
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-4019-5 
 

XVIII International Conference on 
Water Distribution Systems 
(WDSA 2016) 
 

Cartagena, Columbia 
24 - 28 July 2016 

 

Editor: 
 
Juan Saldarriaga 
 
 

 

 

Procedia Engineering Volume 186 

 
 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© by Elsevier B.V. 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2017) 
  
For permission requests, please contact Elsevier B.V. 
at the address below. 
  
Elsevier B.V. 
Radarweg 29 
Amsterdam 1043 NX 
The Netherlands 
 
 
Phone:  +31 20 485 3911 
Fax:  +31 20 485 2457 
 
http://www.elsevierpublishingsolutions.com/contact.asp 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 
 

PREFACE .............................................................................................................................................................................. 1
Juan Saldarriaga, Jessica Bohorquez 

 

WATER DISTRIBUTION AND DRAINAGE SYSTEMS OF ABURRÁ VALLEY, COLOMBIA – 
EMPRESAS PÚBLICAS DE MEDELLÍN E.S.P. .............................................................................................................. 4

María Patricia Salazar Giraldo 
 

BARRANQUILLA'S WATER DISTRIBUTION SYSTEM: A FIRST DETAILED DESCRIPTION ........................ 12
José Angulo 

 

WATER DISTRIBUTION SYSTEM OF SANTA MARTA CITY, COLOMBIA......................................................... 20
Luis Londoño, Johana Segrera, Margarita Jaramillo 

 

CARTAGENA'S WATER DISTRIBUTION SYSTEM ................................................................................................... 28
Fredy Angulo, Elsa Urueta, Gustavo Valverde, Obert Paternina 

 

MANIZALES’ WATER DISTRIBUTION SYSTEM –AGUAS DE MANIZALES S.A. E.S.P. ................................... 36
Mateo Jaramillo Echeverri 

 

STRESS MITIGATION AND EXECUTION OF CIVIL AND MECHANICAL WORKS TO 
ACHIEVE THE DEFINITIVE ALIGNMENT OF ADDUCTION PIPES OF AYURÁ WTP, PART 
OF THE WATER DISTRIBUTION SYSTEM OF ABURRÁ VALLEY ....................................................................... 44

Johnny Andrés Bedoya Muñoz, Jorge Eduardo Guerra Londoño, Fernando Cálad Chica 
 

WATER QUALITY MODELING CONSIDERING INCOMPLETE MIXING IN EXTENDED 
PERIODS ............................................................................................................................................................................. 54

Nicolas Paez, Juan Saldarriaga, Jessica Bohorquez 
 

DYNAMIC PROGRAMMING OVER A GRAPH MODELING FRAMEWORK FOR THE 
OPTIMAL DESIGN OF PIPE SERIES IN SEWER SYSTEMS .................................................................................... 61

Natalia Duque, Daniel Duque, Juan Saldarriaga 
 

CRITERIA OF MINIMUM SHEAR STRESS VS. MINIMUM VELOCITY FOR SELF-CLEANING 
SEWER PIPES DESIGN .................................................................................................................................................... 69

Carlos Montes, Jessica Bohorquez, Sergio Borda, Juan Saldarriaga 
 

SERIOUS GAME APPROACH TO WATER DISTRIBUTION SYSTEM DESIGN AND 
REHABILITATION PROBLEMS .................................................................................................................................... 76

Mark S. Morley, Mehdi Khoury, Dragan A. Savic 
 

CHARACTERIZATION OF MODULAR DEPOSITS FOR URBAN DRAINAGE NETWORKS 
USING CFD TECHNIQUES .............................................................................................................................................. 84

H. Sánchez-Beltrán, C. D. Montes Rodríguez, J. C. Barrera Triviño, P. L. Iglesias-Rey, J. Saldarriaga 
Valderrama, F. J. Martínez-Solano 

 

