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The interior of the Binbirdirek Cistern taken by Guillaume Berggren. The photograph shows the interior of
the cistern half filled with soil and debris. In the foreground are clear examples of masons’ marks.
By permission of the Suna and Inan Kirac Foundation, Istanbul



prelims 10/7/08 1:20 PM Page iii $

The Water Supply
of Byzantine
Constantinople

James Crow, Jonathan Bardill
and Richard Bayliss

with additional contributions by Paolo Bono
and with the assistance of Dirk Krausmiiller

and Robert Jordan

SOCIETY FOR THE PROMOTION OF ROMAN STUDIES
JOURNAL OF ROMAN STUDIES MONOGRAPH NO. IT
2008



prelims 10/7/08 1:20 PM Page iv $

First published in 2008 by
The Society for the Promotion of Roman Studies
Senate House, Malet Street, London wCIE 7HU

© The Society for the Promotion of Roman Studies
All rights reserved

James Crow, Jonathan Bardill and Richard Bayliss have
asserted their moral right under the Copyright, Designs
and Patent Act, 1988, to be identified as the
authors of this work.

The monograph is published with the aid of
grants from the Hugh Last Fund and the
University of Newcastle

The British Library Catalogue in Publication Data
A catalogue record for this book is available
from the British Library

ISBN 978-0-907764-36-6

Produced in Great Britain by
Oblong Creative Ltd
4168 Thorp Arch Estate
Wetherby 1523 7BJ



prelims

10/7/08

1:20 PM Page Vv i:

CONTENTS

CHAPTER 1 INTRODUCTION AND ACKNOWLEDGEMENTS

Earlier works

Survey methods
Acknowledgements

CHAPTER 2 AN OUTLINE HISTORY OF THE WATER SUPPLY OF

CONSTANTINOPLE

Constantinople in the fourth century and the aqueduct of Valens

The aqueduct of Hadrian

The water sources

Theodosian emperors and the fifth century
Justinian and his successors

626—765: the dry years?

The Middle Byzantine period

CHAPTER 3 THE WATER SUPPLY LINES OUTSIDE THE CITY

Introduction
Geological summary
Summary of the two water supply systems
The long-distance channels
The Forest of Belgrade and Halkal:
The Evidence
1 Vize to Balligerme

Introduction

1.1 Pazarh

1.2 Vize

1.3 Vize to Ergene

1.4 Ergene Dere to Ayvacik Dere
1.5 Ayvacik Dere

1.6

1.7
1.8

1.9

Ayvacik Dere to Glineskaya Gorge
Galata Dere

Galata Dere to Binkili¢
Manganez Dere to Binkili¢

1.10 Aydinlar

1.11 Karamanoglu to Balligerme
2 Danamandira to Balligerme

Introduction

2.1

2.2

Danamandira to Hasan Dede Ciftligi
Hasan Dede Ciftligi to Balligerme

3 Balligerme to Deringatak
Introduction
A summary of the structural remains

3.1
3.2
3-3
34
3-5

Balligerme

Gumiispinar Dere
Kursunlugerme
Kursunlugerme to Elkaf Dere
The Anastasian Wall to Talas

I0
14
15
17
19
21

25
25
25
26
26
28
28
28
28
29
31
31
33
35
39
40
42
42
45
49
(3
ST
52
52
53
53
53
54
55

57
61

63



prelims 10/7/08 1:20 PM Page vi $

VI CONTENTS
3.6 Talas 66
3.7 Leylek Kale to Ciftlikkoy 68
3.8 Ciftlikkoy to Buytukgerme 69
3.9 Bilylikgerme: the primary phase bridges and main bridge 70
3.10 Karatepe A 71
3.11 Kegigerme to Deringatak Deresi 72
3.12 Deringatak Deresi 75
4 Pinarca to Dering¢atak Deresi 75
4.1 Pinarca 78
4.2 Pinarca to lhsaniye 79
4.3 Thsaniye to Akalan 79
4.4 Akalan to Subagsi 8o
5 Dagyenice to Istanbul 8o
5.1 Kemerler Mevkii, north-east of Dagyenice 82
5.2 Taykadin to Alibey Dere 82
Evidence for Byzantine remains in the Kirkcesme and Halkali lines near the city 87

