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ABSTRACT: Many Dams have been constructed in different countries. Dams, in spite of having some 
socio-economic benefits, cause irreparable environmental damages. Environmental Risk Assessment 
analyses risks by ranking or comparing them with target values (Functional goals or Legal Requirements) 
in decision making process. Risk Assessment includes identification of affected Environment, Spatial-
temporal Modeling, assessment of main ecological components, estimating risks quantity and comparison 
with existing criteria. The aim of this study is introducing a method for dam risk assessment that calculates 
Risk Levels, based on criteria such as cost, time, resources and experts` opinion, and could achieve 
proposed control mechanisms for reducing the risk level of dam construction activities. In this case, 
earthquake risk in the location of Ekbatan dam was studied. For this study, Environmental risk coefficient 
was calculated by multiplying three factors: Impact Range, Probability of Occurrence, and Environmental 
Degradation. To prioritize and weight the effects of criteria, Analytic Hierarchy Process (AHP) was used. 
According to the results, the first priority in management strategies was “Education of downstream society 
to implement emergency action plans” with the final weight of 0.7155. “Education of strategies and actions 
for emergencies conditions” with the final weight of 0.2364, “Completing Earthquake forecasting supplies 
and equipment to avoid sudden attacks” with the final weight of 0.1989, “Preparation of equipments, affairs 
and supports to help in emergency situations”, and “Construction downstream detention and checking 
structures” were the next priorities. 
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INTRODUCTION 

 
 Water reservoirs which have been built near urban areas, are potential risks for people who live downstream, 
due to earthquake risk (Tousen , 2007). On the other hand most parts of Iran are located on major and minor faults 
that make double the earthquake danger and threat to dams (Ghashami, 2012). In recent decades, human society 
came to this conclusion that his patterns of economic development  has not been correct, and  to achieve 
sustainability and eternity, It  requires to  pay attention to the  aspects of environmental  conservation  in development 
processes.(Rubin, 2004) 
 With this attitude, the concept of sustainable development was introduced to human society and the choice 
between industrialization and environmental conservation was faded, now human community concerns to achieve a 
model of development that improves not only economic situation, but also environmental quality. As environmental 
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awareness enhances, and with increasing effects and pressures of human activities on nature, implementing 
preventive actions gets essential (Monavari, 2001). 
 
1.Definitions: 
Dam Construction Effects: 
 Many dams are constructed in different countries. Iran is among the top five dam constructor countries in the 
world (Ghashami, 2012). Despite numerous socio-economic benefits of dams, they make irreparable damages to 
environment, especially if they are constructed without any regard to environmental regulations and standards 
(Monavari, 2001). If we ignore environmental limitations, our development would not be sustainable, and the only 
solution for this problem is applying sustainable development attitude, that means development with minimal 
degradation according to ecological capability and socio-economic needs. Environmental Impact Assessment, by 
predicting negative aspects of a project, is an effort to prevent them, so it is a step to achieve sustainable 
development. Constructing a dam in a correct zone in various regions of a country, needs environmental surveys, 
and then enactment of laws, regulations and comprehensive instructions, and also using similar experiences of other 
countries (Habibi, 2009). 
 
Risk 
 Risk is the probability of something happening multiplied by the resulting consequences or outcomes if it does 
(Gharachoorloo, 2005). In Kerner`s view, risk is calculating probability and lack of access to predetermined aims in 
a project. Usually events related to favorable occurrences or circumstances are called Opportunities and unfavorable 
events are called Risks (Kerner , 2003). Another definition expresses risk as a probability of an unknown happening 
in the conditions that could cause problems (Dongjian , 2005). Risk dimensions involve not only socio-economic, but 
also ecological (living and non-living) components. (Gharachoorloo, 2005) 
 
 
Risk Assessment 
Risk Assessment process applies Risk analysis results (Estimated risks) by ranking or comparing them with target 
values (Functional goals or law enforcements) to make decisions. Risk assessment indicates if risks are acceptable 
or not (Rubin, 2004), indeed a test of what is and could be harmful (Alahyari, 2005). 
 
