashlar slabs. Another issue concerns whether
a stone channel was open, as at Lanchester, or covered.

lc. Wooden pipes: usually bound, with iron rings at joints. Wooden
pipes varied in length from about 1lm to 3.5m, with bores of about
50mm to 90mm diameter. The outside of one end was tapered so that
it could fit into an enlarged opening at the thick end of an
adjacent pipe, which was bound with an iron collar. These iron
collars are often the only remains which indicates the line of such
wooden pipes. Roger Wilson discusses the wide use of wooden pipes
as aqueducts, and in particular refers to them also being used in
inverted siphons (1996, 22).

l1d. Lead pipes: were either round, triangular, oval or pear shaped
(see Chapter 3, Fig.3.2); they were mostly used in an aqueduct
system where inverted siphons were necessary, or in intra-site
distribution systems.

le. Ceramic pipes: were made from terracotta (earthenware) and were
either cased in concrete, or uncased. They were hollow, conically-
shaped, with a small diameter end which could fit into the large
end of the adjacent pipe. The sizes varied considerably, depending
on the expected amount of water to be delivered. At Lincoln the
diameter of the large end of the earthenware pipe was about 140mm
reducing to about 90mm at the smaller end. Ceramic distribution
pipes found at Wroxeter were about 70mm at the large end and 35-
40mm at the small end. Pipe lengths varied from about a half metre
(as at Chester), to one metre (as at Lincoln). Joints were sealed
with a specially prepared lime mortar.

1f. Stone pipes: made from bored-out stone were used in several
places in the eastern part of the Empire, but are rarely attested

in Britain.

In the database I have used the classification aqueduct and the
symbol AQ to indicate it at a site, and where possible have indicated
in the field column what the aqueduct feature congisted of, but this

was not always possible. Agueducts are more fully discussed 1in
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Chapter 3 and a case-study of the Dorchester aqueduct is analyzed in

Chapter 7.

5.2 Roman baths

Baths developed a standard pattern consisting of the hypocaust system
for heating, which provided graded temperatures to generally two
heated rooms (1lb above) and the larger baths also included a dry-heat
sweating room (sudatorium). Within each one of the first two hot
rooms there were pools fed with hot water from tanks associated with
the heating system (Nielsen 1990, 14-8). There were also many other
rooms used for dressing, scraping, massaging and other activities in
the larger bath complexes. The public baths of towns usually had a
basilica attached to them, where exercise activities were available,
and where food and other commercial products could be obtained, which
at the same time provided a social community centre associated with
the baths. There were also private baths which were run as commercial
enterprises, particularly in places 1like Rome, Pompeii and Ostia
(Nielsen 1990, 122-7). It is not known if there were any commercially
run private baths in Britain. Baths varied tremendously in size
across Britain and the large ones usually were architecturally very
elaborate structures. At fortresses, baths were usually large as they
would have been used by large numbers of soldiers (Zienkiewicz 1986).
A number of towns also had large baths such as Leicester and
Wroxeter. The smaller baths in settlements and villas often consisted
of two or three rooms only, as at the villa of Cosgrove (App.2), with
three rooms for a caldarium, a tepidarium and a frigidarium with a
small plunge bath attached (Quinnell 1991, 8-11). In Chapter 6 I
shall discuss the status of some settlements with baths. Some other
villas had quite elaborate baths such as at Northleigh and Rockbourne
(App.2). I have not given a classification of Roman baths (designated
as BA) in the database table, but in the text (Chapter 5) have
discussed their classification and where appropriate, referred to
their sizes and other attributes. Baths have been comprehensively

treated in the literature, mostly baths outside Britain.’

5.3 Wells

These were an important source of water for all site types. They were
dug into both soil and soft fractured rock, and, where necessary,
were lined to prevent internal collapse of the walls. Water-bearing

rock, usually limestone and sandstone formations, is widely spread

9 Manderscheid 1981, 1983, 1988; Nielsen 1990; Yegul 1992.

25



over Britain. Wells varied in diameter from about 1m to 2.5m, and
also were made in square format, pafticularly when they were steined
(lined) with wooden planks. Some wells were steined with wused
barrels, and also with masonry or brick. Wells could be as shallow as
2m when they were sunk in gravel or sand layers close to the surface
(as at London and Silchester) (App.2), and others could be as deep as
30m and more. Some wells were also used for cult purposes and in the
literature there sometimes is confusion between shafts used only for
religious purposes and wells used primarily as a source of water.
Clarke (1996) discusses the overlap between these two functions, with

particular reference to Newstead.

Wells generally have not been studied as a special construction
feature except in a few cases, such as the Wilsford shaft
(30m) (App.2) and the wells/shafts at Rushmore (40m and 51m) (App.2)
and the details of some selected wells relating to their lining as a
means of protection against collapse, as at London, Lancaster and
Scole (App.2). Mostly they have been discussed in the archaeological
record for the contents of their finds, or their importance to cult
practices. I shall look at selected aspects of wells such as their
construction features including lining ({(Chapter 4) and their social
and religious significance (Chapter 7). Wells are not sub-classified

in the database.

5.4 Drains
Drains varied tremendously typologically, having been constructed as
open soil type ditches, pipes of various kinds and channels in stone,

0 Many excavation reports show drains

some open and others covered.®
of several kinds for some town sites. At forts they generally seem to
be timber or stone-lined. It would appear that drains were often
allowed to deteriorate, or were blocked up as new development took
place at sites. Baths usually had an elaborate drainage system such
as at the baths of Leicester (Chapter 3, 94), (App.2). Many towns had
systems of drainage from private homes which discharged into larger
drains or directly into sewers such as at Lincoln or York (App.2).

They have not been classified in the database (shown as DR).

5.5 Pipes
These were used in aqueduct systems, water distribution systems

within urban areas and occasionally in drainage systems. Wooden pipes

10 In the literature drains are sometimes referred to as culverts, a term in modern
terminology implying a drain passing underneath a structure.
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were used more often than either lead or earthenware pipes, whether
as aqueducts (as at Cirencester,' Caistor-by-Norwich, Carpow and
Fendoch), or in distribution systems (found at Caerwent, Colchester,
Gloucester, London, Silchester, Verulamium and Wroxeter) (Hanson
1970, 419). Wood was cheaper and more accessible than either lead or
materials for ceramic pipes, and they were easily repaired. Where
inverted siphons were necessary either lead or earthenware pipes were
used and they were usually encased in concrete when used for that
purpose, though wooden pipes are recorded as having been used as
inverted siphons (see Chapter 3, section 3.4), as at Caerwent (Hanson
1970, 85) and as recently found at Gosbecks near Colchester (Wilson
1996, 22). This is an unusual use of wooden pipes, probably working
only under dquite low pressures, and as repairs to wooden pipes at
Caerwent shows, they were prone to burst under pressure (Hanson 1970,
85). There seem to have been no gstandard wooden pipe diameters or
lengths, these depending probably on the boring equipment and lengths
of trees available to a pipemaker. Iron collars used at the joints of
wooden pipes were found at many sites but surprisingly were not used
much at military sites as at Birrens, Brough-on-Humber, Fendoch, Pen
Llystyn and South Shields, although they were used at the legionary
fortresses of Caerleon and Carpow (Hanson 1970, 421). Pipes are

indicated in the database as WP.

Lead pipes were mainly used in distribution systems in Roman Britain.
A lead pipe inverted siphon was used in a portion of the earthenware
aqueduct at Chester (Stephens 1986, 60) (App.2). Lead was also used in
pipelines as at Caerleon, Corbridge (an 18.5m length was recovered),
Inchtuthil and York (App.2). Hanson suggests that lead may have been
used more readily at military sites because the cost of expensive
lead was paid for by the State, whereas towns had to finance their
use of materials from their own funds, so would therefore have used
the cheaper wooden pipes rather than lead or earthenware pipes
(Hanson 1970, 419).

The use of earthenware pipes as aqueducts in Roman Britain is
recorded only for Chester and Lincoln, whereas they were used widely
in distribution systems at many sites. When they were used as a
rising main in an aqueduct as at Lincoln, they had to be encased in
concrete in order to withstand the water pressure. Their diameters
varied over their 1lengths for different sites from about 30-50mm
(Wroxeter) to 90-140mm (Lincoln) (Hanson, 1970, 423-4) and 130-170mm
(Chester), (Stephens 1986, 60), and their lengths from about 0.3m to

27



0.7m. The military supply depot at Holt was a probable supplier of
earthenware pipes to Chester fortress and probably also to the
colonia at Lincoln (Hanson 1970, 423). Pipes have been classified in

certain instances in the database.

5.6 Tanks

Tanks were widely used in all categories of sites to store water.
Many excavation reports have recorded tanks, some of which were
filled with rainwater run off from roofs and others were placed where
it was most convenient to fill them, or at places from which water
could be conveniently drawn from them. They varied in size depending
on whether they stored water from an agueduct supply such as the tank
at the north wall of the colonia at Lincoln, or were a source inside
a building for internal use. An elevated tank is postulated for the
bath at Leicester (Wacher 1995, 350, Fig.1l0) but there is uncertainty
as to how it was filled. Similarly, an elevated tank is proposed for
the hypothesized inverted siphon of the aqueduct at Lincoln (Thompson
1954, 117). Usually tanks were at floor 1level in buildings and of
modest size (capacity about 1.5m? to 3m3). In private homes they
usually were below floor level in a convenient place where they can
receive water from rooftops. Tanks are not classified, even in the
existing literature, because so little of the upper part of tanks has

survived.

5.7 Springs

These were the preferred source of water for aqueducts, though
sometimes aqueducts tapped the headwaters of streams. It must have
been a constant worry whether a spring would supply sufficient water
all year round. At Winchester it 1is reported that several springs
were tapped at Itchen Stoke. A puzzling situation existed at Caerleon
where there was a spring within the fort which seemed not to have
been utilized as a water supply, but that a ‘culvert’ was used to
remove the water from the site (Hanson 1970, 179). Although there
were springs along the route of the aqueducts for the Lanchester
fort, the northern aqueduct was extended further west, where two dams
were built across a stream to provide the source of water. Springs

are not classified (shown as SP).

5.8 Sewers
Sewers are some of the best preserved structures from the Roman
period, primarily because they were always constructed below ground

level. As new congtruction took place over demolished buildings they
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became covered to greater depths. The remains of twenty sewers have
been recorded in the database, of which half are from military sites.
Sewers were used in Roman times for the removal of foul waste,
stormwater or excess water from a running water supply. They were
usually wide and high slab-covered structures such as at Lincoln
(Wacher 1993, 46, 138) and arched structures such as at York
(Whitwell 1976, 1-55), to be discussed in Chapter 5. They are not

classified in the database (shown as SE).

The table of Appendix 1 gives all the data for the 807 sites showing
the distribution of the water-related features, and shows the
incompleteness of the information about the type of structures that
one would expect to find at sites. For instance at a site that has a
bath one would expect to have some form of water supply. If the bath
is large the expectation would be that it was serviced by a running
water supply, such as at Caerleon or Wroxeter. However it often
happens that a town may have a public bath, but no water supply of
any kind has as yet been found, as at High Wycombe. I shall be

discussing this anomalous aspect in greater detail in Chapter 6.

6. TYPOLOGY OF SITES

The term ‘site’ in modern archaeology, it is suggested, must be
avoided because it is considered an "artificial concept invented in
the present with no meaning in the past" (Greene 1995, 53). However,
Greene suggests that archaeologists should continue to use the term
as a “"descriptive 1label for a place where... artifacts and/or
features occurs* (ibid. 53).'' It may be a problem to refer to a
region, or the route of an aqueduct as a site, but usually such
features are not referred to as sites. Aqueducts are referred to by
the site name of the town or other site they serve. A ‘site’ in this
thesis is taken to be a place where people lived, such as a fort, a

town, a settlement or a villa.

The nine site types used in the database are given on p.19 and below

follows a brief statement about each type.

11 There is no doubt some logic behind the reasoning why the term ’‘site’ as a notion
should not be used, but if gualified with a name that gives the location of a supposed
site it provides a practical means of referring to a locality. The word site comes
under the category of generic words like ’love’, ‘war’ or ‘object’, each of which have
been analyzed etymologically and philosophically, without specific acceptable
definitions. Yet they are read, in spite of Duneell’s statement that "site, as an
archaeological concept, has no role to play in the discipline...In spite of the
technical problems its abandonment will cause, the concept of archaeological sites
should be discarded" (1992, 36-7, quoted at Greene 1995, 53).
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6.1. Forts.

In the database tables I have used three categories of forts namely
fortresses (legionary), forts (auxiliary/cavalry), and fortlets.
These categories are based on the functions they served. All three
types varied considerably in size, even within each category. Their
function and size were determined by the number of soldiers that each
housed during its active existence. I have not included military
camps as a category, because they did not have permanent status, and
did not generally have permanent water supply features, water most

likely being obtained from springs or clear small rivers.

1. Fortresses were of two kinds: 1legionary (c. 20-25ha) and
vexillation (c. 6-12ha). The legionary forces were the protectors of
the frontiers of the Empire and their fortresses had to house as many
as 5,000 to 6,000 military personnel. The legions were composed of
Roman citizen soldiers; vexillation fortresses may have housed mixed
brigades of legionary and auxiliary troops. Wilson 1lists ten
legionary fortresses and twelve vexillation fortresses (1980, 92-3),
but the military disposition of fortresses and forts was very fluid
through the conquest period (c.AD 43-68), the Flavian (AD 70-96), the
Trajanic-Hadrianic (AD 97-138) and the Antonine periods (c.AD 142-
63). Often both fortresses and forts were deployed during these
periods to serve particular military needs, so that they may not all
have been occupied at the same time. Jones and Mattingly (1990, 88-
101) show in a series of maps (Map 4.23, 4.24, 4.31, 4.32) the
complicated changes of disposition of military sites over that period
of about 120 years, indicating that it can be misleading to mention
all the known military sites for the period from AD 43 to AD 168. In
the database I have 1listed nine legionary and four vexillation
fortresses with water-related structures, without taking into account
their period of deployment. In Table 6.2 where I have given the
summarized information for all site and feature types, I have classed

all military sites together as forts, for the purpose of analysis.

2. Forts are continually being added to the list of known remains as
new ones are discovered. The areas of auxiliary forts were generally
about 1 to 5ha in extent, depending on many factors, and they were
usually manned by auxiliary infantry and cavalry units, consisting of

between 500 to 1000 soldiers. Towards the later first century unit

12 However, some anomalous, semi-permanent structures were erected during the
construction of major sites, as with the officer’s compound at Inchtuthil. (Pitts and
St Joseph 1985, 215).
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numbers at some forts were increased to about double the former unit
size (Breeze 1983, 15). Their duties.were in general to keep lines of
communication open and preserve the peace in conquered territory.
During the 3rd century the north of Britain was relatively peaceful
(Welsby 1982, 8), but in the south-east of Britain there were
indications of trouble from the European continent and this resulted
in the construction of the so-called forts of the Saxon Shore
(Johnson 1979). These forts differed in some respects from the type
of forts described above, but I have not listed them separately. They
have been listed as ordinary auxiliary/cavalry forts. Holt is listed
as a fort, but was actually a supply base to other forts of special

products such as pottery tiles and ceramic pipes.

3. Fortlets were usually small forts (generally less than 0.5ha) and
manned with a detachment of about a centuria. They were often used as
outposts for the purpose of protecting an installation such as a
bridge, river crossing, or a road (Breeze 1983, 43). Milecastles I
have referred to as fortlets. In the database 10 fortlets are listed

which had water-related features.

Many of these military installations were not permanent, and some
could be abandoned for a period and, when military circumstances

required it, be re-established at a later date.

6.2. Coloniae, municipia and civitas capitals.

Coloniae, municipia and civitas capitals seem reasonably well defined
as large wurban centres or major towns, each serving specific
functions within the province. The three initial coloniae were built
for the specific purpose of housing large populations of discharged
soldiers, as at Colchester, Gloucester and Lincoln. York, on the
other hand, was raised to that status in the early 3rd century during
Severus’ reign (Salway 1993, 391-2). The water-related structures for
coloniae were usually an integral part of their planning at the
inception of their development. The coloniae would have been
established with the approval of the Emperor and the colony would
have been governed by a council known as an ordo with a constitution
modelled on that of republican Rome. Officers would have been elected
by the <council as executive magistrates, who would have been
responsible for the planning of the city's development including its

water supply (Frere 1974, 206).
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When the word ‘town’ is used in this thesis it has meaning only in
the broadest sense applied to majdr towns. Distinctions are drawn
between chartered towns (the coloniae and municipia) and non-
chartered towns (the civitas capitals) and more particularly between
the latter and ‘small towns'’. Verulamium is the only town in Roman
Britain for which there is evidence that it was granted a charter as
a municipium (Wacher 1993, 18). The status of Roman London seems to
be uncertain; however, I have designated it a chartered town in that
as the provincial capital it was almost certainly promoted either to

municipal or colonia status (Frere 1987, 193).

1. Coloniae were chartered towns specially created for retired army
veterans and their families. These towns had a certain amount of
autonomy in their administration and were able to raise capital for
their development, including construction of public buildings, baths
and water supplies. In Britain the four coloniae were at Colchester,
Gloucester, Lincoln and later York. All four initially started as

fortresses.

2. Municipia were often pre-existing towns that were promoted to
Roman municipal status, also with some form of self-government, but
they did not have the full administrative powers vested in the
coloniae (Frere 1967, 200). Verulamium was a municipium (probably
from the AD 50s) and London may have achieved that status soon after
the Boudician revolt in AD 60 (Frere 1967, 93-4). However, London is
a problem with regards to its status. Morris argues that it was
created as a wholly Roman town not associated with a tribal centre,
with early Roman citizens already living on the site (1982, 104). It
was not a colonia or a civitas and its probable status from its
inception, c¢. AD 48, "was the rarity, a municipium civium Romanorum,
a Roman citizen borough" (104) .7 Clearly London must have had some
status more than that of a mere settlement or ordinary town,
especially considering its importance as the capital of the Province

and as a major commercial centre and as a major harbour.

13 Morris 1982, suggests that Leicester was also a municipium, based on "The diploma
of M. Ulpius Novantico (CIL xvi, 160), a Coritanian/Corieltauvian auxilliary soldier,
gives his origo as Ratis, not Coritanus, implying that Leicester had risen from the
status of civitas to that of municipium by AD 106. For the contrary view see Frere
1978, pp.235-6" (Morris 1982, 71, n.31 p.354). Frere's view is that since Novantico
*was already a Roman citizen as a result of a special grant in the field...”, it has
no bearing on the status of Leicester. This is an historical opinion, but one cannot
but wonder why so few towns in Britain had municipium status.
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There may have been other towns with higher status, particularly

because of ‘"their evidence of intense romanization", such as
Canterbury, Leicester, Wroxeter and probably Cirencester, but there

is uncertainty about it (Frere 1967, 206).

3. Civitates were based on the pre-existing tribal territories which
centred around newly created civitas capitals. They did not have the
same self-governing powers of the chartered towns, but they did
function on the model of Roman towns with an ordo who elected
magistrates responsible for the running of the civitas (Millett 1990,

7, 66).

The civitates in Roman Britain were centres of local government based
on 17

partitioning of Britannia by Rome in order to facilitate government

tribal areas. These tribal areas were the artificial

and regularize relations with the different British tribes.

Millett lists 16 civitas capitals (1990, 106, Table 5.1; 154-6, Table
6.5), which is three less than the number of tribal areas which he
shows in Fig.16, (p.67). The two tribal areas, the Ordovices and the
Degeangli in Wales, do not seem to have had civitas capitals, nor

does he refer to the civitas capital of the Trinovantes.

Table 2.2: Civitas capitals.

Civitas capitals Tribe Modern town
Calleva Atrebatum Atrebates Silchester
Caesaromagus (or attached Trinovantes Chelmsford (or
to Camulodunum) Colchester)
Corinium Dobunnorum Dobunni Cirencester
Durovernum Cantiacorum Cantiaci Canterbury
Isca Dumnoniorum Dumnonii Exeter
Isurium Brigantium Brigantes Aldborough
Noviomagus Reginorum Regini or Regni Chichester
Ratae Corieltauvorum Corieltauvi Leicester
Venta Belgarum Belgae Winchester
Venta Icenorum Iceni Caistor-by-Norwich
Venta Silurum Silures Caerwent
Verulamium Catuvellauni St. Albans
Viroconium Cornoviorum Cornovii Wroxeter
suggested civitas capitals
Durnovaria Durotriges Dorchester (and
Ilchester)
Luguvalium Carvettii Carlisle
Moridunum Demetae Carmarthen
Petuaria Parisi Brough-on-Humber
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Civitates perigrinae had a similar constitution to that of the
coloniae but without quaestors and servi Augustales. The elected
magistrates serving 1in local government could acquire Roman
citizenship if the town received a charter. The prestige of these
positions attracted some wealthy members of the community to
participate in local government and so to enhance their power and

wealth.

They would have been responsible for the collection of taxes for the
state, but also for the planning of the development of the town and
raising the funding for buildings. It was expected that they would
become generous benefactors to city development projects. By the
middle of the 3rd century it became a problem to find enough wealthy
persons to take on these duties because they were expected to give

ever more donations (Frere 1974, 207).