ENERGY OPTIMIZATION OF SUPPLIED FLOWS FROM MULTIPLE PUMPING STATIONS 
IN WATER DISTRIBUTIONS NETWORKS .................................................................................................................. 93

C. F. León Celi, P. L. Iglesias-Rey, F. J. Martínez Solano 
 

SMART SOLUTION TO IMPROVE WATER-ENERGY NEXUS FOR WATER SUPPLY 
SYSTEMS .......................................................................................................................................................................... 101

Jorge Helmbrecht, Jordi Pastor, Carolina Moya 
 

PREDICTING THE HEAD-AREA SLOPES OF CIRCULAR HOLES IN WATER PIPES..................................... 110
Rene Nsanzubuhoro, Jakobus E. Van Zyl, Alphose Zingoni 

 

PIPE FAILURE PREDICTION IN WATER DISTRIBUTION SYSTEMS CONSIDERING STATIC 
AND DYNAMIC FACTORS ............................................................................................................................................ 117

Raziyeh Farmani, Konstantinos Kakoudakis, Kourosh Behzadian, David Butler 
 

MODELLING BACTERIAL BIOMASS IN A NON-CHLORINATED DRINKING WATER 
DISTRIBUTION SYSTEM .............................................................................................................................................. 127

Monique Albert, Wim Hijnen, Jojanneke Van Vossen, Mirjam Blokker 
 

A NEW NON-ITERATIVE METHOD FOR PRESSURE-DRIVEN SNAPSHOT SIMULATIONS 
WITH EPANET................................................................................................................................................................. 135

E. Pacchin, S. Alvisi, M. Franchini 
 

GENERATION AND VALIDATION OF SYNTHETIC WDS CASE STUDIES USING GRAPH 
THEORY AND RELIABILITY INDEXES .................................................................................................................... 143

D. Paez, Y. Filion 
 

SPECTRAL CLUSTERING AND GENETIC ALGORITHM FOR DESIGN OF DISTRICT 
METERED AREAS IN WATER DISTRIBUTION SYSTEMS.................................................................................... 152

Rui Han, Jun Liu 
 



INCORPORATING OPERATIONAL UNCERTAINTY IN EARLY WARNING SYSTEM DESIGN 
OPTIMIZATION FOR WATER DISTRIBUTION SYSTEM SECURITY ................................................................ 160

Nathan Sankary, Avi Ostfeld 
 

A TWO-STAGE CALIBRATION FOR DETECTION OF LEAKAGE HOTSPOTS IN A REAL 
WATER DISTRIBUTION NETWORK.......................................................................................................................... 168

Sophocles Sophocleous, Dragan A. Savic, Zoran Kapelan, Orazio Giustolisi 
 

PARAMETER ESTIMATION OF SEASONAL ARIMA MODELS FOR WATER DEMAND 
FORECASTING USING THE HARMONY SEARCH ALGORITHM ....................................................................... 177

Paulo José Oliveira, Jorge Luiz Steffen, Peter Cheung 
 

PREDICTING THE FORMATION OF HALOACETONITRILES AND HALOACETAMIDES BY 
SIMULATED DISTRIBUTION SYSTEM TESTS ........................................................................................................ 186

Chrysoula Sfynia, Tom Bond, Nafsika Ganidi, Rakesh Kanda, Michael R. Templeton 
 

DEMAND ESTIMATION IN WATER DISTRIBUTION SYSTEMS: SOLVING 
UNDERDETERMINED PROBLEMS USING GENETIC ALGORITHMS ............................................................... 193

Nhu Do, Angus Simpson, Jochen Deuerlein, Olivier Piller 
 

FORMULATION OF THE PUMP OPERATIONS OPTIMIZATION PROBLEM FOR A 
HARVESTED STORMWATER SYSTEM..................................................................................................................... 202

Lisa J. Blinco, Angus R. Simpson, Martin F. Lambert, Angela Marchi 
 

PUMP OPERATION OPTIMIZATION USING RULE-BASED CONTROLS .......................................................... 210
Angela Marchi, Angus R. Simpson, Martin F. Lambert 

