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The operational flexibility of a WDS is

the ability of a system to to cope
with a changing environment
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We want to design operationally flexible systems
because we believe

they are going to provide more freedom and performance
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Case Study: Anytown*™
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Integrated

Two-phase looped
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Integrated
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Two-phase looped
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Experimental Settings ez

Pagmo C BeMe Library C
NSGA-II
Population: 100
Generations: 26-30k
Crossover: (0.9,15.0) (& EPANET 2.2 @
Mutation: (1/34.7.0) Hydraulic time step: 1 h

Design Decision Variables [{x1ld1), -, {x;ldy), -, {x35|d35) , d36, -, d, '",d41,(tl1°c|t’1"’l),v( Loc|gyol)]

Existing pipes: (action|diameter) New pipes: diameter ~ New tanks: (location’|volume)

Control Decision Variables [zq,-:+, 2+, Z24]

Implementation:  Zanutto, 2024

Pump station: # active pumps at each hour Oh% S
0 Deb et al., 2002

Biscani and [220. 2020 9
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Joint approaches allow for more performance

Pareto fronts of all formulations
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Where does the performance come from?
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Improved performance is not because of tanks...

Pareto fronts of all formulations (Tanks detail)
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Only the pure design
solutions need two tanks
for high reliability!



It's not how much you spend either... @

Pareto fronts of all formulations (Electricity detail)
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It's about how you spend!

3 e The opt algo exploits the
—— Ope fromSiewetal problem by {inding a very
g specialized pattern.
Unfortunately, this pattern
D?]:DG 05:00 10:00 15:00 20:00 iS unfeaSible-

Time of the day
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The additional performances of the joint approaches
come from the way the system is operated, but this is a
consequence of how the optimization algorithm
exploits the problem.

So, we need to rethink the problem formulation more deeply
and challenge all assumptions made for design-only problems.
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Conclusions

- Joint approaches improve over design-only optimization

- Operations can strongly affect the design optimization
process

- The additional degree of freedom from operations is
powertful, but it needs careful consideration
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operation
Pareto fronts of all formulations
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The opt algorithm can exploit
the EPANET hydraulic timestep
and even differences between
the hydraulic and reporting
timestep.
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Material and Contacts

dennis.zanutto@kwrwater.nl
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Source code (wip)
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Zenodo (results)

3¢ T
ol
5 A

i ,.P-&-

l'.r ry

N

WDSA CC%’I 2634
1¢

This project has received funding from the European Research Council (ERC) under the ERC Synergy Grant Water-Futures (Grant agreement N0.951424).


mailto:dennis.zanutto@kwrwater.nl

KWR

References

!/ﬂ&%\ POLITECNICO

e s
\i ﬁ MILANO 1863

Case study: 958 ENVIRONMENTAL

“§t) INTELLIGENCE LAB

Walski, T.M.; Brill, E.D.; Gessler, J.; Goulter, I.C.; Jeppson, R.M.; Lansey, K.; Lee, H.-L.; Liecbman, J.C.; Mays, L.; Morgan,
D.R.; et al. Battle of the Network Models: Epilogue. 7. Water Resour. Plan. Manag. 1987, 113, 191-203,
doi:10.1061/(ASCE)0733-9496(1987)113:2(191).

Todini, E. Looped Water Distribution Networks Design Using a Resilience Index Based Heuristic Approach. Urban Water
2000, 2, 115-122, d0i:10.1016/S1462-0758(00)00049-2.

Coding:

Rossman, L.A. (2000) EPANET 2.0 User Manual. Water Supply and Water Resources Division, National Risk management
Laboratory, USEPA, Cincinnati, OH.

K. Deb, A. Pratap, S. Agarwal and T. Meyarivan, "A fast and elitist multiobjective genetic algorithm: NSGA-II," in IEEE
Transactions on Evolutionary Computation, vol. 6, no. 2, pp. 182-197, April 2002, doi: 10.1109/4235.996017.

Biscani et al., (2020). A parallel global multiobjective framework for optimization: pagmo. Journal of Open Source
Software, 5(53), 2338, https://doi.org/10.21105/j0ss.02338

Other:

© water futures

Siew, C.; Tanyimboh, T.T.; Seyoum, A.G. Penalty-Free Multi-Objective Evolutionary Approach to Optimization of
Anytown Water Distribution Network. Water Resour Manage 2016, 30, 3671-3688, d0i:10.1007/511269-016-1371-1.

N

WDSA CCWI 3sz3

5
" This project has received funding from the European Research Council (ERC) under the ERC Synergy Grant Water-Futures (Grant agreement N0.951424). 20




Results- pure design detail-

Pareto fronts of the pure design formulation (detail)
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These are pretty
standard results.



Results- integrated detail- R

Pareto fronts of the pure design formulation (detail)
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More local optimum.
Big attractor at I, = 0.
Convergence issues.
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Results- 2ph looped detail-

Pareto fronts of the pure design formulation (detail)
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