They seem to have been released from military control becoming self-
governing civitates peregrinae (Wacher 1993, 21) and had their own
constitutions modelled on the Roman type of towns elsewhere in the
Empire (Salway 1993, 391). Based on the evidence only 11 civitas
capitals have been directly attested and 3 further sites are also
suggested (Table 2.2). The civitas of the Catuvellauni was probably
administered from the municipium of Verulamium. The suggestion is
that the Trinovantes were administered from Caesaromagus (Chelmsford)
or Colchester, but opinion seems to differ on this (Wacher 1995,
207). The formation of the civitates is complex (Haselgrove 1984, 31-
43), but generally was based on prior Roman experience in Gaul. In
Britain, the civitas territories generally had a loose relation with
earlier ‘tribal’ boundaries (Haselgrove 1989, 34; Birley 1988 11,
24ff) .

6.3. Small towns, settlements and villas.
I have used the following simple approach in my database for the
listing of lesser settlement sites: 1) small towns, 2) settlements,

and 3) villas.

6.3.1. Small towns were ‘gsettlements’ that developed the
characteristics of urban centres with some order in their layout and
probably had some Kkind of industry or centres of attraction such as

temples for cult practices. However, the definition of a small town
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is contentious with 1little agreement amongst scholars. Burnham
(1995a, 7-17) gives a detailed aﬁalysis of settlements and what
atributes they should have in order to acquire the status of a small
town. I have used Burnham’s 1list of 97 small towns (1986, 186-7,

Fig.l) to identify the small towns mentioned in my database.

Small towns are problematic and scholars still disagree on certain
aspects of definition. I generally accept Barry Burnham’s definition
of small towns (1995a, 7-17). Frances Condron has synthesized
Burnham's approach (Burnham 1995a, 7-17) to the classification of
small towns and suggested some modifications (Condron 1996, 57-8).
However even here things are not straightforward. In his early work
(1986) Burnham listed some 97 sites, but in later work he has cited
in texts variously 52 sites (1987, 187), and 60 (1988) and 654
(Burnham and Wacher 1990, 2). Rodwell and Rowley (1975, 3) 1list 78
sites, and Millett (1990, 154-6) 1lists 117 “‘small towns’ but
complicates the issue by including the four coloniae, 16 civitates
and a municipium with Burnham's listed 97 sites. Whether from this it
is to be assumed there are as many as, or only, 97 small town sites I
have not been able to confirm. However, where the sites collated by
me coincide with any of Burnham’s lists, I have used the title of
‘small town’. Other nucleated sites I have called ’‘settlements’
unless they are specifically known by a different category such as

civitates or municipia.

6.3.2. The term settlement, as it will be used in this thesis,
denotes minor nucleated sites, where small groups of families 1lived
with no apparent indication of urbanization. Such settlements would
have been hamlets and small villages consisting of a few farmsteads,
but not operating as a unit with an organized urban structure. Often
they would be near forts, towns or villas, but seemed to have had an
independent existence. They could have been farmers, but also had
other economic interests such as pottery and iron workings. Some
‘settlements’ dating from the Iron Age developed during the Romano-
British period into wvillas or towns, such as Boreham or Somerfield

Keynes.

Ultimately, Eleanor Scott says, everyone must decide for themselves

what is the distinction between a settlement and a villa (Scott 1993,

14

viii).™ It is not always easy to know how to interpret a site if the

14 Scott gives a detailed analysis of the problems of analyzing the classification of
villas, indicating some of the confusion created by scholars when particular attention
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original excavator did not provide sufficient information, which of
course may not have been availab1e>at the time of excavation. Even
the name ‘town’ which has become synonymous with settlements in Roman
Britain as ‘fortified places with a civilian character’ (Wacher 1993,
19), can create confusion when it is applied to some specific sites.
The confusion about settlement classification is compounded as shown
in the Britannia index (1995, 184-5) where many settlement sites are
listed, of which 17 are included in Burnham’s list of small towns
(1986, 187). Hingley (1989, 2-3) acknowledges the historical
framework for the archaeological evidence of settlements, small towns
and villas, but he stresses the dissatisfaction and criticism with

this approach in recent times.'

Frances Condron (1995, 103) seems to have provided a sensible
approach to the gquestion when she says that "The use of the term
‘small town’ here 1is taken as a modern label applied by
archaeologists to the identified sites, rather than a meaningful
description of the settlements themselves". This seems to be a
crucial issue in the debate: when archaeologists describe the remains
of buildings on a site there is seldom discussion on what made that
site function as a dynamic entity in which people lived. It is a
difficult problem because we rarely have any knowledge of who 1lived
in the buildings, but when there are public buildings and services,
the site cannot easily be considered as a simple settlement. For the
most part these are larger than simple farmsteads and typically it is
these larger and more complex rural settlements which have yielded
information for water-related features. The existence of such
features presupposes an infrastructure controlled by some group of
individuals, and probably by the more affluent and powerful members

® I have listed as settlements in the database any

of the community.!
nucleated sites which are not classed as towns of any type mentioned

above, or as villas.

is not paid to the parameters used to categorize a villa site. This may of course be
due to problems with the limited data of remains found on the ground, but it is not
always the only problem. The problem of categorizing villas applies equally well to
other site types. She quotes Millett’s approach to the term ‘villa‘’ (1990, 91-2)
which I will in general accept.

15 Hingley 1989, 2-3, cites Burnham & Johnson 1979; M Jones and D Miles 1979; Reece
1982 and Cunliffe 1984 who is critical of the historical approach. Since 1989 a number
of scholars have reconsidered the basic approach and assumptions to settlement
classification.

16 Burnham 1993, 99-110; Condron 1995, 103-18; Rodwell & Rowley (eds.), 1975. The
authors of the articles mention the disagreement over details of some aspects of
definitions of small towns and by implication also on settlements, which are of
necessity discussed by them.
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6.3.3. Villas and non-villa rural settlement.

There seems to be general agreement on what constituted a villa,
although there are variations within this category, which I will
mention where it is important in the treatment of their water-related
structures. I have not distinguished between different types of
villas, whether they were of ’‘corridor’ or ‘courtyard’ villas, or of
any other type. Although they varied in their 1layouts, this did not
seem to have any bearing on the type of water supply they used. There
are problems with interpretation however, as pointed out by Jones and
Mattingly. To guote one example, although the Lydney example is
recorded as a villa, the abnormally large size of the baths would
suggest that the site might have been ‘a bigger enterprise than
normal for a wvilla’ (1993, 193). This type of situation is likely to
be common and could be usefully researched, but it was beyond the
scope of this thesis to investigate whether the sites could be

differently classified.

Usually the excavation reports refer only to the site comprising the
structures within the wvilla’s built-up area. Actually the villa
consisted of the home, out-buildings and the surrounding land which
form the villa estate (Hingley 1989, 100-9, 121-3). When it comes to
the other occupied areas, that 1is Hingley'’s non-villa settlements,
the situation is very complicated, particularly within the context of

his discussion of ‘settlement’ economics.

These non-villa settlements were the simple homes of people who did
not become ‘highly romanized’ and therefore the buildings do not show
the characteristics of Roman type buildings, that is, the linear
features associated with Roman construction or being built with
stone. Hingley refers to these widely spread settlements over the
province as ranging from ‘extensive village-type communities to
single upland farmsteads’ (1989, 23). The farmstead settlements are
not confined only to the uplands. Non-villa settlements are often
associated with wvillas and Hingley (1989, 100-9, 121-3) indicates
some relationship between them and the villas. On the other hand many
non-villa settlements were not associated with villas or other nearby
communities and Hingley (1989, 100-9, 127-8) speculates that these
could have been the homes of absent landlords. He also suggests that
there may have been families living in simple settlements but also
had some contacts with more sophisticated urban communities (Hingley
1989, 24-25). It seems to me that the exact form of dependency

between different kinds of estates in these rural areas 1is not
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clearly established. How the 212 settlements I have recorded in my
database will fit into Hingley's classification I have not examined,
but whatever the type of non-villa settlement, 20 had some form of an
aqueduct, 49 had baths and 135 had wells. It would seem that there is
a need to investigate these so-called settlements in relation to the
small town and villa categories. In Chapter 6 I shall discuss the
classification of 41 settlement sites and reappraise their present

status.

Hingley (1989, 133-44) also refers to more isolated non-villa
communities not seemingly associated with any other community. These
were probably the poorest classes who occupied and were the owners of
land traditionally inherited from generation to generation from
before the conquest. In the absence of definitive evidence of the
relationship between different communities, it seems unnecessarily
restrictive to assume that a non-villa type settlement had to belong
to some more established estate, villa or urban centre. My primary
interest in these sites 1is whether they possessed water-related
features and how their presence affected the status of the so-called
settlement. It is therefore not possible to adopt Hingley's criteria
for what constitutes a settlement for the purposes of this thesis. I
have simply grouped all the sites which are not forts, major towns,
small towns or villas as settlements in the records of the database.
The dispersed minor dwellings that dominate the Romano-British
landscape are certainly drastically under-represented in my database,
but they have also tended to be far less explored archaeologically,
with academic priorities more focussed on upper 1levels of the

settlement hierarchy.

7. SITES WITH SPECIAL FUNCTIONS AND STATUS

Some sites were dificult to classify because of limited information
in the literature about their status. A number of sites seem to owe
their existence to some industrial activity. For instance it would
seem that the settlements like that at Alice Holt, Hants., and
Cantley, West Yorkshire (see App.2), owe their existence to the very
extensive potteries that developed during the late 2nd and 3rd
centuries. The case is similar for mining sites of Roman date, many
of which continued on from the Iron Age period. The gold mine at
Dolaucothi (App.2) and the lead mine at Linley (App.2), were both
dependent on aqueducts for water supply. There are many Roman iron
mining and iron working sites but only at Lydney (App.2) have I been

able to trace an aqueduct. Beauport Park (App.2) 1is referred to in
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the literature as an iron mine' or processing site, which could be
classified as a settlement (or evenAa villa). It is situated in the
iron-rich area of the Weald in Sussex and boasts a bath-house'® built
during the 1st century (abandoned in the mid 3rd century), but no
indication of what water source it may have had. Walton-le-Dale
(App.2) had two wells and was classed as a settlement, and is
described also as having the function as a military supply base. This

does not fall within my criteria of what a settlement is.

8. SITES WITH NO WATER-RELATED FEATURES

From a first glance at the limited information on some sites I formed
the opinion that they might have had water features. But on closer
reading of several references for those sites I came to the
conclusion that no water-related features were actually reported.
These sites are referred to in the database as ‘falsus' sites,
because it is likely that other people may form the same impression
as I did that water-related features have been found. That is not to
say that they did not in their hey-day have these features, but
merely to put on record the fact that they have not yet been found -

contrary to the impression one can form.

Many reports of sites incorrectly imply that they did have water-
related structures, especially baths. For instance in describing the
features of a site with a bath, usually the bath had an hypocaust,
drains, special kinds of tiles and tibuli, mosaics and often painted

walls.

A number of sites are described in the literature referring to such
type of finds, and the expectation would be that the sites may have
had baths, but none have been found. Similarly from descriptions of
certain sites the expectation is that they may have had other water-

related features, but again none have been found as yet.

17 Britannia 10, 1979, 139-56; 19, 1988, 217-74.
18 Britannia 19, 1988, 217-74.
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Examples of sites without water-related features are given in Table
2.3.

Table 2.3: Sites without water-related features.

Site name: Site type:
Ardoch fort (large)
Limestone Corner fort

Neath fort
Whickham fort
Coldharbour settlement
Brantingham villa
Frampton villa
Kingscote villa

Sites not included in database®:

Brancaster fort
Bowness-on-Solway fort
Lidgate villa

The sites mentioned in the table have the typical characteristics of
other similarly classified sites, but no water-related features have
been found yet. The following three sites (not included in the
database), would seem to have all the requirements to have had water-
related structures. Brancaster in Norfolk, a fort (3.l1ha) with a
‘large civil settlement’ (23ha), (EAA 23, 1985) has no reported
water-related features. Bowness-on-Solway (refs), the terminal fort
on Hadrian's Wall, a largish fort (c¢. 2.77ha) and with a large civil
settlement, has no reported water-related structures. In the light of
evidence for elaborate baths and water supplies to some of the other
forts associated with Hadrian’s Wall it is surprising that this site
has not yielded any evidence of their existence. Lidgate in Suffolk,
a large winged corridor type villa with 20 or more rooms, has no
reported water-related structure (Antiquity 45, 1971, 224-5). One can
add further examples, Kingscote(App.2) in Gloucestershire, 1is a
villa, referred to in at least ten volumes of Britannia, but with no
mention of water-related features, and the wvilla is situated in a
county where they were usually well provided with a bath and water
supply system. Frampton (App.2), a villa in Dorset is another sgite
where the expectation would be for some water-related features to
have been part of the complex, but none have been found. This

negative list is extensive, especially when one considers the 2000 or

19 Brancaster: Antig. J. 1936, 444ff; EAA 23, 1985; JRS 67, 1977, 157-8. Bowness-on-
Solway: Lidgate: Antiquity 45, 1971, 224-5; Britannia 3, 1972, 330-1; 5, 1974, 258.
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more reported villas and many more settlements of various kinds. Some
may have been too poor to afford such luxuries, but there seems to be
too large a number without those features. They may of course not
have been found yet or have been irretrievably destroyed. In general
therefore, when the reported archaeological evidence of sites with
and without water-related features for Roman Britain is compared, the
evidence seems to indicate that many more sites had water-related

structures than have been reported.

8.1. Problems of the archaeological data.

The partial list given above of sites where water supply features
would be expected but none have been found, stresses the problem of
some archaeological data. There are some detailed reports on
agqueducts and wells, but very few in comparison with the number of
sites that have been excavated and which would obviously have had
some sort of a water supply. The reports of the Colchester (App.2)
excavations pay particular attention to water supply and other water-

related structures.?®

For many sites it would appear that amateur
archaeologists were the excavators most interested in aqueducts or

wells.

Historically, archaeological investigations started as a result of
the interest antiquarians (Aubrey, Camden, Leland, Stukeley) had in
the past. These antiquarians had no particular background in
archaeological excavations and indeed their initial interest was
almost entirely confined to recording what they observed of remains
or heard about what others have noticed. Gradually a better approach
developed and by the second half of the nineteenth century
antiquarians like Pitt Rivers and others in Europe, had developed
methodical approaches to excavation of remains. Greene states that
"the requirements of ‘scientific’ excavation were finally met when
Pitt Rivers approached recording...with a clear perception of the
significance of stratification..." (1995, 62). He gquotes the
excavation of Corbridge as one of the sites where the "aims and
techniques of archaeology" were developed into the modern scientific
science that archaeoclogy has become (1995, 69-76). Leonard Woolley
commented that the early 20th century excavation work at Corbridge
would have scandalized any British archaeologist of today (Greene
1995, 70). The remains of the aqueduct at Corbridge are still visible

within the confines of the excavated site, but its course outside the

20 Crummy 1984, Report No.3; 1992, Report No.6.
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main site is not well reported. From my study of the reports on the
remains of water-related features iﬁ seems that there was a limited
interest in these features during early archaeological work and it
was more by chance observation that features like leats were reported
when they were still visible during the 17th to early 20th centuries.
Most of the physical evidence of leat-type features seem to have been
irretrievably lost as a consequence of intensive ploughing and is not
easily identified even on aerial photographs. The exceptions are the
leats at Dorchester, Great Chesters, possibly Winchester and the leat
at Wroxeter (App.2). At all four of these sites the courses of the
leats are known only along certain sections, the rest being

completely destroyed by agricultural activities.

The number of known archaeological sites where water supplies and
baths have been found is surprisingly small in comparison with the
number of sites where it would be expected that such features should
have existed. Eleanor Scott reported in 1993 well over two thousand
villas (though, of which, many entries are likely to be other types
of settlement). Nonetheless the villas with a proven water supply in
my database amounts to only about 5% of these postulated 2000 villas.
This seems to be an anomaly and can be attributed to several

different factors.

1. wells have often not been found because of the limited area of
eXcavation at many of the sites;

2. wells may have been covered with so much overburden that ordinary
physical excavation techniques have not uncovered them;

3. excavators working before archaeology became a strict science
during this century have not been interested in wells unless small
finds were found in them;
wells have collapsed or been irretrievably destroyed;

where leats were the water supply system these have most likely
been destroyed by continued cultivation on former estates;

6. where water supply consisted of water-mains in the forms of
wooden, lead or earthenware pipes, they have been robbed out,
weathered or destroyed over the centuries, particularly during the
Anglo-Saxon and Medieval periods;

7. tanks would have suffered the same fate as water pipes.
To what extent tanks were a significant factor in the water supply of

sites 1is difficult to say. It would have been expected that at the

less romanized types of sites, such as farmsteads, round houses,
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etc., where there is no apparent evidence of wells or aqueducts, that
at least tanks may have been an obvious source of water supply filled
by rainwater or water brought in from another source to f£ill them.

This aspect will be commented on in Chapter 6.

Although the volume of the archaeological record is large for Roman
Britain, there is nevertheless a limited amount of evidence on water-
related features. Much of archaeology in Roman Britain is presently
devoted to rescue archeaology and this severely limits the area over
which excavations are carried out. For many sites excavation reports
still need to be published and this also 1limits the available
information. For many other places in the Empire more inscriptional
and literary evidence is available, which complements the
archaeological evidence. Probably the most significant reason for the
lack of information for Roman Britain, not only for water-related
features, 1is the poor evidence from ancient 1literary sources.
Recently valuable evidence has become available from the many writing
tablets found at Vindolanda, (Bowman 1994a, 1994b), but they appear
to be concerned with accounts, materials and the army, and are not
likely to provide new evidence about what was built in Britain during
the Roman period. Four inscriptions (RIB 430, 1060, 1049 and 1463 -
discussed in Chapter 3) are the only epigraphic evidence that refer

to water supply in Roman Britain.

Directly related with water supplies are the ancient water supply
sources: springs, (rivers) and dams. Floods were also a problem the

ancients had to consider. I discuss these briefly below.

9.1. Floods.

We have 1limited knowledge of flood control measures 1in antiquity.
However several ancient authors refer to the flooding of Rome by the
Tiber river during periods of high rainfall. Livy reports that in 193 BC
storms were the cause of flooding of the lower city (Livy 35.9.2;
35.21.5). During 60 BC serious floods destroyed the pons sublicius, the
wooden bridge over the Tiber river, and also in 54 BC and 23 BC when the
pons sublcius was again destroyed (53.20; 53.33). In 22 BC the floods
created a food crisis in Rome, resulting in Augustus appointing a
praefecti frumenti dandi (Dio 54.1; 54.14; 54.17). Suetonius mentions
continued flooding in spite of precautionary measures (Sue., Aug. 30.1;
37; 40). He reports further floods in AD 36 (58.26.5) and in AD 69 the
reconstructed pons sublicius collapsed again due to flooding by the

Tiber (Tac. Hist. 1.86; Suet. Otho 8.3). Pliny the Younger tells of
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considerable damage due to flooding of the Anio and Tiber rivers,
despite Trajan’s efforts at flood céntrol (Ep. 8.17). Further major
floods are mentioned during Marcus Aurelius’ reign (AD 217) and again in
AD 374 (Sha. M. Ant. Aurelius 8; Dio 79.25; Ep. de Caes. 32.3; Ammianus
29.6.17-18). Olivia Robinson discusses the administration and officers
who were appointed by different emperors to deal with the flood problems
in Rome (1992, 3, 85-9).

In modern times agencies concerned with water hydrology generally
provide some flood control facilities to prevent severe flood damage.
These often take the form of major dams in major catchment areas, but
even these are not always adequate for very severe floods. The Romans
usually constructed dams as a source for the supply of water to an
aqueduct. There does not seem to be evidence that they constructed dams

for flood control.

The reason why flood control dams were not built by the ancients, was
that the reservoir walls had to be very high in order to impound
sufficient water to be effective as a control measure against floods.*
The ancients did not have the understanding of the problem, nor the
knowledge to construct such high dam walls to contain large volumes of
water. We therefore cannot be sure that they did construct dams for the
purpose of flood control. However, Hodge suggests that dams may under
certain circumstances have been constructed with flood control in mind
(Hodge 1990, 86), but it seems to me doubtful. The Proserpina dam at
Merida, Spain, had a capacity of 10 million m3, (with a wall height of
12m) which was large by Roman standards, and could well have served as a
flood control reservoir, but is small compared to modern flood control
dams, such as the High Aswan dam in Egypt, or the Kariba dam in Zimbabwe
(both in excess of 10,000 million m?). Hodge lists 13 Roman dams dating
from the first century BC to AD 284 (1992, 82). They mainly served as
sources of water supply for agqueducts and he suggests that some may also
have been intended for flood control structures, and others as
irrigation dams and for soil retention control, a technique practiced by
the Nabataeans (Smith 1971, 21-2), and also in North Africa (Hodge 1990,
86). The few dams that have been suggested for Roman Britain now would

be classed as weirs across streams to form the intake of an aqueduct.

One can only wonder how often flood disasters affected the water supply

systems in antiquity. The floods of February 1995 reported in Britain

21 Many large dams that have been built this century both for water supply and flood
control have wall heights of the order of 100m.