Environmental risk assessment and management 
 Environmental risk assessment involves Identification of impacted environment, spatial and temporal Modeling 
of emissions and leakages, evaluation of main ecological components regarding environmental sensitivities, 
estimating the quantity of Risk , comparing with criteria and defining risk mitigation actions (Rubin,2004). 
 Risk Management is the process of planning, organizing, directing and controlling the activities and properties 
of an organization so as to minimize the negative effects of potential risks on the operation and economic situation 
of it, briefly any action to minimize potential risks means Risk Management (Alahyari, 2005). 
 

MATERIALS AND METHODS 
 

Study area 
 Ekbatan dam basin (figure 1) is located at geographic coordinates of 48°28′ to 48◦42′eastern longitude and 
34◦34′ to 34◦45′ Northern latitude, 12 km southeast away from Hamedan and is limited to Sangestan and Tafrijan 
villages in north, Babarud and Alli abad damagh villages in south, Mangavi, dehno and Makrebi villages in East and 
Alvand Mountain and Sarkan district in west. The area of this watershed is about 22155 hectares, with length of 19/6 
km and width of 11/3 km. Minimum and maximum altitude of this area is 1920 meters and 3584 meters above sea 
level. This basin includes two main rivers:  Abroo and Abshine. 
 Ekbatan storage dam is located at confluence of this two rivers, at geographic coordinate of 48 ◦36′  7.5″ Eastern 
longitude and 34 ◦45 ′22.8″ Northern latitude, with 1890 meters above sea level. 
 Based on Iran classification of structural geological zones, Ekbatan Dam area is located in Sanandaj-Sirjan Zone. 
Sanandaj-Sirjan Zone is situated in northeast of Zagros Mountains and is similar to Central Iran in terms of history of 
structure. 
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Figure 1. Location of Ekbatan Dam Watershed  

 
 The most important aquatic ecosystems in the study area are Gazandar, Abshine, Abas Abad, Marianj, Saleh 
abad, Bahadorbeig, Simine rud, Ghareaghaj and Abroo Rivers. In addition to providing water for drinking, agriculture 
and industry, These Rivers are suitable habitats for phytoplankton, benthos and aquatic organisms. Also, important 
species of vertebrates (mammals, birds, reptiles, amphibians) exist in this area which might be affected by the 
construction of Ekbatan Dam.  
 Ekbatan Dam is an important habitat for aquatic and waterfowl birds in Hamedan province and has a significant 
role in migratory path of aquatic birds and waders, and also is an overwintering bird habitat.  
 Wildlife reaction to abnormal environmental phenomena resulted from land use changes is very important. 
Wildlife species as biological indicators reveal the consequences of land-use changes in their behavior, and in some 
cases leave their habitats. 
 
Methodology 
 The goal of this study is to propose controls in order to mitigate the potential risks of Ekbatan dam and to prioritize 
them. So, the first step was gathering baseline data from related organizations and providing environmental maps of 
the study area. Then, different risk assessment methods were studied; most of them, given less attention to 
environmental aspects compared with safety and security.  Thus it was tried to pay more attention to environmental 
aspects of Dams in this study. Finally by using analytic hierarchy process (AHP) as a Multi-criteria decision making 
method, best strategies and proposed controls for mitigating the risks of Ekbatan Dam were analyzed and prioritized. 
 In this study, at first, activities of Ekbatan dam in the operation phase were determined, then aspects of each 
activity with regard to environmental experts views were identified. 
 
