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PREFACE

The 2" Regional IWA Symposium on water, wastewater and environment is hosted by the
Izmir Institute of Technology in Cesme-Izmir, Turkey between the dates of March 22 and
24, 2017. Following the previous IWA conferences, the theme of this conference was ‘The
past, present and future of the world’s water resources’ which established the trend of
thinking of the participants and determined the composition of the papers those were
presented. Inspired by the IWA’s vision that is ‘A world in which water is wisely managed
to satisfy the needs of human activities and ecosystems in an equitable and sustainable
way’ the community of professionals concerned with water, presented their experiences
for sustainable urban and basin-related water solutions.

The purpose of the symposium was to highlight water as a source of life and to stress the
need for water cooperation between all actors in society to protect its value and exchange
ideas between academia and industry on various forms of water cooperation that are
fundamental to water use and water management. Also to identify good practices for water
cooperation and demonstrate its merits for poverty eradication, economic development,
environmental sustainability and peace.

The conference technical programme was organized in the following general areas: Water
Treatment; Ancient Water Systems; Water Resources; Hydrology and Hydrogeology;
Modeling and Simulation; Water Quality; Waste Management; Ecotoxicology and Health
Risks and Water Reuse. We hope that the contents of the related papers will be beneficial
source of information on water, wastewater and environment related engineering
applications.

211 abstracts were presented in 30 sessions during the three days of the conference. We
wish to acknowledge and express our sincere gratitude to the Organizing Committee for
their valuable efforts and to the Scientific Committee for their precious time spent in
reviewing of the submitted papers.

On behalf of the Organizing Commitee
Prof.Dr.Alper BABA



IwA 2™ Regional Symposium on Water, Wastewater and Environment,
22-24 March, 2017 in Cesme-Izmir, Turkey.

ORGANIZING COMMITTEE

ALPER BABA IZMIR INSTITUTE OF TECHNOLOGY/TURKEY CHAIRMAN

GOKMEN TAYFUR IZMIR INSTITUTE OF TECHNOLOGY/TURKEY VICE-CHAIRMAN

ANDREAS N. ANGELAKIS INSTITUTE OF IRAKLION/GREECE PROGRAMME ORGANIZER

ORHAN GUNDUZ DOKUZ EYLUL UNIVERSITY/TURKEY COMMITTEE SECRETARY

MUSTAFA DEMIR IZMIR INSTITUTE OF TECHNOLOGY/ TURKEY

ALPER ELCI DOKUZ EYLUL UNIVERSITY/TURKEY

SEBNEM ELCI IZMIR INSTITUTE OF TECHNOLOGY/TURKEY

IOANNIS KALAVROUZIOTIS HELLENIC OPEN UNIVERSITY/GREECE

BERGUZAR OZBAHCECI

IZMIR INSTITUTE OF TECHNOLOGY/TURKEY

CELALETTIN SIMSEK

DOKUZ EYLUL UNIVERSITY/TURKEY

M. SINAN YILDIRIM

IZMIR INSTITUTE OF TECHNOLOGY/TURKEY

SCIENTIFIC COMMITTEE

HAFZULLAH AKSOY ISTANBUL TECHNICAL UNIVERSITY / TURKEY

ANDREAS N. ANGELAKIS INSTITUTE OF IRAKLION, IRAKLION / GEREECE

GEORGIOS P. ANTONIOU UNIVERSITY OF PATRAS / GEREECE

MUSTAFA ARAL GEORGIA INSTITUTE OF TECHNOLOGY / USA

NAJET AROUA INSTITUT MEDITERRANEEN D’ETUDES
AVANCEES MARSEILLE,MARSEILLE / FRANCE

ALPER BABA IZMIR INSTITUTE OF TECHNOLOGY/ TURKEY

WERNER BALDERER SWISS FEDERAL INSTITUTE OF TECHNOLOGY (ETH) /
SWITZERLAND

SERDAR BAYARI HACETTEPE UNIVERSITY / TURKEY

MOHAMED BAZZA FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED

HANANE BENGLILOU i\ll\llll:rEIEl{\lX'lilgﬁlA\I: INSTITUTE FOR WATER AND SANITATION IEA/
MOROCCO