44



and continental Europe along rivers such as the Clad, the Clyde, the
Tyne, the Rhine, the Seine and the Danube, had their counterparts in
antiquity. The forts along the Rhine and Danube must have been
particularly at risk. This would possibly have applied to many of the
settlements along rivers such as the Nene, Trent, Severn and Thames, and
others, where there were high concentrations of settlements. Ramm (1971,
181) refers to floods which caused the silting up of a Roman wharf at
Hungate near York as a result of flooding during the late 3rd and mid
4th century AD. On his Fig.28 (p.180) he shows flood levels along the
banks of the river Foss. Richardson (1959, 56), who excavated the
Hungate area, shows the levels of silting of more than a metre (Fig.3)
that occurred during the Roman period into the Medieval period as a
result of flooding (1959, 56). Flooding also seemed to have occurred
during the late 5th to early 6th centuries on the Hatfield Moors and
also in the Humber area during the Dark Ages (Ramm 1971, 183). No doubt
similar floods took place elswhere in Britain during Roman times, which
probably resulted in erosion and instability of the embankments of leat
aqueducts, but we have no record of specific instances of such damage.
No study of flood damage to structures seems to have been carried out
for the Romano-British period. What, may be asked, was the impact on
Roman water supply systems and how did the communities and the Roman
authorities deal with the potentially devastating effects of such
floods? It would seem that, from Ramm's report, nothing was done to
repair the flood damage at the wharf in York and this could have been
the situation at many places in Britain. Usually flood damage is of such
proportions that for the period under discussion it would have been
easier to start anew elswhere rather than repair the damage. When
facilities 1like 1leats were severely damaged they were most 1likely
abandoned. It is likely that baths which were dependent on such running

water supplies may then also have stopped operating.

Archaeological evidence indicates that some water supply systems
suddenly stopped operating. It is not clear whether they failed because
of some form of local instability in the structure, or because of some
natural disaster such as floods or earthquakes. The latter may have
applied to regions of earthquake activity, but this was not a likely
cause in Britain. So some water supplies in Britain could have became
inoperative as a result of flooding, which could have triggered
embankment failures (called slope failures in soil mechanics terms), and
also caused silting up of the conduit, erosion of embankments, cracking
as a result of desiccation during periods of drought. Negligence in

cleaning out silted aqueduct channels could be the start of incipient
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failure conditions as water would have overflowed the sides causing
erosion of the embankments. Hodge (1992, 124) reports on the mounds of
silt removed from aqueducts such as the Anio Novus and from the settling
tank of the Aqua Virgo, indicating that maintenance was a regular
practice. For a city like Rome with specific departments responsible for
such work it would have been a normal practice, but in Roman Britain the
local town administrations may not have had specific maintenance units
to do regular maintenance. However, we do not know what the maintenance

practice was in Roman Britain for any of the urban centres.

10. LITERATURE AND ARCHAEOLOGY

Archaeological information is generally recorded in journals,
excavation reports, or magazines (such as the now discontinued
‘Gentleman’s Magazine’), and books, which are often specific to
particular counties or even parishes. Much of this 1literature is
available only in some of the country’s specialized copyright
libraries, or in the county and parish records and the National
Monuments Record office at Swindon and their several regional sites.
In recent years some specialized books on water supplies and
aqueducts 1in particular have become available, of which the most
detailed general books are those of Trevor Hodge (1992) for Roman
agueducts and Dora Crouch (1993) for Greek aqueducts. Neither pretend
to be exhaustive, but Hodge's book 1is 1likely to remain a standard
work for some time. Other books on water supply have been written by
technical people, such as Robins (1946), Bromehead (1942) and Smith
(1971, 1976), wusually engineers who covered the history of water
supplies from antiquity to the present. Scholars such as Bruun
(1991), Birebent (1962), Gsell (1902) and Landels (1978), describe
specific aspects of water supplies. Two pioneer books on the remains
of the aqueducts of Rome are by Thomas Ashby (1935) and Esther van
Deman (1934). Much specialist 1literature has recently become
available on excavations of water-related structures at sites around
the Roman Empire, but there has been no comparable literature on the

water supplies of Roman Britain.

Trevor Hodge’'s book is a treatise on Roman Aqueducts and Water Supply
(1992) covering the Empire with some reference to Britain on topics
such as wells and lead pipes, but only in passing on the actual
aqueduct/leats. Hodge makes an important comment: "The real argument
comes from the fact that the Roman aqueducts were not built to
provide drinking water, nor to promote hygiene. Nearly all Roman

cities grew up depending for their water on wells or cisterns in the
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individual houses, and some cities (such as London) got through their
entire history without having had aﬁ aqueduct at all. In most, when
the aqueduct arrived, it came belatedly and only as a result of
imperial or other munificence (or a concerted municipal effort), long
after the city had grown up and already existed without one for
decades, even centuries, in apparent health and prosperity" (p.5). I
am not sure that this is the whole story, but it has some element of
truth in it and I shall return to it in Chapter 3. His treatment of
the subject 1is wide ranging, providing much detail on the
technicalities of construction of agueducts and their administration,
and of water supply and distribution in general at Rome and elsewhere
in the Empire. He has also provided some information on the
calculation of water-flow in channels and the type of distribution
systems used by the Romans. His bibliography is particularly useful
in that it is divided under headings of the type of subject that is
covered by water supply systems and a geographical survey of Roman

aqueducts throughout the Empire.

The most recent information on aqueducts and water supply 1in the
English language is given by Roger Wilson (1996, 5-29), providing an
overview of the state of current knowledge. In his review of the
existing literature he stresses many areas where there are major
dificiencies in detailed knowledge, in particular the dating of some
of the well-known aqueducts (12-18), such as the agueduct from Uzes
to Nimes with the famous Pont du Gard bridge and the very 1long
Carthage aqueduct. Dating information is also not available for many
of the water-related structures in Roman Britain. Wilson'’s comment on
the lack of information on villa aqueducts *“because the line of the
conduit has not been traced outside the excavated area of the villa‘’
(p.25) 1is particularly significant, because I believe that also
applies to other site types in Britain. Although Wilson points out
that aqueduct studies have advanced considerably in the last decade
(p.26), it seems to me that not much new information has become

available on Roman aqueducts in Britain during the same period.

Similarly Dora Crouch has produced a study on Water Management 1in
Ancient Greek Cities (1993) with an excellent discussion on Kkarst
formations and of limestone geology in general over the Mediterranean
basin. It was in these type of formations that people looked for
their water supplies from pre-classical times. Crouch describes some
important sites in detail, which give a good insight into how the

development of water supplies was planned and constructed by the
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Greeks, and how they were managed. However she is not too clear on

some technical detail.

Long before engineers seriously studied the history of early water
supply archaeologists had already discovered many remains of the ancient
evidence dating from the Bronze Age through to the aqueducts of the
Roman and later periods. Classicists and ancient history scholars tried
to interpret the two perplexing major literary texts on Roman hydraulic
technology, Vitruvius (late 1lst c¢. BC) and Frontinus (AD 90s), with
amplifications by Faventinus (c. 4th c¢.) and Palladius (c. 5th c.),
(Plommer 1973, 1-2). One of the problems with the studies by scholars
from the different disciplines is that classicists, historians and
archaeologists often do not understand the hydraulic principles involved
and the architects and engineers are not familiar with the language of
literary sources and archaeological evidence. This problem is compounded
by the fact that neither of the first two ancient authors was clear on
some of the technical aspects they discussed, thus making it difficult

now to understand the exact meaning of some of their statements.

11. ROMAN HYDRAULIC ENGINEERING: THE ANCIENT TEXTS

In order to understand the development of Romano-British aqueducts and
other structures, it seems appropriate to briefly discuss aspects of the
complexity of ancient technology, and in particular Roman engineering,
hydrological knowledge, surveying, and the training of engineers and

architects.

The modern study of ancient technology and specifically Roman
engineering, has come from classicists??, ancient historians,
archaeologists, architects and engineers”. The interests of the latter
two groups are usually concerned with the history of the technology
relating to the construction of ancient structures, and in particular
ancient engineering. About the Roman engineers and their engineering
knowledge we know nothing, except for the remains of how they applied
it. Aqueducts are one such manifestation, which includes the simple
aqueduct leat used on a wide scale on different types of sites in Roman
Britain. But, even for leats, we can only conjecture how they went about
surveying and constructing them. No records have survived to indicate if

the engineers had drawn plans, recorded survey data or how they planned

22 Examples in the English language literature are: Blake 1959; Landels 1978; White
1984. There are others and also in other langauages.

23 Hauck 1988; Isaac 1958; Smith 1971, 1976, 1990, 1991; Sprague 1978; and many
others.
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the quantity of materials needed for the construction of structures,
which Vitruvius assures us they must ﬁave done. Parts of the Forma Urbis
Romae have been found (Grewe 1985, 14), but few detailed plans for the
construction of structures in that or other ancient cities seem to be
extant. The collected work of ancient surveying manuals, the Corpus
Agrimensorum, published information by Roman surveyors and how they set
out certain 1land survey projects, but they did not describe how

engineering surveying was actually carried out.

The development of the physics of hydraulics related to the practical
applications of water in motion as applied to ancient water supplies
were of particular interest to the engineering profession during the
nineteenth century. This theoretical interest developed out of the
planning of healthier and more abundant water supply which became
imperative as the populations of the major cities of Europe and America
strained existing supplies (Smith, 1976b, 93). The example of the
extensive aqueduct system of Rome became a model for the supply of clean
water for modern aqueducts over long distances from the cities. Thus
interest in the technology of ancient water supplies was brought into
focus, particularly Roman hydraulic technology and the applications of

the technologies that preceded it.

We do not have detailed information on Roman engineering practices.
Vitruvius, in his book on architecture and engineering,? comments on a
number of aspects relating to these topics, but in a general way.25 He
makes it clear that the architect/engineer produced a plan
(ichnographia) to show the elevation (orthographia), "the vertical image
of the front, and a figure slightly tinted to show the lines of the
future work..." (1.2.2). Clearly it must have been the practice, even
before his time, to produce plans for the design and construction of
structures, especially by the Greeks from whose sources he draws much of
his information. It is a salutary experience to read what Vitruvius has
to say about professionalism and how one needs to acquire that all-round

liberal background which makes an individual a rounded person in order

24 vitruvius, 1lst c. BC, De Architectura, Books 1-10.

25 Vitruvius comments on what was expected from architects and engineers while
practising their professions. Most technical training was obtained while men served in
the army, he himself being army trained. He gave his views on what the educational
background of architects and engineers should be. He gives <criteria for an
architect/engineer’s 1liberal educational background in order to understand the
technical, social and spiritual implications of his profession (1.1.3) and the need to
appreciate the social issues in practicing his profession and his responsibility as an
advisor and designer to his client (6, Pref.6). He emphasizes the need to rely on the
experience of others (7, Pref.6) and gives his reasons for producing a manual on
architecture and engineering techniques (7, Pref.18).
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to practice his particular expertise successfully, in spite of the

problematical technical knowledge he sometimes gives.

Although he acknowledged that flow in a channel was related to the size
of a conduit and to the rate of flow, Frontinus only quantified the
volume of flow of water in terms of size of a conduit. It is important
to take into consideration flow rate, size of conduit and friction
during flow to arrive at an empirical formulation for volume of flow.
Similarly Vitruvius gave a vague explanation for the operation and
construction of the so-called inverted siphon (he does not give it a
name) . He comments on the function of the horizontal part of the conduit
at the bottom of a valley, the venter, and also on water as it flows
down hill and the supposed swelling of the water as it is forced up the
opposite slope. He says "stand-pipes are to be made in the bend, by
which the force of the air may be relaxed" (8.6.5-6), which is
unnecessary for the system to work. These misconceptions by those
authors have been misinterpreted from as far back as the 16th century.
Modern engineering scholars have tried to make some sense of what
Vitruvius was trying to say in terms of the physics involved, both with
regards to the standard siphon and the incorrectly named inverted

siphon.

The physics and mathematics of a 1liquid flowing in an a U-tube
configuration are well understood, but the Romans did not have the
theoretical background to base their designs of inverted siphons on such
knowledge. Roman engineering was primarily empirically based. By trial
and error, and from the knowledge they gained from other societies, they
were able to produce complex engineering structures and perfected the
use of inverted siphons. Unfortunately no written evidence or drawings
are extant from antiquity indicating how this knowledge was adapted for
the improved constructions. Hodge (1992, 428, n.43) lists 18 aqueducts
with attested so-called inverted siphons, correctly referred to as pipe
pressure systems. The inclusion of the Lincoln aqueduct in this list as
having such a pressure system is premature, since the existence of a
pressure system in the agqueduct has not yet been proved, although it has
been suggested. There 1is circumstantial evidence that points to the

possibility that it was feasible, but nothing certain.

Another area where the Roman engineers (and other civilizations before
them) had an imprecise understanding of a specific technology concerned
the way calcined lime, when combined with certain admixtures, hardened

into the strong cementing agent used in concrete. It is only during this
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century that the chemistry of lime—based hydraulic cement has become, to
date, partially understood, and empirical application is still important
in concrete technology today. A recent TV film on the construction of
the Colosseum in Rome showed a lack of understanding of the part
‘pozzolana’ soil, derived from volcanic action, had on the development
of hardening of calcined lime used as a cementing agent. Vitruvius
refers to a "kind of powder which, by nature, produces wonderful
results", found in the neighbourhood of Baiae and Mount Vesuvius
(2.6.1). The Romans by empirical observation in the harbour works of
Misenum, and a break water at Puteoli, found that concrete made with
lime admixed with pozzolana was stronger than concrete that had only
clean sand mixed with the lime. It is this improved concrete quality
which allowed Roman engineers to build the amazing domed roof of the
Pantheon (Smith 1976a, 49), the dome for the Bath of Mercury in Baiae
(McKay 1978, 48-9), and vaulted roofs for many structures, and the cores

of masonry dams.

Other aspects of ancient and Roman construction are similarly poorly
understood. NAF Smith, a c¢ivil engineer, has written a penetrating
article on the "Problems of Design and Analysis" as it relates to
ancient engineering and especially to Roman aqueduct bridge design and
construction. He suggests that, since for maintenance purposes, the
cross-section of the aqueduct had to be large enough to accommodate
workmen, "in that case a size based on flow may not have been the issue
at all" (1991, 122). Considering the variety of aqueduct channel sizes
it seems to be a fair comment on the ultimate design approach of Roman
engineers to channel sizes. This practical non-technical approach did
not necessarily apply to the actual bridge design, for which strength
parameters would have been important to consider. How these were arrived

at would be most interesting to know.

There has been a lack of recent studies on water supply as it applies
to the different site types, which may have created a certain ammount
of misunderstanding of its importance to Romano-British archaeology,
and needs urgent research to bring into focus the relevance of water

supplies in Roman Britain.
I shall treat the eight types of water-related features in detail in

the following three chapters, followed in Chapter 6 by their

distribution in Britain.
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CHAPTER 3.
WATER SUPPLIES: 1) AQUEDUCTS, SPRINGS AND DAMS

1. WATER SUPPLY SOURCES

Location of suitable water sources was one of the important duties of

the Roman engineer wherever a military site was to be established. The

Romans had a long tradition of searching for water sources for the

aqueducts they built all over the Empire. The sources of water supply

used by them consisted of:

1. water from springs, streams and dams; transfered in aqueducts in
the form of various kinds of stone channels, leats, wooden and
earthenware pipes;

2. rainwater, stored in a variety of cisterns/tanks, pottery vessels,
water buckets and other containers;

3. groundwater, recovered by sinking wells into perched aquifers or into

the watertable of water bearing gravels, sands and rock formations.

One of the purposes of my thesis is to examine the evidence from the
archaeological record confirming that all three methods were used in
Roman Britain. For this reason, it was necessary to collate the evidence
in gazetteer format in order to discover what type of water supply or
water structures were used at different kinds of sites. Many of the
aqueducts were in the form of leats dug as an earth channel in soil or
rock. There are no apparent high bridge structures from the Romano-
British period that carried the channel of an aqueduct over deep valleys

as are found in so many other parts of the Empire.

Many settlements and towns in the Empire had only wells as water
supplies. As the population grew in the different parts of the Empire,
in particular in urban areas, dgreater volumes of water were required,
especially to serve the public facilities such as fountains from where
the general public could draw water. Large volumes of water also were
required for public baths as the ritual of daily bathing became an
integral part of romanized social custom and for this the aqueduct was
the obvious sclution. Running water was also needed for the flushing of
public latrines, sewers and the streets of towns, usually obtained from
the excess over-flow from fountains. Even with the large number of
slaves available to use as water carriers it was not possible to rely on
wells alone as a water supply in large volumes, mainly because in many
areas they were not able to yield sufficient quantities of water,
whereas aqueducts delivered large volumes. Springs were the preferred

source of water for aqueducts and dams were often built in the vicinity
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of springs to ensure that unpolluted water reached the cities (see

Section 3).

2. SPRINGS

Vitruvius, in Chapter 1 Book 8, gave advice on how to locate a water
source if springs were not obviously visible. The engineer had to lie
flat on the ground and looking at the horizon would see in the distance,
if the circumstances were right, where vapours rose from the ground,
indicating a source of underground water. If he then dug there he would
encounter a water source.'! This is a misinterpretation of a natural
phenomenon, because the apparent vapour so observed is merely the mirage
of heat radiation creating turbulant air flow upwards from the warm
ground. He does qualify this procedure with advice on the type of trees
and plant growth which could also indicate that there were underground
streams in the vicinity. Vitruvius made comments on sgprings and the
quality of water derived from them, which were a mixture of practical
advice and often interspersed with comments which have no physical
truth. His views on many technological aspects, often unsound,
particularly related to water engineering, seemed to have influenced

technical thinking until about the 18th century.

Springs emerge at the surface of sloping ground as water flows by
seepage from a perched water table or aquifer, which 1is relatively
easily observable. From great antiquity such springs have been the
source of water supplies for humans and animals. In time, cults
developed round such springs, probably because their source seemed to
indicate a supernatural origin and and the supply was without 1limit. The
practical value of such clean water sources was realised very early and
a number of ancient communities obtained water from springs channeled
along conduits to their cities. When the water of the Tiber became
polluted during the 4th century BC, the consul Appius Claudius of Rome
built the first aqueduct in 312 BC, 16km long and all underground, with
its source from springs about 9km east of the city (Winslow 1963, 171).

A number of the other agqueducts to Rome had their sources as springs.

For Roman Britain there are a number of sites where the water source is
from springs, for example, the aqueduct to Winchester had as its source
several springs near Itchen Stoke (Fasham & Whinney 1991, 5-11); the

villa of Chedworth had a spring water source and so did the palatial

1 A woodcut illustration from an edition of Vitruvius published in 1522 in Florence
illustrates his conception of how a spring source could be detected (Bromehead 1922,
145).
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villa of Fishbourne (Britannia 25, 1994, 289). In the database 47 sites
are listed as having spring water sources in Roman Britain and there are

likely to be more not yet identified.

3. DAMS

Often dams were built below springs, or across streams to ensure a
constant supply of clean water to an aqueduct. The dams also functioned
as a means to control the flow into the aqueduct, such as the second dam
(masonry and concrete, 49m high) at Subiaco, constructed under Nero to
serve his pleasure resort, and from Trajan’s time used as a source for
the Aqua Anio Novus (Smith 1970, 58-68). Several aqueducts in Spain also
had dams as their supply source, notably the dams at Alcantrilla
(Toledo) and Proserpina (Merida), both so-called masonry dams, and at
Cornalvo (Merida), an earth dam. These dams, built across streams, had
fairly large capacities: the Proserpina with a capacity of 10 million n
of water. This is a large dam for its low height of 12m. Hodge lists 13
Roman dams built during the 2nd and 3rd centuries AD (1992, 82).
Schnitter (1987) records many dams from antiquity which served as water

supplies to cities, of which a number were built by the Romans.

Roman dam building probably represents the acme of their empirical
hydraulic engineering knowledge. They may not have had an understanding
of the theory involved in the design of masonry and earth dams, but
their perception of basic hydraulic principles allowed them to construct
a variety of dam types. The stability of dam walls 1is subject to low
factors of safety, which the Romans compensated for by building the down
stream sections at slopes as flat as 1:3 to 1:5. If one considers the
spectacular and tragic failures of some modern dams, it is even more to
the credit of the Roman engineers who built their long-lasting dams. No
doubt they had failures too, but the Subiaco dam only failed in 1305
(Smith, 1970, 65) after 12 centuries of service. The Prosperina dam,
with a down stream slope of 1:5, is reported as still being in use today
(Hodge 1992, 89). The dams at the source of the Lanchester aqueduct are
said to have been almost intact during the early 19th century (Steer
1938, 210-34), but now hardly visible.

For Britain I have been able to trace only two dams which served as the
source of water for aqueducts. These were built as sources of supply for
one of the aqueducts to the fort at Lanchester (Steer 1938, 210-34; Reed
& Austin 1976, 214, 216, Fig. 36) (App.2). The lower dam (A) was built
over a small stream that had a spring as its source. About 0.25km higher

up the slope there was another spring at which a dam (B) was
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constructed, which discharged into the lower dam. It is not known how
the system worked between the two dams, but it is possible that the
supply from the lower spring into its dam did not supply sufficient
water, so it was decided to complement the supply with an additional

upper dam.

It has been suggested that the Saughy Rigg Washpool was the source for
the Great Chesters aqueduct (App.2), but it is not certain (Mackay 1990,
285)%. I saw no evidence of a likely place at this position where the
aqueduct could have obtained water from the river or evidence of dam
remains when I visited the site, nor could I see any indication of the
source on the relevant aerial photographs held at RCHM(E) archives at
Swindon. Putnam has suggested that the Dorchester aqueduct may have had
as its source of supply a 4m high dam, which was built across the
Steppes Bottom stream near Littlewood, (Putnam & Hewitt 1996, 1, Fig. 2,
interim report). There may have been other Roman dams in Britain which

have now completely disappeared.

