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Abstract

‘Water in Istanbul: Rising to the Challenge?’ is the title of
a new 24-month project which brings archaeologists,
historians, engineers, and urban scientists together to
explore the historical water management infrastructure
and evolution of water technology in the city of Istanbul
through history. One of the outcomes of this research will
be producing a hydraulic model that will help us to
understand how the past system functioned and was
managed. This in-depth research also hopes to bring a
new perspective for the contemporary water-related
challenges. The archaeological field work geographically
focuses on the I. Hill of the Byzantine city where
Ottoman imperial palace called Topkapı gets located
over. This is the most challenging topographical area
regarding the historical water distribution which func-
tioned according to the principle of gravity.
Non-destructive survey methods are crucial in such
fragile archaeological areas. Also, the bureaucratical
difficulties related to the legal permissions make it a
necessity to apply archaeogeophysical methods. In the
first field work phase, we preferred ground-penetrating
radar (GPR) in order to identify the remains, including
supply lines providing freshwater to the Topkapı area.
Our survey based on previous research by Hülya Tezcan
and the archaeological survey results of Çiğdem Özkan
Aygün in order to identify the areas for investigation with
GPR. Thanks to GPR, the location, geometry, and depth
of the buried historical structures would be possible to

determine. GPR, which provides high-resolution infor-
mation from shallow areas, is a geophysical method
frequently used, especially in archaeogeophysical studies.
The method is based on recording the travel times of
reflected and scattered electromagnetic waves, which are
sent to the subsurface with high-frequency antennas, with
a receiver. In this study, results of the GPR study, which
was carried out using a 350 MHz centre antenna
frequency to detect the historical water channels beneath
the area surrounding the Topkapı Palace are mentioned.
After processing the data sensitively, GPR sections were
interpreted and all possible water channels were detected.
Depths of the detected channels are between 2 and 5 m
below the surface.

Keywords

Archaeology � Archaeogeophysics � Ground-penetrating
radar � Hydraulics � Water channels � Cisterns �
Drainage � Topkapı Palace � Hagia Sophia � İstanbul

1 Introduction

‘Water in Istanbul’ project is a multidisciplinary and multi-
national project bringing together the academicians from
İstanbul Technical University, University of Edinburgh and
Northumbria University. This work is supported by Scien-
tific Research Projects Department of Istanbul Technical
University. Project Number: 43072 and The British Acad-
emy, ‘Knowledge Frontiers: International Interdisciplinary
Research 2021’ Scheme.

İstanbul as a city with a history of more than 1700 years
and challenging for freshwater since its foundation makes it
a perfect laboratory for learning from the past and generating
sustainable solutions for the future. Topkapı Palace area is a
micro-scale representation of the Eastern Roman and Otto-
man historical water technology in Istanbul. That’s why we
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focus on the Topkapi for our multidisciplinary fieldwork and
archival research which will provide data to model the
Ottoman water management system.

Dr. Özkan Aygün of Istanbul Technical University (İTÜ)
whose work on Istanbul’s past water systems has provided new
evidences for the subterranean hydraulic infrastructure of
Hagia Sophia has also conducted an archaeological survey for
documenting the network of cisterns, channels, and wells of
Topkapı and surroundings (Özkan Aygün, 2010; Özkan
Aygün & Güney, 2014; Özkan Aygün & Kaçan, 2014).
Together with her findings, the data coming from Hülya Tez-
can (1989) and Kazım Çeçen’s (Çeçen & Kolay, 1997) pub-
lications construct the basis of the literal sources of this project.

Application of GPR methods has a crucial role for the new
data to be obtained as a part of Dr. Aygün’s survey for this
new project. Those results are being shared with hydraulic
engineers and modelled using GIS and engineering software
to enable research on the functionality of the system.

2 Application of Ground-Penetrating Radar
Method

Ground-penetrating radar is an electromagnetic method that
sends high-frequency signals into the ground, especially in
shallow geophysical surveys. Ground-penetrating radar was

first used in glacier studies by the German geophysicist
Walter Stern (1929). The method is based on the principle of
recording electromagnetic waves sent into the ground by a
transmitting antenna, reflected and scattered from subsurface
layers, and recorded by a receiving antenna. Depending on
the travel time of the reflected and scattered waves recorded
by the receiving antenna, the presence, position, and
geometry of structures in the ground can be determined. The
electromagnetic signal, which has a harmonic structure,
contains a centre frequency. The centre frequency determi-
nes the penetration depth, the amount of absorption, the
vertical resolution, and the degree of scattering. As the fre-
quency increases, the temporal resolution increases; how-
ever, the penetration depth decreases as absorption increases.
Conversely, information is collected with a lower resolution
from a higher penetration depth Telford et al. (1990).

In this study, approximately 5 km of data was collected
using shielded antenna with a central frequency of 350 MHz
(Fig. 1, yellow lines). Since the data collection was carried
out in an urban environment, the external disturbances that
may affect the electro wave were identified individually to
consider during the analysis. Due to the presence of narrow
areas in the study area, the data were collected in 4, in some
cases 5, parallel profiles spaced 0.5 m apart. The data col-
lection parameters were a sampling interval of 0.512 ns,
trig-interval of 0.02 m, and recording length of 250 ns.

Fig. 1 Possible water channels (green polygons) shown in site location map
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The collected raw ground-penetrating radar data were
exposed to a sensitive data processing process. Different
mathematical approaches are used to improve the quality of
the signal, allowing an accurate understanding of the geo-
physical response from the ground. Ground-penetrating
radar sections are analysed by applying various data pro-
cessing steps to obtain the most realistic image of the sub-
surface. The data were subjected to different data processing
steps such as 1D filtering (e.g. de-wow, bandpass, notch,
deconvolution), 2D filtering (e.g. running average, back-
ground removal), start time correction, static correction, gain
correction, frequency–wavenumber filter, velocity analysis,
and migration.

3 Results

The analysis and interpretation of the ground-penetrating
radar sections revealed geophysical signatures that are con-
sidered to be water channels and associated structures. In the
GPR section shown in Fig. 2, which belongs to one of the
profiles near the Topkapı Palace Bab-ı Hümayun Gate,
hyperbolic features with a depth of approximately 1.5 m and
a width of about 1.5 m are interpreted as three adjacent
water channel structures in this site.

4 Discussion

When the penetration depth of the GPR sections is anal-
ysed, it is concluded that the structure signatures obtained
could be lost in some places. Since the characteristics of the
topsoil cover are different in the study area and the

dielectric properties change due to varying water-holding
properties, it is concluded that the 350-MHz antenna is
insufficient in some areas. Therefore, it has been planned to
investigate the suspected areas in detail using antennas with
a larger wavelength of the source signal. With the 250-MHz
antenna, the second phase of the study has started and
approximately 3 km of data has been collected. The
250 MHz antenna data strongly follow the findings of the
350 MHz antenna data and reveal new information about
deeper structures. The new findings suggest that some water
channels may go even further down more than 5 m. Thus,
lower-frequency data are planned to be collected in the third
phase of the study.

5 Conclusions

It has been proven by many studies that GPR surveys are
highly effective for archaeological sites in urban areas
(Basile et al., 2000; Leucci & Negri, 2006; Leucci et al.,
2016; Rabbel et al., 2015). Through this study, the subter-
ranean historical water structures beneath the I. Hill of
İstanbul are being studied by the help of GPR for the first
time, with very promising results.
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