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Abstract
A practical and innovative risk management methodology is implemented for the management of huge bridge 
connecting Karun 3 hydropower dam reservoir in Iran. Impoundment of large dam reservoirs represents many 
uncertainties that need to be carefully considered. Risk management is a unique tool in this context. Due to the 
lack of proper risk management including risk identification, assessment, and monitoring, many projects are 
facing several problems such as considerable cost/ time increases and delay in project delivery. However, if the 
risks are identified proactively then the impact of unwanted issues will be greatly reduced. This paper aims at 
elaborating the implementation of risk management procedure for the construction of Sebalutak cable bridge 
project using a systematic approach in several steps: step 1) Identification of risks, step 2) Qualitative analysis 
of the risks in order to prioritize them according to their importance, step 3) Quantitative analysis of the risks, 
step 4) Make strategy for response to the prioritized risks, and step 5) Monitor and control the risks. Each 
step will be presented in details and consequent discussions will be provided. The key benefit of this practical 
risk management was that the Sebalutak bridge was successfully completed on time, within the budget, and 
requested quality and as such, the Karun 3 dam reservoir was impounded on time and tremendous amounts of 
time and costs were saved.          
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1.	I ntroduction
Karun 3 dam is an under operation hydropower project, double curve concrete dam with the height of 203 m, and a huge 
reservoir with the length of 45 KM, as shown in Figure 1. Because the reservoir crossed main provincial roads, many 
new structures such as bridges, roads, and tunnels had to be constructed over the reservoir before the impoundment. 
Among the new structures, Sebalutak cable bridge, faced with serious risks and was the most complex and challenging 
project within which it needed to be completed within the estimated budget, duration, and defined quality, otherwise, the 
impounding of Karun 3 dam reservoir would seriously face substantial delays and other challenges. 
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Figure 1 : Karun 3 Dam and Reservoir

In order to overcome the challenges and achieve the project objectives, an innovative risk management methodology 
was defined and successfully implemented for the bridge project. This paper describes the risk approach including: 
The proposed risk management for the Sebalutak bridge provided excellent outcomes and benefits during design and 
execution of the project so that the bridge was completed on time and as such, the dam reservoir was impounded in 
a right critical timing.   Hence the aim of this research is conducting a risk management plan for Sebutalak project  
(Figure 2).

Figure 2 : Sebalutak Cable Bridge in the Karun 3 Dam Reservoire

2.	 Methodology Development
In order to achieve the aim of this research which is the development of a risk management plan for the Sebutalak 
project, the following step-by-step approach is carried out:

Step (1) Identifying risks:
120 hours of meeting with stakeholders including client, contractor along with their representatives and consultant has 
been held. And through brainstorming and lessons learned from similar and past projects, risks have been identified.
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Step (2) Analysis:
The next step is analysing the risks in order to priorities risks and identify risks which are high-level. As a result, 
qualitative analysis has been used. Though, the risks that need more detailed analysis quantitative analysis have been 
used later on.

3.1	 Qualitative analysis
With respect to the qualitative analysis a score for each risk is obtained. Score include probability of risk occurring as 
well as the impact of each risk which is allocated based on past experiences and similar projects and through meetings 
with stakeholders.
Using Table 2 the probability has been considered.

Table 2 : Probability 

Level of importance Probability
Very low 0.1

low 0.3
neutral 0.5
High 0.7

Very high 0.9

Step (2) Analyzing and prioritizing the identified risks:
Through two different methods of qualification and quantification the priorities and score has been allocated to each risk. 
Initially qualitative analysis and risks with higher priorities are selected for quantitative and more detailed analysis.

Step (3) Preparing response for high-level risks:
People with related knowledge to each category of risks have been invited to meetings and their opinions on appropriate 
response for the risks have been included.

Step (4) Monitor and control risks:
Different strategies according to the priority of the risks have been defined and specific monitoring plans have been 
considered. 

3.	D evelopment of risk management plan

Step (1) identify various types of risks; 
A risk management team have been gathered including client, contractor and their representatives along with consultant. 
Through regular brainstorming sessions, initial risks within projects have been identified. All of the risks mentioned had 
to be registered within a table named “risk register table”. And this table had to be updated regularly.
A risk register table has been prepared which includes RBS (risk breakdown structures). the risks are categorized based 
on trading, financial, climate change, technical, organizational, HSE, political, access, social, legal, and other indirect 
impacts. Also the risk register table include cause, risk description, effect, impact score, probability, risk score, status 
(active, observe and close), owner of risk and response strategy and a risk response plan, as shown in Table 1.

Table 1 : Risk Register Form 
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Also, the impacts have been assigned using Table 3.
Table 3 : Impact

Level of importance Impact
Very low 1

low 3
Neutral 5

high 7
Very high 9

The scoring has been achieved using multiplying probability by impact. For the score, more or equal to 4.5 have been 
considered high and labelled with red color. The scores between 1.5 and 4.5 neutral and yellow color and the ones below 
and equal to 1.5 have been considered low and shown with green. Hence, a matrix has been plotted, as shown in Figure 
3, and Figure 4.

Figure 3 : Probability-Impact Matrix for Prioritizing the Risks

Figure 4 : Identifying High-Level Risks
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After prioritizing identified risks, for the risks highlighted as high-level and neutral a further the 
response strategies have to be prepared. It is worth to mention response to risk is the most important 
part of a risk management plan which is the criteria for assessing the success or failure of a project. 
And the risks with lower importance are kept in a watch list and investigated regularly to make sure 
their status have not changed. The next section indicates the quantitative analysis for the high-level 
risks. 