4. ROMAN SURVEYING

In my judgement, one of the most significant feats of Roman surveying
and construction is that of the aqueduct from Ucetia (Uzes), the source,
to Nimes and that beautiful aqueduct bridge structure, the Pont du Gard.
From the surveying point of view, a standard of levelling was achieved
that would do a modern surveyor proud, providing a route through rough
and mountainous country with a fall of 17 metres in 51km, that is, a
fall of one third of a metre (1 foot) in 1 km (Hauck 1988, 78-84). This
quality and skill of surveying, done with the crudest of instruments,
can only be appreciated if one has tried to do surveying over similar
distances. Many of the other Roman aqueducts of Gaul (Nimes, 51km;
Cahors ‘Divona’, 31km), Germany (K&éln, 95km), Spain (5 major aqueducts),
North Africa (Carthage, 132km) and several in the eastern part of the
Empire, attest to the skills of the Roman surveyors. This skill in
precision surveying had special significance for Roman Britain as
demonstrated by the examples of the Dorchester, Great Chesters and
Winchester leat aqueducts because of the small difference in elevations

between the source and delivery points.

These surveying skills were important aspects of Roman technology

brought to Britain, whether surveying of fort, town, building, aqueduct,

2 Bruce 1884, 225-8, Pl.xvi; JRS 35, 1945, 80-1. There is uncertainty about the
source, a suggestion being that a dam was constructed at Saughy Rigg Washpool, but no
evidence of it has been found.
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road route, or agricultural plots. The array had a corps of surveyors
(agrimensores, land surveyors, and libratores, surveyor levellers using
water-levels such as the chorobate and cross-pieces) controlled by a
mensor (Dilke 1971, 51) . Most of the ancient writings on surveying were
based on accounts by Vitruvius, Hero and the Corpus Agrimensorum, which
described surveying for agricultural and land purposes, and not for
engineering, for which 1little research has been done (Smith 1990, 59-
6l) . The Roman surveyor (librator) achieved a surprising degree of
accuracy in surveying with the most crude and elementary instruments,
the groma and chorobate and probably also the use of Hero's dioptra. By
the middle of the 1st century the dioptra had probably improved
sufficiently for more accurate measurements to be made of slopes than
with the simple chorobate or with the A-frame (Mathews 13(1) 1970, 9).
The groma is a device with which linear sightings can be made along
right angle directions; the chorobate is an awkward levelling device and
the dioptra can do both leveling and angle measurements including angles
less than right angles. Smith believes that the A-frame levelling device
(Fig. 3.1) should not be ruled out as having been used by the Roman
surveyors 1in establishing relative levels for aqueduct routes (Smith
1990, 61).

System ot Carrying Levels
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Fig. 3.1: Levelling with an A-frame level, ( Butler 1933, 73, Fig. 5).

However, Roman surveyors were not infallible. A prime example of 'How
Not to Build an Aqueduct' discussed by Nicholas Horsfall, is the Saldae
aqueduct in Algeria which was intended to bring water from the spring of
El Anseur, 2lkm away. A Roman engineer, Nonius Datus had made the
original plan, and carried out the initial survey. But it took a long
time, something like 15 years, from the start of the project (c AD 137)
until water eventually flowed. When construction had progressed for some
short distance, the contractors realised they had a problem constructing
the aqueduct over the valley of El Hanai'at. Datus' services were again
called for and the aqueduct was placed on arches along the wvalley. But

progress was slow and he was required elsewhere. He was recalled again
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four years later, because it turned out that the two units who were
constructing the aqueduct worked frénl both the source end and from
Saldae at the same time. One of the construction sections included a
long tunnel of 428 metres and the two units did not meet in the centre.
In his words "It was apparent that the digging had strayed from the
line, so much so that the upper tunnel (source end) turned right, to the
South, and likewise the lower tunnel turned North, to its right. So the
two ends were out of line and had gone astray". Nonius Datus had
recorded this information on an inscription found at Lambaesis (modern
Lambese), dated to pre-AD 153. Datus was recalled to survey a connecting
link, which was eventually successfully constructed for delivery of

water to the city (Horsfall 1987, 40-1).

One wonders how many mistakes like that occurred in antiquity. I suspect
that the aqueduct at Lincoln did not function as it was originally
planned to operate. Examination of the interior of the earthenware pipe
encased in Roman concrete does not show the encrustration of sinter as
do many pipes and channels which operated in similar limestone
environments, which could imply that water did not in fact flow in the
pipe for any length of time. There are other uncertainties about this
aqueduct, in particular its source of water and the delivery of water

from the source to the town (see section 9.3, p.87).

5. TYPOLOGY OF WATER SUPPLY CONDUITS AND STRUCTURES

Specially constructed artificial aqueducts are very characteristic of
the Roman approach to water supply. Aqueducts that were used
specifically for irrigation water supplies, as in parts of North Africa
for instance, contributed to the local economy. However, the same cannot
be assumed for aqueducts used as purely domestic water supply and there
does not seem to be any evidence to support this possibility. Their
contribution to society seems to have been of the same order as that of
temples, Roman baths or the larger and richer villas found all over the
empire. None of these structures directly generated wealth for the
communities where they were situated. However all three were indicators
of wealth and power - whether of the State, of the community or of
individuals. Each type served specific functions within the communities
where they were located: temples for religious and cult practices, baths
for bathing and as public social centres, and the great villas for the

pleasure of their wealthy owners.

There do not appear to be aqueducts constructed specifically for

irrigation purposes in Roman Britain. Because of the over-abundance of
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water in Britain in some 1low-lying areas, such as the Fens and at
Wentlooge in Wales, channels were cénstructed for draining of water-
logged areas. Some agqueducts were constructed for industrial use such as
those at Dolaucothi where three leat aqueducts were constructed for the
purpose of hydraulic mining (Jones, et al, 1962, 71-84). On a lesser
scale, at the pottery works of Cantley (Doncaster) two very short
aqueducts provided water for the manufacturing process, which indicated
an economic use of water. At Holt, where the army at Chester had pottery
and tilery works, the aqueduct may also have served some economic
purpose. The small town of Wilderspool had a pottery industry, but it is

not certain that water from its aqueduct was used in the industry.

Across the empire there were many Roman aqueducts, often involving high
and aesthetically beautiful bridge structures, that served two very
important functions. Firstly, they conveyed one of the necessities of
life, water; secondly, they were an expression of the ability (power) of
Romans to create such impressive structures. However, aqueducts were not
a necessity for survival. People would have been able to get water,
albeit with some effort, from other sources. Although there were
alternative water supplies, people developed many different kinds of
facility for comfort and pleasure, and these, in part at least, depended

on the construction of aqueducts to make running water available.

In Britain there are none of the magnificent arched bridge remains
carrying the agqueduct conduits to urban centres. The Romans utilized
various forms of aqueduct conduit that are also found in other parts of
the Empire. Where there were no problems with valley crossings which
could not be effectively circumnavigated by following contours, the
preferred method was to use simple leat channels, ditches dug into soil
and rock forming the water conduit. Other conduit types are listed

below.

5.1. Typology of conduits.

5.1.1. Leats.

Leats are open ditches dug in soil with sloping sides. It would seem
that when the channels had to be deeper than one metre, the general
slope of the walls was about 45 degrees, which in certain circumstances
would have been too steep a slope and may have been unstable. Evidence
has been found of slumping of the sides of the leat at Dorchester

(Dorset) where it was in a high side-cut.
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5.1.2. Stone channels. ‘

These are of two kinds. The first kind is channels cut in rock in order
to maintain the desired flow grade of a leat. They usually followed
directly along the line of the leat where it traversed rock, as at
Dorchester. The second kind are channels made from dressed stone cut for
the purpose of forming channels with two vertical sides and a floor.
These channels could either be sealed with a lime-based mortar to render
them impermeable to leakage, or be the carrier of some form of pipe.
Remains of both these channel types are found at several sites in
Britain. The remains of three aqueduct channels were still intact as
late as the mid 19th century, originally built to provide water for the
fort at Lanchester, but have subsequently been destroyed by opencast
coal mining (Steer 1938). Vitruvius advises that such a channelled
aqueduct should be "arched over to protect it from the sun" (VIII.vi.l).
No mention is made of protection for health reasons. Many stone channel
aqueducts were below ground level, firstly, for protection against
pollution, and secondly, to ensure that the supply could not easily be

cut off by an enemy.

5.1.3. Pipe lines.
Pipes consist of four types: a) wooden, b) ceramic (terracotta), c¢)

lead, and d) stone pipes.

a) Wooden pipelines are usually indicated by the remains of iron rings
or collars which have been found in situ, mainly within the confines of
the enclosure of sites. In Britain, the wooden pipes were as a rule
carried in a channel of stone, but not invariably so. The iron collars
assocliated with wooden pipes vary in size from different sites. More
than 20 collars were found at Wroxeter with a diameter of about 63mm and
pipe lengths of the order of between 1.5m to 1.8m (Atkinson 1942, 121-
6), whereas at Silchester and Verulamium the collars were of the order
of 110-155mm in diameter (Archaeologia 55, 1896(2), 422-4). Although
evidence for wooden pipelines were found at some forts such as at
Birrens, Fendoch, Pen Llysten and South Shields, no iron collars have
been traced (Hanson 1970, 421). Instead two pipes were fitted together
and the join then *“solidly packed with clay” to prevent leakage (Arch.
J. 125, 1968, 125). Collars were found at the legionary fortress sites

of Caerleon and Carpow.
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a) pouring lead and
forming the joint

b) cross-section of
Roman lead pipes and
soldered seam

c) forming pipe and
showing soldered and
lap joints

d) methods of jointing
pipes to each other
o

Fig. 3.2: Construction of lead pipes and making of joints (Hodge 1992,
309 Fig. 215, 312 Figs. 216 & 217, 314 Fig. 219).
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b) In Roman Britain the major ceramic pipe aqueduct is that of the
Lincoln colonia, at least part of which was encased in concrete. It is
not clear whether the pipe was buried when constructed. When discovered
it was below modern ground level. It seems to have traversed ground from
the vicinity of the Roaring Meg for about 2km to a tank in the north of
the upper part of the colonia, into which it is speculated it would have
discharged, but the route of the last half kilometre of the aqueduct has
not yet been traced. An earthenware pipe 1is also reported for the

fortress at Chester as part of its water supply (Stephens 1986, 60).

c) Remains of Roman lead piping have been found at several sites in
Britain for distribution of domestic water, such as at Bath, Lincoln and
York. At York, during excavations at Wellington Row, a 180mm diameter
(external), 18m long lead pipe was found, *“which seemed to have carried
water across the bridge and down the centre of the widened road” (Wacher
1995, 175; Britannia 21, 1990, 325). This is the largest known Roman
lead pipe found in Britain. Lead piping was extensively used elsewhere
in inverted siphons, and for this use the thickness of the pipe has been
reported as being from 19 to 25mm. Several techniques of forming lead
pipes were developed and an elaborate technique of soldering the joint
was one method of sealing the pipe, this being the main procedure used
for inverted siphon pipes. Pipes were also formed on a circular mandrel,
then bending the two edges of lengths of pipe over on themselves and
forcing the edges tightly against each other making a lap joint. This
type of joint would not have been able to take the internal pressure of
inverted siphons. Other joints were also made for specific purposes.
Sketches of lead pipe making and forming of joints are shown above (Fig.

3.2, p.60).

d) Stone piping were used mainly in the eastern Empire such as at Patara
and Aspendos (Grewe 1985, 76, 80-81). Piping bored in stone must have
been extremely costly to produce in terms of both time and money. It was

not used in Britain as far as I can ascertain.

5.2. Tunnels.

Tunneling was not used in Britain as it was in the rest of the Empire.
Tunnels were constructed through both soils and rock, of which the Kéln
aqueduct is an example. There is the famous tunnel of Eupalinos on Samos
island (Rihll & Tucker 1995, 403-31), and the tunnel section described
by the Roman army engineer who left an inscription describing the

problems with the tunnel section of the aqueduct at Saldae (Horsfall
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1987). The aqueduct from Vers to Cahors in France had a short length

constructed as an arched channel in a soil tunnel (de Garros, 1989).

5.3. Bridge structures and arcades.

There are many famous remains of aqueducts carried on stone bridge
structures and arcades, and they are some of the most magnificent stone
constructions produced by the Romans. Long arcades with elaborate arches
over land and as bridges over rivers and roads are found all over the
Empire, some of the most conspicuous being those at Aspendos, Carthage,
K6ln, Pont du Gard, Segovia, and Rome’s own contribution of many
remains. The channel (specus) is carried on top of the masonry structure
and was always covered, either by an arched roof or ashlar slabs.
Usually channels were large enough for a person to walk in so that

repairs and maintenance could be carried out.

Four minor bridge structures have been suggested: at Beckfoot fort, at
Henk Bridge on the Great Chesters aqueduct, the bridge that carried the
aqueduct into Exeter, and the controversial bridge structure suggested
for the Lincoln agqueduct. Thompson reported foundation slabs (1954, 114-
7, Fig.3) for piers which most probably would have carried a
substructure for that portion of the aqueduct. At Beckfoot, Joseph
Robinson reported in 1880 the discovery of "a very curious structure"
and "leading out of this space was a hewn channel, apparently intended
for water”. Collingwood thought "it to have been the end of an aqueduct
leading into the fort at that corner", (Collingwood 1936, 38, 76-84,
Fig.1l). From the 1:25,000 OS map of the area it would appear that the
aqueduct would have had to be carried on a raised structure to enter the
fort as Collingwood suggests, but the evidence is inconclusive. In a new
survey of the Great Chesters aqueduct by the RCHM(E), it is suggested
that at the crossing of the valley at Benks Bridge, which is about 6m
below the course of the aqueduct, a bridge would have been necessary to
carry the aqueduct across the valley and the river. It is likely to have
been of wood construction, but its length and actual height is not known
and no surface remains survive (Britannia 21, 1990, 288). The agqueduct
originally serving the fortress and later the town at Exeter, was
carried on an elevated timber bridge structure where it entered the town
defences, but it is not clear how long this structure was (Britannia 14,
1983, 322). Perhaps there are other sites where aqueducts have been
suggested which would have required bridge structures, but this would

need special investigation to confirm it.
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5.4. Inverted siphons. A

This is a most unfortunate name for the type of aqueduct which conveys
water from a high point on one side of a valley to the opposite bank.
Such an aqueduct is correctly classified as a pressure system for which
the elevation of the down stream side of the pipeline has to be lower by
a small amount in relation to the level of the upstream end (Fig. 3.3).
The difference in height need not be great, but in practice will depend
largely on the resistance to flow in the pipe. The Roman engineers did
not have the knowledge to calculate exactly the flow 1in pipes or
channels, or the necessary difference in level to allow flow to take
place. They are 1likely to have relied on their experience and
observations of existing inverted siphons to decide on an effective
difference in level. The actual pipes for inverted siphons were usually
made of lead, but there are some where stone piping was used, such as at
Aspendos (Ward-Perkins 1955, 119, Fig.2). One of the main problems would
have been to prevent leaking at joints of a pipeline at the bottom of a
valley because of the high pressure which is generated, anything from 5
to 20 atmospheres, depending on the height between the delivery aqueduct
and the pipe in the valley. Pipes used in inverted siphons appear always
to have been encased in concrete. The Lincoln agqueduct must have
operated as a pressure systemf, with an inverted siphon because the
upward slope of the pipe, but evidence for the source end of the
aqueduct has not been found to confirm this. Suggestions have been made
by Thompson, Wacher and Lewis for possible sources, but so far no source
has been identified. Since the earthenware pipe encased in concrete has
been traced near the Roaring Meg, the postulated piers at the Roaring
Meg could have supported a low bridge structure as proposed by Wacher
(see Fig. 3.7b) carrying the pipes southwards towards the town. However,
such an interpretation is dependent on identifying its actual water
source. The purpose of the foundations have not been satisfactorily

explained.

Figure 3.3 shows that for water to flow in an inverted siphon the
intake of the conduit must be higher than the discharge end at the
castellum, indicated by the differences in levels h; - h;. The amount
of this difference, Ah, will depend on a number of factors, including
the friction in the conduit, the shape, the roughness of the internal

surface, viscosity, and others. The bends where the sloping sides

3 Hodge lists 14 inverted siphons (1992, 428, n.43); Wilson (1996, 8, and n.24)
mentions 11 additional inverted siphons. The inverted siphon at Beaunant on the Lyon
aqueduct had a depth of 123m compared to the suggested one at Lincoln which had a
depth of about 22m. The pressure at the bottom of the Beaunant inverted siphon would
have been 1230kPa (12.1 atmospheres), a high pressure for a pipe.
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meet the bottom section of the conduit will bear the greatest thrust

and is usually anchored.

source IAh

castellum

h

< inverted siphon

anchor block —p

Flow will take place when h; - h, = Ah, when Ah # 0.

Fig. 3.3: Illustration of principle of the inverted siphon ( AB).

Because the pressures in inverted siphons can be very high, depending
on the height h,, the conduit was usually encased in concrete, or in
some instances the walls of lead pipes would be abnormally thick. In
the case of the Lincoln aqueduct the delivery end would have been
either at the east gate or the north gate tank, a height h, above the

suggested low bridge structure near the Roaring Meg. The source,

wherever that was, would have had to be higher by a distance Ah, for

water to flow in the pipe. Neither of these two heights are known.

6. TECHNICAL ASPECTS OF AQUEDUCT CONSTRUCTION

Adam (1974) discusses in some detail the construction of structures
during Roman times, especially as practiced in Rome, Spain and other
parts of the Empire. He does not discuss the construction of leats.
Although Vitruvius mentions bridges and agueducts and other structures,
the information given is often too general and not detailed enough for
us to know exactly how it was done at that time. Some visual evidence in
the form of sculptures has survived; so, for example, the well-known

representation of a crane (Smith 1990, 79).

6.1, Stability and instability of aqueducts and maintenance.

It is important to appreciate that Roman engineers were confronted with
problems relating to the stability of aqueduct structures, even though
they did not have the theoretical understanding of instability. Any form
of channel, whether of the open leat type or stone-lined types, 1is
subject to either erosion, instability, or cracking, with consequent

loss of water, which can often compound problems. In modern construction
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of aqueducts, reinforced concrete pipes (minimizing cracking) and steel
conduits are used, and even they have a limited life span. The non-
uniform appearance of surfaces of the remains of exposed Roman walls
seems to suggest that repairs must have taken place at intervals over a
long period and this is 1likely to have applied to all the other
structures (Bruun 1991). Evidence from excavation reports often suggest
that reconstruction took place on parts of a site and this could well
have been within the period of normal decay of structures, suggesting
that it was easier to reconstruct rather than to repair. Although many
ancient structures have survived, the evidence of their decay is obvious
and their active use as serviceable stuctures led to their abandonment.
The ancient aqueduct structures would have been prone to instability and
cracking due to shrinkage of concrete over time, leaching of lime out of
the concrete, thus reducing their tensile and compressive strengths,
which rendered them unserviceable and led to their abandonment, because
of cost of repairs. For leat type aqueducts, the swelling and shrinkage
of clayey soils in which they were constructed would have been the
source of instability. Modern soil mechanics have shown how the
stability of earth embankments is affected by different construction
techniques and moisture contrcl. It is probably not unfair to say that
many Roman structures must have failed because of poor foundation
control. Avery (1993, 1-10, Figs.117-124) gives a good basic account of
the theory of stability analysis that can be used to assess the
stability of ancient structures if appropriate soil and rock strength
parameters are measured in situ or 1in a laboratory. Avery quotes

extensively from soil mechanics literature.

It may be conjectured that some of the aqueducts (and wells) could have
become inoperative during their 1lifetimes due to some structural
inadequacy or due to the original poor construction, or subsequent
unstable development as a result of saturation of soils during flood
periods. Similarly aqueducts constructed in clayey soils would 1likely
have failed in places due to wetting and drying resulting in cracking of
its embankments, or due to erosion during flooding. The regular
maintenance of such service structures must have been a major problem
for both public bodies and private owners, as it is even today in our
much more sophisticated repair-conscious age. The total maintenance
costs of long linear features were possibly prohibitive. This is
probably one of the reasons why a number of the aqueducts of Rome and

elsewhere fell into disuse.
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One wonders to what extent that was an issue in Britain, where the
problem would have been somewhat different, given the predominance of
leat type structures. Silting up and embankment erosion would probably
have been the main in-service problems. Neglect of the leats may also
have been responsible for them becoming inoperative, resulting in
blockages and other breaches that might have impeded their proper
functioning. There is nothing in the archaeological record to indicate
how long the known leats in Britain carried water, whereas for a number
of the known aqueducts elsewhere there is evidence of how long they
supplied water, particularly those in Rome. For the Dorchester aqueduct
there is evidence that a slip failure had occurred along a section on
Whitfield farm and that it was repaired, but it was not clear when this

would have taken place.

Pipe aqueducts used on many sites (as at Cirencester, Caistor-by-
Norwich, Chelmsford, Fendoch and Carpow) and internal distribution pipes
(as at Bignor, Birrens, Colchester, Caerwent, Gloucester and Wroxeter)
would have required regular maintenance, especially wooden pipelines,
which could crack if allowed to dry out and burst if under high internal
pressure. The seals at joints between individual pipes could have
deteriorated over a period of use and would have needed repairs. The
joins of stone channels would have been potential weak points subject to
leaks, because the sealing mortar would have been very sensitive to even
slight lateral and vertical movements in the individual channel blocks.
It is reported that several sites had stone channels that carried wooden
pipes, which may be the result of experience with leaking joints of the
original supply channels. Hence the need to support wooden pipelines for
their joints not to be disturbed. I would suggest that on certain sites
the stone channels were the original water conduits, but because of
problems with the integrity of the joints of the channel blocks to hold
water, it was belatedly decided to use wooden pipes and support them on
the channels. It could not have been cost effective from the beginning

to build a channel and use a wooden pipe to carry the water.