 

A RESPONSE METHODOLOGY FOR REDUCING IMPACTS OF FAILURE EVENTS IN 
WATER DISTRIBUTION NETWORKS........................................................................................................................ 218

Zoran Kapelan, Dragan Savic, Herman Mahmoud 
 

SAFE TRANSIENTS FOR PIPE SURVEY IN A REAL TRANSMISSION MAIN BY MEANS OF A 
PORTABLE DEVICE: THE CASE STUDY OF THE TRENTO (I) SUPPLY SYSTEM .......................................... 228

Silvia Meniconi, Bruno Brunone, Matteo Frisinghelli, Elisa Mazzetti, Maurizio Larentis, Chiara Costisella 
 

STATISTICAL PROCESS CONTROL BASED SYSTEM FOR APPROXIMATE LOCATION OF 
PIPE BURSTS AND LEAKS IN WATER DISTRIBUTION SYSTEMS..................................................................... 236

Michele Romano, Kevin Woodward, Zoran Kapelan 
 

NETWORK SECTORISATION THROUGH AGGREGATION OF STRONG CONNECTED 
COMPONENTS................................................................................................................................................................. 244

Željko Vasilic, Miloš Stanic, Dušan Prodanovic, Zoran Kapelan 
 

SENSITIVITY ANALYSIS OF TOPOLOGICAL SUBGRAPHS WITHIN WATER DISTRIBUTION 
SYSTEMS .......................................................................................................................................................................... 252

Jochen Deuerlein, Olivier Piller, Sylvan Elhay, Angus Simpson 
 

OPTIMIZED DEEP LEARNING FRAMEWORK FOR WATER DISTRIBUTION DATA-DRIVEN 
MODELING ...................................................................................................................................................................... 261

Zheng Yi Wu, Atiqur Rahman 
 

ANALYSIS MODEL OF PHYSICAL LEAKAGE FLOW BASED ON BLIND SOURCE 
SEPARATION THEORY ................................................................................................................................................. 269

Jinliang Gao, Fang Yao, Yongpeng Xu, Guosheng Sun, Chengzhi Zheng, Shihua Qi, Fuyi Cui 
 

PMA PARTITION METHOD OF WATER DISTRIBUTION NETWORK COMBINED WITH 
GRAGH THEORY ............................................................................................................................................................ 278

Jinliang Gao, Fang Yao, Yongpeng Xu, Guosheng Sun, Chengzhi Zheng, Shihua Qi, Fuyi Cui 
 

EXACT SKELETONIZATION METHOD IN WATER DISTRIBUTION SYSTEMS FOR 
HYDRAULIC AND QUALITY MODELS ..................................................................................................................... 286

F. Javier Martínez-Solano, Pedro L. Iglesias-Rey, Daniel Mora-Meliá, Vicente S. Fuertes-Miquel 
 

STRATEGIES TO IMPROVE THE ENERGY EFFICIENCY OF PRESSURIZED WATER 
SYSTEMS .......................................................................................................................................................................... 294

Enrique Cabrera, Elena Gómez, Vicent Espert, Enrique Cabrera Jr 
 

A TOOLKIT FOR WATER DISTRIBUTION SYSTEMS’ SIMULATION USING THE LOOP 
METHOD AND HIGH PERFORMANCE COMPUTING ........................................................................................... 303

Fernando Alvarruiz, Fernando Martínez Alzamora, Antonio M. Vidal 
 

EXPERIMENTAL INVESTIGATION INTO THE INFLUENCE OF BACKFILL TYPES ON THE 
VIBRO-ACOUSTIC CHARACTERISTICS OF LEAKS IN MDPE PIPE.................................................................. 311

