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ABSTRACT

The metropolis of Istanbul has faced water supply challenges throughout history; however the situation escalated in the
past decade with rapid population growth. Water demand of an ever-growing city could only be solved by transporting
water from surrounding water basins as far as 190 km away from the city border. Moreover, imbalanced distribution of
water resources and imbalanced water demand on the European and Asian side of the city was resolved by transporting
water from Asian side to the European side, by laying water transmission pipes under the Bosphorus Strait and by con-
structing a tunnel passing 130 m under the Strait. Another difficulty that required challenging solutions was the protec-
tion of water reservoirs of the city, hence illegal settlements arose in the reservoir watershed zones due to fast urban
growth and migration from rural areas. Discharge of wastewater from illegal settlements caused not only algae growth
in water treatment plant (WTP) of one of the largest reservoirs of Istanbul, but also eventual death of algae was a major
setback due to anaerobic conditions created in the reservoir. The problem was solved by tertiary treatment of the
wastewater and by diverting the effluent through a tunnel away from the reservoir. The aim of this paper is to provide
an insight into setbacks faced in a metropolis of 14 million and technical solutions provided against the pollution of
Teservoirs.
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1. A Short History of Water Supply Today, ISKI supplies 2,770,000 m’ of drinking water
daily to the city. The water is treated in different water
treatment plants located on the Asian and the European
sides of the city. Advanced water treatment techniques
including ozonation and powdered activated carbon are
applied in the treatment plants.

During 1993 Istanbul lived through a severe drought
[5]. Water could be supplied to residences only one day

Istanbul is a metropolis with a population of nearly 14
million (greater than some European countries: Belgium,
Portugal, Hungary, Greece, Czech Republic, 11 million;
Sweden, Austria, 9 million; Bulgaria, Switzerland, 7.5
million; Denmark, Finland, Norway and Slovenia, 5.5
million) [1]. Moreover, its population increases every
year exponentially and nowadays one fifth of Turkey’s

population lives in Istanbul (Figure 1). in a week and as a result, each apartment had their own
Supplying water to Istanbul has been a problem water reservoir system to cope with the water shortages.
throughout history. During the Byzantine period, Em-
peror Hadrian (117 - 138) brought water from locations LI
close to the castle walls. Emperor Valens (364 - 378) 1000000 ¢
constructed two aqueducts to bring water to the city. The &)
water of the ancient city was stored in big underground & 800000 y=3E-14x341% . :'
reservoirs [2]. During the Ottoman Empire, 16 water- § 600000 R 08035 -
ways totaling 130 km and 33 aqueducts supplied water to DS_' 400000 ’
a population of 150,000 - 200,000 people [3].
In 1882, French private water company started to work 200000
on supplying water to Istanbul from Terkos reservoir 0 : ve, ‘
under the name “Dersaadet Water Company”. In 1933 500 1000 1500 2000
the company was nationalized and the Istanbul Water R
and Sewerage Administration (ISKI) was established [4]. Figure 1. Past population growth of Istanbul.
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The water shortage problem lasted till 1994. The new
ISKI Administration started by reducing the water unac-
counted for by replacing the old water distribution sys-
tem. 97% of water transmission lines were replaced re-

ducing the unaccounted percentage from 65% to 27% [3].

Old polluted reservoirs such as Elmali (capacity: 15 mil-
lion m®) was put into service and the water treatment
plants were rehabilitated [6]. New water resources were
searched and water was brought from creeks close to the
Bulgarian border. The new Yesilcay reservoir system
was put into operation. However, even such measures
were not enough to supply water to a city of approxi-
mately 8 million in 1994 [7].

2. Water Supply from a Basin 190 km Away

An ambitious project was launched to bring water from
Melen River which is 187 km east of Istanbul using a
2500 mm pipeline (Figure 2). The aim was to meet the
city’s forecast demands until the year of 2040 which will
be around 3 million m’/d to meet the estimated future
population (Figure 3).

The project with a total capacity of 1.180 million
m’/day will be carried out in three stages [9]. The first
phase of the Project was completed in 2012 and 268 mil-
lion m® of water is now being supplied to the city [3].
This first phase cost 1.18 million dollars, for which two
credit packages were obtained from Japan having a total
value of 900 million dollars. 1.117 billion m*/year water
will be supplied at the end of the third stage.

The second stage involves the construction of Melen
Dam. Additional pumping stations and water treatment
plants will be installed and the second pipeline will be
laid. In the final stage, new pumping stations, water
treatment plants and the construction of the third pipe
line will be completed [9].

3. Crossing the Continents with a Water
Tunnel

About 60% of the water in Istanbul is on the Asian side.
However, 60% of the population lives on the European
side of the city [11]. To convey water from Asian side to
European side, a 6 m diameter tunnel was constructed.
The 5551 m long tunnel goes 135 m below the sea level
crossing the two continents with a capacity to transfer 3
million m® of water daily [9,12]. Water transferred from
Melen River will be treated in Cumhuriyet Water Treat-
ment Plant and will be pumped to Kagithane Water Dis-
tribution Center which is on the European side, using the
water tunnel that crosses the Bosphorus [9]. The first
phase of Cumhuriyet WTP has a capacity of 720,000
m’/day and it is already constructed [13]. The total ca-
pacity of the Cumhuriyet WTPs will be 3,120,000
m’/day [14].