Scoring the Environmental Aspects: 
 Environmental aspects are scored according to Environmental Risk Coefficients and the risk level of each aspect 
is determined. Risk quantity for each level is calculated by given scores  and then dam and environmental experts 
present management strategies (using Delphi Method) to avoid the risks of environmental aspects and at last by 
using  AHP method, best choices are selected. 
 As it was discussed, methods of Environmental Risk Assessment consider just two parameters: Degradation 
Intensity and Occurrence Probability. In this study another parameter was added: Pollution/Degradation Extent 
(formule1). 
 Environmental Risk Coefficient= Degradation Intensity × Occurrence Probability × Pollution/Degradation Extent                                   
formula 1. 
 In the next step, a seven-member team consisting of experts in the field of environmental sciences, construction 
of dams, ecology, plant biology and zoology was formed and primary risks associated with each aspect was pointed 
using environmental risk tables. Then, according to received scores, risk level of each aspect was determined and 
based on it, proportional controls were proposed. According to calculated risk levels (Table 1), all of proposed controls 
related to unacceptable levels were separated. Besides, on the basis of AHP method and the pointes have been 
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offered by the experts, the best choice was elected and finally strategic management plan was offered according to 
the best proposed controls. 

 
Table 1. Environmental Risk components 

 
8 7 6 5 4 3 2 1  

Proposed 
control 

Risk 
level 

Primary 
Risk 

Pollution/Degradation 
Extent 

Occurrence 
probability 

Degradation 
Intensity 

Environmental 
aspect 

Type of 
Activity 

Reviewed 
Components 

 
Reference: Mohammadfam, 2007 

 
Degradation Intensity:  

 The amount of damaging the environmental resources by an action, that is identified based on Table 2 
 

Table2. Identifying Degradation intensity 
 

score description intensity 

5  Very Harmful or potentially destructive /wastes nonrenewable resources High/Catastrophic 
4 Not very harmful or potentially destructive/wastes renewable or hardly recoverable resources  serious 
3  relatively Harmful / wastes renewable or easily recoverable resources  Average 
2 Low potential for harm/ consumes nonrenewable resources  low 
1  Poor potential for harm /consumes renewable resources   Poor  

 
Occurrence Probability: 
 Frequency of environmental aspects and their consequences. (This parameter is identified based on Table 
3). 

 
Table 3. Identification of Occurrence Probability 

 
score Occurrence Probability 

5 Definite event 
4 Event with high probability 
3 Event with medium probability 
2 Event with low probability 
1 Unlikely event 

 
Pollution/Degradation Extent 
 It is the extent of pollution or degradation resulted from an activity. (Based on table 4) 
 

Table 4. Identification of Pollution/Degradation Extent 
 

score Pollution/Degradation Extent 

5 Regional 
4 Downstream and reservoir 
3 Downstream or reservoir 
2 Low pollution 
1 No  pollution 

 
 After assessing the environmental risks, unacceptable aspects are categorized and necessary control processes 
are determined according to Table 5 
 

 
 
 

Table 5. Identification of Risk level 
 

Detailed implementation And Controlling Operations  Risk number Risk level 

Acceptable status 39-1 acceptable 
Unacceptable status and necessity to review in priority 79-40 unfavorable 
Obvious status which should be regarded as first priority 125-80 Unacceptable 
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Analytic Hierarchy Process Method (AHP) 
 AHP is the one of the most comprehensive techniques, designed for multiple criteria decision making, because 
this technique provides the possibility to formulate the problem as a hierarchical form and also it makes possible to 
consider the various quantitative and qualitative criteria in the problem. This process involves different options in 
decision making process and makes possible the sensitivity analysis on criteria and sub criteria. Furthermore, it`s 
based on paired comparison that facilitates judgments and calculations. Also, it Checks the consistency of the 
judgments that is a Distinctive advantage of this technique in multi-criteria making decision. 
This method has two main parts (Asgharpoor, 2006).  
 
