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ABSTRACT

Adıguzel Dam is a dam in Denizli Province, Turkey, built between 1976 and 1989. The dam creates a lake
which is 25.9 km ² and irrigates 94,825 hectares.

Denizli Province (Turkish: Denizli ili ) is a province of Turkey in Western Anatolia, on high ground above
the Aegean coast. Neighboring provinces are Uşak to the north, Burdur, Isparta, Afyon to the east, Aydın,
Manisa to the west and Muğla to the south. It is located between the coordinates 28° 30’ and 29° 30’ E and
37° 12’ and 38° 12’ N. It covers an area of 11,868 km², and the population is 931,823. The population was
750,882 in 1990. The provincial capital is the city of Denizli.

In this paper, the probability of environmental pollution due to heavy metals caused by Adıguzel dam
failure is studied. Finite Element and ZENGAR methods are used to analyze the probability of pollution at dam
downstream. Different dam cross sections and various loading conditions are considered to study the effects of
these factors on the seismic behavior of the dam.

Results show that the effect of the highest cross section is not the most significant for heavy metals
pollution at the dam down stream. Pollution coefficient due to stress along Y axis (Sy) is always the determinant
pollution. While, in all sections Sx and Sy are the determinant parameter affecting downstream heavy metal
pollution and normally are bigger than Sz. And, Sz which can never be a determinant.

According to results, when the earthquake accelerations are bigger, maximum pollution coefficient due to
tensile stress at dam basement is increased. While, the pollution due the maximum compressive stress at dam
basement depends on both earthquake acceleration and loading condition.
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Introduction

Approximately 28-30% of the land is plain, 25% is high plateau and tableland, and 47% is mountainous.
At 2571m Mount Honaz is the highest in the province, and indeed in Western Anatolia. Babadag in the Mentes
range has a height of 2308 meters. The biggest lake in Denizli is Acıgöl, which means bitter lake and indeed
industrial salts (sodium sulphate) are extracted from this lake which is highly alkaline. There is a thermal spring
to the west of Sarayköy, at the source of the Great Menderes River, which contains bicarbonates and sulfates.
There is another hot spring in Kizildere which reaches 200<C. Figure 1 shows Limestone terraces in Karahayit
in Denizli.

A geothermal steam source was first found in the region in 1965 during drilling work. Today there is a
power plant producing electricity from the geothermal steam. Only 11% of the geothermal energy source is used
to produce electricity and 89% of it, which flows into the Great Menderes, is 150<C at source (it is contains
energy equal to 35,000 to 40,000 tonnes of fuel oil).

The seismic action on dams is the most important to be considered in dams safety studies and its effects
on the environmental pollution (United States Army Corps of Engineers, 1990). In 21st century, hydraulic power
exploitation and hydraulic engineering construction have been improved in many countries. Some high dams
over 200m, even 300m in height, have been built in many areas of the world (Jianping et al., 2006).

Pollution is the introduction of contaminants into a natural environment that causes instability, disorder,
harm or discomfort to the ecosystem i.e. physical systems or living organisms (Mohsenifar et al., 2011;
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Allahyaripur et al., 2011). Pollution can take the form of chemical substances or energy, such as noise, heat,
or light. Pollutants, the elements of pollution, can be foreign substances or energies (Arabian and Entezarei,
2011), or naturally occurring; when naturally occurring, they are considered contaminants when they exceed
natural levels (Arbabian et al., 2011; Hosseini and Sabouri, 2011). Pollution is often classed as point source or
no point source pollution.

Pollution has always been with us. According to articles in different journals soot found on ceilings of
prehistoric caves provides ample evidence of the high levels of pollution that was associated with inadequate
ventilation of open fires. The forging of metals appears to be a key turning point in the creation of significant
air pollution levels outside the home (. Core samples of glaciers in Greenland indicate increases in pollution
associated with Greek, Roman and Chinese metal production.

According to the statistics, the construction regions in many areas, are notable for their high environmental
pollution (Wang and Li, 2006; Qasim et al., 2010 a; Qasim et al., 2010 b). Therefore, environmental studies
affected by the seismic safety of large dams is one of the key problems that need to be solved in the design
of dams. While, difficulties exist in determining the seismic response of dams (United States Army Corps of
Engineers, 1995). The most important difficulty is dams complex geometry and forms, motivated by the
topography and geotechnical character of the implantation zone and controlling the project pollution effects.
According to the previous studies, usually 2D models corresponding to the higher section the dam have been
used in the structural seismic analyses of the dams (Fenves and Chopra, 1984). While, normally there is a lot
of variation in the dam foundation geometry which can be extremely make the study of the dam downstream
pollution difficult.