PROSUN BHATTACHARYA KTH ROYAL INSTITUTE OF TECHNOLOGY/ SWEDEN

CONSTANTIN CANAVAS HAMBURG UNIVERSITY OF APPLIED SCIENCES / GERMANY

MARIA C. CUNHA UNIVERSITY OF COIMBRA / PORTUGAL

MUSTAFA M. DEMIR IZMIR INSTITUTE OF TECHNOLOGY/ TURKEY

WALTER DRAGONI PERUGIA UNIVERSITY / ITALY

MEHMET EKMEKCT HACETTEPE UNIVERSITY / TURKEY

ALPER ELCI DOKUZ EYLUL UNIVERSITY/ TURKEY

SEBNEM ELCI IZMIR INSTITUTE OF TECHNOLOGY /TURKEY

FATMA EL-GOHARY NATIONAL RESEARCH CENTRE / EGYPT

MUSTAFA ERSOZ SELCUK UNIVERSITY / TURKEY

SAEID ESLAMIAN ISFAHAN UNIVERSITY OF TECHNOLOGY / IRAN

OKAN FISTIKOGLU DOKUZ EYLUL UNIVERSITY / TURKEY

ANDREA GARDUNO NOTTINGHAM UNIVERSITY, NOTTINGHAM / UK

ORHAN GUNDUZ DOKUZ EYLUL UNIVERSITY /TURKEY

MOOYOUNG HAN SEOUL NATIONAL UNIVERSITY / KOREA

JESSICA A. HARRISON UNIVERSITY OF ILLINOIS URBANA-CHAMPAIGN / USA.

BENOIT HAUT UNIVERSITE LIBRE DE BRUXELLES / BELGIUM

BLANCA JIMENEZ SECRETARY OF THE INTERNATIONAL HYDROLOGICAL
PROGRAMME (IHP) UNESCO / FRANCE

PETRIS. JUUTI UNIVERSITY OF TAMPERE / FINLAND

IOANNIS KALAVROUZIOTIS HELLENIC OPEN UNIVERSITY / GREECE




IwA 2™ Regional Symposium on Water, Wastewater and Environment,
22-24 March, 2017 in Cesme-Izmir, Turkey.

