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Abstract 
Nowadays, one of the solutions to meet the growing water needs and achieve regional balance is inter-basin water transfer projects. This study 
examines eight scenarios in order to evaluate eight scenarios of inter-basin water transfer from great Karun watersheds to the central plateau of Iran 
with the aim of supplying drinking water. Prioritization and evaluation of these scenarios were performed using four important and effective criteria 
(social and political risk, environmental and water resources risk, technical risk and economic risk) in inter-basin water transfer according to UNESCO 
criteria. Then, with the help of these criteria, ten effective basic events in inter-basin water transfer projects. Then, using the Fault Tree Analysis (FTA) 
and Fuzzy Fault Tree Analysis (FFTA) models, the failure probability of top event "failure of water transfer projects" for all eight scenarios were 
calculated. The results showed that water transfer from Behesht-Abad basin through Pumping and short tunnel from Behesht-Abad base flow for 
Isfahan province and khersaan basin - khersaan dam to Yazd and Kerman provinces with crisp and fuzzy failure probability of 0.65 and 0.61 as the 
eighth scenario, is the superior scenario. Due to the high probability of failure and in order to identify the factors affecting the occurrence of this 
failure, the basic events were ranked based on their effect in the failure of the top event using two indicators of BI and FIM. The results indicate the 
greater importance of socio-political and Environment criteria in the failure of inter-basin water transfer projects. 
 
Keywords: Central plateau basin of Iran, Fault tree analysis, Fuzzy fault tree analysis, Inter-basin water transfer. 
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Figure 1. Study area 
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Table 1. Basic events in the fault tree 

Type of failure Basic event No. Description 

Social 
BE1 Creating social challenges 

BE2  Creating political challenges 

Environment and water resources 

BE3 Uncertainty in water supply 

BE4 Negative impact and damage to water resources of the basins involved in the project 

BE5 Proximity to protected areas  

Technical 

BE6 Issues and problems related to the construction of the dam  

BE7 Difficulty in running and accessing 

BE8 Technical problems and defects of transmission systems 

Economic 
BE9 Lack of capital and financial resources 

BE10 Cost per cubic meter of water  
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Figure 2. Research flowchart 
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Figure 3. Structure of a simple fault tree 
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Figure 4. Linguistic expression of the probability of failure 
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Figure 5. α-section for a triangular fuzzy function 
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Figure 6. Inter-basin water transfer project’s fault tree 

  

Table 2. Probability of failure of basic events and top event and ranking of inter-basin water transfer scenarios based 

on calculated risk  
Scenario 

Probability of failure of basic events Risk of failure of inter-basin  

water transfer plan 
Rank  

1 2 3 4 5 6 7 8 9 10 

S1 0.5 0.25 0.25 0.5 0.5 0.25 0.5 0.75 0.25 0.07 0.9373 4 

S2 0.93 0.75 0.25 0.75 0.75 0.93 0.75 0.75 0.75 0.5 0.9997 8 

S3 0.75 0.5 0.25 0.25 0.25 0.5 0.25 0.25 0.75 0.5 0.9680 5 

S4 0.75 0.5 0.07 0.75 0.25 0.5 0.75 0.75 0.07 0.07 0.9844 6 

S5 0.93 0.75 0.07 0.5 0.5 0.75 0.75 0.75 0.25 0.25 0.9977 7 

S6 0.25 0.25 0.07 0.25 0.5 0.25 0.25 0.5 0.25 0.25 0.8218 3 

S7 0.25 0.07 0.07 0.25 0.5 0.25 0.25 0.5 0.07 0.07 0.7655 2 

S8 0.25 0.07 0.07 0.25 0.25 0.25 0.25 0.07 0.07 0.5 0.6494 1 
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Table 3. Ranking of basic events based on BI index 

 
Event 

Social failure Failure of environmental and water resources Technical failure Economic failure 

1 2 3 4 5 6 7 8 9 10 

S8 
BI 0.4674 0.3769 0.3769 0.4674 0.46742 0.0061 0.0061 0.022 0.1816 0.0254 

Rank 1 2 2 1 1 6 6 5 3 4 

S2 
BI 0.0034 0.0009 0.0003 0.0009 0.0009 0.00028 0.00035 0.00035 0.00019 0.00029 

Rank 1 2 4 2 2 6 3 3 7 5 

  
Table 4. Fuzzy risk of top event for all scenarios and ranking of inter-basin water transfer scenarios 

Scenario Fuzzy probability of top event failure Defuzzified probability of top event failure Rank  

S1 (0.7688,0.9373,0.9903) 0.9084 4 
S2 (0.9947,0.9997,0.9999) 0.9991 8 
S3 (0.8577,0.9680,0.9967) 0.9486 5 
S4 (0.9229,0.9844,0.9990) 0.9727 6 
S5 (0.9754,0.9977,0.9999) 0.9924 7 
S6 (0.5430,0.8218,0.9522) 0.7834 3 
S7 (0.4767,0.7655,0.9285) 0.7286 2 
S8 (0.3068,0.6494,0.8692) 0.6097 1 

  

 
Figure7. Fuzzy probablity of failure in the best scenario (S8) 

  
Table 5. Ranking of basic events based on FIM index 

  Event 
Social failure Social failure Failure of environmental and water resources Economic failure 

1 2 3 4 5 6 7 8 9 10 

S8 
FIM 7.479 6.140 6.140 7.479 7.479 0.0879 0.0879 2.632 0.2834 0.2976 
Rank  1 2 2 1 1 6 6 5 3 4 

S2 
FIM 0.1323 0.0566 0.0231 0.0566 0.0566 0.01317 0.0170 0.0170 0.0097 0.0169 

Rank  1 2 3 2 2 6 4 4 7 5 
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