In this paper, the probability of environmental pollution caused by Adıguzel dam failure is studied. Finite
Element and ZENGAR methods are used to analyze the probability of pollution at dam downstream. Different
dam cross sections and various loading conditions are considered to study the effects of these factors on the
probability of environmental pollution due to seismic behavior of the dam.

Fig. 1: Limestone terraces in Karahayıt.

Materials and methods

Adiguzel Dam: Area and Environmental Places:

Adıguzel Dam is a dam in Denizli Province, Turkey, built between 1976 and 1989. The dam creates a lake
which is 25.9 km² and irrigates 94,825 hectares. In general the Aegean region has a mild climate. However,
it becomes harsher at altitude. Temperatures can rise to 40 °C during summer and fall to -10 °C in winter.
There are about 80 days with precipitation, mainly during winter (Fig. 2).

Fig. 2: Location of Denizli in Turkey.
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Adiguzel Dam: Antiquity:

There are traces of prehistoric cultures throughout the province, including evidence of pre-Hittite cultures
and the Hittites themselves. The Hittites were followed by Phrygians, Lydians and Persians, and then cities
founded by the ancient Greeks and Alexander the Great. The first real settlement was the city of Laodicea on
the Lycus which was established by King Antiochus II for his wife Laodice. Laodicea is located 6 km north
of the city of Denizli.

The city of Hierapolis was established around 190 BC by the Pergamene Kingdom, one of the Hellenistic
states of Anatolia. The calcified terraces and pools of Pamukkale (Cotton Castle) now stand below the ruins of
Hierapolis. The two cities, Laodicea and Hierapolis later came under Roman rule, and with the division of the
Empire in 395 were left within the boundaries of the East Roman Empire (Fig. 3).

Fig. 3: Pamukkale below the ruins of Hierapolis.

Adiguzel Dam: the Christian Era:

The province has strong biblical connections: in the Book of Revelation, John the Evangelist hears a loud
voice which sounded like a trumpet when he was on the island of Patmos. The voice says: "Write down what
you see and send the book to the Churches in these seven cities: Ephesus, Smyrna, Pergamum, Thyatira, Sardis,
Philadelphia and Laodicea". The Church of Laodicea was a sacred place even in pre-Christian times, and is still
visited by Christians today, although it lost its importance to a great extent during Byzantine rule.

Adiguzel Dam: the Turkish Era:

Turks were first seen in Denizli in 1070 when Afshın Bey, under the control of the Seljuk Sultan Alp
Arslan, raided the area. The second and third Crusades fought here against Kazikbeli, who managed to flee with
a small force to Antalya. Later, after the Turks had established control of the ancient cities, they moved south
to the site of the present city of Denizli, where drinking water was brought through stone pipes. The name
Laodicea slowly changed into “Ladik” then since the 17th century other names were given “Tonguzlu”,
”Tonuzlu”, ”Tenguzlug”, ”Donuzlu” and finally “Denizli”.

After World War I, when the Greek army arrived in Izmir on May 15, 1919, one of first centers of Turkish
resistance formed at an open air meeting in Denizli. A Turkish militia formed lines on the Menderes organized
by Yoruk Ali and Demirci Efe, involving large numbers of volunteers from the local peasantry. Stiffened by
the Turkish regular army, Greek forces were repelled, and Denizli remained in Turkish hands throughout the
Greco-Turkish War.

Adiguzel Dam: Places of Interest:

It can be divided into:
1. Laodicea ad Lycum - Ruins of the ancient city 6 km north of Denizli near the village of Eskihisar.
2. Hierapolis and Pamukkale -20 km north of Denizli. The ruins of the ancient city and the hillside covered

in minerals from the thermal waters.
3. The Seljuk caravanserai Akhan, 6 km from Denizli on the Ankara highway and near the other districts in

the province.
4. Tripolis (Phrygia) near the village of Yenicekent in Buldan - ruins of a city dating back to the Hellenistic

period (Fig. 4).
5. a few remains of the ancient city of Colossae, in Honaz.
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6. Beycehoyuk in Chivril, where several antiquities of the Copper Age dating back to 3000 BC were found.
7. The Hanabat Caravanserai in Chardak is a typical Seljuk caravaserai.
8. The Ahmetli Bridge over the Great Menderes river, 15 km from Sarayköy dates back to the Roman era.

Fig. 4: Ruins of Tripolis of Phrygia near Yenicekent.

