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INTRODUCTION

New model to study the advective–diffusive–dispersive transport

equation in dynamic flow conditions

Comparison of the EPANET-DD model to the EPANET and AZRED 

models

Need to use suitable models to simulate water quality within distribution 

networks.

Simplified advective models such as EPANET are used to model water 

quality, but this they can not always used due to the dispersion-diffusion 

phenomena that are intrinsic to transport processes.
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Dispersion coefficients are different backward
and forward with respect to flow direction
(Romero-Gomez and Choi, 2011):

EPANET model is based on Advection Equation 
(Rossman, 1993):

In low velocity flows, dispersion may have an 
impact on solute concentrations (Axworthy and 
Karney, 1996):
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MATERIALS AND METHODS



Laboratory experiments 
on Tracer dispersion

Advection – Dispersion –
Diffusion model 
calibration

Sensor optimal
positioning

Advection model 
application (only 
hydraulic calibration)

Sensor optimal
positioning

Laboratory verification 
of sensors 
performance
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MATERIALS AND METHODS



Quality analysis: Classical Random Walk MethodHydraulic analysis: EPANET-Matlab-Toolikt solving 

Gradient Method 

MATERIALS AND METHODS



Environmental Hydraulic 
Laboratory 

University of Enna, KORE

HDPE pipelines
DN 63 mm
Thickness 5.8 mm
Pipe length 45 m
Scale 1:1 

CASE STUDY
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s • 1 flow 

meter in 
the inlet 
pipe

• 6 flow 
meters in 
the 
internal 
pipes

• Accuracy 
of 0.1%
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ls • 8 piezo-

resistive 
pressure 
transducer 
in all the 
internal 
nodes

• Range 0-6 
bar

• Accuracy
of 0.1%
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s • 8 new 
water 
meters in 
all the 
internal 
nodes

• 1 is 
located in 
the node 
connected 
with the 
roof tank
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s • Each 

internal 
node is 
provided 
by a FCV
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EXPERIMENTAL SETUP: UKE NETWORK
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• Wi-Fi real-time 
remote control 
system 
consisting of:

• Wi-Fi routers

• 8 Arduino 
cards
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• 8 conductivity 
sensors 
positioned in 
the network 
nodes

All data are collected by means of WiFi data acquisition cards and 
sent to the server
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EXPERIMENTAL SETUP: UKE NETWORK
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EXPERIMENTAL SETUP: UKE NETWORK

Tracer: Sodium Chloride

No toxic

Easy measurable

Low  cost

High availability

High mass 
needed 

Need to clean up 
the network at 
each test



Simulation 
data with 
EPANET 
model

Tracer
concentration
: 4600 mg/l

Injection 
duration: 3 
minutes

Simulation 
duration: 3 
hours

Test 
1 Simulation 

data with 
AZRED 
model

Tracer
concentration
: 4600 mg/l

Injection 
duration: 3 
minutes

Simulation 
duration: 3 
hours

Test 
2 Simulation 

data with 
EPANET-DD 
model

Tracer
concentration
: 4600 mg/l

Injection 
duration: 3 
minutes

Simulation 
duration: 3 
hours

Test 
3

Experiment
al data

Tracer
concentration
: 4600 mg/l

Injection 
duration: 3 
minutes

Simulation 
duration: 3 
hours

Test 
4
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LABORATORY TEST



RESULTS

Node 6 Node 7 Node 8

Node 9 Node 10 Node 11



CASE STUDY

Huysmans and Dassargues (2005)

Péclet number << 1 diffusive mass transport is predominant 

Péclet number >> 1 the advection mass transport is 
predominant

No univocal Péclet number threshold 



CASE STUDY

EPANET EPANET-DD (Dynamic-Dispersion) Péclet Number 

Pipe lengths vary in a range of 1 - 20 m

Pipe diameters vary in a range of 0.010 - 0.080 m 

Flow rate vary in a range of 0.000087 - 0.00098 mc / s

Gaussian type concentration pattern of sodium chloride
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Scenario 1 Scenario 2 Scenario 3

pipe lengths vary in a range 

of 1 - 20 m

diameters vary in a range 

of 0.010 - 0.080 m 

flow rate is variable in the range 

of 0.000087 - 0.00098 m3 / s

Diameter = 0.024 m

flow rate = 0.0002 m3 / s  

pipe lengths = 20 m 

flow rate = 0.0002 m3 / s  

Diameter = 0.024 m

pipe lengths = 20 m 

CASE STUDY



RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Scenario 1

Scenario 2

Scenario 3



Node 6 Node 7 Node 8

Node 9 Node 10 Node 11 Node 12

Node 5

RESULTS



Node 5 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 12488333



Node 6 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 1905000



Node 7 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 1270000



Node 8 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 1693333



Node 9 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 846667



Node 10 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 16721667



Node 11 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 1375833



Node 12 RESULTS

Pe= 8842202

Pe= 2652661

Pe= 21221285

Pe= 3864425 and 3864440

Pe= 43152642 and 43152599

Pe = 1270000



CONCLUSION

• The advective model works well only in locations close to the Injection node, where it can intercept the Injection’s peak even for

lower values. In fact, relatively high values of the KGE, NSE and R2 coefficients were observed at node 6 near the Injection node

(0.44, 0.52, 0.29 respectively).

• In all other cases, the Injection event was anticipated and had a shorter duration than that detected by the experimental campaign.

As a result, much lower or even negative values of the three coefficients were obtained.

• The Romero-Gomez and Choi model can represent the dispersive behaviour of the Tracer. Still, it poorly represents the

experimental data regarding delay or anticipation of the Injection peak and overestimating the Tracer mass. This was confirmed

by the coefficients KGE, NSE, R2 which resulted in some nodes (6, 7, 9, 10) being worse than those obtained using the advective

model.

• The new EPANET-DD model produced the best results in terms of adaptability with the experimental data. It simultaneously

represented the peak time and provided better accuracy than the Romero-Gomez and Choi model. In fact, the coefficients

considered were very high and, in some cases, close to unity.



CONCLUSION

• Keeping the flow rate and the diameter of the pipeline constant, by varying the length, the Péclet number was kept constant and

equal to 8842202.

• By varying the flow rate, a linear relationship was observed, in which the Péclet number assumes a minimum value equal to

3864425 and 3864440, with a difference between the two values equal to 15.42, and a maximum value equal to 43152642 and

43152599, with a difference between the two values equal to 43.42, respectively using the EPANET-DD model and the EPANET

model.

• By varying the pipeline diameter, a hyperbolic relationship was obtained, so that at the smallest diameter considered the

maximum value of the Péclet number equal to 21221285 was obtained, vice versa the corresponding minimum value equal to Pe

= 2652661 was obtained.

• The analysis on the laboratory network of the University of Enna "KORE" made it possible to determine its behaviour as a

function of the transport mechanisms involved. It is observed that it is predominantly diffusive-dispersive, since a purely

turbulent flow regime occurs only in two sections of the network, while in all the other sections there is a laminar flow regime.

• This was confirmed by the comparison between the values of the Péclet number, calculated for the single sections of the pipeline,

and the threshold values, since the values relating to the laminar flow regime all fall below the thresholds determined in the

generic condition.
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