ADNAN KAPLAN EGE UNIVERSITY, IZMIR / TURKEY,

TAPIOS. KATKO TAMPERE UNIVERSITY OF TECHNOLOGY / FINLAND

KONSTANTINA KATSANOU UNIVERSITY OF PATRAS / GREECE

LEVENT KAVVAS COLLEGE OF ENGINEERING / UC DAVIS

MUSTAFAE. KESKIN SULEYMAN DEMIREL UNIVERSITY / TURKEY

IBRAHIM KOCABAS KATIP CELEBI UNIVERISTY / TURKEY

ALBERT KOENING THE UNIVERSITY OF HONG KONG / CHINA

DEMETRIS KOUTSOYIANNIS NATIONAL TECHNICAL UNIVERSITY OF ATHENS / GREECE

JENS KRASILNIKOFF AARHUS UNIVERSITY / DENMARK

ARUN KUMAR INDIAN INSTITUTE OF TECHNOLOGY / INDIA

YUSUF KURUCU EGE UNIVERSITY / TURKEY

NIKOLAS LAMBRAKIS UNIVERSITY OF PATRAS / GREECE

PIETRO LAUREANO IPOGEA, ITALY

SHRIKANT D. LIMAYE GROUND WATER INSTITUTE (NGO), PUNE / INDIA

LARRY MAYS ARIZONA STATE UNIVERSITY / USA

BERGUZAR OZBAHCECI IZMIR INSTITUTE OF TECHNOLOGY / TURKEY

JACINTA PALERM COLEGIO DE POSGRADUADOS DE CHAPINGO / MEXICO

MANZOOR QADIR UNITED NATIONS UNIVERSITY,INSTITUTE FOR WATER / CANADA

RIIKKA P. RAJALA UNIVERSITY OF TAMPERE / FINLAND

ALEXANDER REYES-KNOCHE LATIN AMERICA CONSULTANT COMPANY, LADENBURG /
GERMANY

SALAR REZAPOUR UNIVERSITY OF URMIA / IRAN

PAOLO ROCCARO UNIVERSITY OF CATANIA/ ITALY

MIQUEL SALGOT UNIVERSITAT DE BARCELONA / SPAIN

ZEKAI SEN ISTANBUL TECHNICAL UNIVERSITY / TURKEY

CELALETTIN SIMSEK DOKUZ EYLUL UNIVERSITY/ TURKEY

AYSUN SOFUOGLU IZMIR INSTITUTE OF TECHNOLOGY / TURKEY

MARCO TALLINI L'AQUILA UNIVERSITY / ITALY

GOKMEN TAYFUR IZMIR INSTITUTE OF TECHNOLOGY/ TURKEY

VLADIMIR VISSIKIRSKY NATIONAL ACADEMY OF SCIENCES OF UKRAINE / UKRAINE

KOSTAS VOUDOURIS ARISTOTLE UNIVERSITY / HELLAS

HEIKKI S. VUORINEN UNIVERSITY OF HELSINKI/ FINLAND

STAVROS YANNOPOULOS ARISTOTLE UNIVERSITY OF THESSALONIKI, THESSALONIKI /
GREECE

HASAN YAZICIGIL MIDDLE EAST TECHNICAL UNIVERSITY / TURKEY

WANG YINGHUA CHINA INSTITUTE OF WATER RESOURCES AND HYDROPOWER
RESEARCH / CHINA

IRFAN YOLCUBAL KOCAELI UNIVERSITY / TURKEY

ZHENG X. YUN PRESIDENT OF INTERNATIONAL WATER HISTORY ASSOCIATION /
CHINA

DANIELE ZACCARIA COLLEGE OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES /

USA




IwA 2™ Regional Symposium on Water, Wastewater and Environment,
22-24 March, 2017 in Cesme-Izmir, Turkey.

TABLE OF CONTENT

ID NO TITLE OF PAPER NO
2981 | HISTORICAL WATER WORKS IN TURKEY 7
2810 | ANALYSIS AND COMPARISON OF SPATIAL RAINFALL DISTRIBUTION 13

APPLYING NON-GEOSTATISTICAL/DETERMINISTIC INTERPOLATION
METHODS: THE CASE OF PORSUK RIVER BASIN, TURKEY

2811 | AN INVESTIGATION AND COMPARISON OF HYDROELECTRIC ENERGY 22
POTENTIAL: A STUDY OF PORSUK RIVER BASIN, TURKEY

2947 | DETERMINING LINEAR AND AREAL ORPHOLOGICAL CHARACTERISTICS 30
OF MELEN WATERSHED IN TURKEY

2630 | ADOPTING A STRATEGIC FRAMEWORK FOR TRANSBOUNDARY WATER 41
RESOURCES MANAGEMENT IN AFGHANISTAN

2978 | WATER MANAGEMENT IN THE HAMAMS OF ANCIENT CORINTH 58
(PELOPONNESE) DURING THE OTTOMAN TIMES

2852 | IMPLEMENTATION OF EUROPEAN UNION WATER FRAMEWORK 70
DIRECTIVE IN TURKEY - MANAGEMENT OF DANGEROUS SUBSTANCES

2986 | THE OTTOMAN AQUEDUCT SYSTEM OF KOS, GREECE 76

2979 | OCCURRENCE OF PLESIOMONAS SHIGELLOIDES FROM WATER 88
ENVIRONMENTS IN DUZCE/TURKEY

2952 | BIM FOR 7DS’ MANAGEMENT OF WATER DISTRIBUTION NETWORK A 91
CASE STUDY FOR TUMAKURU TOWN, KARNATAKA, SOUTH INDIA

2631 | TREND ANALYSIS OF STREAMFLOW IN THE EUPHRATES-TIGRIS BASIN 104

2987 | TREATMENT OF OPIUM ALKALOID WASTEWATER VIA HYDROTHERMAL 111
GASIFICATION

2904 | MANGANESE SPECIATION STUDIES IN RAIN WATER: APPLICATION OF 121

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY-INDUCTIVELY
COUPLED PLASMA MASS SPECTROMETRY

2934 | EFFECTS OF HYPOLIMNETIC OXYGENATION ON IRON AND MANGANESE 126
CONCENTRATIONS IN RESERVOIRS

2802 | SIMULTANEOUS SEPARATION OF BORON AND LITHIUM FROM 136
GEOTHERMAL WATER BY ADSORPTION-MEMBRANE FILTRATION HYBRID
PROCESS

2380 | EXPERIMENTAL ANALYSIS OF CONTAMINANT INTRUSION INTO WATER 141
DISTRIBUTION NETWORK DURING FLUCTUATING PRESSURE EVENTS

2805 | ABRIEF HISTORY OF WATER REUSE 150

2792 | TREND DIRECTION CHANGES OF TEMPERATURE AND PRECIPITATION 162
TIME SERIES IN TRARZA REGION OF MAURITANIA FOR PERIOD OF 1970-
2013

2838 | METEOROLOGICAL DROUGHT ANALYSIS FOR LASHKARGAH AND 177
GARDANDIWAL STATIONS OF HELMAND RIVER BASIN, AFGHANISTAN

2961 | CARBON FOOTPRINT FROM WASTE WATER TREATMENT PLANTS 190

2926 | CHANGE-POINT IDENTIFICATIONS OF KEY WATER QUALITY | 194
PARAMETERS IN LAKE TAIHU

2967 | PAST, PRESENT AND FUTURE OF TOILET FLUSHES - AN APPRAISAL | 204
THROUGH WATER SCARCITY, WATER QUALITY AND “FIT FOR PURPOSE”
USE

