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Abstract 
In this study, optimal designs with minimum costs are obtained for various storm return periods. Then the risk analysis is used to determine 
the return period in which the design cost plus the damage risk cost is minimum. SWMM software was used to handle the simulation and the 
Network optimization was performed by using the genetic algorithm. The non-linear reservoir model to convert the rainfall into runoff and 
the dynamic wave model to perform the network hydraulic simulation in this software are utilized as a complicated simulation model. The 
results showed that the 10-year return-period storm in which the summation of the design and the damage risk costs are minimum is the one 
that should be selected. Also, the rational method of the software was applied as the simplest method of rainfall-runoff and the hydraulic 
calculations were performed using a Manning equation without considering the flow travel time. The results show that the return period of 
the risk analysis is the same as the first one whereas the total design costs are greater by 16 percent. Afterward, the classical rational method 
in which the flow travel time is considered was used to design the same network. The peak flows of the pipes were remarkably reduced, 
causing the design costs to be only 5 percent greater than the complicated precise method. It can be concluded that the simple classic rational 
method considering the flow travel time may be used in the design of storm sewer networks due to its acceptable accuracy and costs. 
 
Keywords: Complicated Method, Genetic Algorithm, Rational Method, SWMM Model. 
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Figure 1. Simulation-optimization model combination process 
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Figure 2. Benchmark storm sewer network (Mays & Wenzel, 1976) 
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Figure 3. Diagram of benchmark network optimization achievement 
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Table 1. Benchmark problem result comparison of the present study with those of others 

Researcher Optimization method Optimal cost (dollars) 
The optimal cost of the  

present study (dollars) 

Comparison with  

previous research 

Mays & Wenzel (1976) Differential discrete programming 265775 241763 -24012 
Miles & Heaney (1988) Differential discrete programming 245874 241763 -4111 

Afshar et al. (2006) genetic algorithm 244747 241763 -2984 

Afshar (2010) Ant colony 241496 241763 267 
Afshar (2008) PSO 242162 241763 -399 

Afshar & Rouhani (2012) Cellular machine 247412 241763 -5649 

Mousavi (2016) genetic algorithm 241956 241763 -193 
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Figure 4. Part of Zone 3 of Region 2 

  

 
Figure 5. The Layout of the storm sewer network of region 2 in Tehran city 
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Figure 6. Depth-damage percent curve of residential and commercial buildings provided by Jaf, 2015 
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Table 2. Optimal design results using the complicated method 

Return  

period 

(1) 

Frequency 
(2) 

Damage costs  

(MRial) 

(3) 

Annual damage  

risk cost (MRial) 

(4) 

Optimal Design  

cost (MRial) 

(5) 

Annual optimal  

design cost (MRial) 

(6) 

Total annual  

cost (MRial) 

(7) 

1 1 24993 40056 90000 7722 47778 
2 0.5 37801 24358 103910 8915 33273 
5 0.2 50534 11107 105200 9025 20132 
10 0.1 60318 5565 110000 9437 15002 
20 0.05 70516 2294 160000 13727 16021 
25 0.04 73686 1573 210000 18017 19590 
50 0.02 83633 0 300000 25739 25739 
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Table 3. Optimal design results using the rational method available in the SWMM model 

Return 
period 

(1) 

Frequency 
(2) 

Damage costs 
(MRial) 

(3) 

Annual damage risk 
cost (MRial) 

(4) 

Optimal Design 
cost (MRial) 

(5) 

Annual optimal design 
cost (MRial) 

(6) 

Total annual cost 
(MRial) 

(7) 

1 1 39989 64090 107100 9189 73279 
2 0.5 60481 238973 123650 10608 49581 
5 0.2 80375 17844 125190 10741 28585 

10 0.1 80509 9800 130900 11231 21031 
20 0.05 112826 4966 190400 16335 21302 
25 0.04 117897 3813 249900 21440 25254 
50 0.02 133813 0 357000 30629 30629 
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Figure 7. Graph of total cost comparison in complex method and simple method 
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Table 4. Results of the design by the classical rational method 

Pipe Length(m) Increment 
(ha) 

Cumulative 
area(ha) 

Tc 
(min) 

Tf(min) 
(29) 

Cumulative 
flow(m3/s) 

Pipe dam 
(mm) 

Velocity 
(m/s) 

Design cost 
(MRial) 

1 2 3 4 5 6 7 8 9 10 
p1 200 8.35 8.35 20 2.19 0.5 450 1.52 

115879 

p2 95 3.07 11.42 22.19 1.04 0.59 450 1.52 
p3 100 4.5 15.92 23.23 0.74 0.76 450 2.26 
p4 95 6.05 21.97 23.97 0.9 1.01 525 1.75 
p5 80 7.05 29.02 24.88 0.79 1.05 600 1.68 
p6 122 6.22 35.24 25.67 1.08 1.29 600 1.89 
p8 96 4.08 39.32 26.75 0.76 1.46 600 2.1 

p12 97 5.03 44.35 27.51 0.89 1.58 675 1.82 
p7 100 4.08 4.08 20 1.19 0.12 300 1.4 

p13 90 5.8 50.15 21.19 0.97 2.09 450 1.55 
p14 150 20.88 115.38 50.55 0.77 2.62 750 3.24 
p15 86 21 136.38 51.33 0.51 2.96 750 2.83 
p9 110 5.7 5.7 20 1.8 0.22 450 1.02 

p10 85 4.5 10.2 21.8 1.42 0.47 450 1 
p11 56 4 14.2 23.21 0.83 0.61 525 1.13 
p17 87 10.5 166.48 75.87 0.57 2.89 900 2.54 
p18 99 5.78 172.26 76.44 0.66 3.02 900 2.5 
p19 100 4.91 177.17 77.1 0.6 3.15 1050 2.78 
p20 102 5.54 182.71 77.7 0.61 3.3 1050 2.77 
p21 95 2.41 185.12 78.32 0.74 3.37 1200 2.14 
p16 86 3.77 3.77 20 1.59 0.23 450 0.9 
p23 52 5 8.77 21.59 0.96 0.5 450 0.9 
p24 46 2.06 10.83 22.56 0.68 0.55 450 1.12 
p25 52 2.05 12.88 23.24 0.96 0.6 450 0.9 
p22 63 6.51 227.88 103.26 0.33 3.67 1050 3.2 
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