EFFECTS OF ECONOMIC GROWTH AND URBANISATION ON WATER SERVICES OF ISTANBUL


1. Introduction

Current population of Istanbul which is the greatest city of Turkey in terms of it’s history, economy and culture, is approximately 12.7 million. The city’s pivotal status made it a centre of attraction, which in turn has caused waves of migration. Thus, the city’s population increase rate is approximately double the rate for the country as a whole and every year roughly 300,000 people migrate to Istanbul. Water demand has risen excessively within the last 50 years, however the city could not finalized recently its water problems due to distance of its water resources.

In 1994, top priority was given to finding new water sources to solve water supply problems and this made the use of sources outside the province imperative and water has been transmitted from Istıranca and Melen streams.

2. Effects of Economic Growth and Urbanization on Water Services of Istanbul

2.1 Growing Water Demand of Istanbul

Population of Istanbul has grown with a rate of approximately 4.9 % within the last 42 years and reached to 9.3 million in 1993. By the year 2007 population growth rate was approximate to the low growing rate scenario of the Master Plan that was published in 2000 and has reached 12.7 million (see Table 1). In accordance with low growing rate scenario of the master plan it has been estimated that Population of Istanbul will be 14,7 million in 2010 with a growing rate of 4.9 %, will be 16.5 million in 2020 with a growing rate of  3 %, will be 18.7 million in 2040 with a growing rate of 18.7 %. These were 1993 year estimations and according to recent census (1997, 2000 and 2007) population growing rate is less than expected. 

Especially within the last ten years conduction lines, potable water treatments plants, potable networks, water tanks and pumping stations have been established for the purpose of supplying water continuously and of meeting the increasing water demand due to the rapid population growth.

With its population of 12.7 million Istanbul has consumed approximately 2 million m3 water per day. Total annual capacity of Istanbul’s water resources is as 1 billion 353 million m3 and its total annual water consumption rate is approximately as 730 million m3. As long as precipitation rates will be at normal level, capacity of water resources of Istanbul will be sufficient for 2 year period. On other reality for Istanbul is rapid growing rate of water consumption in accordance with the rapid population growth. Thus number of customers of İSKİ rose 3 times higher than 10 years before and reached 4.1 million. We can see the rate of increase at Figure 1 related to amount of water transmitted to Istanbul by years.




Table 1: Population and Growth Rates 

	Years
	Population [millions]
	Growth Rates [%]

	1955
	1.27
	

	
	
	2.6

	1960
	1.47
	

	
	
	3.5

	1965
	1.74
	

	
	
	4.1

	1970
	2.13
	

	
	
	3.6

	1975
	2.55
	

	
	
	1.7

	1980
	2.77
	

	
	
	13.6

	1985
	5.47
	

	
	
	3.9

	1990
	6.62
	

	
	
	4.9

	1997
	9.30
	

	
	
	3.4

	2000
	10.3
	

	
	
	3.0

	2007
	12.7
	






















Figure 1: Number of ISKI Customers by Years

2.2 Water Resources of Istanbul
Istanbul water resources extending as far as Tekirdağ and Kırıkkale in the West, and Kocaeli and Düzce in the East. Existing water resources of Istanbul are presented at Figure 2. However in 1999 water capacity was as 540 million m3, in 2007 it has been increased 1,353 million m3. Water resources capacity is presented at Table 2.
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Figure 2: Water Resources of Istanbul by the Year 2008 

Intended for meeting growing water demand of Istanbul 9 dams and regulators, 5 new water treatment plants, 62 water tanks and 83 pumping stations were established; 5 potable water treatment plant was renovated and their capacities were increased; 1,187 km potable water conduction line and 7,647 km potable water network pipe line was installed between 1994-2007. In order to ensure adequate clean water to Istanbul, in last 14 years daily capacity of water treatment plants was increased from 1 million m3 to 3.6 million m3. Istanbul’s water treatment plants and their capacities are shown at Table 3.