2942 | CONTOUR AND 3-DIM REPRESENTATION OF FOOD ADDITIVE REMOVAL | 214
PERFORMANCES OF CATALYTIC WET AIR OXIDATION AS A GREEN
WASTEWATER TREATMENT METHOD

2845 | ASSESSMENT OF WATER QUALITY RELATED TO LEAD/ZINC MINES IN | 224
UMURBEY DAM BASIN, NORTHWESTERN TURKEY

2861 | PRODUCTION OF ACTIVATED CARBON FROM OILSEED RESIDUE | 231
BIOCHAR BY CHEMICAL ACTIVATION AND ITS USABILITY TO ABSORB
REACTIVE DYESTUFF

2862 | THE REMOVAL OF PESTICIDE FROM AQUEOUS SOLUTIONS BY USING | 242
ACTIVATED CARBON OBTAINED FROM FRUIT JUICE INDUSTRY SOLID
WASTE




IwA 2™ Regional Symposium on Water, Wastewater and Environment,
22-24 March, 2017 in Cesme-Izmir, Turkey.

2855 | REMOVAL OF SOME PHENOLIC MICROPOLLUTANTS FROM RAW | 253
HOSPITAL WASTEWATER BY BIOLOGICAL AND MEMBRANE PROCESSES

2660 | TREATMENT OF WASTEWATER CONTAINING ANTIBIOTIC WITH A NEW | 266
KIND OF COMPOSITE VIA ADSORPTION

2965 | VISIBLE LIGHT PHOTO-FENTON OXIDATION OF TARTRAZINE IN THE 268
PRESENCE OF BISMUTH OXYHALIDE CATALYSTS

2922 | RAPID AND EFFICIENT COAGULATION AND FLOCCULATION OF | 277
DOMESTIC WASTEWATERS WITH HYBRID SYSTEMS

2844 | UTILIZATION OF ACTIVATED CARBON PREPARED FROM PUMPKIN SEED | 283
SHELL FOR THE REMOVAL OF DYESTUFF FROM AQUEOUS SOLUTIONS
AND WASTEWATER BY MICROWAVE RADIATION

2815 | OPTIMIZATION OF MICROBIAL POLYHYDROXYBUTYRATE (PHB) | 292
PRODUCTION UNDER AEROBIC DYNAMIC FEEDING REGIME AT
DIFFERENT CARBON AND NITROGEN LOADINGS

2816 | TREATMENT OF RAW TEXTILE WASTEWATER BY SULFATE REDUCING | 303
BACTERIA IN MICROBIAL FUEL CELLS

2841 | WASTEWATER PIPELINE DESIGN IN ACCORDANCE WITH SEA-PIPE-SOIL | 313
INTERACTION

2920 | REMOVAL OF CATIONIC DYE (METHYLENE BLUE) FROM AQEOUS | 322
SOLUTION WITH ACTIVATED BIOSORBENTS

2829 | WASTEWATER ANALYSIS BY USING ICP-OES 332

2867 | REDUCTION DYE IN PAINT AND CONSTRUCTION CHEMICALS | 336
WASTEWATER BY IMPROVED COAGULATION FLOCCULATION PROCES

2738 | MICROFILTRATION CERAMIC MEMBRANES WITH BIOCIDE PROPERTIES | 341
OF THE SURFACE

2937 | THICKENER WATER NEUTRALIZATION BY FLY ASH OF SILOPI THERMAL | 349
POWER PLANT - SLURRY AMD TREATMENT

2653 | ACTIVITIES FOR REDUCTION OF ENERGY CONSUMPTION IN SEWAGE | 359
TREATMENT PLANTS BY 50%

2803 | REMOVAL OF METHYLENE BLUE FROM AQUEOUS SOLUTION BY | 370
ADSORPTION USING BENTONITES

2950 | TAGUCHI OPTIMIZATION METHOD FOR 2,4,5 TRICHLORO PHENOLS FROM | 379
AQUEOUS SOLUTION USING TURKISH SWEETGUM (LIQUIDAMBAR
ORIENTALIS) BARK

2661 | BIOSORPTION OF REACTIVE BLACK 5 DYE FROM AQUEOUS SOLUTION BY | 388
CHEMICALLY MODIFIED PARSLEY STALK: A KINETIC ANALYSIS

2662 | EQUILIBRIUM STUDIES RELATED TO THE BIOSORPTION OF A TOXIC | 390
TEXTILE DYE BY MODIFIED WASTE MATERIAL

2650 | REMOVAL OF ANIONIC AZO DYE FROM WASTEWATER ONTO | 392
MESOPOROUS CARBON MATERIAL AT DIFFERENT ADSORPTION
TEMPERATURE

