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Abstract

In this study, we present a calibration methodology for drinking water distri-
bution network models using two hydraulic simulation approaches: Demand
Driven Analysis (DDA) and Pressure Driven Analysis (PDA), implemented in
EPANET 2.2. The calibration process focuses on determining two critical pa-
rameters the discharge coefficient and the pressure exponent which govern
flow behavior under pressure-dependent conditions. Unlike DDA, which as-
sumes fixed consumption at nodes regardless of pressure, PDA accounts for
variable flow rates based on available pressure, offering a more realistic repre-
sentation of network performance during low-pressure scenarios. These coef-
ficients were derived from national plumbing standards applicable to different
consumer categories in Algeria and Romania, and integrated into the numer-
ical models to enhance simulation accuracy. A detailed comparison between
DDA and PDA is provided, highlighting the strengths and limitations of each
approach. Importantly, this type of numerical model is especially valuable dur-
ing the design phase of water distribution systems, when physical measure-
ments are unavailable and planning decisions must rely on regulatory data and
theoretical assumptions.

Keywords

Water Distribution System, Calibration, Simulation, Demand Driven
Analysis, Pressure Driven Analysis

1. Introduction

The primary objective of any water distribution system is to deliver the required

DOI: 10.4236/jamp.2025.139163

Sep. 9, 2025

2853 Journal of Applied Mathematics and Physics


https://www.scirp.org/journal/jamp
https://doi.org/10.4236/jamp.2025.139163
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/jamp.2025.139163
http://creativecommons.org/licenses/by/4.0/

H. Lakhdari, A.-M. Georgescu

quantity of water to consumers at adequate pressure and in accordance with es-
tablished quality standards. To achieve this, it is essential to develop mathematical
models that accurately simulate the behavior of the network under various oper-
ating conditions. Such models are indispensable tools for water utilities, engineers,
and planners involved in the design, operation, and maintenance of distribution
systems [1].

Hydraulic simulation models have become standard practice in the analysis of
water networks [2], enabling users to evaluate system performance, identify weak-
nesses, and optimize infrastructure. However, for these models to be reliable, they
must be calibrated using appropriate parameters that reflect real-world condi-
tions. Calibration involves determining key coefficients such as the discharge co-
efficient and pressure exponent that influence flow behavior, particularly under pres-
sure-dependent scenarios.

EPANET, developed by the United States Environmental Protection Agency,
has long been a widely used tool for simulating water distribution systems [3].
Earlier versions relied solely on Demand Driven Analysis (DDA), which assumes
that consumer demand is always fully met, regardless of the pressure available at
each node. While this approach simplifies modeling, it fails to capture the realities
of low-pressure conditions, such as those occurring during peak demand, emer-
gencies, or system failures.

To address these limitations, EPANET 2.2 introduced Pressure Driven Analysis
(PDA), which adjusts flow rates based on available pressure, offering a more real-
istic simulation of network behavior [4]. This study utilizes both DDA and PDA
approaches to calibrate water distribution models for two networks N’gaous in
Algeria and Lacul Tei in Romania each representing different distribution systems

(gravity-fed and pumped, respectively).

2. Numerical Method

To simulate the behavior of a water distribution network using a pressure-based
approach, researchers used the emitter approach to model partial flow conditions.
An emitter is used to represent pressure-dependent distribution demand. EPA-
NET introduced a special element called an emitter in its hydraulic simulation en-
gine [5]. The emitter behaves like a sprinkler that delivers flow to a node in pro-
portion to the head available at that node, and it determines the actual supply at
demand nodes based on the available pressure.

The emitter equation in EPANET is expressed as shown in Equation (1)
g=C-P’ M

where ¢: is the flow rate of orifice at demand node, C: discharge coefficient, Pis
the pressure at demand node. [4] yis the power of pressure (pressure exponent)
(yis equal to 0.5 that is the default value in EPANET software.) for distribution
flow through fixed area orifices but may vary in a range of 0.5 - 2.5 for real water
networks [6], and also 0.5 - 2.79 [7]. In this paper, we will find the two parameters

(discharge coefficient and pressure exponent) because the Algorithms based on
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pressure do not consider the consumption flows at fixed nodes but variable de-
pending on the available pressure in the restrictive node.

However, the law of variation of the consumption flow depending on the pres-
sure must be specified by correctly determining these coefficients starting from

the norms in force for different categories of consumers.