CHAPTER 4 THE ARCHITECTURE AND ARCHAEOLOGY OF THE

AQUEDUCT BRIDGES AND CHANNELS 89
Balligerme 90
Kursunlugerme 93
Biiyiikgerme 97
Ke¢igerme 99
Kumarlidere 100
Talas 10T
Conclusion 103

I Primary phase (fourth century) 103
I Monumental phase (end of the fourth or early fifth century) 104
III  Major rebuilding: Talas type (mid-sixth century) 104
IV Major repairs (eighth century?) 104
V  Repairs (middle Byzantine) 105
Discussion 106
The channels 107
Tunnels 108

CHAPTER 5 THE ARCHAEOLOGY AND TOPOGRAPHY OF WATER

CIRCULATION WITHIN THE CITY 109
Introduction 109
Ancient and modern topography 110
The Byzantine and the Ottoman systems 110
The Hadrianic channel 114

Hadrianic and Ottoman systems 115

The course of the Hadrianic channel 116

South-west districts (Exokionion) 117

The Thracian high-level channels and the aqueduct of Valens 118

The Bozdogan Kemeri 118

Channels in the vicinity of the Theodosian Land Walls 122

CHAPTER 6 STORAGE AND SUPPLY IN THE CITY 125
Introduction 125
Historical topography and water storage 126
Cisterns and reservoirs 126



prelims

10/7/08

1:20 PM Page vii i:

CONTENTS

The reservoirs (open cisterns)
General observations
Aetius reservoir (C3/1) and Aspar reservoir (D4/6)
The Mokios reservoir (B6/1)
The Fildami reservoir
The covered cisterns
Characteristics of construction
Inflow and outflow channels
The contribution of groundwater and rainwater
Storage capacity
Supplying water

A bibliographical concordance of cisterns in Istanbul (Jonathan Bardill)

CHAPTER 7 THE CHRISTIAN SYMBOLS AND ICONOGRAPHY OF THE
AQUEDUCTS OF THRACE (James Crow)

Architectural decoration
Distribution
Iconography

Discussion

Chronology

Conclusion

Catalogue of crosses and other symbols
Kursunlugerme
Karamanoglu
Balligerme
Biiyiikgerme
Kegigerme
Kumarlidere
Bozdogan Kemeri

CHAPTER 8 THE MASONS’ MARKS (Jonathan Bardill)

Introduction
Masons’ marks in Constantinople

Analysis and intepretation of the marks on the Thracian aqueducts

The catalogue
Balligerme
Kursunlugerme
Biiyiikgerme
Ke¢igerme
Kumarlidere
Kalederesi
Bozdogan Kemeri
Anastasian Long Wall
Dating the aqueduct bridges
Relative dating
Independent dating

CHAPTER 9 DISCUSSION

Introduction

Administering the water supply

Rome and Constantinople

Remembering the water supply: texts and memory

128
128
129
132
132
137
137
139
140
14T
142
143

157
157
158
159
162
167
167
168
168
176
177
177
177
178
179

181

181
182
185
185
186
200
201
202
202
203
203
203
203
203
207

211

211
211
213
218

VII



prelims

10/7/08

VIII

1:20 PM Page viii i:

CONTENTS
APPENDIX I Translations of Major Texts and Inscriptions Relating to Water Supply,
Storage and Use in Byzantine Constantinople (assembled with additional translations
by Jonathan Bardill and Dirk Krausmiiller)
ABBREVIATIONS
BIBLIOGRAPHY

INDEX

221

249

25T

265



prelims

10/7/08

1:20 PM Page ix i:

Map 1
Map 2
Map 3
Map 4
Map 5
Map 6
Map 7
Map 8
Map 9
Map 10
Map 11
Map 12

LIST OF MAPS

Pazarli to Cakilly
Ayvacik to Saafalan
Saray to Kémiir Dere
Saafalan to Aydinlar
Aydinlar to Ciftlikkoy
Pinarca to Akalan
Kalfakoy to Yazlikoy
Yazlikoy to Tayakadin
Tayakadin to Bogazkoy
Bogazkoy to Cebecikoy
Cebecikoy to Istanbul

