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Abstract

The optimal design of water distribution system have started with the least cost design of single objective function using fixed
hydraulic variables, eg. fixed water demand and pipe roughness. However, more adequate design is accomplished with consid-
ering uncertainties laid on water distribution system such as uncertain future water demands, resulting in successful estimation of
real network's behaviors. So, many researchers have suggested a variety of approaches to consider uncertainties in water distri-
bution system using uncertainties quantification methods and the optimal design of multi-objective function is also studied. This
paper suggests the new approach of a multi-objective optimization seeking the minimum cost and maximum robustness of the net-
work based on two uncertain variables, nodal demands and pipe roughness uncertainties. Total design procedure consists of two
folds: least cost design and final optimal design under uncertainties. The uncertainties of demands and roughness are considered
with Latin Hypercube sampling technique with beta probability density functions and multi-objective genetic algorithms (MOGA)
is used for the optimization process. The suggested approach is tested in a case study of real network named the New York Tun-
nels and the applicability of new approach is checked. As the computation time passes, we can check that initial populations, one
solution of solutions of multi-objective genetic algorithm, spread to lower right section on the solution space and yield Pareto
Optimum solutions building Pareto Front.
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ppep | tenei | orsinal | D
(m) (m)
Pipe 1 3480 4.572 2.591 1.981
Pipe 2 5940 4.572 1.829 2.743
Pipe 3 2190 4.572 1.829 2.743
Pipe 4 2490 4.572 1.829 2.743
Pipe 5 2580 4.572 1.829 2.743
Pipe 6 5730 4.572 1.524 3.048
Pipe 7 2880 3.353 1.524 1.524
Pipe 8 3750 3.353 1.524 1.829
Pipe 9 2880 4.572 1.524 3.048
Pipe 10 3360 5.182 2.591 2.591
Pipe 11 4350 5.182 3.353 1.829
Pipe 12 3660 5.182 3.962 1.219
Pipe 13 7230 5.182 4.572 0.610
Pipe 14 6330 5.182 4.572 0.610
Pipe 15 4650 5.182 4.572 0.610
Pipe 16 7920 1.829 1.524 0.305
Pipe 17 9360 1.829 1.829 0
Pipe 18 7200 1.524 1.829 -0.305
Pipe 19 4320 1.524 1.829 -0.305
Pipe 20 11520 1.524 1.524 0
Pipe 21 7920 1.829 1.524 0.305
Total Cost (&) - 2.228x10" | 1.412x10" | 8.157x10"
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X 3. The Comparison between Diameters of the Best Robust
Solution ad Deterministic Solution

Pipe ID Leagt Cost quust Diameter
solution (m) Solution (m) Increase (m)
Pipe 1 2.591 3.962 1.372
Pipe 2 1.829 1.829 0
Pipe 3 1.829 3.353 1.524
Pipe 4 1.829 5.182 3.353
Pipe 5 1.829 1.524 -0.305
Pipe 6 1.524 1.524 0
Pipe 7 1.524 1.524 0
Pipe 8 1.524 1.524 0
Pipe 9 1.524 1.524 0
Pipe 10 2.591 2.591 0
Pipe 11 3.353 3.353 0
Pipe 12 3.962 3.962 0
Pipe 13 4.572 5.182 0.610
Pipe 14 4.572 4.572 0
Pipe 15 4.572 4.572 0
Pipe 16 1.524 1.524 0
Pipe 17 1.829 5.182 3.353
Pipe 18 1.829 3.962 2.134
Pipe 19 1.829 1.829 0
Pipe 20 1.524 1.524 0
Pipe 21 1.524 1.524 0
Total Cost ()| 1.412x10" 1.883x10"! 4.719x10"
Robustness () 1.744 17.939 16.195
o —
(_; Cheap and very weak solutions
J 0o
-4 -
?nT -8 — oo
g % - ¢ <
¥ g -12 — 8
< L] o
-16 — °
Expensive and very robust sol:?tions
-20 L L L
1.4x10" 1.5x10" 1.6x10" 1.7x10"" 1.8x10"" 1.9x10"

Cost (Won)

&l 6. The Robust Pareto Front (Dotted Line) and the Initial
Populations from Least Cost Design (Circled with
Red)
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