3. Coefficients Determination

1) Estimation of the probable flow rates according to the number of apartments
and floors

In this part of the work, we presented the flow rate requirement of each apart-
ment following the standard equipment it contains based on the standards in
force; for the case of Algeria we have the French standards [8] with some adjust-
ments and for the case of Romania we applied the Romanian standards [9]. The
work in general affects the cases of 01 up to 10 dwellings per floor on a maximum
height of 10 floors and the calculation method for the rest of the cases is similar.
Based on our survey and knowledge of the housing model in the study areas of
these two countries (Algeria and Romania), we took several cases in which we
assumed that there were the largest possible number of apartments on each floor
and that they were very high, that is, the building or building is wide and contains
several apartments (6 to 7 apartments) on each floor and is very high (Ground
floor + 10 floors), as is the case in Romania and Algeria in general, the building is
composed of (2 to 4 apartments) on each floor and is high (Ground floor + 4
floors).

2) Estimate the basic flow according to the standards contained in the docu-
ments of each country

3) Calculation of the probable flow rate which represents the maximum flow

rate that can exist in a section of pipeline, according to the following formula:
q,=2.9,-K )
4) Calculation of the coefficient of simultaneity according to the number of de-
vices installed, according to the formula of (NF DTU 60.11 P1-1) [10]
0.8

x—1

K:

3)

In the case of Romania, we applied the same methodology to organize the pro-
cedures; the only difference is in the way of calculating the basic flow rates because
Romania has its own standards and method different from (NF DTU 60.11 P1-1).
Among these differences, there is the one according to the wording of the Roma-
nian standards (No. 1167 bis/6.XI1.2022).

* The coefficient of simultaneity is calculated with the following formula be-
cause there are two types of coefficient of simultaneity: the coefficient of sim-
ultaneity for hot water and the coefficient of simultaneity for cold water, which

is calculated with the following formula:

0.83
Jaw = (4)
N-1
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* The B-2 method was adopted because the consumption unit, U;for a reinforce-
ment U> 15. [9]

Therefore, the following calculation flow rate relations apply:

Oc iz = s 1or.4r X far (5)

Limitations of Plumbing Norms

Although national plumbing standards offer a valuable baseline for estimating emit-
ter coefficients, they may not fully capture real-world complexities such as leaks,
unmetered consumption, or behavioral variations. Therefore, while these coeffi-
cients serve as a solid foundation for calibration, future research should explore
hybrid approaches combining normative data with field measurements for greater

precision.

4. Case Study

Estimation of probable flow rates depending on the number of housing units and
floors.

In this part of the work, we presented the flow requirements for each dwelling
according to the standard documents it contains, based on current standards. For
Algeria, we used the French DTU60 standards with some adjustments, and for Ro-
mania, we applied the Romanian standards according to the Official Journal of Ro-
mania, Part I, N°. 1167 bis/6.XI1.2022 (monitorul oficial al roméniei, partea I, Nr.
1167 bis/6.X11.2022). The work generally covers cases of 1 to 10 dwellings per floor
with a maximum height of 10 floors.

In this article, we present the procedure followed in the case of 04 apartments
per floor for the city of N'gaous in Algeria and 07 apartments per floor for the city
of Lacul Tei, Romania, and the calculation method for the rest of the cases is sim-
ilar, as shown in Table 1 and Table 2.

Table 1. Estimated probable flow rates for the case of (04) apartment/floor on 10 Floor (Case of Algeria).

Floor

Gf F-1 F-2 F-3 F-4 E-5 F-6 E-7 F-8 F-9 F-10

Designation

Device Type/Apartment  Flow (£/s)

Pressure demand per floor in (m)

5 8 11 14 17 20 23 26 29 32 35

Basic flow of devices according to the type and number of apartments in (¢/s)

Sink
Wash basin
Shower
Bathtub
Basin hand wash
Washing machine
WC with flush tank

Total

0.2
0.2
0.2
0.33
0.1
0.2
0.12

1.35

0.8 1.6 2.4 3.2 4 4.8 5.6 6.4 7.2 8 8.8
0.8 1.6 2.4 3.2 4 4.8 5.6 6.4 7.2 8 8.8
0.8 1.6 2.4 3.2 4 4.8 5.6 6.4 7.2 8 8.8
132 264 396 528 6.6 792 924 1056 11.88 13.2 14.52
0.4 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 4 4.4
0.8 1.6 2.4 3.2 4 4.8 5.6 6.4 7.2 8 8.8
048 09 144 192 2.4 2.88 336 3.84 432 4.8 5.28

5.4 10.8 16.2 21.6 27 324 378 432 486 54 59.4
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Continued
Number of apartments 4 8 12 16 20 24 28 32 36 40 44
Number of devices 28 56 84 112 140 168 196 224 252 280 308
Coefficient of simultaneity 0.154 0.108 0.088 0.076 0.068 0.062 0.057 0.054 0.050 0.048 0.046
Qprobable in (€/s) 0.831 1.165 1.423 1.640 1.832 2.006 2.166 2.314 2454 2.586 2.712

Table 2. Estimated probable flow rates for the case of (07) apartment/floor on 10 Floor (Case of Romania).