Constantinople, general location map of cisterns and projected

routes of channels

Map 13

Constantinople, Inset 1: location map of cisterns and projected

routes of channels

Map 14

Constantinople, Inset 2: location map of cisterns and projected

routes of channels

Map 15 Constantinople, Inset 3: location map of cisterns and projected routes

of channels

30
36
4T
44

facing p. 51
76
77
81
83
84
86

facing p. 110

I12

113



prelims 10/7/08 1:20 PM Page x



prelims

10/7/08 1:21 PM Page xi #:

LIST OF FIGURES

Fig. 1.1 Charcoal-burners near Ciftlikkoy

FiG. 2.1 Map showing the line of the aqueducts and the outline of relief and drainage in
Turkish Thrace

FiG. 2.2 Map of Byzantine Constantinople showing relief, the projected line of the main aqueduct
channels, and the distribution of major cisterns and reservoirs

FiG. 2.3 Bozdogan Kemeri Arch 30, from the west; note the keystone with a chrismon design

FiG. 2.4 Elevation of the bridge at Elkaf Dere (K20.3), showing the position of the Longinus
inscription

FiG. 2.5  The chronological development of the aqueduct channels

FiG. 3.1 Geological map of Thrace

FiG. 3.2 Landscape between Ergene and Vize

FiG. 3.3 Channel on the outskirts of Vize (Gazi Mahallesi)

FiG. 3.4 West side of the aqueduct near Okgular (K2)

FiG. 3.5 East side of the bridge at Akpinar Dere (K4), west of Evrenli

Fig. 3.6 Channel at Kolagil Mevkii near Cakilli

FiG. 3.7 Sinter deposit near Ergene (K4.1)

FiG. 3.8 Arch at Gokcesu (Kg)

F1G. 3.9 South channel at Gokcesu (K5)

FiG. 3.10 Abutment on the west side of Gelin Dere (K6)

FiG. 3.11 Channel on the east side of Gelin Dere (K6)

FiG. 3.12 Ayvacik Dere, north abutment (K7)

FiG. 3.13 South abutment at Ayvacik Dere (K7), showing the inner face of the east wall

FiG. 3.14 Ayvacik Dere (K7), detail of west abutment showing the two layers of the channel base

FiG. 3.15 Bridge abutment (K7.2) at Cingene Dere

FI1G. 3.16 West abutment at Manganez Dere (K9)

FiG. 3.17 Ruined abutment at Manganez Dere (Ko9)

FiG. 3.18 Broad channel east of Manganez Dere (K9)

FiG. 3.19 Cineviz Dere (K11), view of west abutment

FiG. 3.20 Evidence of clamp socket at Cineviz Dere (K11)

FiG. 3.21 Channel above Babadar Dere (G17.2), seen in a stone cutting in the hillside; note the
small blockwork facings

FiG. 3.22 Channel above Babadar Dere (G17.2), showing the east side and the raised stone platform

FiG. 3.23 Karamanoglu arcade (K13), cross-section across the broad channel

FiG. 3.24 Karamanoglu arcade (K13), interior of the channel showing fine-mortar facings

FiG. 3.25 Karamanoglu arcade (K13), thin levelling courses above the arch

FiG. 3.26 Luka Dere (17.1), central arch and tapering buttress

FiG. 3.27 Luka Dere (17.1), chamfered string-course at the springing of the arch

FiG. 3.28 Tunnel near Balligerme Tepe Ciftligi

FiG. 3.29 Narrow channel north of Hasan Dede Ciftligi

FI1G. 3.30 Bossed blocks at the bridge in a gully near Hasan Dede Ciftligi

FiG. 3.31 General view of Balligerme (K18)

FiG. 3.32 Channel east of Balligerme

FiG. 3.33 Added facing to the north-east of the east abutment at Giimiispinar Dere (K19)

FiG. 3.34 Derviskapi Dere (K19.1)

FiG. 3.35 Kursunlugerme (K20), with the ruined north abutment of the early bridge in the foreground

Fi1G. 3.36 South abutment of the primary bridge at Kursunlugerme

11

I2
14

18
21
26
29
31
32
33
33
34
34
35
35
37
37
38
38
39
43
43
45
45
46

46
47
48
48
49
50
50
5T
52
53
55
55

55
56

57



prelims

10/7/08 1:21 PM Page xii #:

