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Uncertainty or Flexibility?

Pareto fronts of all formulations
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Research Objectives and Motivation

Long-term PhD research question:

Can we

Steps:

/long-term design

of the active elements?

1. Why “operational flexibility”?
2. Does this hold in other contexts?

3. How do we introduce operational flexibility in WDS planning?

1
2.
2
)

How sensitive are WDSs to operations?
How do we quantify operational flexibility?
How do we exploit operational flexibility?

Today's focus!



Case Study: Anytown*™
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T Constraints (Design requirements)
Meet demand and min. pressure at
Decision variables - instantaneouspeak-flow
- firef it s
DeSIgn Operatlons - average daily pattern ofa.{:o 23:00 04:00 09:00 14:00
New pipes Existing pipes New tanks Pumping station
- Diameter - Do nothing - Location - Schedule
- Clean - Volume

- Duplicate

*Full original formulation: Walski et al., 1087
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Pure design
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Two-phase looped
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Pagmo C BeMe Library C

@ NSGA-II

Population: 100

Generations: 26-30k
Oa Crossover: (0.9,15.0) (& EPANET 2.2 @
Mutation: (1/34.7.0) Hydraulic time step: 1 h
. : e : (x1ldq), - (x;|d;), -, (xae|dac), dag, -, d;i, -, d (t106|tv01) (t106|tv01)
o Design Decision Variables [{(x1ld1), -, (xild;}, -+, {x35|d35),d36,:-, d;, -+, dg1,(t7 |t1" ), {2 |t27)]
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 O] e
—10 Deb et al 2
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Pareto fronts of all formulations
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Integrated

« +180% at 10M
« +70% at 15M
Two-phase

* 150% at 10M

* 55% at 15M



Results- detail-

Pareto fronts of all formulations (Tanks detail)
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There is no clear
dependence on tanks for
the joint approaches.

The pure design needs the
tanks for high reliability!
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Pareto fronts of all formulations (Electricity detail)
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Pareto fronts of the pure design formulation (detail)
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Pareto fronts of the pure design formulation (detail)
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Pareto fronts of the pure design formulation (detail)

I o I
w S wn

Reliability Index [-]
o
N

® |ntegrated
Integrated (All)

M

10M
Cost [$]

15M

# pumps

195 ENVIRONMENTAL
:i03l) INTELLIGENCE LAB

More local optimum.
Big attractor at I, = 0.
Convergence issues.

How are operations
optimised?

m— |ntegrated

m= Ope. from Siew et al.

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

These optimised
operations don’t work!
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Pareto fronts of the pure design formulation (detail)
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Material and Contacts
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Source code (WIP)

Zenodo (results)

ll'&ﬁ

_"I:.-,.,.. .
J'. ren
e

KWR

fé;%}\ POLITECNICO

‘\,i :gJ} MILANO 1863

29 ENVIRONMENTAL
if2) INTELLIGENCE LAB

dennis.zanutto@kwrwater.nl



mailto:dennis.zanutto@kwrwater.nl

(EsU

KTWR
References f

4@%%\\ POLITECNICO

\%@; MILANO 1863
7
D (ase st ) Fpuey
« Walski, T.M.; Brill, E.D.; Gessler, J.; Goulter, 1.C.; Jeppson, R.M.; Lansey, K.; Lee, H.-L.; Liebman, ]J.C.; Mays, L.; Morgan, D.R.; e ttle

of the Network Models: Epilogue. 7. Water Resour. Plan. Manag. 1987, 113, 191-203, d0i: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:
« 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:10.1007/811269-016-1371-1.

EGU

© water futures

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




	Slide 1: On the impact of operational uncertainties on water distribution system design
	Slide 2: Uncertainty or Flexibility?
	Slide 3: On the impact of operational uncertainties on water distribution system design
	Slide 4: Research Objectives and Motivation
	Slide 5: Case Study: Anytown*
	Slide 6: Methodology
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Experimental Settings
	Slide 11: Results
	Slide 12: Results- detail- 
	Slide 13: Results- detail- 
	Slide 14: Results- detail- 
	Slide 15: Results- detail- 
	Slide 16: Results- detail- 
	Slide 17: Results- detail- 
	Slide 18: Results- detail- 
	Slide 19: Material and Contacts
	Slide 20: References

