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Cascade HPC is an important engineering mea-
sure in dealing with the relationship between 

water and human being [1-4]. Water quality charac-
teristics may change engineering constructions in a 
river system [5]. Dam construction may cause con-
siderable impacts on river hydrology, water resource 
allocation [6]. Some studies have shown that dams 
can cause disturbances in downstream flow [7], sedi-
ment accumulation in reservoirs [8], and fluctuations 
in water levels [9]. Dam construction is an important 
issue for water resource management and is essenti-
al for environmental protection and policy making 
[10-11]. Cascade HPC is a major driver of land cover 
changes and has a confirmed influence on landscape 
pattern variation, independent of construction type 
[12-14]. Changes in the local microclimate and river-
water quality have been described to result from this 
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hydrological transformation [13]. Some researchers 
were studied on environmental deterioration of dam 
construction for different rivers in Turkey [16-19]. 
The Seyhan River Basin offers the people in the re-
gion various agricultural possibilities as dry farming, 
irrigated farming and livestock [20]. This basin has 
eight wildlife reserve sites, three wetlands and one 
nature conservation area. One of the wetlands (Lake 
Akyatan) has been declared as a Ramsar site (a wet-
land of international importance according to the 
Ramsar convention signed in 1971 by member count-
ries) [21]. 

The present study summarizes the effect of cas-
cade HPC on water quality in the Seyhan River basin 
during the 1995–2014 periods. Seyhan River basin has 
twenty two HPCs.

A B S T R A C T

Cascade hydropower construction is a series of hydroelectric power stations located on
different sections of river. Hydropower constructions (HPC) in the environment have 

both positive and negative effect. HPCs are works that have brought enormous benefits to 
providing electric energy, water storage, controlling f loods, irrigation, transportation, hu-
man communities, and areas of recreation, etc. These engineering works can be providing 
large economic development in the regions where they are located.  But, dam construction 
converts the natural stream f low to human control. This paper summarizes the impacts 
of cascade HPC on water quality in the Seyhan River. Water quality data were collected 
and data were divided into two stage: before HPC (1995-2008) and during HPC con-
struction (2009-2014). Dam construction negatively affects water quality based on water 
quality data. The analysis results were compared with maximum permissible limit values 
recommended by Turkish Water Pollution Control Regulation (TWPCR) standards. The 
contents of all chemical and physical parameters are higher before construction, and water 
pollution was observed at HPC construction site. Also, biological oxygen demand, chloride, 
nitrite nitrogen, total dissolved solids and total coliform bacteria were found to be above 
TWPCR.

INTRODUCTION 
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a 20731 km2 catchment area. The climate in the basin 
is strongly influenced by topography. The northern part 
of the basin exhibits the characteristics of central Ana-
tolian climate. Annual precipitation is around 350-500 
mm. The highest precipitation is observed at highlands,
particularly around the Aladag region with an annual qu-
antity of 1500 mm. The region between the coastal zone
and Taurus Mountains has a semi-arid meso-thermal
Mediterranean climate with dry and hot summers, and
rainy and warm winters [20]. The annual precipitation is
approximately 700 mm at the south of the basin [23]. The 
basin hosts the most fertile and productive agricultural
lands of Turkey (Fig. 1).

Seyhan River basin is very attractive for agricultural 
and industrial perspectives. Additionaly, there are 18 casca-
de dams under construction (Data: State Hydraulic Works 
2015) on the river for energy production and water supply 
(Fig. 2).

Water Quality

During the HPC phase, water mainly consumed in conc-
rete production, washing of concrete aggregate, watering 
for dust suppression, and domestic purposes such as 
drinking, personnel usage. Water was used in concrete 
batching plant for washing of concrete aggregate and 
watering for dust suppression was supplied from the 
Seyhan River and its tributaries. Seyhan Dam Lake and 
Catalan Dam Lake now compensate for the lack of ma-
jor water bodies in the region. In terms of hydrological 
features, Göksu, Zamantı and Pozantı streams are the 
main streams and they merge to form Seyhan River in 
the northern basin. Totally 18 cascade HPCs are under 
construction with the total installed capacity of 7869.9 
Megawatt (MW) and the annual generating capacity of 
3261.175 Gigawatthour (GWh) (Table 1).