2651 | KINETIC STUDIES OF BASIC VIOLET 3 DYE ADSORPTION FROM AQUEQUS | 395
MEDIA USING AGRO-INDUSTRIAL BASED ACTIVATED CARBON

2893 | EFFECT OF ANTISCALANT CONCENTRATION ON PERMEATE FLUX IN A | 398
PILOT-SCALE SUBMERGED MEMBRANE BIOREACTOR (MBR) FOR
INDUSTRIAL WASTEWATER TREATMENT

2923 | REMOVAL OF CR (VI) USING ACTIVATED CARBON PREPARED 403

2807 | HYDRAULIC AND HYDROLOGICAL INVESTIGATION ON THE ANCIENT | 414
FOUNTAINS OF HZ SULEYMAN MOSQUE

2798 | ANCIENT WATER SUPPLY SYSTEMS AND WATERWAYS; KEHRIZ SYSTEM | 420
IN SANLIURFA

2799 | HISTORICAL WATER STRUCTURES OF SANLIURFA; FOUNTAINS 430

2817 | INVESTIGATION OF HISTORICAL WATER STRUCTURES OF SANLIURFA: | 440
BATHS AND PUBLIC BATHS

2977 | ROMAN WATER INTAKE STRUCTURES AT THE JADRO RIVER SPRING 454

2848 | A BRIEF HISTORY OF WATER WELLS FOCUSING ON BALKAN, INDIAN AND | 465
CHINESE CIVILIZATIONS

2969 | ASSESSMENT OF THE PRESENT STATE AND PERSPECTIVES OF THE OLD | 477




IwA 2™ Regional Symposium on Water, Wastewater and Environment,
22-24 March, 2017 in Cesme-Izmir, Turkey.

DAM OF RELLEU (MARINA BAIXA, ALACANT, SPAIN).

2856 | RECHARGE-DISCHARGE MECHANISM AND GROUNDWATER FLOW | 487
DYNAMICS OF KARST AQUIFER IN THE WATERSHED OF YUVACIK DAM
(KOCAELI, TURKEY)

2956 | PREDICTING FLOOD PLAIN INUNDATION FOR NATURAL CHANNELS | 497
HAVING NO GAUGED STATIONS

2925 | FREQUENCY ANALYSIS OF LOW FLOWS 509

2935 | A METHOD FOR LOW FLOW ESTIMATION AT UNGAUGED SITES: A CASE | 518
STUDY IN TURKEY

2928 | FLOW DURATION CURVE MODEL FOR UNGAUGED BASINS 529

2929 | EXPERIMENTAL ANALYSIS OF SEDIMENT INCIPIENT DEPOSITION IN RIGID | 537
BOUNDARY OPEN CHANNELS

2879 | AREAL VARIABILITY OF L-MOMENT RATIOS FOR PEAK DISCHARGES IN 550
TURKISH RIVERS

2963 THE CONSTRUCTION AND MAINTENANCE OF ANCIENT KAREZ SYSTEM 557

2973 | TREND ANALYSIS OF PRECIPITATION, TEMPERATURE AND WIND DATA IN | 566
SAMSUN (TURKEY)




IwA 2™ Regional Symposium on Water, Wastewater and Environment,
22-24 March, 2017 in Cesme-Izmir, Turkey.

ID_2798
Ancient Water Supply Systems and Waterways; Kehriz System in
Sanliurfa

Kasim Yenigiinl’a, Cihat Kﬁrkgl'iogluz, Abdiilkadir Bozkurts,

Saffet Erdogan4 and Gokmen Tayfur5
1. Harran University, Engineering Faculty, Civil Engineering Department, Sanlurfa, Turkey.
2. Harran University, History of Art Department, Sanliurfa, Turkey.
3. Sanlurfa Metropolitan Municipality, Sanliurfa, Turkey.
4. Harran University, Engineering Faculty, Geomatics Department, Sanliurfa, Turkey.
5. Izmir Institute of Technology, Civil Engineering Department, Izmir, Turkey.
a.Corresponding author (kyenigun@hotmail.com)

ABSTRACT: In this study; ancient water supply systems and their transmission
structures, called kehriz, in S anlurfa Province which were built in ancient times are
investigated and mapped in details. As one of the oldest cities in the world, Sanlurfa is
hosting many civilizations throughout the history, since 11500 BC. The existing materials
related on archaeological heritage shows that the Sanliurfa city has very important water
supply and transmission experiences. Kehrizes are ancient and interesting water
transmission structures that convey water from far away to meet the needs of people by
hand-made galleries. Three main waterways in Sanlrfa Province; Old Kehriz, New
Kehriz and Germiis Water, as important and interesting water structures, are studied and
documented in Sanlurfa Province. Throughout the history of the city, different
communities using the city destroyed most of the cultural structures of earlier civilizations.
However, all communities have protected and developed water supply systems. Therefore,
water structures remain up to now and some of these systems are still in use.