Copyright © 2013 SciRes.

ske

Cumbhuriyet .
WTP

Kagithane
WTP

Figure 2. Layout of Melen project [10].
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Figure 3. Future population of Istanbul [8].

4. Saving Main Water Reservoir from
Eutrophication

One of the social problems of Istanbul is migration and
as a result, this situation brings along illegal settlement
complications. According to the ISKI Drinking Water
Basins Regulations, watersheds are protected under four
protection zones as shown in Figure 4 [15]:

Absolute Protection Zone (0 - 300 m): Any settle-
ments, agricultural or mining activities are not permitted.
Motor vehicles and the use of fertilizers and pesticides
are not allowed. Afforestation is encouraged.

Proximate Protection Zone (300 - 1000 m): Indus-
trial activities are not allowed. Permission can be given
to residences with a population density of 5 persons/
hectare. The remaining area is subject to afforestation.

Mediate Protection Zone (1000 - 2000 m): Resi-
dences in 5000 m® area or bigger than this parcel can be
built with a density of 10 persons/hectare. However, con-
struction of touristic facilities, industry, hospital or ware-
houses is prohibited. In addition, use of any chemical
fertilizers and pesticides is also forbidden.

Remote Protection Zone (2000 m-basin boundary):
Residences are allowed with a density of 20 persons/
hectare in a parcel with an area of 2500 m” or bigger than
this area. Construction of hospitals, chemistry laborato-
ries, and medical faculties is not allowed. Moreover,
stone, sand, clay, coal and mining activities are forbid-
den.

Although settlements around drinking water reservoirs
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Figure 4. Watershed protection zones [16].

are prohibited according to regulations, squatters occupy
vast areas within watershed zones and their wastewater
generates a significant threat to the city’s water supplies.
In fact, Omerli Reservoir, which has a capacity of 387
million m®, was polluted by shanty towns that started to
grow on its watershed zone in 1990s (Figure 5). These
shanty towns (Sultanbeyli, Sarigazi, Yenidogan, Sultan-
ciftligi and Alemdag) started to discharge their wastewa-
ter into creeks that joined the Omerli Reservoir. Eventu-
ally, the pollution load increased. BOD values increased
from 110 mg/L to 300 mg/L.

As a result of excess nutrients, the reservoir started to
reach eutrophication stage hampering the water treatment
process. The water started to smell and the algae clogged
the deep bed filters. Powdered activated carbon was used
to solve the odor problem. Filters were frequently back-
washed leading to waste of backwash water and energy.
Consequently, the first Pasakoy Wastewater Treatment
Plant (WWTP) with a capacity of 100,000 m*/d was con-
structed in the shortest time possible to treat the waste-
water reaching the reservoir. The plant was designed to
remove phosphorous, carbon and nitrogen biologically.
The aeration tank volume was designed to obtain stable
sludge. After approximately one year of operation, algae
growth could be stopped.

Water intake of the treatment plant was also used as a
part of the treatment process by taking water from dif-
ferent levels. For about a year the floating algae could be
protected by taking water from the bottom layers.

However, due to the settling of decaying algae at the
bottom of the reservoir, dissolved oxygen (DO) levels at
the bottom layer of the reservoir dropped down signifi-
cantly causing the formation of an anaerobic bottom
layer. In the absence of oxygen, iron and manganese in
the bottom sludge dissolved into the drinking water sup-
ply. Iron and manganese were oxidized during the final
chlorination and were adsorbed inside the main distribu-
tion pipes. Abrupt changes in the transmission line pres-
sures caused the adsorbed iron and manganese deposits
to detach. Subsequently, “red water” problem started and
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Figure 5. Omerli reservoir [17].
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this problem could be solved after full operation of the
Pasakoy WWTP.

As the first stage of the treatment plant reached its de-
sign capacity, the second new treatment plant was con-
structed and the effluent water is filtered and disin-
fected using UV disinfection units. The effluent is dis-
charged to the Riva Creek and is used for irrigation.

5. Conclusion

As city population increases with population growth and
migration, there will be a rise in water demand. Espe-
cially, the risk of spread of illegal settlements within the
watershed zones should not be underestimated.

Istanbul sets a good example to the challenges faced in
water supply in heavily populated cities, where illegal
settlements on watershed zones pose a threat to scarce
water resources. The pollution of Omerli Reservoir could
be avoided by the implementation of a wastewater treat-
ment plant in the shortest time possible. In addition, im-
mediate action was needed to be taken against algae
growth and algae death in the reservoir. Even then, all of
these precautions were not enough to supply the demand
of 14 million, until a massive water transfer project
(Melen Project) has been started. Problems caused by
lack of implementation of regulations could be compen-
sated by engineering solutions.
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