Surface water samples for analysis were taken from the 
12 different locations of Seyhan River before HPCs stage by 
EIE (General Directorate of Electrical Power Resources Sur-
vey and Development Administration). The coordinates of 
surface water sampling locations are given in Table 2. At the 
12 water quality monitoring stations (Table 2), operated by 
EIE, collected samples were analyzed for temperature (°C) 
and pH value at site while collecting water sample. . The col-
lected water sample bottles were sealed at site and transpor-
ted to the chemical lab for the detail analysis. The ion con-
tents were measured by using titration techniques, flame 
photometer, spectrophotometer etc. The parameters such 
as pH, electrical conductivity (EC), Dissolved Oxygen (O2), 
chloride (Cl– ), Sulfate (SO4), Chemical Oxygen Demand 
(COD), Biological Oxygen Demand (BOD), Nitrate Nitro-
gen (NO3-N), Nitrite Nitrogen (NO2-N), Iron (Fe), Manga-

MATERIAL AND METHODS

Twelve HPCs were studied using site investigations from 
the Environmental Impact Assessment Reports (EIARs) 
for each dam. The EIARs contained information on ge-
ology, hydrogeology, water quality (physical, chemical 
and biological parameters), and dam characteristics.  In 
order to assess the impact of cascade HPC on water qua-
lity, their process without interruption by dams must be 
known [22]. Water quality and quantity data were analy-
zed before construction (1995-2008) and during cons-
truction period (2009-2014). Data were obtained from 
the Feasibility Study Report for the HPC Stations and 
State Hydraulic Works Reports. Water quality data were 
evaluated in order to study the impact of HPCs on water 
quality of the Seyhan River.

Site Description

Seyhan River is the longest river in Turkey that flows into 
the Mediterranean Sea. The river is 560 km length and 
its source in Tahtalı Mountains (in Sivas and Kayseri pro-
vinces) to discharge in the Mediterranean. The river has 

Figure 1. Location map of the Seyhan River 

Figure 2. Location map of HPC on the Seyhan River hydrological 
watersheds  
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13 mean parameters for 13 years before the construction 
stage (1995-2008) used in present study is given in Table 3.

nese (Mn), Alluminium (Al), TDS (Total Dissolved Solids) 
were analyzed for collected water samples. Statistics of the 

Table 1. Description of cascade dams [24-33] . 

Dam Project Name Province Total Install Capacity
(MW)

Total Energy
(GWh/year) Present stage

 Asmaca Adana 22 72 Master Planned

Cıvıklı Adana 0.32 1.39 Under Const.

Catalan Adana 169 596 In operation

Erikli Adana 0.96 3.5 Under Const.

Kamışlı-1 Adana 4.3 20.34 Under Const.

Kamışlı-2 Adana 15.54 79.01 Under Const.

Karakuz Adana 96 444 Master Planned

Kozgediği Adana 2.03 6.98 Under Const.

Küçükger Adana 0.89 6.98 Under Const.

Seyhan Adana 54 350 In operation

Taraklı Adana 0.56 1.87 Under Const.

Tekelik Adana 0.56 1.74 Under Const.

Yamanli I Adana 22 100 Under Const.

Yamanlı II Adana 78 308 Under Const.

Yamanli III Adana 30 119.116 Under Const.

Saimbeyli Adana 8.76 237.940 Under Const.

Himmetli Adana 27 106.159 Under Const.

Feke I Adana 30 117 Under Const.

Feke II Adana 70 225 Under Const.

Dogancay Adana 49.17 190.15 Under Const.

Kavsakbendi Adana 181.81 715 Under Const.

Yedigoze Adana 300 949 Under Const.

Table 2. The coordinates of surface water sampling locations du-
ring the construction stage [24-33] . 

Sample Location Coordinates

UTM Zone East North

Cukurkısla Dam 37 S 262762 4225971

Saimbeyli Dam 37 S 243059 4199331

Gokkaya Dam 37 S 244614 4194416

Yamanli III Dam 37 S 239228 4194879

Feke I Dam 36 S 762380 4195577

Asmaca Dam 36 S 754994 4190292

Feke II Dam 36 S 751394 4181653

Kopru Dam 36 S 736731 4166333

Kavsakbendi Dam 36 S 723536 4160876

Menge Dam 36 S 739670 4176823

Yedigoze Dam 36 S 717046 4141802

Dogancay Dam 36 S 714330 4161283

Table 3. Mean values of water quality characteristics before the cons-
truction stage (1995-2008) [46-48] . 