7. SITE TYPES

Owens observes that "An adequate supply of water was one of the major
factors in deciding the location of a new city, and many cities were so
situated as to take advantage of naturally occurring supplies of water
from springs, wells and even rivers" (Owens 1992, 158). It is 1likely
that many urban centers did not start with an agqueduct as the initial

source of water supply.
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Aqueducts have been used to deliver water to all the listed site types

in Roman Britain as shown in Table 3.1.

Table 3.1: Aqueducts at site types.

Site type Aqueducts Percentage of total
forts/fortresses 66 48

coloniae 4 3

municipia 1 <1

civitas capitals 11 8

small towns 9 7

settlements 20 15

villas 24 18

Total sites 135

7.1. Water supply data.

All the data recorded in the database is given in the table in Appendix
1. The sites where aqueducts have been found are listed in Appendix 1
from which their distributions have been extracted and are given in
Figures 6.1 (forts), 6.2 (civitas capitals), 6.3 (small towns), 6.4
(settlements), 6.5 (villas) in Chapter 6.

There are biases in the archaeological record data for Roman Britain as
represented in the table in Appendix 1. As excavations continue, the
number of known Roman settlements increases over the time span. However,
the number of sites where the water supply features have been reported

comprises a small percentage.

The rescue context of many excavations is a further factor affecting the
details of the archaeological record and some water-supply features
(pipes of lead or wood) may be poorly represented as a result of decay
or ancient reuse. Clearly, the information obtained by me for any
specific site may not be complete, so that the presence of one type of
structure and the absence of another may not necessarily reflect the
true archaeological potential of the site. Hence, during the analysis of
site data these shortcomings in the data set and therefore the biases

they introduce must be borne in mind.

In Table 3.1 it is shown that forts registered half the number of
aqueducts listed in the database, showing that the army had a preference
for aqueduct water supplies compared to any other supply. The reason for

this may have been that there were usually a large number of troops
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concentrated in a confined space, so that large quantities of water
would have been used daily, and it would have been preferable to have a
running water supply than having to have it carried to the site or drawn
from wellsgs. It is not clear why many of the other forts also did not
have aqueducts, but this could have been due to lack of excavation
outside the fort area, or to their destruction over time, or genuine
absence. However, it is considered that agqueducts were more widely used
at forts and other type sites than indicated by the archaeological
record. For instance, at forts, assuming the daily consumption and other
uses of water per person was 20 litres per day, then for a contingent of
troops of say 500, at least 10,000 1litres of water would have been
necessary. To carry or draw that amount of water each day would have
been a costly activity both in time and personnel.® The problem is even
greater for the larger forts and fortresses and those with cavalry
units. Seven fortresses are listed as having had aqueducts, excluding
those originally at the coloniae. The lack of agqueducts at more small
towns may indicate that they also have not been found for a variety of
reasons. At sites which were not urbanized, wells and springs are likely
to have been the preferred sources of water supply, if for no other

reason than an economic one.

Initially it was the military who, as they advanced from south to north
and from east to west, introduced water supply and drainage systems not

previously used in Britain.

8. AQUEDUCTS

8.1 General.

There must be a number of factors which relegated agqueduct construction
in Roman Britain to the expedient based mainly on leats, simple channels
at ground level, or pipe conduits. Comparing the lengths of aqueducts
(many over 30km long) in the Mediterranean world with those in Britain
(all known ones are less than 25km), may suggest that the relative
availability of suitable water sources was easier to find in Britain.
Topography may have been a factor, but cost may have been more
significant in the decision to build the cheaper type structures.
Generally, where aqueducts were required in Britain, the countryside did
not have deep valleys surrounded by mountains, so the need for elevated

bridge structures and 1long arcades did not arise. Leats could be

4 The assumption of 20 1/d@ would include water for drinking, cooking, personal
washing, and for washing of clothes. If a person carried 10 litres at a time, at least
1,000 daily trips would have been necessary. This would have required about 83 trips
per hour for a 12 hour working day, which could imply that about 10 people or more
were drawing water every day for 365 days a year. The occupation of drawing water from
wells would have presented similar work load problens.
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constructed to follow and cross contours to obtain the desired gradient
to permit reasonable flow rates. But even so, the construction of simple
leats, that 1is, channels cut into the so0il or into rock, were major
undertakings. Even their relatively lower costs would have been con-
sidered carefully, because towns had to generate their own revenue for
public facilities, whereas the province financed its own expenditure on

capital public works.

8.2. Leat agqueducts.

Examples of leats for which evidence exists are Bowes, Dolaucothi,
Dorchester, Great Chesters, Haconby, Haltonchester, Hardknott, Tomen-Y-
Mur, Winchester and Wroxeter. Dolaucothi is the only known gold mine in
Britain, worked from pre-Roman times, and further developed by the
Romans, that was served by three aqueducts of 1leat construction®.
Unfortunately the leat-type agqueducts have been eroded or destroyed over
the centuries, primarily because of agricultural activity. The routes of
the aqueducts of Dorchester, Great Chesters, Winchester and Wroxeter can

be traced with difficulty on the ground.

Leat aqueducts were constructed across contours in such a way that the
flow could be controlled within the gradient 1limits set by Vitruvius
(1:2,000 min. and 1:200 max.), or what was expedient for the topography
of a particular region. For only a few of the leats that have been
recorded in the database is there sufficient information to trace them
along the ground. Where they were cut into soil, 1leats have been
vulnerable to natural erosion or eradication by agricultural activities
over a very long period, so that many have completely disappeared and
their traces are unlikely to be discovered.® Where such leats have been
cut into rock they seem to have been silted up, as for instance for long
lengths of the Dorchester aqueduct in Dorset (Putnam 1995, 128-31) (Fig.
7.3), and portions of the Dolaucothi aqueducts, that is, the Cothi (4),
Annell (B), Gwenlais (C), and the Nant Dar (D) (Fig. 3.4) (Jones and
Mattingly 1990, 182, Map 6.3).

5 Lewis & Jones, 1982, 4, 10-4; Jones, Blakey & Macpherson, 1962, 71-84, pls.I-V;
Burnham 1993, 16-9; Burnham & Walker, 1992, 2-8; Burnham 1994, 41-7.

6 This may not be entirely correct, as apparently even if a site has been extensively
ploughed, if the 1light and the time of the year when the growth of the crops is just
right, a cropmark may show up and reveal a structure that is invisible at the surface.
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kilometres

Fig. 3.4: Routes of the Dolaucothi aqueducts (after Jones and Mattingly
1990, 182, Map 6.3).

Only minor excavations have been carried out on the Great Chesters
aqueduct (Fig. 3.5), but it has been surveyed twice, the first time in
1850, and again in 1988 by the RCHM(E) (Mackay 1990, 285-7). Several
sections have completely disappeared, but sufficient lengths of the
aqueduct have survived to show its general route. It has been suggested
that the source of the aqueduct may have been a dam at Saughy Rigg
washpool (A), of which there is now no evidence. At Benks Bridge (@B) it
has been suggested there was a bridge structure carrying a pipe conduit
across the stream, but no remains have Dbeen found. The aqueduct

discharged into a tank near the baths at the fort (C).
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Fig. 3.5: Route of Great Chesters aqueduct (after Mackay 1990, Fig. 6).

Present surveys of these aqueducts usually consist only of a line on a
poorly contoured map, making it difficult to visualize their spatial
impact on the landscape. For instance, a preliminary survey of the
course of the leat aqueduct of Winchester (Fig. 3.11) was published as
recently as 1991 (Fasham and Whinney 1991, 6-11) . Future work on it
could include plotting it so that its 3-dimensional aspect can be

illustrated.

Although some work has been carried out on the British leat aqueducts,
there 1s no published information showing cross-sections of their
complete routes. It would be helpful for future studies if the known
leats can be plotted in a format which will show them in the context of
the local topography. These two aqueducts (Dorchester and Winchester)
offer the opportunities to have them mapped to standards which modern

computer 3-dimensional plotting can now achieve.

6.3. Stone-channelled aqueducts.

Stone channel aqueducts appear to have been constructed only at military
sites such as at Birdowswald, Birrens, Catterick, Glenlochar, High
Rochester, Lanchester and Stanwix. There may have been a stone-channel

aqueduct at the villa of Well.
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The three stone-channelled aqueducts of the Roman fort at Lanchester are
an example of this type of construction. The Rev John Hodgson reported
and provided a plan of the agqueducts in 1822 (Hodgson 1822) "when the
channels were apparently as 'visible as the day they were made'" (Reed &
Austin 1976, 214) .7 By 1938 it was difficult for KA Steer (1938, 210-34)
to locate the route during a geometric survey of the channels (Fig.
3.4). Reed and Austin state that destruction was due to "Three different
forms of land-use - agriculture, new housing and opencast coal-mining -
(and these) can be identified as the main agencies which threaten
archaeological sites". Natural erosion by the elements has also
contributed to this process, but not to the extent and at the rate at
which human agencies have caused damage. A prime cause of wanton
destruction was opencast coal-mining, since "as a result of
deforestation during the last war and the succeeding two decades, some

previously protected archaeological remains, such as the dams and

aqueducts of the Roman fort, were destroyed" (Reed & Austin 1976, 213)8.

DETAILED SURVEY:
lanchester area

aourtud lotot jfVfotfd
10NGOVICIVM

Aqueduct

Fig. 3.6: Lanchester fort aqueducts (Reed & Austin 1976, 215, Fig. 37).

9. INSCRIPTIONS

There are no ancient literary reference or epigraphic information for
any of the known leats in Britain, but four inscriptions have been
found, one about the repairs to an aqueduct, and three refers to the

provision of new aqueducts, all four referring to forts.

7 The article discusses the early discovery of the three aqueducts to the fort and
its subsequent deliberate destruction.

8 A recent case of continued destruction of archaeological sites has been the three
medieval bridges at Hemmington on the Trent, (Current Archaeology 12(8), 1994, 316-
21) .
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In addition to the four inscriptions from forts (Collingwood & Wright,
1965)° the only information we have about aqueducts in Britain is from
the archaeological record. At any rate, the epigraphic evidence shows
that the leat type water carriers were considered by the Romans as

aqueducts. The inscriptions are as follows.

9.1. The four known inscriptions.

RIB 430 (143): Caernarvon, AD 198-209.

[Imp(eratores) Caes(ares) L(ucius)] Sept(imius) Seuerus
Pius Per|[tinax et M(arcus) Alurel(ius) Antoninus |
[Pius Aug(usti)] et [P(ublius) Seplt(imius) [Geta no]-
b(ilissimus) Claes(ar) |riuos agluaeductium uetus|[tate

conlalbs(os) coh(orti) I Sunic(orum) restit(uerunt) |

[...ARE...|...NL...

‘The Emperor-Caesars Lucius Septimius Severus Pius Pertinax Augustus and
Marcus Aurelius Antoninus Pius Augustus and Publius Septimius Geta, most
noble Caesar, restored the channels of the aqueducts fallen in through

age for the First Cohort of Sunicians....’.

Interpretation of the inscription based on morphological grounds,
mentioned by Stephens (1985b, 228-30), suggests that there may have been
more than one agueduct channel; one supplied the fort and the other the
extramural baths. It is not c¢lear whether these were channels that
carried water pipes. Wheeler, (1924, 110-11) says the fort could only
have been supplied by pipelines.

RIB 1049 (348-9): Chester-le-Street, AD 216.

...) eg(uitum) | [alae ...Antonilnianae | ... tlerri-
tol [rium ... aquam] induxit | [balneum ... a s]olo
in| [struxit sub cura ...]diani leg(ati) | Aug(usti) pr(o)

pr(aetore) Sabin(o) II et Anlullin(o) con(n)s(ulibus)

... of the troopers of the Cavalry Regiment ... Antoniniana ... domain-
land ... brought in a water supply, and erected a bath-building from
groundlevel under the charge of ... emperor's propraetorian legate, in

the consulship of Sabinus for the second time and of Anullinus.’

9 Collingwood & Wright 1965, (RIB) Inscriptions for aqueducts have been identified as
follows: Caernarfon - RIB 430; Chester-le-street - RIB 1049; Chesters - RIB 1463;
South Shields - RIB 1060.
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It would seem that the work was done during the reign of the Emperor
Caracalla, for which a comparable. inscription was found at High
Rochester (RIB 1279). This aqueduct is known only from the inscription,
as there is no archaeological evidence for it. The fort has a sewer and
the baths mentioned in the inscription also suggest that there was a
running water supply. Limited excavation or loss of the remains of the

aqueduct account for it not having been found.

RIB 1060 (354): South Shields, AD 222.

Imp(erator) Caes(ar) diui Seueri | nepos diui Magni Antonini
fil(ius) | M(arcus) Aurel(ius) Seuerus Alexander | Pius Felix
Aug(ustus) pontif(ex) max(imus) | trib(unicia) pot(estate) pl(ater)
p(atriae) co(n)s(ul) aquam | usibus mil(itum) coh(ortis) V
Gallo(rum)

in/duxit curante Mario Valeriano | leg(ato) eius pr(o) pr(aetore)

‘The Emperor Caesar Marcus Aurelius Severus Alexander Pius Felix
Augustus, grandson of the deified Severus, son of Antoninus the Great,
pontifex maximus, with tribunician power, father of his country, consul,
brought in this supply of water for the use of the soldiers of the Fifth
Cohort of Gauls, under the charge of Marius Valerianus, his

propraetorian legate.’

This is one of the most complete inscriptions in Britain relating to the
provision of a water supply amenity. It indicates that there may have
been two aqueducts at South Shields, the original agqueduct that went out
of commission and the new one provided by the emperor Alexander Severus,

some time during AD 222-35.

RIB 1463 (354): Chesters, AD 181-5 (Haverfield), AD 217 (Birley).

Aqua adducta | alae II Astur(um) | sub Vip(io) Marcello | leg(ato)
Aug(usti) pr(o) pr(aetore)

‘Water brought for the Second Cavalry Regiment of Asturians under Ulpius

Marcellus, emperor's propraetorian legate.’

It is uncertain whether the inscription refers to Ulpio Marcellus who
was the governor in Britain from AD 181-5, or the governor with the same
name dated to AD 217 (Birley 1988, 36, 174). Haverfield (1897, 179)
favoured the earlier date, whereas Birley (1988, 174) assigns the
inscription to the later date. In the note to the inscription, it is

pointed out that the ala II Asturum was a 3rd century garrison of
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Chesters, and since the posting of garrisons to Hadrian’'s Wall was rare
at the end of the 2nd century, it was unlikely that this unit was
present at the fort in Commodus’ time (AD 181-92) (Collingwood & Wright
1, 1965, 472). However Birley also points out that a certain Q. Baienus
Blassianus, a prefect, *“had commanded an auxiliary unit in Britain, in
his case the cohors II Asturum, which was his first commission.” He is
reported in a papyrus to have been in Egypt in AD 168, and was active
from c.AD 140-168 (1988, 51), so he is unlikely to have been with the
cohors II Asturum in Chesters in AD 217. To reconcile these two persons’
dates it would seem that the inscription refers to the earlier governor.
This inscription is also complete, brief and concise. Birley has pointed
out that during the 2nd and 3rd decades of the 3rd century there were
many examples of the provision of this kind of amenity (Collingwood &

Wright 1, 1965, 472, RIB 1463).

There are other inscriptions which attest the provision of, or repairs
of baths, e.g. RIB 605, 730, 764, 1091, 1212 and 1912 (Collingwood &
Wright 1983, 87).

10. HYDROLOGY AND HYDROGRAPHIC DATA

Scholars have tried to make estimates of flow and several estimates have
been published. Hodge (1990, 346-8) gives some of these discharge
statistics for a number of aqueducts over the Empire, though none for
British agueducts. These statistics should be treated simply as orders
of magnitude because of the many variables that are involved in
calculating flow in channels or pipes. In Roman Britain, some
calculations have been done for the Dorchester aqueduct and those at
Dolaucothi. However there 1is very 1little hydrographic data of
measurements of flow and mapping of leats which can assist in their

descriptions.

Jones et al., (1962, 78-9) calculated flow quantities for the aqueducts

at Dolaucothi at Pumsaint in Wales.®

They used standard formulae for
calculating the rate of flow in open channels for two depths (0.381m and
0.305m) to arrive at quantities of flow of 16.2 and 11.7 million litres
per day. The Cothi leat discharged into a tank with a capacity of about
14,300m?® (14.3 million litres). Water was used from this and other tanks
on the site for hushing of the ore to be processed for its gold. In the

RCHM(E) article on the Dorchester aqueduct a flow quantity is given

10 The formulae on which they based their calculations are simplified versions of
hydrological calculations, but provides adequate orders of flow quantities. Hodge also
gives these formulae in his appendix (349-55), explaining in some detail for the non-
technical person, how they are to be used.
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(using the same formulae) of 58.9 million litres per day. (I have not
found any other flow data for the' other known aqueducts from Roman
Britain.) The quantities quoted are enormous. I suggest that these flow
rates are based on the maximum height of flow anticipated for the
aqueducts, which would probably have been the flow rate during flood
periods. For the Dorchester aqueduct, I calculated, based on the
dimensions provided in the RCHM(E) article (p.587), that for one quarter
of the depth of flow given, the flow yield would have been one fifth of
that at the suggested depth of 6lcm (2ft). Even so the yield would have

been nearly 12 million litres/day.

Provision of overflow facilities for discharge of excess water was
common in Roman water engineering. Such facilities were generally
available to discharge water after it serviced public baths, homes,
fountains, latrines and washed street drains, before it was allowed to
flow into a river or out of the town. At Dorchester there is evidence of
a conduit which removed excess water from the main aqueduct to the river

Frome.

1l. SOME CASE STUDIES OF AQUEDUCTS IN ROMAN BRITAIN.

11.1. The Dorchester agqueduct.

I discuss the Dorchester aqueduct in detail in Chapter 7. There I give
an overview of the finding and modern surveys of the remains of the
aqueduct, and then discuss a possgsible background to its original
construction. I then advance a series of hypothetical assumptions about
the leat-type aqueduct, in order to give a picture of what would have
been the engineering implications of its construction. Bill Putnam has
discovered that parts of the Dorchester aqueduct channel were in rock-
cut (Putnam 1995, 128-31). He mentions that many of these rock-cuts have
been silted up with deep overlying layers of soil (see Fig. 7.4) as at
Fordington Bottom (B) (SY 6692 9109), at Muckleford (E) (SY 6397 9343) and

at Penns Plantation (D).

11.2 The Lincoln agqueduct

Part of the Lincoln aqueduct route was published in 1954, and little
additional information has Dbeen added since Thompson reported the
structure in 1954 (Fig. 3.7a). In his paper on the Lincoln aqueduct, he
refers to the eight ‘piers’ that must have stood on the bases shown in
his Figures 2 and 3 (positions D to E) (1954, 112, 115). The figure also
shows a projected dashed line from the known position of the aqueduct
pipe, giving the relative elevations of suggested piers above the

foundations that were found.
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Fig. 3.7a: Route of Lincoln aqueduct (after Thompson 1954, Fig. 3).
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Fig. 3.7b: A possible restoration of the aqueduct bridge (Wacher 1981,
300, Fig. 18).
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Wacher (1995, 141, Fig. 60) gives an elevation plan of "a possible
restoration of the aqueduct bridge-on the south side of the Roaring
Meg". The form of the latter is highly speculative (Figs 3.7a & 3.7b).
Nevertheless, the evidence of the ’‘pier’ bases indicates that piers and
a super-structure may have been constructed above them, possibly 3-6ém
high. Various proposals have been put forward to justify the existence
of a bridge structure near the Roaring Meg, which would have carried a

portion of the agqueduct system (section 9.3).

The implied source of the aqueduct as indicated by Wacher’s possible
restoration across the Roaring Meg stream (OD c¢. 40m) is unproven,
though Wacher has suggested an alternative source for the aqueduct at a
spring some 30km away in the Lincolnshire Wolds at Otby Top north-east
of Lincoln, at an elevation of about 152m OD (1981, 297-300, Fig. 17).
He said that this source "would have provided a more than adequate head
of water to make the aqueduct work on a siphon principle".' If the

elevation at the tank on the North Wall was at OD 67m, the difference in

elevation (Ah of Fig. 3.3) between the source and the discharge point
would be 85m, and would have provided a more than adequate head for the
actual siphon portion. From the contour map (Fig. 3.8) it would appear
that there were several places where the valley elevations were lower
than the delivery point, which would require that a very long section of
the aqueduct would have been an inverted siphon raising the water to the
final required level. If evidence should turn up to confirm this route,
it would be the longest inverted siphon built by the Romans and would be
unique in ancient hydraulic engineering. Wacher also shows a proposed
restoration drawing of the aqueduct bridge across the Roaring Meg
(Wacher 1981, 300, Fig. 18), but it is not clear whether this formed
part of his extended aqueduct.’® By implication the bridge would have
extended further north than the Roaring Meg for some distance, about

which he gives no comment.

Since no evidence to date has been found of the agueduct beyond the
Roaring Meg or the superstructure of the suggested bridge and arcade
structure this remains an unproven theory, until new evidence can
confirm the existence of the aqueduct continuing northwards. Wacher’s
suggestion of an extended agueduct is nevertheless an attractive
solution and his route needs to be looked at in much detail to provide

archaeological evidence before it can accepted.