Earthquake and ZENGAR Method:

Earthquake as a special and challengeable load condition is one of the most significant loads that is
considered in the dam designing and its effects could not be negligible. In this paper, ZENGAR method is used
to model the earthquake loading condition (Omran and Tokmechi, 2008). According to this method,
hydrodynamic pressure of water can be derived by the equation 1.

   (1). .
h

P C Hw 

where αh is the maximum horizontal acceleration of the earthquake, γw is water mass density , H is the
water depth and C is a coefficient which is given by
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where Z is the depth of the point from the water surface and Cm is a coefficient which is given by
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where n is the upstream slope.

The inertia load due to the vertical acceleration of the earthquake can be also given by

  (4).E Wv

where αv is the maximum vertical acceleration of the earthquake and W is the weight of the dam.

In this study, a sample earthquake condition properties have been taken as shown in Table 1 (Omran and
Tokmechi, 2008). Also, eight different loading conditions, mentioned in Table 2, have been considered to study
the seismic response of the dam (Omran and Tokmechi, 2008).

Finite Element Method:

In this study, Constant Strain Triangle element is used (Chandrupatla, 1997). Equation 5 is used to calculate
the element stresses. The calculated stress is used as the value at the center of each element.

  (5)DBq 
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Table 1: Earthquake Condition.
Earthquake Level Maximum Horizontal Acc. (g) Maximum Vertical Acc. (g)
DBL 0.28 0.2
MDL 0.34 0.25
MCL 0.67 0.55

Table 2: Loading Conditions.
Loading Condition Body Weight Hydrostatic Pressure Uplift Pressure Earthquake
LC1 0 - 0 -
LC2 0 0 0 -
LC3 0 0 0 DBL (1st mode I)
LC4 0 0 0 DBL (2nd mode II)
LC5 0 0 0 MDL (1st mode)
LC6 0 0 0 MDL (2nd mode)
LC7 0 0 0 MCL (1st mode)
LC8 0 0 0 MCL (2nd mode)
I: Earthquake inertia loading and dam body weight act in the same direction
II: Earthquake inertia loading and dam body weight act in the apposite direction

Where D is material property matrix, B is element strain displacement matrix, and q is element nodal
displacement from the global displacements vector Q.
For plane strain conditions, the material property matrix is given by Equation 6.

  (6)

1 0

1 0
(1 )(1 2 )

1 20 0 2

E
D

 
 

 


  
  

     
Element strain-displacement matrix is given by Equation 7.
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In which, J is Jacobian matrix, and the points 5, 6, and 7 are ordered in a counterclockwise manner.
Jacobian matrix is given by Equation 8.
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Global displacements vector Q is given by Equation 9.

  (9)KQ F

In which, K and F are modified stiffness matrix and force vector, respectively. The global stiffness matrix
K is formed using element stiffness matrix ke which is given by Equation 10.

 (10)
e T
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In which, te and Ae are element thickness and element area, respectively.

Results and discusion

Seismic Response:

Using Finite Element, ZENGAR and probability studies methods, study of the probability of environmental
pollution due to Adıguzel dam failure has been done and different loading conditions were considered. Fig. 5
to Fig. 15 show the probability of environmental pollution due to failure (Named PEP) caused by maximum
compressive stress values in different cross sections. The PEP due to maximum tensile stress values are also
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shown in Fig. 16 to Fig. 26. The PEP due to vertical stress distribution across dam basement due to different
loading conditions are the other key factors for controlling dam safety, and they are shown in Fig. 27 to Fig.
37. In all Figures Sx, Sy and Sz are stand for PEP due to stress along X, Y, and Z axis, respectively.

As it can be seen from Fig. 5 to Fig. 15, the PEP due to maximum compressive stress changes due to
different loading conditions are similar for different cross sections. While, comparing Fig. 20, Fig. 22 and Fig.
25 there is no response similarity for different cross sections and the PEP due to maximum tensile stress
changes are vary from a cross section to another.

Fig. 5: PEP Due To Maximum compressive stress (1st section).

Fig. 6: PEP Due To Maximum compressive stress (2nd section).

Fig. 7: PEP Due To Maximum compressive stress (3rd section).

Fig. 8: PEP Due To Maximum compressive stress (4th section).
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Fig. 9: PEP Due To Maximum compressive stress (5th section).

Fig. 10: PEP Due To Maximum compressive stress (6th section).

Fig. 11: PEP Due To Maximum compressive stress (7th section).

Fig. 12: PEP Due To Maximum compressive stress (8th section).