Parameter Unit Mean values of
13 year

Temperature C 12.5

pH SU 6-9

Dissolved Oxygen  (O₂) mgL-1 3-5

Chloride (Cl) mgL-1 na

Sulfate (SO₄) mgL-1 13.5
Chemical Oxygen Demand 
(COD) mgL-1 >70
Biological Oxygen Demand 
(BOD) mgL-1 0.6

Nitrate Nitrogen (NO₃-N) mgL-1 0.8

Nitrite Nitrogen (NO₂-N) mgL-1 >0.005

Iron (Fe) mgL-1 >0.5

Manganese (Mn) mgL-1 >3

Alluminium (Al) mgL-1 >1

TDS (Total Dissolved Solids) mgL-1 300
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RESULTS AND DISCUSSION

Water quality in many large river waters has deteriorated 
significantly worldwide due to anthropogenic activities 
in the past two-three decades [34]. Pollution entering 
the rivers from agricultural runoff has caused significant 
increases in nutrient concentrations such as nitrogen 
(N) and phosphorus (P) [35-37]. It is also widely accep-
ted that wastewaters from treatment plants supply signi-
ficant amounts of P to rivers, particularly in populated
urban areas [38]. Nutrient enrichment can result in ex-
cessive growth of aquatic plants, algae productivity and
reductions in dissolved oxygen in rivers [39]. Turkey is
still engaged in its “hydraulic mission” characterized by
intensive dam and irrigation canal constructions [40] be-
cause water resource management is still at an early stage. 
The EU Water Framework Directive (WFD) is also likely
to bring monetary support for improving the country’s
water infrastructure and pollution prevention measures
[41-42]. These characteristics make Turkey a country
where, similarly to other rapidly developing economies
[40] such as Brazil [43] and China [44], the nutrient cycle
is increasingly controlled by human activities as opposed
to natural processes [44]. The waters in the Seyhan Ri-
ver system provide many ecosystem functions including
public drinking water supply, industrial water supply, ir-
rigation water for agriculture, cultural and sporting ac-
tivities such as swimming and fishing and conservation

value for wildlife habitats, fisheries and biodiversity [40].

The aim of this study was to examine to determine 
water quality of Seyhan River before and during HPC. Ac-
cording to TWPCR [45] Official Gazette, water quality of 
inland waters is classified into four groups as: high quality 
waters (Class I), moderate quality waters (Class II), pollu-
ted waters (Class III), and highly polluted waters (Class IV). 
There are 18 dams on the Seyhan River that are under cons-
truction for energy production and water supply. All the wa-
ter quality data were collected and data were divided into 
two stage: before HPC period (1995-2008) and HPC period 
(2009-2014). The comparison of water quality characteris-
tics of the HPCs during two stages, i.e, before and during 
HPC, enabled us to assess changes in the Seyhan River. Im-
pact of HPC on Seyhan River water quality was analyzed, 
which were helpful for understanding the environmental 
features of the entire watershed. Based on the water quality 
data, HPCs are negatively affected water quality. According 
to Fig. 3, dissolved oxygen value is limited and total dissol-
ved solids value is very high at the costruction period (2009-
2014).

The catchment has been monitored for flow and wa-
ter quality at over 12 monitoring stations for 47 determi-
nands. To determine sampling locations pervious locations 
of Feasibility Study studies, locations determined during 
monitoring period were considered to facilitate comparati-

Figure 3. Location map of HPC on the Seyhan River hydrological watersheds  
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ve analysis. Since 2014, samples at 12 HPC sites have been 
collected regularly in January, April, July and October. Thus 
in this study, I used data from 2009 to 2014 at these HPCs   
sites. Water quality parameters like temperature, pH, total 
dissolved solids, and electric conductivity were measured in 
the sites using, a thermometer, pH meter, conductivity me-
ter and TDS meter respectively. For dissolved oxygen (DO), 
samples were collected into 300-ml plain glass bottles and 
the DO fixed using the azide modification of the Winkler’s 
method. Samples for bacteriological analyses were collected 
into sterilized plain glass bottles. For oil, grease, and other 
parameters samples were collected in simple plastic bott-
les. All samples of 12 stations were stored in an icebox and 
transported to Encon Environmental Laboratory for analy-
ses. The method used for water quality tests are presented 
below in the Table 4. Water quality determinands presented 
in this paper are dissolved oxygen (DO), biological oxygen 
demand (BOD), ammonium (NH4-N), nitrite (NO2 -N), nit-
rate (NO3-N) as well as major dissolved ions. Water quality 
classes were determined based on the water quality criteria 
presented in Table 5.