Floor Gf E-1 E-2 EF-3 F-4 E-5 F-6 E-7 F-8 F-9 F-10
Pressure demand per floor in (m)
Designation
5 8 11 14 17 20 23 26 29 32 35
Device Type/Apartment Flow Un.it Basic flow rate of devices according to the type and number of dwellings (Q,, «t) in
(8/s) (Ui) (8/s)

Sink 0.2 2 1.4 2.8 4.2 5.6 7 8.4 9.8 11.2 12.6 14 15.4
Wash basin 0.15 1.5 1.05 2.1 3.15 4.2 5.25 6.3 7.35 8.4 9.45 10.5 11.55
Shower 0.2 2 1.4 2.8 4.2 5.6 7 8.4 9.8 11.2 12.6 14 15.4
Bathtub 0.25 3 1.75 3.5 5.25 7 8.75 10.5 12.25 14 1575 17.5 19.25

Toilet sink 0.1 1 0.7 1.4 2.1 2.8 3.5 4.2 4.9 5.6 6.3 7 7.7

WC with wash tank 0.12 1 0.84 1.68 252 3.36 4.2 504 588 6.72 7.56 8.4 9.24

Washing machine 0.2 2 1.4 2.8 4.2 5.6 7 8.4 9.8 112 126 14 15.4
Dishwasher machine 0.2 2 1.4 2.8 4.2 5.6 7 8.4 9.8 112 126 14 15.4
Total 142 145 994 19.88 29.82 39.76 49.7 59.64 69.58 79.52 89.46 99.4 109.34
Number of apartments 7 14 21 28 35 42 49 56 63 70 77
Number of devices/Apartment 56 112 168 224 280 336 392 448 504 560 616
Coefficient of simultaneity 0.112 0.079 0.064 0.056 0.050 0.045 0.042 0.039 0.037 0.035 0.033
Qprobable in (£/s) 1.112 1.566 1915 2.210 2470 2705 2.921 3.122 3311 3.489 3.659

4.1. Case of Algeria

In this case, we present the procedure for the case of 4 apartments/floor on 10

floors, as shown in Table 1.

The flow-pressure curve is plotted to represent the relationship between the
flow (g) supplied by an emitter (such as a dripper, faucet, or pump) and the pres-
sure (P) available at its inlet.

This curve has several functions, which are:

- Visualize the sensitivity of flow rate to pressure variations which allows us to
see how the flow rate changes when the pressure increases or decreases. This
helps us understand the hydraulic behavior of a system.

- The main and important point is to determine the coefficients of the equation:
q=C-P”, which is: discharge coefficient “C” and pressure exponent “)”, as

shown in Figure 1 and Figure 2 for the cases of Algeria and Romania.
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Figure 1. Graphical representation of the probable flow variation (gp) as a function of the requested pressure (Case

of Algeria).
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Figure 2. Graphical representation of the probable flow variation (gp) as a function of the requested pressure (Case

of Romania).

4.2. Case of Romania

In this case, we present the procedure for the case of 7 apartments/floor on 10 floors,
as shown in Table 2.

5. Result and Discussion

In the context of searching for the discharge coefficient (C) and the pressure co-
efficient (p) related to the emitter Formula (1).
After conducting a study on two cases, namely Algeria and Romania, the initial

results obtained through the following two Table 3 and Table 7 were:
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Table 3. The coefficients adopted “Case initial” (Case of Algeria).

Form of the equation Coefficients
Designation

g=cp’ € 4
1 apartment/floor on 10 floors g =0.180p"°" 0.180 0.572
2 apartment/floor on 10 floors q=0.241p>>% 0.241 0.588
3 apartment/floor on 10 floors g =0.290p" 0.290 0.593
4 apartment/floor on 10 floors q=0.332p"% 0.332 0.596
5 apartment/floor on 10 floors q=0.369p"% 0.369 0.957
6 apartment/floor on 10 floors g =0.403p"% 0.403 0.598
7 apartment/floor on 10 floors g =0.435p"% 0.435 0.599
8 apartment/floor on 10 floors q=0.464p 50 0.464 0.600
9 apartment/floor on 10 floors g =0.491p 50 0.491 0.600
10 apartment/floor on 10 floors q=0.517pPc0° 0.517 0.600

5.1. Case of Algeria

Observation and Interpretation

1) Observation

We note for this case for Algeria that the pressure exponent (p) is defined in the
equation: g= ¢p”.