Joseph D. Butterfield, Richard P. Collins, Anton Krynkin, Stephen B. M. Beck 
 

MINIMIZING EXCESS PRESSURES BY OPTIMAL VALVE LOCATION AND OPENING 
DETERMINATION IN WATER DISTRIBUTION NETWORKS............................................................................... 319

Gençer Gençoglu, Nuri Merzi 
 

WATER SUPPLY OPERATION AND SCHEDULING SYSTEM WITH ELECTRIC POWER 
DEMAND RESPONSE FUNCTION ............................................................................................................................... 327

Shinsuke Takahashi, Hiroshi Koibuchi, Shingo Adachi 
 



CORRELATION OF ARSENIC AND FLUORIDE IN THE GROUNDWATER FOR HUMAN 
CONSUMPTION IN A SEMIARID REGION OF MEXICO ....................................................................................... 333

O. Navarro, J. González, H. E. Júnez-Ferreira, C-Fa. Bautista, A. Cardona 
 

POPULATION SIZE INFLUENCE ON THE EFFICIENCY OF EVOLUTIONARY ALGORITHMS 
TO DESIGN WATER NETWORKS............................................................................................................................... 341

Daniel Mora-Melià, F. Javier Martínez-Solano, Pedro L. Iglesias-Rey, Jimmy H. Gutiérrez-Bahamondes 
 

A SYSTEM FOR OPTIMAL DESIGN OF PRESSURE CONSTRAINED BRANCHED PIPED 
WATER NETWORKS...................................................................................................................................................... 349

N. Hooda, O. Damani 
 

JOINT CONSIDERATION OF LAYOUT AND PIPE SIZES FOR WATER DISTRIBUTION 
NETWORK DESIGN WITH RELIABILITY ................................................................................................................ 357

Rajesh Gupta, Shweta Rathi 
 

VERIFYING PRESSURE DEPENDENT DEMAND MODELING ............................................................................. 364
Tom Walski, Devin Blakley, Matthew Evans, Brian Whitman 

 

CAN THERE BE A LAW OF CONSERVATION OF TURBIDITY ........................................................................... 372
Tom Walski, Kendric Minnich, Corbin Sherman, Lee Strause, Brian Whitman 

 

A WATER DISTRIBUTION SYSTEM MODEL TO SIMULATE CRITICAL SCENARIOS BY 
CONSIDERING BOTH LEAKAGE AND PRESSURE DEPENDENT DEMANDS .................................................. 380

María Pilar Conejos, Fernando Martínez Alzamora, Joan Carles Alonso 
 

ANALYTICAL SOLUTION OF JACOBIAN MATRICES OF WDS MODELS........................................................ 388
Liu Nian-Dong, Du Kun, Tu Jia-Peng, Dong Wei-Xin 

 

SIMULTANEOUS CALIBRATION OF LEAKAGES, DEMANDS AND LOSSES FROM 
MEASUREMENTS. APPLICATION TO THE GUAYAQUIL NETWORK (ECUADOR) ...................................... 397

F. Javier Martínez-Solano, Pedro L. Iglesias-Rey, Stephenson X. Molina Arce 
 

OPTIMAL PLACEMENT OF PRESSURE SENSORS IN WATER DISTRIBUTION SYSTEM 
BASED ON CLUSTERING ANALYSIS OF PRESSURE SENSITIVE MATRIX ..................................................... 405

Li Cheng, Du Kun, Tu Jia-Peng, Dong Wei-Xin 
 

REDUNDANCY FEATURES OF WATER DISTRIBUTION SYSTEMS................................................................... 412
A. Di Nardo, M. Di Natale, C. Giudicianni, D. Musmarra, J. M. Rodriguez Varela, G. F. Santonastaso, A. Simone, 
V. Tzatchkov 

 

GROUNDWATER SUPPLY AND CLIMATE CHANGE MANAGEMENT BY MEANS OF 
GLOBAL ATMOSPHERIC DATASETS. PRELIMINARY RESULTS...................................................................... 420