The variations in water quality parameters from 1995 
to 2014 were evaluated and standardized. Some of the the 
major parameters (e.g. NO2-N, NO3-N, TDS, COD, BOD, 
Fe, Mn, B, Al) were evaluated corresponding to before cons-
truction (1995-2008) and during construction (2009-2014) 
periods. According to the Table 5, the water quality is listed 
from good quality to worse, respectively class I, II, III and 
IV. Since any water resource should satisfy all the parame-
ters given for a category to be classified as within that water 
quality class. It can be stated that the quality class of surface 
water in Dogancay Dam and Yedigoze Dam are Class II wa-
ter quality. Cukur Kısla, Gokkaya Dam, Kopru Dam, Kav-
sakbendi Dam are Class III and Saimbeyli Dam, Yamanli III 
Dam, Feke I Dam, Feke II Dam, and Menge Dam is Class
IV water quality. Water quality is decreased depending on
constrution facilities (Fig. 3). 

The obtained results have been compared with those 
from literature [50-53], and it can be observed a similarity 
with these, where the authors show high incidence of pat-
hogenic and opportunistic bacteria isolated different water 
resources. The existing literature and observational data de-
monstrate that the cascading dams have led to a decline in 
the flood season water discharge and annual sediment flux 
within Turkey borders, reservoir aggradations, and degrada-
tion of water quality within the reservoirs. Furthermore, the 
dams have negatively affected the riverine aquatic biologi-
cal communities and fish assemblages [54-55]. During the 
construction stage, due to the lack of dissolved oxygen, fish 
assemblages tried to get oxygen from the air in the Seyhan 
Dam reservoir (Fig.4a, b).
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Table 5. Turkish Water Pollution Control Regulation [45].

Water quality classes

Parameter I II III IV

General conditions

Temperature (oC) ≤ 25 ≤ 30 ≤ 30 > 30

Color 

RES 436 nm: ≤ 1,5

RES 525 nm: ≤ 1,2

RES 620 nm: ≤ 0,8

RES 436 nm: 3

RES 525 nm: 2,4

RES 620 nm: 1,7

RES 436 nm: 4,3

RES 525 nm: 3,7

RES 620 nm: 2,5

RES 436 nm: >4,3

RES 525 nm: >3,7

RES 620 nm: >2,5

pH 6,5-8,5 6,5-8,5 6,0-9,0 < 6,0 veya > 9,0 

Electrical conductivity (µS/cm) <  400 1000 3000 > 3000

Oil and grease (mgL-1)
Floating liquids such as oil, tar, garbage and similar solid materials and 