XI1 LIST OF FIGURES
FiG. 3.37 Kursunlugerme Deresi (valley); schematic reconstruction of the water supply line 58
Fi1G. 3.38 Narrow channel on the south side of Kursunlugerme valley (see Fig. 4.7) 59
FiG. 3.39 Excavated course of the broad channel on the south side of Kursunlugerme valley,

west of the main bridge (K20) 60
FIG. 3.40 Remains of the broad channel passing below Arch 11 of Kursunlugerme (K20) as it begins

to turn along the east face of the bridge 60
FiG. 3.41 Elkaf Dere north (K20.2), showing bossed-work facing-stones 62
FiG. 3.42 Elkaf Dere (K20.3); the inscription is carved across a single stone course above the bridge

(see Fig. 2.4) 63
FiG. 3.43 Elkaf Dere (K20.3), downward-sloping chamfer on north-east side 63
F1G. 3.44 Omeraga Gegidi, inspection shaft east of the Anastasian Wall 63
FiG. 3.45 Nikol Dere (K20.4), upper bridge 64
Fi1G. 3.46 Macka Dere (K20.5), primary abutments 65
FiG. 3.47 Macka Dere (K20.5), cross-section of the narrow channel above the north-west abutment 65
FiG. 3.48 Macka Dere (K20.5), second phase pier (north); detail of masonry 65
FiG. 3.49 Macka Dere (K20.5), platform for the broad channel on the west side of the second bridge 65
FIG. 3.50 Broad channel west of Macka Dere (K20.5) 66
FiG. 3.51 Ortabel (K20.6), west pier of the main bridge showing string-course 66
FiG. 3.52 General view of the later bridge at Talas (K22) (1994); note the line of the broad

channel on the hillside to the right; above can be discerned the faint line of the upper channel

from the earlier bridge (K21) 67
FiG. 3.53 Coarse rubblework on Talas bridge (K21) 67
FiG. 3.54 Talas (K22), narrow channel on the east side of the upper bridge 68
Fi1G. 3.55 Narrow channel west of Leylek Kale (K23) 68
FiG. 3.56 Leylek Kale (K23), the interior of the bridge, showing the outline of the south arch,

the robbed core of the primary bridge and the outer facings 69
FiG. 3.57 Merdiven Dere (K29.1), the narrow channel east of the bridge 70
Fi1G. 3.58 South-west bridge pier at Merdiven Dere (K29.1) 71
FiG. 3.59 Abutment on the north side of bridge (K29.2) 71
FiG. 3.60 Karatepe A (K29.4), east face showing downward-sloping chamfered string-course 72
FiG. 3.61 Early bridge at Ke¢igerme (K30.1), north side 73
FiG. 3.62 Ke¢igerme (K30.1), tunnel to south-east of the early bridge 73
FiG. 3.63 Kumarldere (K31.1), early bridge on Sarap Dere 74
FiG. 3.64 Kumarlidere (K31), mortar rubble fill of earlier narrow channel 75
FiG. 3.65 Pinarca first cave, Ikigéz Magara, showing built collecting pool 78
FiG. 3.66 Base of the narrow channel near Pinarca, revealed in road cutting (north side) 79
FiG. 3.67 South-east main bridge on Kale Dere 8o
FiG. 3.68 Remains of Biiytik Kemer bridge (K35) 82
FiG. 4.1 The main bridge at Kursunlugerme (K20) from the north-east 89
FiG. 4.2 Elevation and plan of Balligerme bridge (K18) facing p. 9o
FiG. 4.3 The bridge at Balligerme (K18) from the north-east 91
FIG. 4.4 Buttress on south-east face of the lower arch at Balligerme (K18) 92
FiG. 4.5 The north pier, Balligerme (K18), with reconstruction using alternate courses of

brick and rubble. To the left is Phase 2 blockwork between Arches 3 and 4 92
FiG. 4.6  East face between Arches 3 and 4 at Balligerme (K18) showing Phase 2 blockwork 92
FiG. 4.7 Elevation and plan of Kursunlugerme bridge (K20) facing p. 92
FiG. 4.8 Kursunlugerme bridge (K20), bossed blocks beside Arch 2; note how the upper faces

of the bosses are cut level to support timber scaffolding 93
FiG. 4.9 Buttress V, Kursunlugerme (K20); note the changes in the string-course mouldings 94
FIG. 4.10 View of the west face of Kursunlugerme (K20) from the south 95
FiG. 4.11 Survey and hypothetical reconstruction of the high-level and low-level channels at Arch 11,

