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ABSTRACT

Doroodzan dam is a hydroelectric dam in Iran with an installed electricity generating capability of 10
MWh. It is situated in Fars Province. Fars Province, formerly spelt Pars, is one of the 30 provinces and known
as Cultural Capital of Iran. It is in the south of the country and its center is Shiraz. It has an area of
122,400km². In 2006, this province had a population of 4.34 million people, of which 61.2% were registered
as urban dwellers, 38.1% villagers, and 0.7% nomad tribes. In this paper, the probability of environmental
pollution due to heavy metals caused by Doroodzan 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

Doroodzan dam is a hydroelectric dam in Iran with an installed electricity generating capability of 10
MWh. It is situated in Fars Province (Figure 1).

Fig. 1: Doroodzan dam.
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Fars or Pars is the original homeland of the Persian people. The native name of the Persian language is
Fârsi or Pârsi. Persia and Persian both derive from the Hellenized form Πέρσις Persis of the root word Pârs.
The Old Persian word was Pârsâ.

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;
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 Doroodzan 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.

Materials and methods

Fars Province:

Fars Province, formerly spelt Pars, is one of the 30 provinces and known as Cultural Capital of Iran. It
is in the south of the country and its center is Shiraz. It has an area of 122,400km². In 2006, this province
had a population of 4.34 million people, of which 61.2% were registered as urban dwellers, 38.1% villagers,
and 0.7% nomad tribes. 

History: Persis:

The ancient Persians were present in the region from about the 9th century BC, and became the rulers of
a large empire under the Achaemenid dynasty in the 6th century BC. The ruins of Persepolis and Pasargadae,
two of the four capitals of the Achaemenid Empire, are located in Fars.

The Achaemenid Empire was defeated by Alexander III of Macedon in the fourth century BC. Shortly
after this the Seleucid Empire was established. However it never extended its power beyond the main trade
routes in Fars, and by reign of Antiochus I or possibly later Persis emerged as an independent state that minted
its own coins. 

The Seleucid Empire was defeated by the Parthians in 238 BC. By 205 BC, Antiochus III had extended
his authority into Persis and it ceased to be an independent state. 

Babak was the ruler of a small town called Kheir. Babak's efforts in gaining local power at the time
escaped the attention of Artabanus IV, the Arsacid Emperor of the time. Babak and his eldest son Shapur
managed to expand their power over all of Persis.
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The subsequent events are unclear, due to the sketchy nature of the sources. It is however certain that
following the death of Babak around 220, Ardashir who at the time was the governor of Darabgird, got
involved in a power struggle of his own with his elder brother Shapur. The sources tell us that in 222, Shapur
was killed when the roof of a building collapsed on him.

At this point, Ardashir moved his capital further to the south of Persis and founded a capital at Ardashir-
Khwarrah (formerly Gur, modern day Firouzabad).

After establishing his rule over Persis, Ardashir I rapidly extended his territory, demanding fealty from
the local princes of Fars, and gaining control over the neighboring provinces of Kerman, Isfahan, Susiana, and
Mesene.

Artabanus marched a second time against Ardashir I in 224. Their armies clashed at Hormizdeghan, where
Artabanus IV was killed. He was crowned in 226 at Ctesiphon as the sole ruler of Persia; bringing the 400-
year-old Parthian Empire to an end.

The Sassanids ruled for 425 years, until the Muslim armies conquered the empire. Afterward the Persians
started to convert to Islam, this made it a lot easier for the new Muslim empire to continue the expansion of
Islam.

Fig. 2: The ruins of Persepolis.

Fig. 3: Shapur Cave.

Fig. 4: A Sassanid relief showing the investiture of Ardashir I.
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History: Iran:

Fars then passed hand to hand through numerous dynasties, leaving behind numerous historical and ancient
monuments; each of which has its own values as a world heritage, reflecting the history of the province, Iran,
and western Asia. The ruins of Bishapur, Persepolis, and Firouzabad are all reminders of this. Figure 2 to
4show some historical places of Fars.

Climate and Wildlife:

There are three distinct climatic regions in the Fars Province. First, the mountainous area of the north and
northwest with moderate cold winters and mild summers. Secondly, the central regions, with relatively rainy
mild winters, and hot dry summers. The third region located in the south and southeast, has moderate winters
with very hot summers. The average temperature of Shiraz is 16.8°C, ranging between 4.7°C and 29.2°C.

The geographical and climatic variation of the province causes varieties of plants; consequently, variation
of wildlife has been formed in the province. Additional to the native animals of the province, many kinds of
birds migrate to the province every year. Many kinds of ducks, storks and swallows migrate to this province
in an annual parade. The main native animals of the province are gazelle, deer, mountain wild goat, ram, ewe
and many kinds of birds.
1. The province of Fars includes many protected wildlife zones. The most important protected zones are:
2. Toot Siah (Black Berry) Hunt Forbidden Zone, which is located at the end of Boanat region.
3. Basiran Hunt Forbidden Zone, which is located 4 kilometers south to Abadeh;
4. Bamu National Park, which is located north-east of Shiraz;
5. Estahban Forest Park ( Parke Jangaly), which is located on the outskirts of Touraj mountain;
6. Hermoodlar Protected Zone, which is located east to larestan. 

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.
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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).
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Table 1: Earthquake Condition.
Earthquake Level Maximum Horizontal Acc. (g) Maximum Vertical Acc. (g)
DBL 0.28 0.20
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.

Finite Element Method:

In this study, ConstantStrainTriangle 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 

Where D is material property matrix, B is element straindisplacement 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.
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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)
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In which, te and Ae are element thickness and element area, respectively.
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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).

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

Fig. 13: PEP Due To Maximum compressive stress (9th section).

Fig. 14: PEP Due To Maximum compressive stress (10th section).
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Fig. 15: PEP Due To Maximum compressive stress (11th section).

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

Fig. 17: PEP Due To Maximum Tensile stress (2nd section).

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

Results and discusion

Seismic Response:

Using Finite Element, ZENGAR and probability studies methods, study of the probability of environmental
pollution due to Doroodzan 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
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.
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Fig. 19: PEP Due To Maximum Tensile stress (4th section).

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

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

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

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.

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.

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.

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.

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

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

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).
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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).

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

Fig. 35: PEP Due To Basement Stress (9th section).
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Fig. 36: PEP Due To Basement Stress (10th section).

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

Conclusions:

In this paper, the probability of environmental pollution caused by Doroodzan 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:
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.
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