Table 2: Istanbul’s Existing Water Resources and their Capacities
	Water Resources

	Service Year
	Capacity 
(million m3/year)

	Elmalı I ve II Dams
	1893 – 1950
	15

	Terkos Dam
	1883
	142

	Alibeyköy Dam
	1972
	36

	Ömerli Dam
	1972
	220

	Darlık Dam
	1989
	97

	Büyükçekmece Dam
	1989
	100

	Yeşilvadi Regulator
	1992
	10

	Istranca Streams (Düzdere, Kuzuludere, Büyükdere, Sultanbahçedere, Elmalıdere)
	1995-1997
	75

	Şile Wells
	1996
	30

	Kazandere Dam 
	1997
	100

	Sazlıdere Dam
	1998
	55

	Pabuçdere Dam
	2000
	60

	Yeşilçay Regulator
	2003
	145

	Melen
	2007
	268

	Annual Total
	1.353


Table 3: Water Treatment Plants in Istanbul

	Treatment Plant
	Service Year
	Comment
	Capacity (m3/day)

	Ömerli
	Orhaniye 
	1972
	existing
	300.000

	
	Orhaniye 
	1995
	increasing of capacity
	200.000

	
	Muradiye
	1995
	new plant
	320.000

	
	Osmaniye
	1997
	restoration
	220.000

	
	Emirli
	2001
	new plant
	500.000

	Kağıthane
	Çelebi Mehmet
	1972
	existing
	378.000

	
	Yıldırım Bayezid
	1996
	restoration
	280.000

	
	Yıldırım Bayezid
	1996
	increasing of capacity
	70.000

	B.Çekmece
	Büyükçekmece 
	1989
	existing
	400.000

	Elmalı
	Elmalı
	1994
	restoration
	50.000

	İkitelli
	Fatih Sultan Mehmet
	1998
	new plant
	420.000

	
	II.Bayezid
	2004
	new plant
	420.000

	Taşoluk
	Taşoluk
	2006
	new plant
	50.000

	Total
	3.608.000























For the purpose of supplying regular and plentiful water to Istanbul, Terkos-Kağıthane, Terkos-İkitelli, Ömerli-Çamlıca, Çamlıca-Salacak, Pendik-Küçükyalı, Maltepe-Adalar, Çatalca-Mimarsinan and Alibeyköy-Kağıthane conduction lines were established. In last 14 years length of laying conduction line was increased from 227 km to 1,572 km. You can see existing conduction lines of Istanbul at Figure 3.
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Figure 3: Current Conduction Lines in Istanbul
Situated power of pumping stations was increased from 62,105 kW to 290,216 kW in last 14 years. One of the most important pumping stations of the World Terkos Osmangazi is pumping daily more than 1 million m3 water to Kağıthane and İkitelli Treatment Plants.
An average of 350-400 samples are collected daily from various sampling points and analyzed for bacteriological and chemical parameters. Water quality has been increased in consequence of renovation of treatment plants and water networks. Water above standards set by WHO, the EC, EPA, and TSE is distributed to the city.

2.3 Effects of Climate Change on Istanbul’s Water Resources

When we are discoursing Istanbul’s water resources, it has to be mentioned effects of global warming on these resources. Drought encountered globally has also affected adversely our country and Istanbul. In terms of catchments of the dams water year is predicted on, which begins in October. If we look at twelvemonths data from October to September precipitation average for last 50 years is as 718.3 mm. between 2006-2007 water years the weather was so arid and had %42.5 less precipitation in comparison to average and decreased 413.2 mm and that is the least rate for the last 50 years. At Table 4 and 5 you can see current situation of water supply of dams in Istanbul and decreased water content in comparison to previous years. 
ISKI has initiated a project related to analyze effects of climate change on water resources’ future in Istanbul and in Turkey. In this project:

It aims carrying out better water management by figuring out changing on precipitation in Istanbul and in Turkey, and changing on precipitation-flow relationship as a result of climate change; and also their hydrological dimensions changes on the base of place and time.
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Figure 4: Precipitation Rates of Istanbul within 50 Years

Table 4: Occupancy Rate in Water Resources
	
	Water Resource
	Annual Yield   (million m3/year)
	22.08.2008
	2007 minimal Level
(05.11.2007)

	
	