It is clear from Fig. 5 to Fig. 26 that the first modes of the earthquake, LC3, LC5 and LC7, develop PEP
due to bigger compressive stress. While, the second modes of the earthquake, LC4, LC6 and LC8, develop
bigger PEP due to tensile stress. That means for the safety study of RCC dams both modes of earthquake should
be analyzed. In addition, Fig. 5 to Fig. 26 show that when the earthquake accelerations are bigger, both PEP
due to maximum tensile and compressive stress of dam body are increased.

Comparing Fig. 9 and Fig. 15, it is obvious that the PEP due to maximum compressive stress is not
developed in the highest cross section of the dam. Also, comparing Fig. 20 and Fig. 22, it is clear that the PEP
due to maximum tensile stress develops in D-D section which is smaller than E-E section. Thus, the highest
cross section of the dam is not the most significant cross section for analyzing.
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Fig. 13: PEP Due To Maximum compressive stress (9th section).

Fig. 14: PEP Due To Maximum compressive stress (10th section).

Fig. 15: PEP Due To Maximum compressive stress (11th section).

Fig. 16: PEP Due To Maximum Tensile stress (1st section).

Moreover, Fig. 15 and Fig. 18 show that the PEP due to maximum compressive and the maximum tensile
stress are not developed in the same cross section. That's why, as it is mentioned previously, all cross sections
should be analyzed to determine the dam PEP due to seismic response.

According to the findings, Sy is always the determinant PEP due to compressive stress. In the other word,
PEP due to stress along Y axis is the biggest compressive stress and it is bigger than both Sx and Sz. While,
the determinant PEP due to tensile stress depends on the cross section geometry and loading condition (Fig. 16
and Fig. 20). However, in all sections Sx and Sy are normally bigger than Sz. And, Sz can never be a
determinant. In normal loading condition, when there is no earthquake loading, the determinant PEP due to
tensile stress is Sx, and Sy can be ignored.
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Fig. 17: PEP Due To Maximum Tensile stress (2nd section).

Fig. 18: PEP Due To Maximum Tensile stress (3rd section).

Fig. 19: PEP Due To Maximum Tensile stress (4th section).

Fig. 20: PEP Due To Maximum Tensile stress (5th section).

The PEP due to stress distribution across the dam basement under different loading conditions for all cross
sections are shown in Fig. 27 to Fig. 37. Even though the PEP due to stress distribution for different conditions
extremely depend on the cross section geometry and loading condition but, they can be divided into the groups
for similar cross section. For example, as it can be seen from Fig. 30 to Fig. 32, there are some similarities
between PEP due to stress distribution changes for sections E-E to I-I.

In general, results show that when the earthquake accelerations are bigger, PEP due to maximum tensile
stress at dam basement is increased. While, PEP due to the maximum compressive stress at dam basement
depends on both earthquake acceleration and loading condition.
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Fig. 21: PEP Due To Maximum Tensile stress (6th section).

Fig. 22: PEP Due To Maximum Tensile stress (7th section).

Fig. 23: PEP Due To Maximum Tensile stress (8th section).

Fig. 24: PEP Due To Maximum Tensile stress (9th section).

Fig. 29 shows that the PEP due to maximum tensile and compressive stress at dam basement develop at
section D-D. Thus, the highest cross section is not the most important cross section and all sections of a
inharmonic glen located RCC dam should be analyzed.

Conclusions:

In this paper, the probability of environmental pollution caused by Adıguzel dam failure is studied. Finite
Element and ZENGAR methods are used to analyze the probability of pollution at dam downstream. Different
dam cross sections and various loading conditions are considered to study the effects of these factors on the
probability of environmental pollution due to seismic behavior of the dam. In general the results show that:
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1. The PEP due to maximum compressive stress changes due to different loading conditions are similar for
different cross sections. While, there is no response similarity for different cross sections and the PEP due
to maximum tensile stress changes are vary from a cross section to another

2. The first modes of the earthquake, when earthquake inertia loading and the dam body weight act in the
same direction, develop bigger PEP due to compressive stress. In addition, the second modes of the
earthquake, when earthquake inertia loading and the dam body weight act in the opposite direction, develop
bigger PEP due to tensile stress. Thus, for the environmental safety study of dams both modes of
earthquake should be analyzed.

3. When the earthquake accelerations are bigger, both PEP due to maximum tensile and compressive stress
of dam body are increased.

4. The PEP due to maximum compressive and tensile stresses are not developed in the highest cross section
of the dam. Thus, the highest cross section of the dam is not the most significant cross section for
analyzing.