Modeling the problem as a hierarchy 
 The first step in the analytic hierarchy process is to model the problem as a hierarchy. In doing this, participants 
explore the aspects of the problem at levels from general to detailed, then express it in the multileveled way that the 
AHP requires.  
 It consists of an overall goal, a group of options or alternatives for reaching the goal, and a group of factors 
or criteria that relate the alternatives to the goal. The criteria can be further broken down into sub criteria, sub sub 
criteria, and so on, in as many levels as the problem requires. The design of any AHP hierarchy will depend not only 
on the nature of the problem at hand, but also on the knowledge, judgments, values, opinions, needs, wants, etc. of 
the participants in the decision-making process. 
 Once the hierarchy has been constructed, the participants analyze it through a series of pairwise 
comparisons that derive numerical scales of measurement. The criteria are pairwise compared against the goal for 
importance. The alternatives are pairwise compared against each of the criteria for preference. 
Establish priorities 
 Priorities are numbers associated with the criteria or alternatives of an AHP hierarchy. They represent the relative 
weights in any group. Priorities are distributed over a hierarchy according to its architecture, and their values depend 
on the information entered by users of the process. Priorities of the Goal, the Criteria, and the Alternatives are 
intimately related, but need to be considered separately. 

 
RESULTS AND DISCUSSION 

 
Results: 
 The aim of this study is to represent a proper method for assessing the risk of dams, in which according to 
calculation of risk levels based on criteria such as cost, time, resources and expertise, we can propose controls to 
reduce risk of dam activities. 
 
Hierarchical Weight:  
 In order to establish priorities of each criteria effectiveness, at first the paired comparison matrix of different 
criteria with respect to each other was formed in a square matrix. According to the hierarchical weighting model, sum 
of each column was calculated and then the weights were normalized in a way that the sum of each column should 
lead to 1. At last relative weight of proposed controls were calculated in Terms of each criteria (cost, Time, facilities 
and expertise). In tables 6 to 9 steps of formation of Weight Matrix process for cost criterion are shown and Final 
result for weighting of other criteria has been represented in Table 10 to12. 
Step 1: according to above description, paired-comparison Matrix of proposed controls regarding costs is formed 
(Table 6) 
 
 
 
 

Table 6. paired-comparison Matrix of proposed controls in terms of cost criterion (Earthquake) 
 

E D C B A  

7/1 5/1 1 5/1 1 A 
9/1 3 5 1 5 B 
9/1 5/1 1 5/1 1 C 
5/1 1 5 3/1 5 D 
1 5 9 9 7 E 
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Step 2: sum of each column is calculated (Table 7). 
 

Table 7. summation in paired-comparison Matrix of proposed controls in terms of cost criterion 
 

options E D C B A 

Sum of columns weight 1.565 9.4 21 10.73 19 

 
 Step 3: As shown in table 8, weights of paired-comparison in each column, is normalized such that sum of each 
column leads to 1 and then relative weight of each row is calculated (Table 9). 
 

Table 8. normalizing paired-comparison Matrix 
 

E D C B A  

0.09 0.02 0.048 0.03 0.05 A 
0.07 0.32 0.238 0.09 0.27 B 
0.07 0.02 0.048 0.02 0.05 C 
0.13 0.11 0.238 0.03 0.27 D 
0.64 0.53 0.428 0.84 0.36 E 
1 1 1 1 1 sum 

 
 

Table 9. relative weight of proposed controls in terms of cost criteria 
 

options E D C B A 

Relative weight 0.5596 0.01556 0.0416 0.1976 0.0476 

 
Table 10. relative weight of proposed controls in terms of time criteria 

 
options E D C B A 

Relative weight 0.526 0.118 0.106 0.156   0.094 

 
Table 11. relative weight of proposed controls in terms of facilities criteria 

 
options E D C B A 

Relative weight 0.528 0.18 0.05 0.206 0.036 

 
Table 12. relative weight of proposed controls in terms of expert criteria 

 
options E D C B A 

Relative weight 0.502 0.085 0.127 0.116 0.170 

  
 In this part of research, priority of each criteria is calculated based on targets using (AHP) weighting Method 
(Table 13 to 17).The highest weight is 0.2975 related to cost criteria and the lowest weight is 0.0725 related to Time 
criteria. 
 