	
	Existing water account
(million m3)
	Occupancy Rate
 (%)
	Existing water account
(million m3)
	Occupancy Rate
Existing (%)

	1
	Elmalı
	10
	2,64
	27,5
	3,7
	38

	2
	Terkos
	162
	78,36
	48,3
	32,5
	20

	3
	Alibeyköy
	36
	0,00
	0,0
	0,6
	1,6

	4
	Ömerli
	235
	61,71
	26,2
	11,9
	5

	5
	Darlık
	108
	7,08
	6,6
	15
	14

	6
	Büyükçekmece
	149
	32,89
	22,1
	2,4
	1,6

	7
	Sazlıdere
	89
	7,58
	8,5
	8,3
	9,4

	8
	Istrancalar 
	6
	0,53
	8,6
	0,5
	8

	9
	Kazandere
	17
	0,26
	1,5
	0
	0

	10
	Pabuçdere
	59
	0,64
	1,1
	0
	0

	TOPLAM
	869
	191,7
	22,1
	75
	8,7



Table 5: Comparison of Occupancy Rates in Dams by Years
(Fill factor is based on 22 August)
	Year
	Volume
(million m3)
	Occupancy Rate
(%)

	1999
	524
	60,6

	2000
	560
	64,8

	2001
	414
	47,7

	2002
	628
	72,3

	2003
	633
	72,9

	2004
	620
	71,4

	2005
	579
	66,7

	2006
	593
	68,3

	2007
	201
	23,2

	2008
	192
	22,1



2.4 Urgent Measures taken against drought in Istanbul

ISKI has carried out many projects so as to minimize effects of encountered drought and to supply required water demand of growing population.

Melen Project:

1st Stage of Melen Project was completed and water supplied from Melen Stream is delivered to Yeşilçay regulator, from there water transmitted to Ömerli Treatment Plant and than distributed to Istanbul. Conduction line route of Melen Project is shown at Figure 5. Water of Melen transmitted to European Side via 2nd Bosporus Transmission Line that was installed beside the Bosporus Transmission Line, with a diameter of 1200 mm and a total length of 1850 m and thus daily 500 000 m3 water is transmitted to European Side and water demand of 4 million people is supplied. 
Digging new water wells and interconnected system 

Especially Büyükçekmece Dam is the most vaporized dam and receives least rain among Istanbul water resources. 130 wells have been dig in order to supply water demand of west regions fed by Büyükçekmece Dam. In this way amount of water supplied from Büyükçekmece Dam has been decreased by reaching groundwater capacity to 103,000 m3. Moreover in order not to decrease water level of the dam, water has been transmitted from ikitelli to the region fed by Büyükçekmece Treatment Plant by completing conduction line between ikitelli Fatih Sultan Treatment Plant and Esenyurt and Depo

Supplying Water from Idle Reserves in Dams

It is attempted to supply water from low elevations. Via pump that will be set up on arks, water at dead points will be pumped to the water intake structure. With this project that has initiated in Ömerli Dam, it is aimed at getting 94 million m3 of 144 million m3 water of the lake. 
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Figure 5: Conduction Line Route of Melen Project

Beside measures cited above, new water resources are also planned. These resources are presented at Table 6.

Table 6: Planned Water Resources
	
	Water Resource 
	Capacity  (million m3/year)

	1
	Istranca 3. and 4. Stage
	215

	2
	Yeşilçay Project (İsaköy, Sungurlu and Kabakoz)
	306

	3
	Terkos Dam –Additional Reservoir
	105

	4
	Desalination of Seewater
	73

	
	Total
	699



2.5 Treatment and Reuse of Wastewater

The greatest infrastructure need, beside water supply, is removal of waste water after purification. Functional and under construction wastewater treatment plants are shown at Table 7. At Present Istanbul has 7 preliminary treatment plants, 6 biological treatment plants and 2 advanced biological treatment plants. In Istanbul % 95 of Wastewater is discharged to the sea after treatment. Via its huge 12.552 km wastewater network, Istanbul’s wastewater transmitted to this plant and then treated. 

