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Development of Optimal Design Simulation Model for Least Cost Urban Sewer
System Considering Risk (II)
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Abstract

Urban Storm Sewer Optimal Design Model(USSOD) was developed to compute pipe capacity, pipe
slope, crown elevation, excavation depth, risk and return cost in the condition of design discharge.
Rational formula is adopted for design discharge and Manning's formula is used for pipe capacity.
Discrete differential dynamic programming(DDDP) technique which is a kind of dynamic programming
(DP) is used for optimization and first order second moment approximation method and uncertainty
analysis is also for developing model. USSOD is applied to hypothetical drainage basin to test and verify.
After testing the model, it is also applied to Ulsan drainage basin which was developed by Korea Land
Cooperation(KOLAND). Comparing the design results of USSOD with those of KOLAND, discharge
capacity 0.35 mg/sec, the crown elevation is 0.77m higher and return cost is 9% less than design results
of KOLAND, which verify the improvement of USSOD. Layout design model using GIS and optimization
including detention or retention effect are needed in the future study.

keywords @ urban sewer system, optimization, DDDP, return cost, USSOD
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Fig. 6. Storm drainage network of
Hwabong zone at Ulsan
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2 100.88 17.31 1.929 11.29
24 58.00 16.14 0.042 7.00
3 89.09 1951 1.343 10.66
21 136.96 17.71 0.539 9.69
4 112.46 22.38 1.252 10.03
22 90.00 17.93 0.423 8.43
5 74.19 24.27 1.073 9.61
23 100.00 1822 0.212 7.00
19 34.12 22.90 0.053 7.50
20 57.63 23.57 0.021 7.00
6 105.49 25.30 0.680 8.90
13 47.19 25.62 0.278 8.48
14 43.22 271.22 0.178 8.23
18 78.44 26.16 0.054 7.00
7 50.35 26.30 0.325 8.56
12 35.62 25.48 0.073 7.00
11 23.00 26.69 0.035 7.00
8 35.00 27.50 0.273 8.37
17 71.71 2743 0.550 7.00
15 71.62 30.02 0.116 7.57
9 98.81 27.50 0.221 7.80
16 70.00 30.94 0.069 7.00
10 95.19 34.43 0.092 7.00
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0.092

Table 2. Practical design result of Hwabong zone at Uisan

0.315

1 0.01219 0.45 33.40 32.24 3.4190 2763952
2 9=8 0.221 0.468 0.02700 0.45 32.24 2647 2.2784 10 2898099
3 8=7 0.273 0.468 0.02700 0.45 2647 24.82 1.8342 <107 1016265
4 11=7 0.035 0.371 0.01696 0.45 25.66 25.27 9.8501 107 667831
5 =6 0.325 0.402 0.01986 0.45 25.27 24.27 1.2451 0.0028 1461970
6 12=6 0.073 0.203 0.00505 0.45 2445 24.27 2.5780 10° 1034268
7 6=5 0.680 0.700 0.01299 0.60 24.27 22.90 1.0150 0.0439 5546693
3 16=15 0.069 0.327 0.01314 0.45 29.91 28.99 4.3988 <107° 2032631
9 15=14 0.116 0.468 0.02700 0.45 28.99 26.19 4.2407 10°® 2079569
10 | 17=14 0.055 0.154 0.00290 0.45 26.40 26.19 2.6049 {107 2082183
11 | 14=13 0.178 0.468 0.02700 0.45 26.19 24.59 2.9355 <107 1254942
12 | 18=13 0.054 0.237 0.00688 0.45 2513 2459 4.0679 107° 2277596
13 13=5 0.278 0.468 0.02702 0.45 24.59 22.90 1.7381 107 1446692
14 5=4 1.073 1.478 0.01250 0.70 22.90 21.32 1.1679 0.0088 | 5983395
15 | 20=19 0.021 0.307 0.01163 0.45 2254 21.87 13.59 10°® 1673353
16 19=4 0.053 0.224 0.00618 0.45 2187 21.35 4.0618 107° 2442521
17 4=3 1.252 1.490 0.01270 0.80 31.32 1845 1.0175 0.0432 9069857
18 =2 1.343 1.490 001270 0.80 1845 16.25 1.2215 0.0041 7185075
19 | 23=22 0.212 0.331 0.00290 0.50 17.17 16.88 1.0373 0.0368 4013520
20 | 22=21 0.423 0.458 0.00240 0.70 16.88 16.66 1.0078 0.0464 | 5805081
21 21=2 0.539 0.715 0.00290 0.80 16.66 16.25 1.0141 0.0444 N45773
22 =1 1.929 2.275 0.00900 1.0 16.25 13.69 1.0181 0.0430 12152187
23 24=1 0.042 0.326 0.01612 0.45 15.11 13.74 8.002 {107 2468073

Table 3. Result of USSOD model of Hwabong zone at Ulsan

1 10=9 0.092 0.2922 0.01218 0.45 3343 32.27 3.4293 <107 2750324
2 9=8 0.2087 0.4755 0.03226 0.45 29.72 26.50 2.1176 a0 2883810
3 8=7 0.2558 0.4693 0.03142 0.45 2640 25.30 1.7142 107 1011255
4 11=7 0.035 0.3447 0.01695 0.45 25.69 25.30 10.601 ae” 664539
5 =6 0.2996 0.3731 0.01986 0.45 25.30 24.30 1.239%6 0.00329 | 1458941
6 12=6 0.073 0.1882 0.00500 0.45 2448 24.30 2.7809 SON 1029168
7 6=5 0.6304 0.6402 0.01260 0.60 24.30 22.97 1.0294 0.03939 | 5751314
8 16=15 0.069 0.3035 0.01314 0.45 29.94 29.02 4.7391 ao® 2022510
9 15=14 0.1118 0.4744 0.03211 0.45 2852 26.22 4.0344 107 | 2069316
10 17=14 0.055 0.1432 0.00290 0.45 2643 26.22 2.8000 {107 2071917
11 14=13 0.1623 0.4765 0.03239 0.45 26.02 24.62 2.6292 10°® 1248755
12 18=>13 0.054 0.2196 0.00680 0.45 25.16 24.62 4.3888 107 2266366
13 13=5 0.2576 0.4478 0.02860 0.45 24.62 23.27 1.6834 <107° 1363460
14 5=4 0.9710 1.1341 0.01738 0.70 22.67 21.38 1.3774 0.0003 | 4808318
15 20=19 0.021 0.2854 0.01160 0.45 22.57 21.90 14.6104 107 1665103
16 19=4 0.0512 0.2081 0.00610 0.45 21.98 21.38 4.2264 {10° | 2430479
17 4=3 1.1328 1.1526 0.01790 0.70 20.53 18.51 1.1900 0.00657 | 7537069
18 3=2 1.2142 1.4833 0.01450 0.80 17.61 16.31 1.1094 0.01816 | 7186355
19 23=22 0.212 0.2199 0.00690 0.45 17.22 16.53 1.5613 {10 | 3193500
20 22=21 0.3983 0.4015 0.02300 0.45 16.53 14.16 1.0827 0.02417 | 3731310
21 21=>2 0.5124 0.5196 0.00360 0.70 14.16 13.96 1.3265 0.0007 1093266
22 =1 1.6765 1.7068 0.01030 0.90 13.96 12.92 1.1793 0.0076 1079789
23 24=1 0.042 0.3361 0.01610 0.45 15.14 13.77 8.6190 ao” 2455905
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