Kursunlugerme (K20) (By Paolo Bono) 96
FiG. 4.12 Elevation and plan of Biiytikgerme bridge (K29) facing p. 96



prelims

10/7/08 1:21 PM Page xiii #:

LIST OF FIGURES

FiG. 4.13 Buyiikgerme (K29), the south face of the pier between Arches 1o and 11; note how the
string-courses and bossed work on the lower facing-blocks have been cut back

FiG. 4.14 Biytkgerme (K29), the face and north corner of the base of the west pier of Arch 1o0.
Note the pitting caused by the extraction of the lead settings for iron clamps and the cracks
up the north-east angle

FiG. 4.15 Blylkgerme (K29), Arch 4 from the south-east. The Phase 2 narrowing is clearly visible
with the springing of a brick vault on the left side

FiG. 4.16 Biiyiikgerme (K29), the second phase narrowing of the north side of Arch 3, showing
the use of coursed rubble and reused bossed facings

FiG. 4.17 Kecigerme (K30), arches in the upper tier

FiG. 4.18 Ke¢igerme (K30), bulging masonry on the east abutment

FiG. 4.19 Kumarlidere (K31) from the east

FiG. 4.20 Kumarlidere (K31), south arches from the west

FIG. 4.21 Talas (K22), general view from the east (1994)

FiG. 4.22 Talas (K22), view from the south of a primary upper arch enclosed within the later
masonry

FiG. 4.23 Talas (K22), upper central arch in Phase 3, showing chamfered string-course and
buttresses

FiG. 4.24 Talas (K22), central arch of Phase 3, showing lower arch providing additional lateral
support

FiG. 4.25 Talas (K22), the inner face of the east wall of the water channel, showing small
rubblework masonry; the base is largely eroded away. View from the west

FiG. 4.26 Talas (K22), later blockwork on the west face, south of the central arch

FiG. 4.27 Buyiikgerme general view

Fi1G. 5.1 Unkapan Cistern

FiG. 5.2 Bozdogan Kemeri

FiG. 5.3 Blocked channel on north side of Bozdogan Kemeri

FiG. 5.4 Graph showing relative gradients of channels

FiG. 5.5 Ottoman channels near the Edirne Kap1

Fig. 6.1 Cistern near the Forum Tauri (E7/5)

FiG. 6.2 Aspar reservoir, showing later stone repairs on the right-hand wall

FiG. 6.3  Cylindrical tower in north corner of the reservoir of Aspar

F1G. 6.4 Plan of the Fildami reservoir

Fig. 6.5 View of the interior of the Fildami reservoir, with the scalloped buttress wall on the
west side

FiG. 6.6 Remains of the staircase against the north wall of the Fildami reservoir

FiG. 6.7 Water tower in the Fildami reservoir

F1G. 6.8  Sectional elevation of water tower at the Fildami reservoir (By Paulo Bono)

FiG. 6.9  Binbirdirek cistern

FiG. 6.10 Pipes at the entrance to the Antik Hotel (E7/5)

Fig. 7.1 Kursunlugerme (K20), general view

Fig. 7.2 Kursunlugerme (K20); general view of Buttress V from the east showing the location of
crosses and other symbols and masons’ marks

FiG. 7.3 Kursunlugerme (K20); S1, relief Latin cross, Buttress VII

FiG. 7.4 Kursunlugerme (K20); S2, relief cross with inscription, Arch 20

Fig. 7.5 Kursunlugerme (K20); S3, jewelled cross on keystone of Arch 20

FiG. 7.6 Kursunlugerme (K20); S7, low relief cross, Arch 18

(K20)

(K20)