11 Wacher 1981, and discussion, 297-304.

12 It is noted that he has not included this reference in the second edition (1995) of
his book though he included the discussion on the extended aqueduct.
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Fig. 3.8: Routes of Lincoln aqueduct suggested by Wacher (@) (1981),
Lewis (® 1984, Barker (C) 1995 (pers. comm.).

The Lincoln aqueduct was first referred to in 1700 by a Yorkshire
antiquary in a letter to the Dean of York, commenting that "a small
canal, or Roman aqueduct or pipe" was discovered. By 1781 "the aqueduct
was apparently well known to the local inhabitants" (Thompson, 1954,
108) . At that time certain substructures of the aqueduct were apparently
still wvisible, but by 1806 Gough (1806, 1ii, 366) says that there was
only "a mound where some traces of a tower or some building, supposed

the place of a reservoir", which he marked on an accompanying map as

79



being circular® (Thompson 1954, 109). Thompson describes the details of
the aqueduct from the Roaring Meg tbwards Lincoln along the Nettleham
Road, based on excavations undertaken during 1951-52 (1954, 106-28), the
direction being revealed on air photographs taken in 1951. The agueduct
was an earthenware pipe encased in concrete and its route is shown on

Fig. 3.7a.M

Lewis refers to a short section of earthenware piping encased in
concrete which was found in 1857 towards the east of the lower town
above the spring line, beside Greestone Stairs (Lewis 1984, 71, Fig.
11). Since it was also encased, he suggests it could have been a
pressure main from the south, either from beyond the Witham river, or
from somewhere along the spring line at about the 50m contour. It would
seem there is not sufficient evidence to be more positive about what the
purpose of this short section of pipe-line was, and where it entered the
Roman town. If it was a second aqueduct, it could only have served the
lower part of the colonia below the 50km contour line, since most of the
upper colonia lay above the 55m contour. He points out that other pipes
found in Lincoln indicate that some running water supply was available.
However, there seems to be no direct evidence of how the aqueducts (if
there were two) did provide water to the upper and lower parts of the

town.

Thompson (1954, 106-28), suggested that the Roaring Meg was the water
source for the aqueduct from the north (Fig 3.7a, position F). It was
about 21.2m (70ft) below the highest point of the rising main aqueduct
along Nettleham Road, where it is assumed to have reached the Roman town
at the‘water tank just north of the East Gate. For water to flow upwards
along the pipe, Thomas Sympson in the 18th century15 suggested that a
tower was erected with a reservoir tank at the top, near the Roaring
Meg. Its level would have had to be greater than 21.2m above the stream
in order to function. From this tank, water could be discharged into the
aqueduct through a down-pipe, thus forming a closed inverted siphon
system. Excavation during 1951-2 revealed eleven foundation slabs for
piers (shown in Thompson’s Figures 2 and 3), on which it was suggested
the inverted siphon pipe would have been supported. Two proposals for

lifting of water to the top of the tank have been made by Thompson,

13 Camden's Britannia (ed. Gough, 1806), 1ii, 366, and Pl.X. Presumably the map
Thompson refers to is Camden’s P1.X.

14 There seems to be some vague evidence of piping which brought piped water to the
lower colonia site, with a suggestion that its source may have been along the Witham
river valley (Lewis 1984, 71).

15 Sympson T, 18th c¢., Itinerary Curiosum, i, 88 and his Adversaria, see Lincs. Notes
and Queries, ix, 65-90, mentioned by Thompson 1954, 108.

80



including an endless chain bucket system, or the use of a Roman type
force-pump. Thompson favoured this iatter solution (1954, 121-2), but
the quality of force pumps at that period is not considered to have been
of a standard that could have raised sufficient water for the needs of

the Colonia (Smith 1991, 125-6).

FT Baker, who was involved in the original excavations, suggested to me
in 1995, that he is of the opinion that the aqueduct crossed the Roaring
Meg and followed a line towards the left of the main road to the north
(B), along the Lincoln Cliff, the Jurassic ridge above the 61lm (200ft)
contour, where apparently there are springs. However he says, this has
not been looked into. Lewis refers to this ridge in his discussion of
Wacher’s route for the aqueduct (Lewis 1984, 68), but he does not
mention the possibility of the aqueduct having its source in this
formation. If Baker’s suggestion is a possible solution and a spring
source was available on the ridge above the 61lm contour, then the height
to which water would have had to be raised into a tank would have been

much less, in order for the inverted siphon to have functioned.

Wood (1981, 107-10) reported that the furthest south the earthenware
aqueduct has been located is at a position a distance of 860m from the
north-east corner of the Roman city (his Fig 13 p.108). As no evidence
has been found of the aqueduct along the proposed line by Thompson
beyond point X (Fig. 3.4), it "leads to the speculation that it may have
turned from the presumed line".® Unfortunately the article provides no
spot heights of the last few places where it has been found. However,
the 1:10,000 OS map contours indicate that Thompson’s 1line would
continue along an upward grade (to about OD 215ft, (65.5m) as suggested
by Thompson), whereas, as suggested by Wood, it veered off to the south-
west in the direction of the north wall of the colonia towards the Roman
bath, or the castellum, which is at a lower elevation. It thus would
seem reasonable to conjecture that the Roman engineers were aiming for a
different entry point to the colonia than the one suggested by Thompson.
The 1:10,000 Ordnance Survey map shows there is a valley (now filled in
and built over, carrying a road) between point X and the bath of the
colonia, which would imply the possible need of another siphon, not
mentioned by Wood. At the present time this last portion of the

aqueduct's route is still not resolved.

16 Jones (ed.), 1981, 83-114, with subarticle by Wood K F, Sect., 6, ’‘The Roman
Aqueduct at Lincoln: Recent Investigations’, Fig 13, pl.XXIa, b, 107-110.
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At Lincoln, Thompson states that, from some point not far from the
Roaring Meg source, OS surveying shows "that the pipe may have lain 1.3m
(4ft) below the Roman period surface at this point. It then follows that
there is a rise between source and supply-point of some 21.2m (70ft),
attained over a distance of approximately 2km (1% miles). It is thus
clear that, between point C and the upper Roman colonia the aqueduct
constituted what water-engineers term a ‘rising main’; the method of
construction, 1in 1lengths of earthenware pipe heavily sheathed in
waterproof concrete, indicates the measures taken to withstand the
resultant pressure which must have been considerable" (Thompson 1954,
121). Thompson’s suggestion would indeed have required a high pressure.
No comment seems to have been made about the condition of joints when
the lengths of pipe remains were recovered during excavation. From the
few lengths of pipe in the Lincoln County Council Museum, I could not

see any obvious problems at joints.

11.2.1. The tank solution.

Thompson suggests two possible methods of filling the tank: in the first
of these, water would have been lifted into a tank at least 21m*” above
the source by mechanical means using an endless chain and bucket
arrangement. Water would then be allowed to flow by gravity along the
down-pipe and under pressure along the rising main on the principle of
the ‘inverted siphon’. Alternatively, they could have employed a force-
pump, such as the type found at Silchester (1954, 112-22). He discusses
the two possible solutions in detail, but each one presents technical
problems. The tank solution invokes the concept of the inverted siphon
system with a reservoir tank raised on a platform providing the water
source (Thomas Sympson’s original suggestion). Lewis (1984, 65, Fig.6)
shows some possible suggestions of how the tank arrangement would have

provided water to the aqueduct.

In order to calculate the amount of water that could be made available
using Thompson’s suggestions I have produced a schematic diagram (Fig.
3.9) of the tank solution based on Thompson’s descriptions and
measurements. Some of the features of the superstructure shown, are my
own schematic representations, merely to illustrate the principles
involved. They are not meant to indicate what the Romans constructed,
if, in fact, they did use this as a solution. Gough (1806) apparently

reported the tank as being circular. The size of the tank is not known.

17 The height should be more to function as an ‘inverted siphon’.
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I have assumed that it is rectangular and similar to the dimensions of
the foundation platform for ease of calculation purposes (Thomson’s
foundation No.VIII, p.120, Pl.XI). The size of the foundation was about
4.88m long by about 2.9m wide, giving an area of about 14m2. It would
have been adequate to carry a tank of similar area. The tower, on top of
Pier VIII, may have been of wood construction as suggested by Thompson
because of many nails found around the foundation bases, but it is not
certain. Lewis, in his drawing, implies a masonry type structure
supporting the tank and the down pipe towards the intake of the
aqueduct.

If the outlet of the tank at its base was at least 21.2m above the water
supply level (the Roaring Meg) relative to the highest point of the
aqueduct near the colonia, the choice of height of the tank would have
been important depending on how quickly it could be filled. For
instance, if the tank height was 2m, then water would have had to be
raised from ground level to a height of 23.2m, or 24.2m if the tank was
3m high. Table 3.3 gives some statistics related to the tank supply

configuration and the aqueduct as given by Thompson.

It is necessary to know the heights of such a tank to provide sufficient
quantities of water. The Table 3.2 below gives height and capacity in
litres:

Table 3.2: Capacity of aqueduct supply tank.

Height (m) Volume (m3) Capacity (litres) Mass (kg)18
1 14 14,000 14,000
2 28 28,000 28,000
3 42 42,000 42,000
4 56 56,000 56,000

The minimum head of water between the tank and where the suggested down-
pipe enters the aqueduct is 16.3m (OD 61.2m-44.9m) giving a water

pressure at Pier V of 163 kPa.?

18 The tank with a height of 4m would have exerted a pressure on the foundation of
between 400 to 500kPa, which would have been well within the bearing capacity of the
foundation.

19 A head of water of 16.3m is equivalent to 16.3m x 1000kg/m3 = 16,300kg/m? =
163,000kgf/m2 = 163kPa.
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Table 3.3: Statistics for tank and gqueduct (Thompson 1954, 112-22).
Heights above sea level are given as Ordnance Datum - OD.

Letters A-F and X are given on Thompson’s Fig.2 (p.112) (my Fig.3.9),
which are pertinent to his discussion in the text.

E-F: OD of Roaring Meg pool, and top of foundation VIII at 39.9m.

D: OD of foundation I at 42.4m.

C: OD at 43.6m.
B: OD at 44.0m.
A: OD at 44.5m.

OD at 45.4m.
Top of pier on foundation VIII at OD 42.9m.
Suggested point where down-pipe enter agqueduct pipe, at OD 44.9m.
Bottom of tank at OD 61.2m, also the delivery 1level at the Colonia
bath(?).
Top of 3m high tank at OD 64.2m.
The relative levels of the bottom of Piers I-VIII and 1, 2 and 3 south
of pier I, resting on the foundations discovered during the 1951-2
excavations, are shown on his Fig. 2 and I have reproduced them on Fig.
3.9.

Thompson (1954, 121) suggested that the tank could have been filled with
an endless chain carrying bronze buckets (Vitruvius De Arc. x, 4.4),
which I have depicted diagramatically in Fig.3.9. Whatever the means of
generating power to work this system, it must be assumed that it could
fill the tank at a reasonable rate. If a bucket held 5 litres and say

the chain system had 20 buckets,?’

each complete revolution would have
delivered 100 litres of water to the tank. If a revolution took say two
minutes to complete, the system would have raised 72,000 litres of water
per day. This would have provided about 14 1litres per person for a
population of 5000 inhabitants. If a bucket could hold 10 litres the
system could have delivered about 140,000 litres per day. Also, if there
were two sets of chain and bucket systems the delivered water could have
been doubled, and it also would have been insurance against breakdown of
one of the systems. The assumptions suggested are speculative and 1is
intended merely to provide an order of delivery of water at the colonia.
The suggestion is that the aqueduct was directed towards the bath (Wood
1981, 107-10), which means most of the water would have been used for
that facility. Of course, in a week the system would have delivered
about half a million 1litres of water, part of which could have been

distributed to the rest of the town.

20 The height of the installation would have been of the order of 25m, suggesting a
bucket every 2m.
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The amount of water involved is low compared to what calculations show
other aqueducts delivered.?’ No remains of a tank or a chain and bucket

system, or a pump, have been found in the vicinity of the Roaring Meg.

The outlet from the tank would be connected to a down-pipe (here assumed
to have been a lead pipe, and may have been encased) delivering water
into the aqueduct at its lowest point (Vitruvius’ venter). This section
would have been carried on the proposed bridge piers that would have

stood on the foundation platforms which were found by Thompson.

For water with an average density of 1000kg per cubic metre at a head of
16.3m, the pressure in the pipe at its lowest point would have been
163kPa (kilo-Newtons per square metre), for which in modern times we
would use either steel pipes or reinforced concrete piping. Very good
quality concrete today would be 400-600kPa (in tension) concrete with
compressive strengths of about 1200-1800kPa. Lamprecht gives some
typical compressive strengths for concrete from various structures in
the Empire of 800-1700kPa (1988, 36). From tests of a short length of
the pipe Wacher (1995, 141) gquotes a bursting pressure of 6.3kg/cm?
(630kPa) at which the pipe jacket cracked, indicating that the concrete
had adequate strength (assuming that the concrete sample was
representative). Based on this strength and assuming that this would
have been the order of strength of the pipe at the bottom of the siphon,
the pipe would have been able to withstand the water pressure generated
by the siphon. Some of the more well-known inverted siphons such as at
Gier in France and the one at Pergamon seem to have had much thicker
concrete casings round lead pipes where the pressures were Jgenerally

also higher to cope with higher pressures it their siphons.

11.2.2. The pump solution.

Thompson's second suggestion of a pump, would probably have operated at
a level of OD 42.9m, so that the head of water would have been 18.3m,
giving a pressure on the pump of 183kPa. With this system the pump would
have forced water directly up the pipe and the full pressure of the
water would have been exerted on the pump piston. I doubt whether a
Roman pump of the 1lst century could have provided a pressure that would
have been necessary to force water up the aqueduct against that back-
pressure in the pipe. With the technology available to the Romans it is

inconceivable that they could have produced pumps with packing between

21 If the rate of flow in pipe is assumed to have been 1lm/sec the pipe would have
delivered about one million litres of water per day, indicating that with the proposed
tank scheme it would have been delivering water well below its capacity.
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the cylinders and pistons that could hold a pressure of that magnitude.
Today special O-rings are used in pressure pumps with close tolerances
between cylinders and pistons in order to transmit high pressures and
the casings would be made of steel or special aluminium alloys. The
Romans used bronze in the late first and second centuries, whereas
earlier they used wooden cylinders. I estimate from replicas of
reconstructed Roman force-pumps that they could lift water at most about
4.5m, provided there are reasonably close tolerances between the
cylinder casings and the pistons, the surfaces are smooth and the
pistons have good quality packing like strong leather to provide a seal
between piston and cylinder. Lewis (1984, 64-6) also comments on the use
of a pressure pump by the Romans at Lincoln, indicating that the
pressure on the piston would have been of the order of 255kPa (37
lbs/in?), which is a load of nearly half a ton. It would have required
enormous leverage to lift that amount of water load along the pipe. He

concludes that it all seems very unlikely.??

Thompson suggests delivery quantities by pump of the order of 5
gallons/minute, or 22.5 litres/min. The volume of the aqueduct pipe of
2km length and nominal diameter of 0.12m would have been 22.65m?, a
capacity of 22,650 litres. As he pointed out, to provide water for 5000
inhabitants would have taken 16 hours continuous pumping, but it would
have taken more than 11 hours merely to fill the pipe. He also suggested
that two pumps would have provided the colonia inhabitants with double
the daily amount of about 5 litres per day. Assuming the pump(s) did not
break down and never stopped23 the water delivered for such an ambitious
project does not seem to have been typical of Roman engineering
planning. Based on these arguments the proposed pump system seems

unlikely to have been an alternative solution.

Lewis (1984, 63-72) discusses the implications of the various proposals
by Thompson and Wacher for the water supply to Linceln, indicating that
these were fraught with problems and that Lincoln’s supply was still
unresolved in 1984. No further work has been done on this since 1980
(personal communication, Mike Jones). Of the two suggested methods by
Thompson I would prefer the chain and bucket/tank solution, provided
more information can become available about the elements of the system
as proposed and evidence of some remains of the equipment used. However,

the two proposed solutions would have been very inefficient ways of

22 Lewis 1984, 57-73.

23 Thompson mentions allowance for leakage of 50%, which would require no stoppage in
the pumping cycle to prevent filling the pipe again, a viclous circle.
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providing a running water supply to a deliberately planned Ilarge

colonia.

If the earthenware pipe sections that have been recovered are examined
they appear clean with no apparent deposits of calcium carbonate. Pipes
carrying water from geological limestone environments similar to that of
the Lincoln area usually are encrusted with lime deposits. An obvious
investigation that should be carried out is to examine other pipes in
the same area in which it is positively known that water has flowed to
note whether they show any marked deposition of calcium carbonate. Dr
Graham Morgan tested the interior of the portion of the Lincoln agqueduct
in the possession of the School of Archaeological Studies, Leicester,
for any lime deposit. The test showed no lime reaction, from which it
could be inferred that 1lime-rich water did not flow in the pipe.
However, more extensive tests will have to be done to be positive that
water did flow in the aqueduct for any length of time and that it did

function as intended.

11.3. The Raw Dyke, Leicester.

The Raw Dykes is mentioned by John Nichols in his 1810 ‘History of
Leicester’, referring to "the army of King Charles that was drawn up
(‘in these famous vestiges of Roman labour’) when preparing to storm the
Town of Leicester in 1645" (Nichols 1810, II(2), 505-6). A slightly
different version appears in the Victoria County History, Leicester (I,
1907, xxxi, 14, 252, & 273) where it is stated “that the ‘Raw Dykes’ are
the remains of the oppidum of ‘King Leir’". The first reliable
information of the occupation of Leicester is from the Roman period.
Kathleen Kenyon (1948, 40-1) discussed the possibility that the Raw
Dykes (Fig. 3.10) might have been an aqueduct after dismissing the
interpretation of the earthworks as a defensive rampart. This was first
suggested by William Keay, a consulting engineer, who was on the
excavation committee for the Leicester Roman Forum during the early
1930s. He originally presented a paper to the British Association,
Archaeological Section in 1933, where he gave his opinion that the Raw
Dykes was a 1likely aqueduct supplying the town of Roman Leicester
(Ratae) with running water. He commented that no wells have been located
for the Roman period in Ratae (several have been found since) and with a
population of the order of 5,000, an external water supply was essen-

tial. The SMR records have some details of his work on the subject of
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the Raw Dyke, including a brief report on his opinion and a plan showing

details of the so-called aqueduct site, with survey details.Z

Fig. 3.10: The Raw Dyke, Leicester, (after Wacher 1995, Fig.58)

The conjectured construction of the Raw Dyke consisted of a leat type
excavation from the Knighton Brook @) along the 61lm contour for about
2.4km to the Roman town, entering the Ratae town walls through the south
gate (B) (Fig.3.10). A portion of this ditch (leat aqueduct) still
survives in the town near the junction of Aylestone Road and Saffron
Lane (C) . At Saffron Lane the ditch was cut along this contour and the
material from the east side was dumped along the west forming an
embankment. At the top the ditch was about 15m wide and 4m at the
bottom, and about 2.4m deep (Wacher 1995, 350). William Keay prepared a
plan showing the route of the aqueduct, suggesting that it was fed from
the Knighton Brook and that there may even have been a dam constructed

across the stream west of the intake of the aqueduct.

Kathleen Kenyon said there were several problems with relative levels
relating to the channel and the baths, as it skirts past the baths into
the town centre. She suggests that as a theory it is '"not entirely
satisfactory, but the best that can be put forward on present evidence"
(1948, 41) . At a door-sill of the Jewry Wall, she points out the level
is at 62.3m and the channel bottom is at 57.1m, about 5m too low to
provide water directly to the baths (1948, 41). She then says "when

experience showed that the level was too low, an effort was made to

24 A copy of this report and the plans, together with a copy of a statement he wrote
for the Leicester Mercury of 27 May 1938, 'Leicester's Roman Aqueduct', is held in the
SMR records at the Jewry Wall museum.
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correct it by raising the bottom 6ft 6in” (2m) (1948, 41), but she does

not show how this was achieved.

At the Knighton Brook end Keay also shows a length of about 320m (A-C)
of the Dyke as being conjectural. The 1888 0OS map showed a length of
740m (C-D) of the Dyke south of the short length of the Dyke still
visible near Aylestone road. In 1804 a portion of about 300m (D-E) was
reported to be still visible. Keay’s firm did a tachy survey of the
remains of this surviving length of the Dyke and from city plans of the

area produced the line for the rest of the Raw Dyke.?®

Keay mentions on
his plan that Dr Stukeley reported the length of the dyke as being 1,904
feet (580m), which is considerably shorter than his plan shows, that is

2.4km to the south gate.

The interpretation of the Raw Dyke as an agqueduct raises several

questions.