Paolina B. Cerlini, Silvia Meniconi, Bruno Brunone 
 

EMERGENCY MANAGEMENT OF WATER DISTRIBUTION SYSTEMS: THE NODAL 
DEMAND CONTROL ...................................................................................................................................................... 428

A. Fiorini Morosini, O. Caruso, F. Costanzo, D. Savic 
 

PUMP SCHEDULING FOR A LARGE WATER DISTRIBUTION NETWORK. MILAN, ITALY........................ 436
Mario Castro-Gama, Quan Pan, Emilio Attilio Lanfranchi, Andreja Jonoski, Dimitri P. Solomatine 

 

LEAKAGE LOCALIZATION WITH DIFFERENTIAL EVOLUTION: A CLOSER LOOK ON 
DISTANCE METRICS ..................................................................................................................................................... 444

D. B. Steffelbauer, M. Günther, D. Fuchs-Hanusch 
 

A SHAZAM-LIKE HOUSEHOLD WATER LEAKAGE DETECTION METHOD.................................................. 452
Solomon Seyoum, Leonardo Alfonso, Schalk Jan Van Andel, Wouter Koole, Ad Groenewegen, Nick Van De Giesen 

 

SAMPLING DESIGN FOR LEAK DETECTION IN WATER DISTRIBUTION NETWORKS.............................. 460
Maria Mercedes Gamboa-Medina, Luisa Fernanda Ribeiro Reis 

 

WATER AGE CLUSTERING FOR WATER DISTRIBUTION SYSTEMS .............................................................. 470
Elad Salomons, Avi Ostfeld 

 

EXPLORING THE USE OF OPERATIONAL INTERVENTIONS IN WATER DISTRIBUTION 
SYSTEMS TO REDUCE THE FORMATION OF TTHMS ......................................................................................... 475

Claudia Quintiliani, Leonardo Alfonso, Cristiana Di Cristo, Angelo Leopardi, Giovanni De Marinis 
 

THE OVERALL PULSE MODEL FOR WATER DEMAND OF AGGREGATED RESIDENTIAL 
USERS ................................................................................................................................................................................ 483

F. Di Palma, R. Gargano, F. Granata, R. Greco 
 

HYBRID OPTIMIZATION METHOD FOR STRATEGIC CONTROL OF WATER 
WITHDRAWAL FROM WATER RESERVOIR WITH USING SUPPORT VECTOR MACHINES..................... 491

Pavel Mensik, Daniel Marton 
 

REAL-WORLD COMPARISON OF SENSOR PLACEMENT ALGORITHMS FOR LEAKAGE 
LOCALIZATION.............................................................................................................................................................. 499

Daniela Fuchs-Hanusch, David Steffelbauer 
 

DATA ASSIMILATION IN WATER DISTRIBUTION SYSTEMS ............................................................................ 506
Cristiana Bragalli, Matteo Fortini, Ezio Todini 

 



RISK ASSESSMENT OF WATER DISTRIBUTION SERVICE ................................................................................. 514
Rafet Ataoui, Ruggero Ermini 

 

AQUALIBRIUM COMPETITION: LABORATORY DATA AND EPANET SIMULATIONS ............................... 522
Silvia Meniconi, Bruno Brunone, Kobus Van Zyl, Elisa Mazzetti 

 

HYBRID OPTIMIZATION PROPOSAL FOR THE DESIGN OF COLLECTIVE ON-ROTATION 
OPERATING IRRIGATION NETWORKS ................................................................................................................... 530

C. Mireya Lapo, Rafael Pérez-García, Joaquín Izquierdo, David Ayala-Cabrera 
 

SUPPORT VECTOR MACHINES IN URBAN WATER DEMAND FORECASTING USING PHASE 
SPACE RECONSTRUCTION ......................................................................................................................................... 537