Often takes values very close to 0.600 and it varies according to the table above
(Table 3) from 0.572 to 0.600.

We consider that, as a first approach, the pressure exponent () most appropri-
ate for our case will have a value of 0.600 and we will gradually correct the values
of our Table 4 according to this value, which is also graphically represented in

Figure 3.

Coefficient (C)

0.600 y = 0.176 x04621
R?=0.9991
0.500
0.400
0.300
0.200
0.100
0.000 ; . r . : . Number of
0 2 4 6 8 10 12 apartments

Figure 3. Graphical representation of the variation of coefficient (C) as a function of the
number of dwellings per floor.
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Table 4. Variation of coefficient (a) according to the number of dwellings per floor.

Number of
2 3 4 5 6 7 8 9 10
Apartments

Coefficient (C) 0.180 0.241 0.290 0.332 0.369 0.403 0.435 0.464 0.491 0.517

Based on the values in Table 4, we plotted the curve in Figure 3 to graphically
illustrate the variation of coefficient (C) as a function of the number of residential
units per floor, and to deduce an analytical relationship between these two coeffi-
cients.

2) Interpretation

By observing the values of the coefficient Cobtained by the graphs relating to
each calculation case which is presented by the number of housing/floor up to 10
maximum floors, we were able to observe that the value of the coefficient Cin-
creases as the number of housing per floor increases, which is why we decided to
represent the cloud of points obtained by the values of the variation table of the
coefficient C'to have the form of the equation which manages the variation of this
coefficient according to the number of housing per floor (Figure 3).

We obtained the curve above which has the equation: y = 0.176x%~

We note that this equation does not give the value of 0.180 for x = 1, which is
why to adopt this equation as a general formula for calculating the probable flow
rate in a general manner it is necessary to test this formula and make a comparison
for all the values of the coefficient Cin the summary table by making a comparison
between the values of the coefficient C obtained by direct calculation and by the
equation: y= 0.180x"4¢,

This gives the exact value of Cfor x= 1, which translates to the results in Table

Table 5. Comparison of coefficient values (C).

Number of apartments 1 2 3 4 5 6 7 8 9 10

Coefficient y=

© 01765462 0.176 0.242 0.292 0.334 0.370 0.403 0.432 0.460 0.486 0.510
[y . -

Coefficient y=

© 0.180°462 0.180 0.248 0.299 0.342 0.379 0.412 0.442 0.470 0.497 0.522
[y . -

Coefficient (¢) by direct

i 0.180 0.241 0.29 0.332 0.369 0.403 0.435 0.464 0.491 0.517
calculation see Table 4

Analyzing the results of Table 5 above we notice that the values of Cclosest to
the values obtained by direct calculation are those obtained by the equation: y=
0.176x>462,

Plotting the curve of the values of Cobtained by the equation: y = 0.176x%4

We get the curve below (Figure 4) which is almost identical to the graph rep-
resenting the point cloud of the function: C= {N) shown in Figure 3.
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Figure 4. Curve of the variation of the coefficient Cas a function of the number of dwellings
per floor curve of the equation: y= 0.176x"62,

We will adopt this equation for the calculation of the different coefficients C
relative to each case.
Consequently, we will take the values of the coefficient Cand y of (Table 6)

below as a reference for our future calculations.

Table 6. The coefficients adopted “final case” (Case of Algeria).

Form of the equation Coefficients
Designation

g=cp’ ¢ Y

1 apartment/floor on 10 floors g=0.176p"¢ 0.176 0.6
2 apartment/floor on 10 floors g=0.242p¢ 0.242 0.6
3 apartment/floor on 10 floors q=0.292p"¢ 0.292 0.6
4 apartment/floor on 10 floors g=0.334p¢ 0.334 0.6
5 apartment/floor on 10 floors q=0.370p"¢ 0.370 0.6
6 apartment/floor on 10 floors g =0.403p¢ 0.403 0.6
7 apartment/floor on 10 floors q=0.432p¢ 0.432 0.6
8 apartment/floor on 10 floors g =0.460p"° 0.460 0.6
9 apartment/floor on 10 floors q=0.486p"° 0.486 0.6
10 apartment/floor on 10 floors g=0.510p"° 0.510 0.6

5.2. Case of Romania

The same applies to the case of Romania, where in the context of searching for the
discharge coefficient (C) and the pressure coefficient ()) related to the emitter
Formula (1). The initial results obtained through the following (Table 7) were:
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Table 7. The coefficients adopted “case initial” (Case of Romania).