Firstly, was it an aqueduct, and was it constructed by the Romans, or
was it constructed at a later date? There appears to be no literary or
archaeological information to confirm any of these questions, except for
Nichol’s unsatisfactory reference given above. Secondly, assuming it was
of Roman construction, then they must have been aware from the start
that it would not be able to serve as a supply for the baths (F), which
were at an elevation about 5m higher. That would not have deterred the
Roman engineers. I think, if the structure was an aqueduct, the supply
of water to the baths became a secondary issue, the main purpose being
to bring water to at least the lower parts of the town. It would be
reasonable to assume that the aqueduct would have provided a good
constant. flow of water, the reason for it being built. If so, it must
have been purposefully built to supply a large number of inhabitants,
other public buildings and probably fountains. Some of the public
buildings were, like the baths, at a higher elevation level than the 61lm
contour, so to supply water from the dyke to these public buildings
would also have been a problem. This seems to raise the issue of where
the majority of people lived in Ratae who could have benefitted from the
aqueduct. Thirdly, assuming that the dyke was the Roman aqueduct and
there was this problem about elevation, would it not have been sounder
engineering practice to have built a central tower with a raised tank
near the south gate and distributed water from there to the wvarious

buildings including the baths and inhabitants rather than have the tower

25 Wacher in his book used this basic plan to provide his Figure 158 of the line of
the aqueduct.
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within the precinct of the bath? Kenyon suggested that a tower was built
in the courtyard of the baths and water raised from the river below
(Fig. 5.6). The River Socar was another 8m below the level of the Raw
Dyke at the east gate, requiring water to be lifted to the raised tank
on a tower to a height of about 15-18m. It was not the policy of the
Romans to draw water from main rivers for towns. It would seem to me
that if the Raw Dykes was indeed the water supply of Roman Leicester,
then a raised tower in a more central place would have been the Roman
solution, for which there are many precedents, such as at Pompeii. Such
a tank would have had similar problems to the one assumed for Lincoln,
except that an inverted siphon would not have been part of the supply

system. So far there has been no evidence for such a structure.

Kenyon suggested that the Raw Dyke as an aqueduct was a failure,
implying that the town did not have a running water supply until the 4th
century when a tank supply was provided in the south-west corner of the
baths (Wacher 1995, 349). It would seem that there 1is no physical
evidence for such a tank; only Kenyon’s attempt to justify the anomalous
situation of a large bath needing plenty of water and an agqueduct of
doubtful use or even exXistence. Wacher comments on the large drains
virtually round three sides of the bath-building, which seem to indicate
that plenty of water was freely available at the baths, and which had to
be disposed of (1995, 349). He mentions that a ditch was found on the
east side of Southgate street northwards away from the Raw Dykes (352).
Belairs (1899, 40-4) described a sewer which started from the vicinity
of the baths, then discharging into the river. This would imply that
from somewhere excess running water was being drained, which must have
somehow reached the bath. The meagre evidence certainly supports the

existence of an illusive aqueduct and distribution system.

However, recent archaeological investigations have not been able to
confirm the presence of an aqueduct in the vicinity of the supposed
south gate. R J Buckley of ULAS (personal communication April 1997),
mentioned to me that excavations outside the defences of Roman Leicester
on either side of Oxford street did not show any evidence of the Raw
Dyke having reached as far as the south gate. The Raw Dykes was also not
found during recent investigations near the Royal Infirmary Hospital.
Also, between the River Soar and the Jewry Wall baths no evidence of the
Dyke has been found, nor has any evidence been found of any water-
related features around the semicircle of Keay's suggested loop towards
the east gate. There is possible evidence of a fountain base with a

draining pipe, which has been found in the south-west corner at the
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junction of the Roman road coming from the east and passing south of the
forum on the south-north road between the forum and the baths. Based on
this evidence it would seem the solution to the water supply of Roman

Leicester is far from resolved.

Neither of the two aqueducts discussed above has provided satisfactory
answers to the question whether they actually functioned as intended
during Roman times. If they were intended to do so but did not actually
deliver water as planned, it would indicate poor planning, ingenuity and
surveying on the part of the Roman engineers. However, lack of
archaeological evidence in these two instances leaves that verdict about

their engineering planning still to be determined by future work.

11.3. The Winchester aqueduct.

Until the 1980s only the terminal end of the Winchester aqueduct was
known (Stephens 1985a, 203-4), although it was suspected that its source
must have been the river Itchen near its headwaters. During 1983, the
watching brief and rescue archaeology whilst the M3 motorway was being
reconstructed, revealed the presence of the aqueduct on Grace’s Farm
(A) (SU 5060 3286, Fig.3.11)%® along the route of the motorway. The Trust
for Wessex Archaeology, through the M3 Archaeological Rescue Committee,
then did a geophysical survey of a portion of the aqueduct near Grace's
Farm, and an airphoto study of the whole route. The importance of this
recently discovered aqueduct is that it is the longest aqueduct so far
known in Roman Britain. Its length is reported to be 23.75km (p.8) (Fig.
3.11), following a winding route along and across contours to maintain
an acceptable flow grade. The source is at several springs above the
Manor Farm near Itchen Stoke (B) (Fig.3.1l) some 6 kilometres in a direct
line from the delivery point at the north-west corner of the Winchester

defences (C) (Fasham & Whinney 1991, 9, Fig.7).

The report on the structure so far can only be considered as an interim
one. There would have to be a more detailed examination of the agqueduct
over its full length to establish its exact route and the profile of the
structure along its length. The geophysical work was done on sections
along its assumed route based on detailed 1:10,000 OS maps and from this
information a complete route has been provided. The report mentions
several problems with the location of the route, but is not clear on the

details. Further investigation of the structure will be necessary to

26 Fasham & Whinney 1991, 5-11.
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confirm whether, 1like the Dorchester aqueduct, it also needed to be dug

into the underlying rock along parts of its course.

Abbotstone
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Fig. 3.11: Route of Winchester aqueduct (after Fasham & Whinney 1991, 9,
Fig. 7).

11.4. London'a water supply.

London obtained most of its water supply from springs and wells.
However, Wacher suggested on the evidence of wooden pipes found near the
Temple of Mithras and on the forum site that it implies "some form of
distributive system for running water" (1995, 101, 110). Wilmott rejects
Wacher's suggestion that an aqueduct must have supplied the baths (1974,
48-51, and reiterated in his 1995 edition, 90, 95). The Billingsgate and
Huggin Hill baths (with one of the largest caldaria in Roman Britain,
(Marsden, 1980, 103-4) were situated along the spring line above the
Thames river front, and the Cheapside bath was in a high water table
area, from which Wilmott concludes there was therefore no apparent need
for an aqueduct type supply and none has been found (1982, 16) . It is
probably correct that an aqueduct did not supply water from an external
source. This cannot rule out the possibility that water may have Dbeen

tapped from the abundant springs reported in the literature (including
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Wilmott's reports), from within the walls of Roman Londinium, and
distributed to places in the town along pipes. This type of situation
may not evoke the idea of an aqueduct in the accepted sense of bringing
water from a distant source, but technically such a system would still

be classed as an intra-mural aqueduct supply.

At any rate it is possible that part of London had a running water
supply, discussed in Chapter 4. Evidence of Roman wooden piping has been
found in five places in London (Wilmott 1984, Fig. 1).?’ Even though the
first two baths referred to above were along the spring line, it cannot
be ruled out that conduits of some kind were used to provide their water
supply. Wacher makes the interesting observation that "as seems
likely, ..., a diminishing in the number of wells could simply indicate
that the supply of running water, perhaps to street fountains, was being
used more efficiently..." (1995, 110); however, no system supplying

fountains has been found.

12. CONCLUSION

Leat aqueducts were a common form of water supply in Roman Britain, but
pipe-type aqueducts are also well represented. Stone channels were also
used, but the evidence seems to indicate that because of leakage
problems, wooden pipes may often have replaced them, the channels then
being used as supports for the pipes. Sites with aqueduct water
supplies, based on the archaeological evidence, represented only a
relatively small number of sites with running water supplies and I
believe that the number should be considerably higher. 1In the
archaeclogical literature reference is often made to the likelihood of
sites possibly having had aqueduct water supplies, but that they have so
far not been found. For a better understanding of the wider issues
relating to the internal distribution of water at urban centres, clarity
on their external water supplies requires urgent further research.
Progress on water supply and internal distribution at many sites 1like
Cirencester, Colchester, Gloucester, Leicester, Lincoln, Verulamium and
York, cannot be made without further study of where their running water

supplies came from.

27 Home 1948, note 2, p.170, ‘From the Bank of England site have come lengths of
squared oak, 7% x 4% inches, with circular piercing 1% inches in diameter. These
wooden pipes seem to indicate one of the various forms of supply’. Marsden P, 1980,
23, reports ‘a wooden pipe made from interconnecting links joined by iron collars or
rings ran alongside the front of the building, ensuring a supply of running water to
at least some of the tenants...., and it was through the end wall of this room that a
wood-lined drain emptied waste water into the area beyond’. Merrifield 1965, at pages
73, 148, 239 item 170 and Fig. 29, confirm the two sites where water piping have been
found.
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Other issues such as who constructed and surveyed leat aqueducts is
completely unknown for Roman Britain. For instance how often were
inverted siphons used in Britain? Except for Lincoln, inverted siphons
are usually only suggested as possibilities, such as at Chester and
Colchester, but no firm archaeological confirmation has been provided.

The subject is in need of specific research.

Wooden pipes were a very popular means for distribution of water. The
evidence for lead and ceramic pipes is more difficult to trace. Lead
pipes may have been used more widely than presently acknowledged in the

record.

Water sources were generally from springs, or the head waters of
streams. Dams were often built at stream heads as sources for water, but
evidence for them in Britain is scarce. Many sites relied on wells for
their water supply, and other 1less secure systems such as tanks
collecting rainwater. The next section will discuss these alternative
means of water supply, and attempt to assess whether aqueducts were a

substitute to the standard form of well water supply.
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CHAPTER 4.
WATER SUPPLIES: 2) RAINWATER CATCHMENT AND WELLS

1l. GENERAL
Rainwater catchment will be discussed first, because the main part of

this chapter will be about wells.

2. RAINWATER CATCHMENT

Storing of rainwater, such as at hillforts, was probably the earliest
form of man-made water supply. Although water could be carried in skin
bags and pottery vessels, the quantities would have been limited, so
that ponds would seem to have been a solution. In ancient Babylonian,
Minoan and Mycenaean palaces there were structures found which appeared
to have been used as storage tanks, including the very large urns found
at Knossos. Tanks as a storage structure in Britain were introduced by
the Roman army in their fortresses and forts, and thereafter they were

features found in all the different site types.

In the typical Roman houses in Roman Italy the atrium usually had a tank
below floor level where water was drained to from the roof of the house.
Houses in Britain did not seem to have a principal room with a tank, but
provision was made for storing of rainwater in specially constructed
tanks. Tanks were constructed with materials of wood, lead and stone.
Wooden tanks were not large because of the problem of containing the
planks so that they would remain waterproof. Barrels usually had a
truncated oval shape because it was found that this added to their
strength and improved the sealing between staves, but this was not
possible with larger vessels used for water storage. The one redeeming
factor about wood is that when it 1is kept wet it self-seals as it
swells. Lead tanks were used, but lead was an expensive commodity; they
generally seem to have been round. Several lead tanks are reported,
including some used for Christian religious purposes. Stone tanks were
the most popular water storing facility in forts, public buildings and
private homes. They generally were rectangular in shape and the walls
were constructed on a plinth usually made of ashlar slabs. Various means
of water proofing of stone tanks were used: wood-lined, lead-lined,
clay-lined and lime mortar-lined. I would think that stone-lined tanks
must have required constant maintenance, especially the clay- and
mortar-lined ones. The clay must have been a specially heavy clay with a
high plasticity in order to stick to the walls. With the elapse of time
the clay would have become completely saturated and would have slaked

from the wall, thus requiring resealing. Mortar-lined stone walls would

.
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have been very sensitive to minor movements which could have been caused
by constant buffeting by buckets and being bumped by humans or animals,
or settlement of the foundation slabs. The mortar across a joint between
stones has no tension strength, so that the slightest movement caused
either by an external agency or temperature variation, could have

created leaky joints.

A number of villa houses have been reported with such tanks such as at
Gatcombe (metal-lined?), Halstock (stone), North Leigh, North Fleet
(clay-lined) and West Wickham (wood). At the small town of Ashton a lead
tank is reported. Tanks at forts were generally of stone construction,
even at the Lunt fort, where most of the buildings were of wood

construction.

I have recorded the remains of 102 tanks at all site types, but there
must be many more not recorded, or they have not been found. Table 4.1
gives the distribution of sites with tanks (and lists the total number

of sites included in the database below) .

Table 4.1: Sites with tanks

Forts Colaniae Muni- Civitas Small Settle- Villas Total

cipia capitals towns ments sites

32 2 - 6 8 16 38 102
24% 50% - 43% 12% 8% 10%
135 4 2 14 67 212 372

2.1. sites with tanks.

2.1.1. Forts.

The number of fort sites recorded to have had tanks is unrealistically
low, because most forts must have had a water storage feature, even if
there was a well on the site. With many soldiers being around much of
the time, easily available water would have been a necessity. The
remarks relating to wells and the number of fort sites recorded in the
database compared to the total number of forts known, applies to tanks
as well. Even the small fortlets would have required more water storage

than could be stored in amphorae alone.

The cavalry fort of Lunt at Baginton had 15 tanks, some of them used for
drinking water for horses, although they possibly could have been taken
to the River Stowe to drink. It had 6 wells which would have been the
water supply for the tanks.' Housesteads had 5 tanks made of stone slabs

and lined with mortar, including the still well-preserved remains of the

1 There are three excavation reports for the Lunt fort, but I have only had access to
the first two.
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one north-east of the latrine near the South Gate. How these tanks were
filled is not clear, although a few of the possibilities of how water

was supplied to the fort have been mentioned in Chapter 3.

Some tanks were filled from the roofs of buildings that had gutters with
down-pipes, but how general this would have been in forts is not known.
Storing water obtained from rain water could have been only a
supplementary source of water and is unlikely to have been sufficient
for auxiliary forts, but could have been useful in emergencies when the

other sources were temporarily out of action.

2.1.2. Other sites with tanks.

Tanks were recorded at all the site types other than the two municipia.
However, Table 4.1 shows that the number of sites that had tanks for the
sites recorded in the database is low, which makes it even worse when
considered for all the known sites of the Roman period. It is most
probable that tanks would have been used at these siteg but have not
been discovered yet, or have been completely destroyed. In Frere’'s
extensive reports on Verulamium no mention is made of tanks or shown on
any of the plans, although many other water-related features are shown,
such as drains and pipes (1972, Vol.l1l; 1983, Vol.2). In London, the
remains of three tanks have been found. A tank is associated with the
Billinsgate baths south of the frigidarium. A large timber tank preceded
the 3rd century bath-building. At the Cheapside baths the remains of a
timber-lined 28m?® tank (Fig.4.1 below) was found, situated to the north
of the baths. It was not revealed how water was transferred from the
tank to the baths or how the tank was filled. The tank was partly sunk
into the gravel layer and it had no bottom, so it may have filled by
seepage from the bottom, since the water table was high and ground water
was abundant in the area (Wilmott 1982b, 239). At Silchester only one
tank is recofded, but this also seems unrealistic, considering there
were 76 wells. The villas at Keston and Whitebeech had 6 and 5 tanks
respectively, and the settlement at Sibbington had 4. These are the
highest number of tanks recorded for non-military sites. Generally one

or two tanks is the norm for the other sites.
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Fig. 4.1: Plan and section of tiirtker water tank at Cheapside baths,
London (after Wilmott 1982b, 238, Fig. 6).

Where there are records of sites with tanks and aqueducts and other
water-related structures, the possibility may also be that the tank (or
at least one if there are more) 1is associated with the aqueduct, as for

example at Aldborough, Darenth, Halstock, Lincoln, Prestatyn and

Stanwick.

Obtaining water from the roofs of buildings other than at forts was
probably also a common practice, but the evidence would be difficult to
substantiate, unless guttering can confirm it and has Dbeen found
attached to fallen down roof structures. I have not come across such
evidence, but it would be surprising that rainwater catchment was not a

general practice in Britain during Roman times, since it was a common

practice elsewhere.
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3. WELLS

3.1. General.

Wells were a common form of water supply for both public and domestic
use in many parts of the world from the early Bronze Age. It was
important to have well water supplies even if a community had a running
water supply because of possible droughts, attack by an enemy who could
cut an aqueduct supply, or because an aqueduct became inoperative. In
dry climates like North Africa and the Near East wells were an important
means of water supply because of the short rainy season. In many parts
of Africa it is still a basic form of water supply. Wells were used as
water supplies in Britain until the early part of the 19th century, when
boreholes increasingly replaced wells, which continued the principle of

winning water from underground sources.

For wells of about one metre in diameter one person usually had to do
all the work of digging the soil or chiselling the rock material and
filling the containers. Wells of about 2m diameter and larger could
be dug by more than one person at the same time. As the depth of a
well increased from about 10m the problem of fresh air became
important and diggers would have had to be relieved more often than
at shallower 1levels. I have personal experience of this; once when
inspecting a dry pit 12m deep I had to be hauled up after 20 minutes
at the bottom because of dizziness due to foul air. In modern
engineering practice, fresh air is pumped through pipes to the bottom
of deep small dimension pits to prevent suffocation resulting from
foul air, mostly caused by an individual inside the pit exhaling and
reinhaling carbon dioxide. The exertion of digging makes this problem
worse and one wonders how many well diggers in early times succumbed
while digging such deep wells. Pliny the Elder mentions the problem
of noxious gasses down deep wells, and says it can be improved by
fanning with linen cloths. He also mentions that deep “well-diggers
are killed when they encounter sulphurous and alum-laden fumes”, (HN
31.49).

Few wells from antiquity, certainly for Roman Britain, have been
excavated for information on their intrinsic water supply function.
Where they have been excavated, the reason generally has been for finds
found in them (Chapter 2, p.41l, item 3). However, some wells have been
excavated in sufficient detail to reveal their lining by steining, such
as examples at London, Silchester, Scole, Southwark and Lancaster (see
Table 4.3, p.108). I traced at least 30 sites with wells that were

lined.
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For Britain I have been able to trace 350 sites with Roman wells, but
this underrepresents the 1likely total number. Table 4.2 shows the
number of sites with wells found at the different site types. Column
2 gives the number of sites with wells for each site type, and column
4 gives the number of all sites with water-related (w/r) features for

each site type.

Table 4.2: Sites with wells

Site types Sites Percent’ All sites  Percent’ of well
with of well with w/r sites in relation
wells sites features to total sites

Forts 43 31% 137 12.0%

Coloniae 4 100% 4 1.2%

Municipia 2 100% 2 0.6%

Civitas 11 78% 14 3.1%

Small towns 52 79% 66 14.8%

Settlements 135 63% 212 38.6%

Villas 104 28% 372 29.7%

Total Sites 350

" percent of sites with wells is arrived at by dividing items in column 2 by
items in column 4 and multiplying by 100.

" percent of sites with wells in relation to total well sites is arrived at by
dividing items in column 2 by the total number of sites and multiplying by
100.

The percentages in column 3 represent the proportion of sites with
wells found for each site type compared with the number of sites with
all water-related features for each of the seven site types. The
percentages in column 5 represent the proportion of sites with wells
for each of the site types compared with the total number of sites
with wells for all site types. In the table the generic site name

‘fort’ has been used which includes fortresses, forts and fortlets.

The percentages are not statistically significant, but they do show some
trend in the archaeological record. For instance, the 43 fort sites with
wells is a relatively low percentage of the total number of all site
types with wells, whereas 135 settlements had wells recorded, nearly
three times as many as at forts. Villas with wells also show a larger
percentage of sites with wells than for forts. An obvious question seems
to be, did a lesser proportion of forts in reality have wells than other

types of site?
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It is to be noted from the data in the table of Appendix 1 that most
sites have few wells; however, there are several exceptions. Table
4.2 lists the sites with 10 and more wells given in Appendix 1. At
222 sites only one well was recorded and at 128 gites more than one and

less than 10 wells were found.

Table 4.3: Sites with 10 and more wells.

Site name Site type Number of wells
Newstead fort 107+
Southwark fort 38
London municipium 51
Caerwent civitas capital | 16
Silchester civitas capital | 76
Wroxeter civitas capital | 17
Tiddington small town 14
Stonea Grange settlement 13
Stanwick villa 12
Thetford villa 10

It is significant that of the large towns, coloniae are not represented
in this table, whereas three of the civitas capitals are represented.
There is a lack of evidence for wells at these sites, to be discussed in

Chapter 6.

3.2. Geology and hydrology of wells.

As mentioned above (p.45), Vitruvius gave advice on how to locate a
source of water below the ground surface, but it is not known to what
extent this was practical guidance to Roman water engineers charged with
deciding on a site for a well. The range of geological and hydrological
conditions will normally determine where wells should be dug to produce
artificial sources of water, and this would in ancient times have
depended on local knowledge and experience. It 1is also 1likely that
accumulated experience over a long period was passed on to new
generations of water engineers, who would have learnt how to recognize
geological conditions where water-bearing materials existed. It would
seem that some forts and towns were deliberately established in
geological conditions where water from wells was easily available, such
as the fort at Newstead or the town of Silchester, both of which had

large numbers of wells.
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Wells are dug to a depth where seepage from a perched aquifer occurs,
such as at a spring line along a slope, or down into the water table
zone, which would provide an adequate level of water in the bottom of
the well so that water could be drawn from it continuocusly. Shallow
aquifers usually occur in gravel and sand layers overlying clay,
whereas a water table also can be shallow, for instance in marshy
land or near the coast. Inland, the water table can be at depths of
10m and deeper. Fissured limestone, arenaceous rock and sandstone
formations also incorporate aquifers from where water can be found.
The Romans perfected the digging of wells in all kinds of geological
conditions and many remains of Roman wells have been found all over

the Empire including Britain.