1. INTRODUCTION

Kehriz (or karez or ganat) is the name of an underground water transmission system that
allow the water to flow in horizontal galleries in their own inclination (1% to 0,06%). These
are a form of subsurface galleries that collect ground-water and direct it through a sloping
underground canals to the surface channels which provide water for irrigation areas.

Water flows through the walls of a main well and then is carried by natural gravity flow
through the ganat channel. While a single tunnel fails to feed an adequate flow, other
infiltration channels which yield into the main tunnel may be added. Qanats are the most
ecological and balanced water supply methods available for arid places (Figure 1). Qanats
are found throughout the Islamic world and Far East and some West countries. (Lightfoot,
1996; Ali Hamidian et al., 2015).

Construction processes of ganat structures are also similar, and wells which have same
functions can be found, having 50-100 m intervals (English, 1998). The working procedures
of these structures have some similarities today, although the differences in exist technology,
(Carrion and Fornes, 2016). Beside these, the ganat systems may not be applicable for
solving the today’s water scarcity problem in arid and semiarid regions of the world.
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Figure 1. Plan and profil view of typical ganat (Lightfoot, 1996)

Due to the widespread distribution of ganat technology and known by different local names,
it is difficult to say the origin of the name of that ancient hydraulic structures. But, according
to the common literature, ganat is the oldest name of that structure. (Fattahi, 2015). The
kehriz system is named with different names in different regions (Lightfoot, 2000; Mays,
2010; Fattahi, 2015; Hamidian et al, 2015; Ozden, 2011), (Table 1).

Table 1. Naming of (kehriz) karezes in different regions.

Kahriz/karez Azerbaijan, Turkmenistan, Iran,[Falaj United Arab Emirates,
Iraq, Afghanistan, Pakistan Oman

Kanerjing China Khettara Morocco

Qanat Iran Galleria Spain

Qanat Romani Jordan and Syria Kahn Baloch

Ain Saudi Arabia Foggara Algeria

Fughara, Khettara, Iffeli North Africa Galerias Canary Islands

Mambo Japan Inguttati Sicily

Kehriz, Galeri, Kina, Lagam, Keriz Anatolia, Turkey

Khad, Ghundat, Kanat, Fokkara, Kona, Kunut Others

Some details of kehriz construction steps are shown in Figure 2.

The ganats were in the focus of the formation of civilization in several parts of the world.
The Kariz structures have been used for hundreds of years in Southern Afghanistan regions
such as Kandahar, Uruzgan, Nimruz and Helmand. In Azerbaijan, there are wide areas under
irrigation with Karezes suh as Zencan, Gence, Karabakh, Nakhichevan and Baku. In Eastern
Turkistan’s Turfan region, Uighur Turks made kariz water channels 2500 years ago and
some of these lines can still be used today. In the middle of the twentieth century, it is
estimated that about 50,000 karezes are in use in Iran. There are five medieval settlements
in Kazakhstan using karezes which are Sauran, Turkestan, Chernak, Babaikorgan and
Karachik. A large number of cities were found in Syria having kehriz systems, but very
common ground water pump arrangements have lowered the water level in the groundwater
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level and the kehriz scheme. So the kehrizs dried up and were abandoned nationwide. The
palm gardens in the wake of Al-Ayn in the United Arab Emirates are still irrigated with
traditional palate (ganat) orders. In Oman, close to 3000 kehriz systems are used (Ozden,
2004, 2008, 2010; English, 1998).

Figure 2. Some details of kehriz construction steps from BBC documentary (BBC, 2011)

Due to the widespread use of pumps, many of the ganats have been closed today. But in
some regions like e.g. Afghanistan, China, Pakistan, Azerbaijan, Iran, Oman, etc. gqanats are
still under usage and supply a large amount of water to the agricultural areas. Some regions
such as Iran, Afghanistan, Pakistan, Oman and China still enjoy working ganats (Hamidian
etal., 2015).
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In Turkey, The roots of Anatolian water culture can be shown in some cities of Turkey which
are the cradle of civilization since Paleolithic Age. Cultural marks of water structures that
belong to Sumerian, Hittite, Phrgian, Persian, Akkadian, Urartian, Arabic, Roman,
Byzantine, Seljuk and Ottoman Periods have been identified as engineering wonders of a
civilized society. Anatolian karezes (ganats) as a part of ancient structures of water
civilization, are common productions of the united public will. These structures as the
cultural heritage of mankind are independent of its geographical origin.