Sina Shabani, Peyman Yousefi, Gholamreza Naser 
 

GENE EXPRESSION PROGRAMING IN LONG TERM WATER DEMAND FORECASTS USING 
WAVELET DECOMPOSITION ..................................................................................................................................... 544

Peyman Yousefi, Sina Shabani, Hadi Mohammadi, Gholamreza Naser 
 

FEASIBILITY OF MASS BALANCE APPROACH TO WATER DISTRIBUTION NETWORK 
MODEL CALIBRATION................................................................................................................................................. 551

Luigi Berardi, Antonietta Simone, Daniele Laucelli, Orazio Giustolisi 
 

A PROPOSAL OF OPTIMAL SAMPLING DESIGN USING INFRASTRUCTURE MODULARITY................... 559
Antonietta Simone, Luigi Berardi, Daniele Laucelli, Orazio Giustolisi 

 

RANKING ALTERNATIVES FOR THE FLEXIBLE PHASED DESIGN OF WATER 
DISTRIBUTION NETWORKS ....................................................................................................................................... 567

João Marques, Maria Cunha, Dragan Savic 
 

NETWORK ANALYSIS, CONTROL VALVE PLACEMENT AND OPTIMAL CONTROL OF 
FLOW VELOCITY FOR SELF-CLEANING WATER DISTRIBUTION SYSTEMS .............................................. 576

E. Abraham, E. J. M. Blokker, I. Stoianov 
 

EXTENDING THE ENVELOPE OF DEMAND RESPONSE PROVISION THOUGH VARIABLE 
SPEED PUMPS.................................................................................................................................................................. 584

R. Menke, E. Abraham, P. Parpas, I. Stoianov 
 

STATE ESTIMATION FOR WATER DISTRIBUTION NETWORKS IN THE PRESENCE OF 
CONTROL DEVICES WITH SWITCHING BEHAVIOR ........................................................................................... 592

Francesco Fusco, Ernesto Arandia 
 

SLUG FLOW SIMULATION, A WAY TO IMPROVE AIR SCOURING OF WATER MAINS? ........................... 601
Florent Pourcel, Ivar Eskerud Smith, Sophie Duchesne 

 

INTEGRATING WATER, WASTE, ENERGY, TRANSPORT AND ICT ASPECTS INTO THE 
SMART CITY CONCEPT ............................................................................................................................................... 609

Anna Strzelecka, Bogumil Ulanicki, Stef Koop, Laurence Koetsier, Kees Van Leeuwen, Richard Elelman 
 

PSEUDO-GENETIC MODEL OPTIMIZATION FOR REHABILITATION OF URBAN STORM-
WATER DRAINAGE NETWORKS ............................................................................................................................... 617

Pedro L. Iglesias-Rey, F. Javier Martínez-Solano, Juan G. Saldarriaga, Vicente R. Navarro-Planas 
 

EXTENDING EPANET CAPABILITIES WITH ADD-IN TOOLS............................................................................. 626
P. L. Iglesias-Rey, F. J. Martínez-Solano, J. V. Ribelles-Aquilar 

 

HYDRAULIC MODELLING FOR PRESSURE REDUCING VALVE CONTROLLER DESIGN 
ADDRESSING DISTURBANCE REJECTION AND STABILITY PROPERTIES ................................................... 635

Tomasz Janus, Bogumil Ulanicki 
 

WATER DISTRIBUTION SYSTEM OF BOGOTÁ CITY AND ITS SURROUNDING AREA, 
EMPRESA DE ACUEDUCTO Y ALCANTARILLADO DE BOGOTÁ – EAB E.S.P. .............................................. 643

Mauricio Jiménez Aldana, Fabian Santana López 
 

INTEGRAL NETWORK MANAGEMENT: A CASE STUDY OF BOGOTÁ AND THE EMPRESA 
DE ACUEDUCTO, ALCANTARILLADO Y ASEO DE BOGOTÁ, EAB ESP .......................................................... 654

Mauricio Jiménez Aldana 
 

Author Index 