Tablo 7: Current Wastewater Treatment Plants in Istanbul
	Wastewater Treatment Plant
	Service Year 
	Capacity (m3/day)
	Amount of Wastewater in 2007 (m3/day)

	1. Yenikapı Pre-Treatment Plant
	1988
	864.000
	633.091

	2. Üsküdar Pre-Treatment Plant
	1992
	77.760
	27.195

	3. Ataköy Biological Treatment Plant
	1996
	7.650
	6.864

	4. Baltalimanı  Pre-Treatment Plant
	1997
	625.000
	339.258

	5. Tuzla Biological Treatment Plant
	1998
	150.000
	241.581

	6. B.Çekmece  Pre-Treatment Plant
	1998
	155.120
	36.042

	7. Paşaköy İleri Biyolojik
	2000
	125.000
	65.668

	8. Terkos İleri Biyolojik 
	2000
	1.730
	547

	9. K.Çekmece Pre-Treatment Plant
	2003
	354.000
	120.829

	10. Kadıköy Pre-Treatment Plant
	2003
	833.000
	358.249

	11. Küçüksu Pre-Treatment Plant
	2004
	640.000
	144.492

	12. Bahçeşehir Biological Treatment Plant
	2004
	7.400
	6.162

	13. Çanta Biological Treatment Plant
	2005
	1.600
	1.846

	14. Silivri Biological Treatment Plant
	2006
	1.200
	1.224

	15.Gümüşyaka Biological Treatment Plant
	2007
	1.700
	844

	Total
	
	3.845.160
	1.983.892











Figure 6: The distribution of the amount treated wastewater with years


Figure 6: The distribution of the amount of treated wastewater by years
It is aimed at completing in 2009 Ataköy Advanced Biological Treatment Plant that is under construction. The most important specialty of the plant, beside it will be treat wastewater of 2.5 million people, is that it will be enable to reuse of wastewaters. Due to reuse of these wastewaters, pollution and reduction of resources will be prevented. Regions that will be fed by daily 50,000 m3 wastewater are defined; such as; Organized industrial zones, coastal parks, Atatürk Airport irrigation water, reaction zones, sport centers, highway borders etc…
As you can see at Figure 6, in consequence of establishment of new wastewater treatment plants, amount of treated wastewater has increased within last 14 years.

2.6 Floods resulted from conurbanization 

One of the results of conurbanization in Istanbul is floods. Due to rapid population growth, city has developed unrestrainedly and many unlicensed buildings have been constructed in expanse including streamside and this situation has caused floods. Because increase of settlements and increase of covering much of the ground including roads, with asphalt, increasing the runoff of rainwater. While runoff coefficient is 0.1-0.2 on natural surfaces, 0,25-0.60 on cobblestone pavements, it is approximately 0.8-0.9 at zones cited above. Main reasons of floods in inhabited regions; as a result of runoff coefficient increasing, the large part of rainfall becomes runoff; due to illegal settlement at streambed and flood protection band, stream morphology and flow route change and therefore water levels increase. It has been attached great importance on infrastructure investments in Istanbul, within this scope, stream amelioration actions have been conducted by ISKI and IBB.

In due course of stream amelioration, wastewater collectors are installed in parallel with both sides of streams and wastewater collectors are established on same cross section with stream ameliorations. Therefore it is aimed to separate wastewater and rainwater systems. At secondary lines wastewater and rainwater systems are established separately so as to transmit wastewaters to wastewater collector and to transmit rainwater to streams. it is benefited from streams and seas as receiving environment of rainwater. 

Conclusion and Evaluation 

It can be clearly seen that by reason of increasing industry and other pollution factors, Istanbul’s potable and usage water quality has decreased, and as a result of Global warming, severity of drought will be further experienced.
With fieldworks it has conducted ISKI attempts to estimate enormity of droughts that begins to arise as a result of global warming and also initiate to engage required and primary projects for not to experience lack of water in Istanbul where in every year its population increase as much as a city’s total population. Primary of these projects are Melen Project and Bosporus Transmission Line which ensure water transfer between basins. Other projects intended for increasing water resources are operating Treatment Plant feeding System as Interconnected System, digging new water wells, supplying water from idle reserves in dams, increasing current storage capacity, reuse of wastewaters and treating sea water.   
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