foam can not be found.
-

(A) Oxygenation Parameters

Oxygen Saturation (%) (b) >90 70 40 < 40

Dissolved Oxygen  (mgL-1) > 8 6 3 < 3

Chemical Oxygen Demand (COD) ) mgL-1 < 25 50 70 > 70

Biological Oxygen Demand (BOD) ) mgL-1 < 4 8 20 > 20

B) Nutrient (Nutrient Elements) Parameters

Ammonium Nitrogen (NH4-N) mgL-1 < 0,2 1 2 > 2

Nitrate Nitrogen (NO3-N) mgL-1 < 5 10 20 > 20

Nitrite Nitrogen (NO2-N) mgL-1 < 0,01 0,06 0,12 > 0,3

Total Kjeldahl  Nitrogen (TKN) < 0,5 1,5 5 > 5

Total phosphorus (mg   P/L) < 0,03 0,16 0,65 > 0,65

C) Trace Elements (Metals) and Inorganic Pollution Parameters

Aluminium (Al) (mgL-1)  ≤ 0,3 ≤ 0,3 1 > 1

Arsenic (μg/L) ≤ 20 50 100 > 100

Copper (μg/L) ≤ 20 50 200 > 200

Barium (μg/L) ≤ 1000 2000 2000 > 2000

Boron (μg/L) ≤ 1000 ≤ 1000 ≤ 1000 > 1000

Mercury (μg/L) ≤ 0,1 0,5 2 > 2

Zinc (μg/L) ≤ 200 500 2000 > 2000

Iron (μg/L) ≤ 300 1000 5000 > 5000

Florür (μg/L) ≤ 1000 1500 2000 > 2000

Cadmium (μg/L) ≤ 2 5 7 > 7

Cobalt (μg/L) ≤ 10 20 200 > 200

Chromium (μg Cr+6/L) Not measurable 20 50 > 50

Chromium (total) (μg/L) ≤ 20 50 200 > 200

Lead (μg/L) ≤ 10 20 50 > 50

Manganese (μg Mn/L) ≤ 100 500 3000 > 3000

Nickel (μg/L) ≤ 20 50 200 > 200



133

M
. Ö

zç
el

ik
 / 

H
itt

ite
 J 

Sc
i E

ng
, 2

01
8,

 5
 (2

) 1
25

–1
35

These photos are the best way to show the environmen-
tal impact of dams. Photos were taken on February 5, 2015.

CONCLUSION

As a one of active international research areas, studies on 
the impact of HPCs on water quality and environment 
deterioration is a new task in the basin management in 
Turkey. This study evaluated the impact of HPCs on wa-

ter quality in the Seyhan River. According to analyzing 
results, covering the period 1995-2008 was evaluated ta-
king into consideration the major parameters. The qua-
lity of the water meets the requirements of Class I water 
specified in the TWPCR regulations.  Evaluation of cons-
truction period (2009-2014), BOD, Cl, NO2-N, TDS and 
Total Coliform Bacteria values were increased. This inc-
rease points out the pollution related to the construction 
activities. Water quality characteristics were evaluated 
results of the ‘‘Feasibility Study Report for the HPC Stati-
ons’’ and ‘‘the General Plan of the EIE’’, from the different 
stations of the Seyhan River. The results show that the 
water can be used for municipal and aggricultural pur-
poses.

However, this paper is evaluated the impact of cascade 
dams on water quality at the before and during construction 
stage. Further analysis regarding environmental protection 
is needed. Issues such as intensive human activities on land 
use cannot be addressed here. In order to achieve a unified 
operation of HPCs for water quality, especially during water 
pollution events, an optimal monitoring program needs to 
be developed as well.

Consequently, these cascade HPCs have led to changes 
in the quality of the water. Careful planning and a design 
process that incorporate the public involvement are crucial 
to minimize the negative effects of the cascade HPC on the 
environment. When the appropriate mitigation measure 
are identified early in the planning and design process for 
cascade HPCs, they can be effectively and efficiently incor-
porated into the design, construction and operation of the 
project. Therefore, a long-term basin-wide terrestrial and 

Table 5. Turkish Water Pollution Control Regulation [45] (continued).

Water quality classes

Parameter I II III IV

C) Trace Elements (Metals) and Inorganic Pollution Parameters(continued)

Selenium (μg Se/L) ≤ 10 ≤ 10 20 > 20

Serbest klor (μg Cl2/L) ≤ 10 ≤ 10 50 > 50

Cyanide (total) (μg/L) ≤ 10 50 100 > 100

Sulphur (μg/L) ≤ 2 ≤ 2 10 > 10

Dangerous materials
Dangerous substances and other pollutants not provided in this tablature will be evaluated from 1 

January 2016 after the relevant country inventory (reference values) has been created.

D) Bacteriological Parameters

Fecal Coliform Bacteria (numbers/100 mL) ≤10 200 2000 > 2000

Total Coliform Bacteria (numbers/100 mL) ≤100 20000 100000 > 100000

I. High quality waters
II. Moderately quality waters
III. Polluted waters
IV. Extremely polluted water

Figure 4. The struggle for survival of fish assemblages  
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aquatic environment and ecosystem monitoring program 
consisting of permanent field monitoring stations and mul-
tiscale Environmental Sensor Networks should be planned 
and implemented to obtain additional geological, hydrologi-
cal, ecological, meteorlogical and biodiversity information. 
The main recommendations are for planners, developers, 
financial institutions and environmental managers to redu-
ce damage to a minimum through rational and intelligent 
solutions. They have negatively affected environmental de-
terioration and water quality.
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