According to Ozden (2011), at 66 locations in Anatolia, many historical water structures of
the karez system can be found. Ferhat Water Channel, which is located in Amasya (24 km
long), is a typical karez system from the Anatolian Karezes that was built 13 thousand years
ago. In Van, only two of the 48 karezes, which were built during the Urartian period
thousands of years ago, are left today. In some provinces eg. Amasya, Tokat, Van, Bitlis,
Batman, Hasankefy, Mardin, Diyarbakir, Sanliurfa, Mersin, Nigde, Nevsehir and some
others, karez systems still exist.

Especially, Sanliurfa (Urfa or EI-Ruha or Edessa) is accepted as one of the most ancient city
in the world. The findings about the city go back to 11500 BC. Most of the historical sources
describe Sanliurfa as a ‘water abundant city’ although it is located in the hot and arid region
of Turkey. As one of the ancient names of Sanliurfa, Orhay is accepted as a distorted version
of ‘Kallirrhoe’ (beautiful city of watercourses), or in Arabic ‘wariha’ (abundant in water).
(Cegen and Gokgek, 2005; Segal, 1970; Yenigun et al, 2012; 2013).

There are several publications (Kiirk¢tioglu; 1990; 1992; 2011, Segal; 1970; Temizsoy,
2005) focusing on the archaeological features of the water resources and water structures of
Sanliurfa. However, there is not any literature to identify its functionality, updated position
and technical details on the map including the hydraulic assessments.

Depending on the the aim of the study, three ancient water source and their transmission
systems throughout in the city were investigated and determined. As a result of the study,
maps that present pictures of Kehriz systems, many of which are dry, are produced showing
the location and status of karezes with their additional structures in the city. In the
manuscript; structure, function and also distribution of Germiis karez in Sanlurfa is
determined, documented and illustrated using site study data.

2. ANCIENT WATER RESOURCES AND KEHRIZ SYSTEMS IN SANLIURFA
2.1. Background

Sanliurfa is located in the southeast of Turkey, between longitudes 36 40 and 38 02 E and
latitudes 37 50 and 40 12 N, where the elevation varies between 500 and 1,000 m. Until very
recent times, there were many water sources in the center of city and in the near vicinity,
such as; Khalil-al Rahman (Prophet Abraham) and Aynzeliha Lakes, Karakoyun Stream
(Daisan Water) and Direkli, Devtesti, Bamya, Cavsak, Kehriz, Karakoprii Streams. Beside
these; Yukarikoymat, Golpinar, Anzelipinar, Germus, Belih, Tiilmen, Ciilmen, Tatarhoyiik,
Yarimtepe, Esemkulu, Kirkpinar and Kopriilik streams were the most important water
resources of Sanlwrfa (Sahinalp, 2005; Temizsoy, 2005). However, reduction in rain and
snow and some other reasons have caused the majority of these sources to dry up (Tonge,
2009). Sanlurfa's current water resources are given in Figure 3.
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Figure 3. Water resources of Sanliurfa at present.

According to Kurkcuoglu (1992), the main ancient water resources and their transmission
lines are explained below;

a) New Kehriz; an ancient water, originated from the source in Asik Village, located to the
north of the city and 15 km from the center, had brought to the city center by human-made
underground water channels. This water, conveyed through channels called Kehriz, came to
the water channels beneath the balustrades of the Justinian Aqueduct and the Millet Bridge,
and from there reached the distribution structure (maxem) on the Water Square. Here, the
water is divided into three branches and distributed to some houses, mosques and baths by
pohrenk’s (Pohrenk is a water pipe which 30-35 ¢cm in diameter and 15-20 cm in length,
made of potter). Since the end parts of these pipes were designed as a cross-shaped pipe, the
pipes were extended until they were connected to each other.

First line reachs to the Yusuf Pasha Mosque and Vezir Bath, second line reachs to the Adile
Hanim Fountain in Kubbemescid Street, then to Sakibiye Tekkesi and the third line reachs
to Grand Mosque, Firuz Beg Fountain, then to Ag (Nimetullah) Mosque.

b) Old Kehriz; it was a small water that originated from the Direkli Source on the west side
of the city and merged with Halilu'r-Rahman water in the city center according to the
expression of local resources.

Both karezes (kehriz systems) had been destroyed and today they are lost in a great extent.

