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Abstract

Introduction: In the realm of hydraulic modeling for water distribution networks, the
calibration process plays a pivotal role. Calibration involves precise adjustments to align a
model with observed data. However, when the measured data is scarce, the calibration
process becomes challenging. In such cases, laboratory models prove valuable for simulating
real-world conditions. Variability in parameters like pipe dimensions, length, roughness
coefficients, and nodal demand as well as nodal elevations often leads to disparities between
computer-based model outcomes and reality. Despite extensive research on computer-based
models, laboratory water distribution network models and their calibration have received
relatively limited attention due to the challenges and costs associated with them. In this
study, a laboratory model of a water distribution network was constructed and subjected to
hydraulic calibration. Roughness coefficients and minor head losses within the network were
determined using a meta-heuristic method. Then, pipe roughness coefficients for
polyethylene pipes were assessed and compared with values from scientific references. In
the following, hydraulic validation of the network was conducted using the water quality
simulation of a conservative substance. This approach illustrates the level of concurrence of
flow ratios in the network pipes between the model and reality.

Methodology: Fig.1 illustrates the schematic and image of the laboratory model of the
investigated network. The laboratory network was made of PE40 and consists of a square
looped system with 1-meter pipe lengths, employing a 1000-liter tank to maintain a constant
water head. The Algorithm of the study is demonstrated in Fig.2. This research was
conducted in three stages. In the first stage, network calibration was performed using
piezometric pressure and output flow data. Roughness coefficient and pipe minor head loss
coefficients were selected as decision variables. The objective function was defined to
minimize the total weighted difference in piezometric head and discharge between the
model and reality (Eq.1). In the second stage, validation was performed based on pressure
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and output flow data. In the third stage, the network's hydraulic validation with respect to
pipe flow rates was performed through the modeling of a conservative substance. This is
because the dissolution of a conservative substance occurs solely due to mixing at nodes and
flow division, allowing it to represent the correspondence of flow ratios in network pipes
between the model and reality. In this research, pressure data was recorded using
piezometers, and salt concentration was calculated using TDS (Total Dissolved Solids)
Sensor.

Results and Discussion: After performing the optimization, a value of 0.008 was obtained
for the Darcy-Weisbach friction coefficient (¢), this value aligns well with the assumption of
new pipes in the network, in agreement with previous research (e.g., 0.050 by The Plastics
Pipe Institute, 2008, and 0.070 by Padilla et al., 2013). Also, values of 1.20 and 0.89 were
obtained for the minor loss coefficients of 0.5 and 1-meter pipes, respectively. Furthermore,
the optimized minor loss values effectively reflect differences attributed to the number of
connections in the 0.5 and 1-meter pipes, falling within recommended scientific ranges. The
calculated error values in this section can be observed in Table 4. Notably, unlike previous
field studies, this research uniquely focuses on a laboratory model.

After hydraulic calibration and validation using pressure and output flow data, further
validation was conducted using the water quality model. The saltwater solution was injected
at a specific point in the network, and the TDS quality parameter was measured at the two
points in the network. Subsequently, utilizing the TDS values and the established
relationship between TDS and salt concentration calculated in the laboratory (as shown in
Fig.7), the salt concentration at the location of two sensors was determined. It's worth
mentioning that the network's water supply contained dissolved solids. Subsequently, initial
and injection concentrations were applied to the model and, the simulation was performed.
A comparison of salt concentration results at two sensor locations (as shown in Fig.10)
revealed an error of 8.5% in the first experiment and 2.5% in the second. These findings
confirm excellent agreement between the laboratory and computer-based network hydraulic
model.

Conclusion: In hydraulic modeling for water distribution networks, calibration is essential to
ensures that the model's predictions align closely with actual observed data. Laboratory
models prove valuable when measured data is scarce. This study constructed and
hydraulically calibrated a laboratory water distribution network model, determining
roughness coefficients and head losses. Optimization yielded a Darcy-Weisbach friction
coefficient of 0.008 and minor loss coefficients for 0.5m and 1m pipes of 1.20 and 0.89
respectively. The water quality simulation confirmed good agreement between the
laboratory and computer-based network model. Salt concentration validation exhibited an
8.5% error in the first experiment and 2.5% in the second, affirming hydraulic model
accuracy.

Keywords: Water distribution network, laboratory model, hydraulic calibration, piezometer,
Total Dissolved Solids (TDS).
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Table 6 Sensitivity Analysis of Flow at Links Versus
Variations in Roughness and Minor Loss Coefficients

Test Percent of  Average Flow Variations (%)
Number  Variations F (Darcy- Loss
Weisbach) Coefficient
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4 -50% 0.15 17.1

G5 A g (gagex -F
S S Sy (ialy mls Shegn ol 5
i 3l g2 950 A sl o0 il 2R o]
2L el ouls iy (g9il> g0 4 a5 00g LSl L
A B J59 o0 fgamme (19,5 S alius Bun
= WS (izrad 9 Saly g Jos )3 (595
S Gao el G ped CaBly 5 o 0 (25,5
3y )lsd g Soslasil gl At )3 1 egin ez
7 Ol e 5 (295 3l ez Sl
T SEWILIC SRR W - (R p-JOX 2% KV I~ SUR Py
ol el ouls ploeil & jao 90 4y Liegh (pl jo Al
45 o ytag iy (sloosls 5l (oo Jol al>pe j0 a5 oS
JPE SISy~ UV WO ) L G SOV PR
S Tl 5l pgd al> ey ol ol 4l
ools S a5 (giladoe jlasi s slaa tg) o

Ol 3 JelS b 4 aSs 4y (609,9 <l ylej i ||
A (63959 4S5 el (5y5lob ar o3V Ll o0 o
3 Sl 9 Sl Jodomo dal> Sy (9lm 7
5 e sl Slge e o5 428,55 5 5Ll
St iyt S 1N Jolins sl e
cdale g aJgl clale a ool o ccwl sads (5,50l
S o 3 o0 ool 18 455 (gl Jie o 3
D Jsiz ;o EPANET Jao gl ol o 1,2 o
55 Um0 S Ebile gl dglie el o 4|
5 Jsl plaloesl )0 a0 AID llas Sl S
@l cul pgs Gl o3l 0 00,0 YO sl las
slaibly Joae 5 (2RLLGT Jos a5 el ol saiasgles

A KA b g Sletren 4l

Contaminant Concentration (gr/lit)

180702 180424 152136 IK2Kd4E 18:36:00

Time

I18:43:02 I8:S0:24 18:57:36

0.92

e

- il
PR~

e = =
S &%

Contaminant Concentration (gr/lit)
&

0
14:37:30

14:45:00 14:52:30 15:00:00

Time

15:07:30 15:15:00  15:22:30

Fig. 10 Salt Concentration Curves at the Two Sensor
Locations (a) Test Number 1, (b) Test Number 2

pjo%)b&oi&.‘élé P "‘wa
Y oo,les &)i.g.LA)'—\ ®) N o,leis u;‘;.iLa)‘—l @)

Joe o S 55 e 45 S cllale s & Jgo
Sl Joe 5 IS es]

Table 5 Salt Concentration Results at Two Sensor
Locations in the Laboratory Model and Computer Model

Test Sensor #1 E Sensor #2 E
Number SData MData (%) SData MData (%)
1 0.687 0675 29 0319 0270 85

2 0.820 0791 12 0325 0330 25

SData : Simulated Data, MData: Measured Data
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