FiG. 7.7 Kursunlugerme (K20); St2, simple relief cross, Buttress V

Fig. 7.8 Kursunlugerme (K20); S14, relief cross on chamfered impost of Arch 14

Fig. 7.9  Kursunlugerme (K20); S15, six-armed chrismon on Buttress V, below is the outline of a
tabula ansata with no visible text

FiG. 7.10 Kursunlugerme (K20); S22, relief cross, Arch 19

Fig. 7.11 Kursunlugerme (K20); S23 and S24, relief crosses on chamfered impost blocks of Arch 17

XIIT

97

97
98

98
99

99
100

I00
I0I

I0I
I02
I02

102
103
105§
116
118
119
121
122
126
130
13T
133

171
171
171



prelims 10/7/08 1:21 PM Page xiv $

FiG. 7.16 Kursunlugerme (K20); S32, wreathed chrismon on the east keystone of Arch 2 172
FiG. 7.17 Kursunlugerme (K20); S32, side view showing relief carving on the east keystone of Arch 2 173

XIV LIST OF FIGURES

FiG. 7.12 Kursunlugerme (K20); S25, relief cross carved on the bossed work, Arch 17 171

FiG. 7.13 Kursunlugerme (K20); S27, relief cross carved on the bossed work, Arch 17 172

FiG. 7.14 Kursunlugerme (K20); S29, relief cross from string-course on west face, now destroyed 172
; S31, cross on the east keystone of Arch 1 172

(K20)
(K20)
(K20)
FiG. 7.15 Kursunlugerme (K20)
(K20)
(K20)
(K20)

FiG. 7.18 Kursunlugerme (K20); S33, S34, S35, chrismon and two flanking crosses on the west

voussoirs of Arch 2 173
FiG. 7.19 Kursunlugerme (K20); S33, wreathed chrismon on the west keystone of Arch 2 173
FiG. 7.20 Kursunlugerme (K20); S34, cross and inscription ‘Emmanuel” north of S33, Arch 2,

west side 174
FiG. 7.21 Kursunlugerme (K20); S35, cross and inscription ‘God with us’ south of S33, Arch 2,

west side 174
F1G. 7.22 Kursunlugerme (K20); $38, roughed out chrismon with six arms, Arch 4, west side 174
F1G. 7.23 Kursunlugerme (K20); S39, Latin cross on the east side of Arch 10 175
FiG. 7.24 Kursunlugerme (K20); S40, wreathed chrismon and Latin cross with the text “The

Cross has conquered. It always conquers’, Arch 10, west side 175
FiG. 7.25 Kursunlugerme (K20); S41, eagle and snake relief on the west keystone of Arch 11 175
FiG. 7.26 Karamanoglu (K13); Sy, relief chrismon, now damaged, on the keystone of Arch 3,

south side 176
F1G. 7.27 Karamanoglu (K13); S5, Arch 4 south side, showing relief staurogram 177
FiG. 7.28 Karamanoglu (K13); S5, detail, Arch 4 south side, showing relief staurogram 177
FiG. 7.29 Kecigerme (K29); S2, relief Latin cross within a plain circle with A and Q, Arch 1 178
FiG. 7.30 Kecigerme (K29); S4, relief Latin cross with ligature and Q and A in Arch 6 178
FiG. 7.31 Kumarlidere (K30); St, high relief Latin cross with ligature on the keystone of Arch 2,

east side 178
F1G. 7.32 Kumarlidere (K30); S2, relief wreathed chrismon, Arch 2, west side 179
FiG. 7.33 Kumarhdere (K30); S3, low relief cross on the chamfered plinth at the top of the socle

of Arch 2, west side 179
FiG. 7.34 Kumarlidere (K30); S4, cross straddling the impost on the north side of Arch 2, west face 179
FiG. 7.35 Bozdogan Kemeri, fragmentary chrismon on the keystone of Arch 30 179
FiG. 7.36 Restored outline elevations of the Kecigerme (K30) and Kumarhdere (K31) bridges

showing arch numbers 180
FiG. 9.1 Comparative size of selected cisterns 215
FiG. 9.2 Comparative size of selected cisterns 216
FiG. 9.3 Graph showing comparative sizes of covered cisterns with known internal dimensions 217