5. PEP due to stress along Y axis (Sy) is always the determinant PEP due to compressive stress. While, in all
sections Sx and Sy are the determinant PEP due to tensile stresses and normally they are bigger than Sz.
And, Sz which can never be a determinant.

6. In normal loading condition, when there is no earthquake loading, the determinant PEP due to tensile stress
is Sx, and Sy can be ignored.

7. Even though the PEP due to stress distribution for different conditions extremely depend on the cross
section geometry and loading condition but, they can be divided into the groups for similar cross section.

8. Results show that when the earthquake accelerations are bigger, PEP due to maximum tensile stress at dam
basement is increased. While, PEP due to the maximum compressive stress at dam basement depends on
both earthquake acceleration and loading condition.

Fig. 25: PEP Due To Maximum Tensile stress (10th section).

Fig. 26: PEP Due To Maximum Tensile stress (11th section).

Fig. 27: PEP Due To Basement Stress (1st section).
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Fig. 28: PEP Due To Basement Stress (2nd section).

Fig. 29: PEP Due To Basement Stress (3rd section).

Fig. 30: PEP Due To Basement Stress (4th section).

Fig. 31: PEP Due To Basement Stress (5th section).

Fig. 32: PEP Due To Basement Stress (6th section).

Fig. 33: PEP Due To Basement Stress (7th section).
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Fig. 34: PEP Due To Basement Stress (8th section).

Fig. 35: PEP Due To Basement Stress (9th section).

Fig. 36: PEP Due To Basement Stress (10th section).

Fig. 37: PEP Due To Basement Stress (11th section).

References

Allahyari Pour, F., K. Mohsenifar and E. Pazira, 2011. Affect of Drought on Pollution of Lenj Station of
Zayandehrood River by Artificial Neural Network (ANN). Advances in Environmental Biology, 5(7): 1461-
1464.

Arbabian, S. and M. Entezarei, 2011. Effects of Air Pollution on Allergic Properties of Wheat Pollens (Triticum
aestivum). Advances in Environmental Biology, 5(7): 1480-1483.

Arbabian, S., Y. Doustar, M. Entezarei and M. Nazeri, 2011. Effects of air pollution on allergic properties of
Wheat pollens (Triticum aestivum). Advances in Environmental Biology, 5(6): 1339-1341.

Chandrupatla, T.R., 1997. Introduction To Finite Elements In Engineering, Second Edition. Prentice Hall Inc.
Fenves, G. and A.K. Chopra, 1984. Earthquake Analysis and Response of Concrete Gravity Dams: Report

UCB/EERC-84/10. California University press.
Hosseini, S.J. and M. Sadegh Sabouri, 2011. Adoption of Sustainable Soil Management by Farmers in Iran.

Advances in Environmental Biology, 5(6): 1429-1432.
Jianping, Zh., Y. Zeyan and Ch. Guanfu, 2006. Discussions on construction and type selection of China high

dams. International Conference Hydropower, pp: 4-12.
Mohsenifar, N., N. Mohsenifar and K. Mohsenifar, 2011. Using Artificial Neural Network (ANN) for Estimating

Rainfall Relationship with River Pollution. Advances in Environmental Biology, 5(6): 1202-1208.
Omran, M.E. and Z. Tokmechi, 2008. Parametric Study and Static and Pseudo static Analysis of Adıguzel RCC

Dam. University of Kurdistan Thesis.



140Res. J. Fish & Hydrobiol., 6(3): 127-140, 2011

Qasim, M., H.M. Tayyab and E. Ahmad, 2010. Use of Salvage Wood for Reconstruction in Earthquake Affected
Sites of Muzaffarabad, Azad Jammu & Kashmir. World Applied Sciences Journal, 8(7): 914-916.

Qasim, M., M. Alam, B. Khan and E. Ahmad, 2010. Earthquake Induced Forest Damages in Balakot, Palas
Valley, Muzaffarabad and Bagh Areas of North West Frontier Province and Azad Jammu and Kashmir
Regions. World Applied Sciences Journal, 8(7): 912-913.

Wang, H. and D. Li, 2006. Experimental study of seismic overloading of large arch dam. Earthquake
Engineering & Structural Dynamics, 35(2): 199-216.

United  States Army Corps of Engineers, 1990. Earthquake Engineering for Concrete Dams: Design
Performance and Research Needs. National Academy, Press.

United States Army Corps of Engineers, 1995. Gravity Dam Design, Report EM 1110-2-2200. National
Academy, Press.