 
 
 
 
 

Table 13. relative weight of each proposed controls regarding the criteria 
 

experts facilities time cost  

0.170 0.036 0.094 0.0476 A 
0.116 0.206 0.156 0.1976 B 
0.127 0.05 0.106 0.0416 C 
0.085 0.18 0.118 0.0515 D 
0.502 0.528 0.526 0.5596 E 
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Table 14. Paired-comparison matrix for preference of criteria relative to study's target 
 

expert facilities time cost  

3/1 5 3 1 cost 
5/1 3/1 1 3/1 time 
3/1 1 3 5/1 facilities 
1 3 5 3 expert 

 
Table 15. Paired-comparison matrix for preference of criteria relative to study's target 

 
 expert facilities time cost  

3/1 5 3 1 cost 
5/1 3/1 1 3/1 time 
3/1 1 3 5/1 facilities 
1 3 5 3 expert 
1.86 9033 12 4.53 sum 

 
 

Table 16. Normalizing paired-comparison matrix 
 

expert facilities time cost  

0.18 0.54 0.25 0.22 cost 
0.1 0.04 0.08 0.07 time 
0.18 0.11 0.25 0.04 facilities 
0.54 0.32 0.42 0.67 expert 
1 1 1 1 sum 

 
Table 17. Relative weight of criteria regard to study's target 

 
criteria Relative weight 

cost 0.2975 
time 0.0725 
facilities 0.1425 
expert 0.4875 

 
Calculating final weights of proposed controls:     
 Based on calculations, first priority is proposed control for education downstream society to implement 
emergency action plans(C) with the final weight of 0.7155 and the second one was proposed control for education 
of strategies and actions for emergency conditions (A) with the final weight of 0.2364. The third priority is 
accomplishing Earthquake forecasting Supplies and Equipments to avoid surprise attack (D) in weight of 0.1989 , 
the fourth priority was proposed control for Preparation of equipments, affairs and supports to help in emergency 
situations and the last one was proposed control for Construction downstream detention and check structures as the 
fifth priority. 
A: 0.0476×0.2975 + 0.094×0.0725 + 0.036×0.1425 + 0.170×0.4875 = 0.2364 
B: 0.1976×0.2975 + 0.156×0.0725 + 0.206×0.1425 + 0.116×0.4875 = 0.1561 
C: 0.0416×0.2975 + 0.106×0.0725 + 0.05×0.1425 + 0.127×0.4875 = 0.7155 
D: 0.01556×0.2975 + 0.118×0.0725 + 0.18×0.1425 + 0.085×0.4875 = 0.1989 
E: 0.5596×0.2975 + 0.526×0.0725 + 0.528×0.1425 + 0.502 ×0.4875 = 0.1664 
 
Discussion and Conclusions  
Inspecting used method of research 
 The advantage of this research method is that it can be used in all stages from construction of dam to operational 
phase, and all dam activities are included in the process. So we can accomplish risk assessment of a dam in the 
river path by using this method by using experts` views.  
 The other advantage of this method is adding one parameter to environmental risk coefficient formula, so 
pollution range, occurrence probability, and pollution/degradation extent are regarded. Then, an expert team 
identifies all risks level of dam activities aspects, proposed controls mechanisms would be proposed and all proposed 
controls would be prioritized by using Analytic Hierarchy Process Method (AHP) and then the best option for Risk 
mitigation would be chosen.  
 In this study among proposed options for reducing damages of earthquake, proposed control for education 
downstream society to implement emergency action plans(C) had the highest point.  
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 Among proposed options to protect structure safety, proposed controls for implementing experiments and special 
tests and consideration of alarm signal for qualitatively had the highest point.  
 Actually after happening earthquake the probability of risk and damages mitigation is at least so in operational 
phase mitigation plans in management strategy are necessary. The best management strategy was proposed for 
education of people such as: knowing well about earthquake and its consequences on dam and downstream society, 
identification of Flooding points maps and also safe places, and training for evacuation downstream society while 
necessary. Hopefully, by implementation of management strategies the risk level of earthquake on dams would be 
reduced as Possible. 
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