The British government produced a series of publications from the late
19th century to the 1940s of the water supply potential of springs and
wells for a number of counties. In the publication for London’s water
supply from underground sources (HMSO 1938) the key map (Pl1.1, opp. p.l)
is titled ‘Map showing contours of the Chalk surface’, illustrating the
significance of limestone formations in underground hydrology. There are
also other water-bearing formations, as menticned above. It would be
interesting to check the relationship between Roman wells and the geolo-
gical stratigraphy, to discover whether these limestone and other water-
bearing material aquifers were exploited by the Romano-Britons when they
dug their wells. How successful the choice of sites for the wells have
been, will depend on how accurately the stratigraphy of the geoclogical
formations have been described during archaeclogical excavations. Local
modern borehole data would be useful to determine the geological
formation in which such wells were made. These government reports can
assist interpretation of sites where no water supply features have as

yet been recorded.

An example is Brixworth (SP 747 719) (App.2), a villa in
Northamptonshire, since no Roman well had Dbeen found during
archaeological excavations up to 1981. However there are remains of a
substantial bath-house for which water was needed. The HMSO report
(1909) for this area quotes the hydrological data for four post-Roman
wells, and there is also a spring nearby, indicating a water aquifer in
the vicinity. The spring still provided water before 1909. Two of these
wells provided almost no water and the other two produced water in the
wells from 3.66m (12ft) and 3.35m (l1lft) respectively. The report

states: ‘There are numerous wells in and around Brixworth deriving water
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from the Northampton Sand’ (HMSO 1909, 80-90). This suggests that the
villa probably did have a well(s), but that it has not been found yet.
If the spring was functioning in Roman times it may have been the water

supply for the villa.

A study of the HMSO reports could also supply information on the
potential yield of wells in Roman times. Because it has been found
during archaeological excavations that some of the Roman wells are now
dry, it is possible, based on principles of soil mechanics and knowledge
of under-ground hydrology, in some instances to estimate the drop in the
water table since Roman times. This could indicate what the likely yield

of wells during the Roman period would have been.

There are a number of sites where remains of baths have been found but
no water supply of any kind. The reason for this may be that for many
sites their complete areas were not excavated to detect wells or other
forms of water supply, or the well-heads may have been covered with so
much overburden that it was not possible to find them. Examples of sites
where baths have been found but no water supply are Acton Scott (villa),
Badbury (settlement), Bearsden (fort), Bignor (villa), Braughing (small
town), Castell Collen (fort), Rivenhall (villa).

3.3. Typology of Roman wells

Wells were dug in both soils and soft rock with hand tools and the
loosened material was removed by hauling it to the surface in
containers such as leather bags, wicker baskets or metal buckets. The
well shafts were sometimes square, particularly when dug in soils,
gravels and sands, because often their walls had to be protected to
prevent collapse. When dug in rock such as chalk and other types of
limestone, and sandstones, they were generally round. In rock the
walls of the wells were stable and did not as a rule require
revetment, except in fracture zones. Wells dug in soils, gravels or
sands nearly always required some form of revetment especially around

the opening and near the zone where water seeped into the well.

Roman wells in Britain varied in their construction, of which there were
generally three types: unlined, wood-lined and stone-lined. Many of the
early wells were unlined, indicating that the materials in which they
were dug were stable, such as at Colchester, although later wells with
no lining have been found. There are examples of unlined wells found at
forts such as at Brecon Gaer (Wheeler 1926, 41), Caerhun (Arch. Camb.
85, 1930, 77), Newstead (Curle 1911, 33-6), Richborough (Bushe-Fox,
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1928, 27; 1932, 61) and Slack (YAJ. 1922, 22). Whether at some wells
which have been reported as being unlined, the original timber linings
have perished without trace, is an issue which is unlikely to be proved.
Wells in rock were generally not lined because their walls were usually
stable. It has been claimed that wells dug in chalk or other rock
material were steined with clay to waterproof them (Hanson 1970, 397). I
cannot see the reason for this, because steining with clay can hardly
improve the stability of a rock well wall, and one of the functions of a
well was to allow water to seep into it. Also, if there was an aquifer
higher up a slope and seepage from it flowed towards the well wall, a
clay surface would be penetrated by the seepage because of seepage

pressure. Wells with wood and masonry linings are discussed below.

4. STEINING OF WELLS

Revetment of well walls is referred to as steining, which consisted
of lining of the well walls with wood or masonry (White 1984, 157).
Steining of wells was usually carried out using three methods: timber-
lined, 1lining the walls with stone (Archaeologia 62(I), 1911, 417)
either as dressed stone or rough stone (May 1922, 35-6: Wright, 1872,
218-9; Donel, 1993, 1-2, Figs.3-5), or lined with brick (Wilmott 1982a,
2; Hodge 1992, 52). Wilmott doubts the Roman dating of a supposed stone-
lined well (No.7) at Aldermary House in London, “as no other stone-lined
Roman wells have been found in London” (1982a, 22). Sometimes discarded
wine barrels were used to line wells, such as at London (Wilmott
1982a, 23) and Silchester (Archaeologia 61(1), 1908, 15). At
Silchester it is also reported that three wells had the bottom part
lined . with wicker Dbaskets below the masonry lining above
(Archaeologia 61(I), 1908, 15). The opening of a well often was
protected with a well-head built in either stone or brick as at the
Roman well at St Paul-in-the-Bail in Lincoln (Camidge 1984, 15-21;
Donel, 1993, 1-2, Figs.3-5), serving also as a means to prevent
undesirable material washing into it, and a stone block as at Gloucester
(TBGAS 80, 1962, 56), or as at Bar Hill (Macdonald and Park 1906, 40,
92). The well-head also could serve as the support for a water-lifting
device such as a pulley and bucket arrangement, or even the more
elaborate chain and bucket system. The military establishment seems to

have favoured masonry or brick lining of wells (Hanson 1970, 399).
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Two typical examples of Romano-British well revetment practice will be
discussed: those at London (Queen Street) (Wilmott 1982a, 9-19), and

Scole?.

At London there is evidence that at least 13 wells were lined with dis-
used wine barrels (Wilmott 1982a, 10, 18, 22, for example well 19 pl.6
and well 37 pl.5, p.12). The use of barrels to line wells must have been
cost-effective, because there would have been no need to construct the
lining, as was the case with the corner-post vertical timber-lining or
box-frames used widely over Britain. Because of the shape of barrels
they were able to withstand active earth pressures which develop as
material is removed for the shaft. Sometimes box-frames and barrel
linings were used in the same well. The barrels seemed always to be
below the box-frames, the probable reason being, that as the
construction reached the water table, the gravel layer became unstable
because of seepage, so that a preformed lining had to be inserted to
prevent collapse of the walls as further penetration into the water
bearing stratum continued (Fig.4.1, Wilmott 1982a, 27, Fig.1l9, Well 31).
Corner-post construction of linings was used at many sites such as at
the baths at Cheapside and at Queen Street (Wilmott 1982a, 25, Fig.18,
No.24). Other examples of corner-post 1linings occur at Colchester,
Chigwell, Skeldergate and Scole. Box-framed linings were constructed of
four planks lying on their edges in a horizontal position, jointed at
the ends in several ways. Sometimes the end planks were rebated so that
two planks could fit into each other forming a right angle and this was
done with all four planks to form a box. A number of these boxes would
be fitted on top of each other for the length of the lining in a well
(Fig.4.2), as shown for the upper part of well No.31.

Often for wells for which depths are not given, an Ordnance Datum level
is given because it was not clear how much of their upper parts has been
lost, or how thick the subsequent deposits were over the original well
openings. However some observations can be made, especially regarding
depths and sizes of wells and their lining. The four wells, numbers 20,
24, 35, 36, (see Table 4.4 for depths) indicate how relatively thin the
gravel layer was in some areas of London and how high the water table
was in the layer. Where the depths were greater than about 3m the wells
were in the Warble valley where the gravel layer was about 6m thick. The
gravel layer overlay the very impervious London clay, which seemed to

have determined the depth to which wells were dug.

2 EAA 5, 1977, 108, Fig,46, well I: 111, 112 Fig.48; 113 Fig.49; well II: 114, 115
Fig.50, 116 Fig.51, and pages 116-7 give dating of the wells.
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Fig. 4.2: Box-frames and barrel lining (well 31) from Queen Street Roman
wells, (after Wilmott 1982a, 27,Fig. 19). Wells 22, 31with lap joints,
and wells 19, 36 are bridled andbraced.

The dimensions of some of the box-frames are quite small, probably
indicating that the 1lining was constructed from thebottom upwards.
Where instability occurred in the gravel layer, barrels were used during

the digging process, which would have prevented sudden collapse.

Another method was to have four corner posts which were mortised at top
and bottom and also in a face at right angles, so that it formed a
framework for planks to be placed behind the posts, forming an extended

box-frame, such as at Lancaster and Scole.
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At Silchester 52 of the 76 wells were flint-lined, and 21 were 1lined
with wood, and some were lined with barrels (Hanson 1970, 125). The fact
that all the known wells from Silchester were lined indicates either
that many people acquired the skill for revetment of wells, or that

professional well-diggers were used to construct wells.

The 16 wells at Caerwent were all stone lined (Hanson 1970, 84). The
need for steining of wells was no doubt learnt from hard experience of
well collapse. Why at Caerwent all the wells were flint-lined (Hanson
1970, 84), is not clear, but it could have been because flint stone was
readily available and that wood had become scarce because of other uses,
and expensive. It would seem that the practice was to make all wells
with stone-built 1linings round, which makes good sense, because the
surrounding active earth pressure would tend to compress the stone ring,

in that way making it more stable.

4.1. Well dimensions and lining.

Table 4.4 gives some examples of sites with wells and the type of
steining which was used in them. Only the wells from London for which
dimensional information has been given are included in the table; many
more wells were excavated, but details of size were not given. The
dimensions of some of the box-frames are dquite small, probably
indicating that the 1lining was pre-fabricated in sections. Where
instability occurred in the gravel layer, barrels were used during the

digging process acting like caissons to prevent sudden collapse.
Timber-1lining of the corner-post type construction was an early type of

steining, used during the 1lst to early 2nd centurieg, such as the two

wells at Scole.
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Table 4.4: Lining types and dimensions.

Location Feature Lining L(m) B(m) D(m) Depth( Reference
type m)
London, 2 barrel 0.63 (Wilmott 1982,
Queen St 16 barrel 0.84 7, 8, 21,
Figs. 5, 6,
lst-2nd c. 35 barrel 0.93 1.68 14)
9 box- 0.66 0.53
frames
20 box- 0.68 0.68 1.19
frames
22 box- 1.30 1.07 6.25
frames
33 b/f + 0.58 0.49 5.24
barrel
1st c. 24 timber, 0.99 0.99 shallow?
vert.
3rd-4th c. 19 box- - 0.99 4.14
frames
36 box- 0.68 0.53 2.44
frames
Great Dunmow S11 box- 0.76 0.76 6.9 EAA 41, 1988,
frames 25
Upper part not known Figs.4 & 13.
Scole Well I box-~ c.1. c.l. >4 FAA 5, 1977,
frames 2 0 112,113
Well IT box- c.1. c.1. >3.5 EAA 5, 1977,
frames 0 0 115,116
Caerwent 16 stone- 2.4-14 Hanson 1970,
wells lined 84.
Lincoln, st stone 2.4- CLAU 1993,
Paul-in-the- and c.16.5 Rep.63, 1-2
Bail brick
1.2 (sq) LAT 1984, 15-
21.
Margidunum stone- c0.9 3.65 JRS 16, 1926,
lined 37, Fig.3
Silchester 76 stone- 2.4- Archaeologia
wells lined 9.1 53, 1893 to
(52) 61, 1909
timber-
lined
(24)
Templeboro’ - stone- 3.1 c.9.1 May 1922, 35-
lined 6.

"L and B are the lengths and breadths of timber type linings and D is
the diameter of barrel linings.

It would seem, as improved methods of working with wood were developed,
steining with box-frames became the favoured style of 1lining wells
(Fig.4.2), with further improvements during the 3rd century as
illustrated by the box-frame construction from Southwark settlement,

Fig.4.3 (Yule 1982, 243, Fig.l).

The Scole corner-post construction shows a crude finish to the woodwork,
while those illustrated by Wilmott (Fig.4.2) and that by Yule (Fig.4.3),
show a progressive improvement in quality of workmanship. Further

research into steining of wells with wood is required to determine
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whether the lining of wells improved over time during the Roman period,

and whether it occurred only regionally or all over Britain.

03m.

0-3m 03m

Fig. 4.3: Third-century box-framed timber-lined well steining with dove-
tailed joints and braced, from Southwark (after Yule, 1982, 243, Fig.
1) -

4.2. Steining of two wells at the villa near Scole.

Two timber-lined wells were found at the villa near Scole, identified by
the excavators as the Villa Faustini, referred to 1in the Antonine
Itinerary @Britannia 1, 1970, 47,) (IM 146 786). The villa originated in
the Flavian period and was still active in the late 4th century (EAA 5,
1977, 107-17). The original excavations were carried out by the Norfolk
Archaeology Unit, who identified four periods for the villa. The timber-
lining of the two wells (Fig.46 in the excavation report) was identified
covering two phases, the earliest phase dating from the late Flavian
period and the 2nd phase dating from the Trajanic to mid-Antonine
period. Both wells were excavated to a depth of about 3.5m without
reaching the bottom of the wells because of the high water table, even
though sludge pumps were use to hold the water level below about 20m OD
for Well I, and 18.4m for Well II. It is therefore not known whether the
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steining went deeper. The description of the soil formations through
which the wells were dug shows that the clays must have been soft
unstable soils, hence the reason for steining them to the depths to

which they were excavated.

Figures 4.4a to d show details of the wells and their linings from Scole
(EAA 5, 1977, Figs 48-51). From the drawings of the cross-sections of
the wells it can be seen that the steining probably went down deeper.
Since the wells were dug through clay formations, the wells must have
been deep enough below the clay to penetrate an aquifer of either a
gravel or sand layer which would have been water bearing, or they may
have penetrated into a porous or fractured rock formation which would
have provided the necessary aquifer. The general topography of the area
is low lying, being between the Fens on the west and the sea on the

east, which accounts for the high water table at Scole.

Figs 4.4a and c show that the linings in the upper parts of the shafts
were decomposed and were not recovered. The excavators commented that
the reason for the phase 2 rebuilding was likely due to the rotting of
the timbers of the drier upper part of the shaft (EAA 5, 1977, 111). For
both the wells, the lower parts of the timber lining were remarkably
well preserved, though the quality of the carpentry-work seems to have
been of a poor standard (Figs.4.4b and d). The timbers were rough and
not cut to the same size. The irregular manner in which the 2nd phase
timbers rested on those of Phase 1 seems to indicate either shoddy

workmanship or work done in a hurry to prevent collapse of the wells.
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Fig. 4.4b: Well I at Scole: elevations of timber lining (from EAA 5,

1977, Fig. 49).
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Fig. 4.4c: Well II at Scole: section and plan {(EAA 5, 1977, Fig. 50).
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Fig. 4.4d: Well II at Scole: elevations of timber 1lining (from EAA 5,

1977, Fig. 51).
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The method of steining was to insert four vertical wooden corner posts
with flat planks placed between them forming roughly one metre square
boxes. The planks had corner-cuts at their ends to fit round the two
outside diagonal corners of the vertical posts, which also stabilized
the posts in their vertical positions. The planks seemed to vary in
thickness from about 5-10cm and had varying widths. The thickness of the
planks shows that the contractors realized there was a need to support

very unstable soils.

The plan view of Fig. 4.4a shows the 1lst phase timber corner posts
(hatched) which were left in place when they were replaced by the 2nd
phase timber corner posts and lining. The reason for this was probably
that the soil was so unstable that it would have resulted in the
collapse of the wall if they had been removed before the new lining was
inserted. The size of the upper portions of the excavation holes (about
3.5m across) to investigate the two wells, seems to indicate the poor

quality of the surrounding soil.

4.3. Styles of steining.

The styles of steining applied to wells seems to have been both
regionally based and influenced by the geological conditions in which
they were constructed. However, there were also different types of
steining used within the same sort of environment, probably indicating

personal choice by the constructor of a particular well.

The choice of materials would have depended very much on what was
locally available and cost effective. Where there was an abbundance of
suitable sized flint rock, it would be a natural choice. Caerwent seems
to have had only flint-lined wells. At Silchester the majority of wells
were stone-lined and the rest had a mixture of box frames and barrel
lining. At Newstead both stone - and wood-lining were used, but the
quality was of a very low standard in many of them. For London no stone-
lined wells have been reported, but, as Table 4.4 shows, box-frame
lining with wood was the accepted form of steining, combined in a number
of cases with barrels. Sometimes barrels were used by themselves. At
Southwark a very well constructed wood-lined well was found, whereas the
lining at Scole the quality of the lining was of a poor quality, as
shown by rough hewn timber and the construction had a shoddy appearance
(pp.112-5).

There is a need for further research into these issues of regional

differences, geological conditions and quality of workmanship for lining
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of wells, because it may also provide information on the development of
lining techniques and could provide information on how the skills of

carpentry developed from the lst to 4th centuries.

5. STABILITY OF WELLS

Wells develop instability problems, whether dug in soils or in the
softer rocks. Boon mentions that at Silchester in Insula XXIII a well
had collapsed during its construction phase as the Roman workmen went
below a stable upper layer into an unstable layer, leaving behind their
ladder as they escaped (1982, 85). Well walls formed in clayey soils
could easily have slumped as water tables rose and the soil lost its
cohesive shear strength in the capillary zone, or due to swelling and
shrinkage of the soil resulting in flaking of the walls of the well.
Many wells must have become inoperative as a result of collapsing soils,
especially in the vicinity of the water table, wunless they were

supported by steining.

The primary reason for steining of wells is tc stabilize the walls
against inward collapsing due to the earth pressure acting on an
unsupported vertical wall. Positive pore pressures that could develop in
the soils contribute to reducing the shear strength of the materials
behind the walls of the shafts. The theory behind this is complicated
but can be explained as follows. Every soil regime is subjected to earth
pressure due to gravity acting vertically downwards on a soil mass and
increasing with depth. Since soil can be described as a ’‘particulate
fluid’ there will also be a horizontal earth pressure component. When
this horizontal earth pressure thrust exceeds the shear strength of the
material a critical unstable condition is reached and a soil will fail,
or become unstable. It is this horizontal earth pressure which tends to
make a vertical wall unstable. All soils (and sedimentary rocks) usually
have some moisture in it, which will impart to it negative pore
pressures. When a soil becomes saturated the pore pressures become
positive and it is these saturated pore pressures which reduce the shear
strength of materials. Soil is saturated immediately above (or within)
the water table and the positive pore pressure acting on the soil within
this zone will reduce its shear strength to a critical low value. At a
certain level above the water table the degree of saturation decreases
due to evaporation from the surface and the pore pressures become
negative, providing capillary suction between soil particles, which
increases the friction between them and thus provide the soil with its
shear strength. If there is a perched water table at a higher level than

the well shaft from which water can seep downwards and sideways to its
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wall surface, this seepage flow will saturate the soil and develop
positive pressures 1in that zone. These positive pore pressures will
reduce the negative capillary pore pressures, thus reducing the shear
strength of the soil surrounding the well shaft. If the negative pore
pressure is reduced to a very low value (of the order of about -5kPa to
zero), the soil friction will be unable to resist the horizontal earth
pressure due to the weight of the soil above and will collapse. The
mechanics of the hydrological regime and shear strength of soils around
well shafts are complicated, but have been formulated mathematically,
and their physical implications are nowadays well understood. The Romans
would not have had this knowledge, but they must have had experience of
the collapse of soil surfaces and through trial and error learnt how to

prevent it by supporting it with various forms of revetment.

The stability of the walls of wells can also be determined by the
methods described by Avery (1993, III, 1-10), though there is the added
complication that the well geometrical configuration is often circular,
a factor not dealt with by Avery. To analyze a linear feature for
instability, special empirical techniques have been developed to
determine where the active earth pressure will act on a free surface and
it is combined with the water pressure that acts against or on the
surface of a structure or a wall face. A net resultant thrust against
the wall can then be calculated using the procedures described by Avery.
Included in the method will be the procedure for determining the
direction and slope of the slip surface. This theory highlights the
reason why steining became necessary when wells were dug in potentially
unstable areas such as London, Newsteads, Silchester and other areas

with unstable materials in which wells were constructed.’

The problems of well digging and their stability in difficult materials
is illustrated at Newstead. Here 107 pits were found, of which 94 were

outside the walls, including a number found under the later defences of

3 Many empirical methods were developed based on classical statics and dynamics theory
to determine the stresses and strains acting on a soil mass, using strength parameters
and the geometric configuration of a particular structural problem. The most critical
aspect of such analyses 1is to choose the correct strength and pore pressure
parameters, usually determined by triaxial tests in an engineering soil mechanics
laboratory. If the soil mass is saturated, then this water pressure can, for analysis
purposes, be shown to act at a posgition of one third of the height of the structure
from its lowest point or from its foundation. If the structure is hollow like a well
and is cylindrical (this applies to some extent also to wells with rectilinear cross-
sections), both the earth and the seepage pressures have the effect of compressing the
surrounding soil inwards with a resulting increase in excess pore pressures. When the
excess pore pressure exceeds the shear strength of the soil it collapses, particularly
for sands and soft clays which have very low shear strengths. The cylindrical shape of
a structure makes the mathematical formulation more complicated and cannot be
expressed in a simple form such as for linear structures