3.2 Quantitative Analysis 
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After prioritizing identified risks, for the risks highlighted as high-level and neutral a further the response strategies have 
to be prepared. It is worth to mention response to risk is the most important part of a risk management plan which is the 
criteria for assessing the success or failure of a project. And the risks with lower importance are kept in a watch list and 
investigated regularly to make sure their status have not changed. The next section indicates the quantitative analysis 
for the high-level risks.

3.2	 Quantitative Analysis
In order to undertake quantitative analysis within this paper, Primavera Risk Analysis software has been used.  Some 
opportunities and positive risks as well as negative and threatening risks have been identified. They are briefly discussed 
below.
Negative or threatening risks;
For the negative or threatening risks, four difference responses strategies such as avoidance, Mitigation, Transfer and 
acceptance have been considered For further analysis. 
Opportunities or positive risks:
For the positive risks and opportunities, three response strategies of exploit, share and enhance have been studied that 
for each risk one response is finalized. 
After developing response strategy plan, quantitative analysis based on time and cost of each risk occurring has been 
prepared. Also, based on strategy selected for each risk the degree of decreasing probability of risk occurring, cost, 
time or disappearing within a project have been analyzed. And based on these analyses the risk register table will be 
updated. 
However, using Primavera analysis, there is an opportunity to develop three different scenarios according to the risks, 
as shown below:
(1)	 Initial plan which aims to deliver project on time and within budget and no risk is identified.
(2)	 Pre-mitigated impacted: risks have been indicated however no response plan have been considered. Only negative 

or threatening risks in their worst scenario will cause project to face problems.
(3)	 Post-mitigated impacted: within this assessment, risks along with their responses have been considered, hence since 

there is a response plan, the probability of risk will be considered as none, therefore the cost of actions in order to 
respond to the risks will be added to the total cost of the project.

The result of analysis shows risks with higher priority, based on pre-and post-mitigated situation are different. For 
these two different scenarios of pre and post mitigated high-level risks according have been anaylsed based on time and 
cost.

4. 	D iscussions
The risk management plan for the Sebutalak project has been done according to guideline of  PMBOK, 2016. Initially, 
a qualitative analysis has been done using brainstorming sessions with stakeholders. And a final score by multiplying 
probability and impact of each risk have been obtained. As a result, 8 risks have been marked as high-level as shown in 
Figure 4. The risks with higher priorities include sections falling while constructed on barge, lack of written approval of 
AFC maps from client’s consultant, falling of elements on the lake after moving the barge, facilities’ breakdown, tower 
crane, failure of trucks carrying cables and change in cable forces. Also, 50 risks with neutral importance have been 
highlighted. For both high-level and neutral risks, response plan for each risk is prepared. Furthermore, a quantitative 
analysis has been done, including assessing the impact of each risk on cost and time of the project, along with their 
performance either mitigated or not.
Within this research, the analysis of impacts of risks on duration and cost of project has been evaluated using Primavera 
software.  The analysis was carried out by the software in two approaches: 1) the impacts of risks itself; 2) the impact 
of risk on time and cost of the project. 
Assessing the impact of risk on duration of the project, if all the risks occur on critical path and they have the maximum 
delay, the project can delay up to 1418 days. In the other words, the project will delay around 70%. However, if we 
are optimistic and accept 20% of risks, this could change to 1333 days and 61% increase. This huge increase is very 
significant and an appropriate response to them has to be considered.
Based on sensitivity analysis of risks according to time and cost either pre-or post-mitigated, the project management 
team decided that the most influencing factors on timing of the project are the risks related to the force in the cables, 
misalignment of columns, falling of materials, and tower crane related issues. However, in post mitigated situation, lack 
of adequate quality of structural elements, misalignment of base, falling of elements and tower crane issues are the most 
critical one.  This change of order of risks is related to the response plan.
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Using Primavera software and pre-and post mitigated analysis shows a clear indication of the impact 
of responses, and in overall, it could be seen that if the response plan is prepared there is 80% chance, 
the cost of the project could reduce to 18.75 million USD. 
 
It is worth to mention that the lack of using proper risk management could delay this essential and 
massive project of water and power plant up to 70% compared to the initial plan, and, the cost could 
increase up to 120%. Though the process of the identification of risks, quantitative and qualitative 
analysis as well as a proper response plan, there would be 80% chance to reduce delay of the project 
to 17% and only 11% cost increase compared to initial plan (Figure 5). 
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70% and 120%, compared to the initial budget of the project. It was also discussed that completing the proposed risk 
management approach could considerably lower the mentioned percentages between 17% and 11%, accordingly.
Based on this practical and fruitful approach, it is recommended that when constructing the massive projects of power 
and water resources, there are always ongoing related projects such as bridges or dam along with them which facilitates 
easy access and connection within the area and is a responsibility of contractor or operating companies. Delay in 
constructing required structures such as bridges could postpone the dam impoundment process. Hence, it is required to 
pay careful attention to the construction of related structures such as bridges connecting reservoir and considering and 
managing their associated risks. In this research, the process of Sebutalak bridge construction, which is constructed over 
karun 3 dam lake, was completed according the risks and many uncertainties in such complicated projects. One of the 
main results of this methodology was the change of procurement and based on risks of the project, the bidding process 
changed. If the risk management had not been carried out for the Sebalutak project, it would have totally different 
adventure and even, the Karun 3 dam operation would be failed.
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