¢) Halilu'r-Rahman (Prophet Abraham) Water; it was born in the south side of the city
center and reachs to the mosques and fountains on the line that takes place on south of the
city.

d) Germus Water; that ancient water source at Germiis Village, located in the north-
east of the city, has reached the present.
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Apart from these sources, there is a kehriz system called "kina", located in Sanliurfa/Birecik
District, Gilbas Village. It is also said that the ancient water channels that similar to the
Kehriz system, are exist in Suruc Plain near to Sanliurfa.

3. DETECTION OF ANCIENT WATER RESOURCES AND THEIR
TRANSMISSION ROUTES

In this study, as a part of wide study on “ancient water resources and historical water

structures of Sanlurfa”, at the end of the survey and detailed field investigations, the ancient

water resources and their transmission systems in Sanliurfa are determined as follows:

Firstly the locations of these water resources were determined by GPS receivers. Then, all the
routes of the transmission lines, open or close systems, were followed point by point. All
shafts (ventilation chimneys), wells, water structures on the route and etc were positioned
and documented. All data were processed by using NetCAD and ArcGIS softwares. After
generated the map of all routes, the first figure of main ancient waterways appeared in Figure
4.

ANCIENT WATERWAYS OF SANLIURFA PROVINCE
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Figure 4. Location of the Study Area - The Ancient Waterways of Sanlurfa with their origins and routes.
1) New Kehriz, comes from Asik Village, is the longest ancient waterway of the city. 2) Old Kehriz, comes
from Direkli region, were shown together with HalilurRahman Source which is known as Sacred Pool of
Prophet Abraham. 3) Germus Water, comes from Germiis Village, is continuing in an open channel.

Figure 5, shows the Germiis Water and its details. It is shown in Germiis Village which is
located at northeast side of the city center and 15 km far away. Germiis Village is an old
village that has several big stone houses and historical Germiis Church.
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Three kehriz are known to be fed from the water sources in the north and east of Germiis.
These tunnels are covered with rubble and were made in an arch shape. A person can walk
comfortably for cleaning and maintenance in it. There are ventilation chimneys at regular
intervals on the galleries. The system's plan is given in Figure 5-c.

SOME DETAILS FROM GERMUS WATERWA

-

Figure 5. The route of the Germiis Water and its details. a) The middle and big springs were connected and
continued in an open channel. b) A kehriz water is using in structures, made of regularly cut stone and were
taken down by stairs in houses, (Uceymi Sadun Pasha House), ¢) The plan of kehriz system of Germiis
(from Bildirici, 2009), d) A water usage structure on a kehriz system in the village square. It is also a
ventilaton structure. ) An another ventilation and water usage structure on dry kehriz spring.

It is known that the kehrizes that feeds the Middle and Big Springs, come from the patches
of the mountains on the north side of the village. In the 1990s, these kehrizes that were in
working and could be enter and clean. These two kehrizes are connected to each other by
inner connections. There are air shafts (ventilation chimneys) along the route. These
structures, in most of house of the village, were also serving as wells and the houses were
using the water need.

However, most of these wells have filled of due to the lack of maintenance. Most of these
wells were made of regularly cut stone and were taken down by stairs and was taken water.
That water continues down as an open channel after leaving the village (Bildirici, 2009).

The first gallery that receives water from Little Spring, comes from Diphisar village which
is 25-30 km north-east of Germiis. In the past, it was giving water to the irrigation, but today,
it is dry due to the lack of maintenance. Figure 6 shows the kehriz galleries of Little and
Middel Springs of Germiis Water.
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Figure 6. The details of kehriz galleries of Little and Middle Springs of Germiis Water;
Views of Circular Galleries and Stone Braid Walls of Tunnels, from Site Study of the Authors.

4. RESULTS AND DISCUSSION

Sanlurfa as one of oldest cities in the world, has many ancient water structures such as
aqueducts, tunnels, galleries, cisterns and etc. from the old civilizations. Center of the city is
decorated with water structures such as Turkish baths, aqueducts, water balance facilities,
water distribution structures, wells, fountains, and cisterns. Water structures of the city were
located and fed on the ancient water transmission system that called “kehriz” in the old city
center of Sanlurfa.
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In this study, as a part of wider study that investigation of the water supply, distribution,
storage and usage structures in $ anlwrfa; the ancient water resources and their
transmission lines are evaluated and documented in their origin, location, position, old and
todays photograph with technical details.

According to the results, ganats (or kehrizes - karezes) are the sustainable technology for
groundwater management and also complied the social, environmental and economic
circumstances of the arid regions.

During the history of the city, although the settled communities have destroyed many of
the cultural structures of previous civilizations, they have protected and developed water
supply systems. This situation has meant that water structures have lasted to the present
and it is interesting to note that some of these systems are still in use. As a cultural heritage
karezes are stil tell us our past and roots.
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