Designation Form of the equation Coefficients

g=cp’ ¢ 4
1 apartment/floor on 10 floors g=0.181p"%% 0.181 0.582
2 apartment/floor on 10 floors q=0.244p">% 0.244 0.595
3 apartment/floor on 10 floors q=0.295p 57 0.295 0.597
4 apartment/floor on 10 floors q=0.338p"° 0.338 0.599
5 apartment/floor on 10 floors g=0.376p"50 0.376 0.600
6 apartment/floor on 10 floors q=0.411p°c° 0.411 0.600
7 apartment/floor on 10 floors q = 0.443 pP£0 0.443 0.600
8 apartment/floor on 10 floors q=0.473pPc0 0.473 0.600
9 apartment/floor on 10 floors g =0.501pc0° 0.501 0.600
10 apartment/floor on 10floors g =0.527p><! 0.527 0.601

Observation and Interpretation

1) Observation

We note for the case of Romania that the pressure exponent () defined in the
equation: g= c¢p.

Often takes the value of 0.600 and it varies according to the table above (Table
7) from 0.582 to 0.601.

We consider, as a first approach, that the pressure exponent () most suitable
for us will have a value of 0.600 and we will gradually correct the values of our
Table 7 and Table 8 according to this value.

Table 8. Variation of the coefficient (C) according to the number of dwellings per floor.

Number of
2 3 4 5 6 7 8 9 10
apartments

Coefficient C  0.181 0.244 0.295 0.338 0.376 0.411 0.443 0.473 0.501 0.527

Based on the values in Table 8, we plotted the curve in Figure 5 to graphically
illustrate the variation of coefficient (C) as a function of the number of residential
units per floor, and to deduce an analytical relationship between these two coeffi-
cients.

2) Interpretation

By observing the values of the coefficient Cobtained by the graphs relating to
each calculation case that is presented by the number of apartments/floor up to
10 maximum floors, we were able to observe that the value of the coefficient C
increases as the number of housing per floor increases, which is why we decided
to represent the cloud of points obtained by the values of the variation table of the
coefficient C'to have the form of the equation that manages the variation of this
coefficient according to the number of apartments per floor. We obtained the curve
(Figure 5) which has the equation: y=0.178x>".
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Coefficient (C) y = 0.178x0-467
0.6 R?=0.9994
0.527
0.5 7501
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Figure 5. Graphical representation of the variation of the coefficient Cas a function of the
number of apartments per floor.

We note that this equation does not give the value of 0.181 for x = 1, which is
why to adopt this equation as a general formula for calculating the probability
flow in a general manner, it is necessary to test this formula and make a compar-
ison for all the values of the coefficient C'in the summary table by making a com-
parison between the values of the coefficient Cobtained by direct calculation and
by the equation: y= 0.181x°4".

Which gives the exact value of Cfor x=1.

These results are shown in the following Table 9:

Table 9. Comparison of coefficient values C.

Number of apartments 1 2 3 4 5 6 7 8 9 10

7= 167 0.181 0.250 0.302 0.346 0.384 0.418 0.449 0.478 0.505 0.530
Coefficient 0.181x*
C e

0.17850468 0.178 0.246 0.297 0.340 0.377 0.411 0.442 0.470 0.497 0.522

Coefficient Cby direct

K 0.181 0.244 0.295 0.338 0.376 0.411 0.443 0.473 0.501 0.527
calculation see Table 8

Analyzing the results of the table above (Table 9), we notice that the values of
C closest to the values obtained by direct calculation are those obtained by the
equation: y= 0.181x"4¢.

By tracing the curve of the values of Cobtained by the equation: y=0.181x>.

We obtain the curve below (Figure 6) which is almost identical to the curve
(Figure 5) representing the point cloud of the function: C'= f(N).

- Graphical representation of the variation of the coefficient Caccording to the
number of apartments per floor is shown in Figure 6.

We will adopt this equation for the calculation of the different coefficients C
relative to each case.

Consequently, we will take the values of the coefficient Cand y from the table
below (Table 10) as a reference for our future calculations.
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Coefficient (C)
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Figure 6. Curve of the variation of the coefficient (C) as a function of the number of apart-
ments per floor curve of the equation: y= 0.178x>4%.

Table 10. The coefficients adopted “final case” (Case of Romania).

Form of the equation Coefficients
Designation

g=cp’ ¢ Y
1 apartment/floor on 10 floors g=0.178p"¢ 0.178 0.6
2 apartment/floor on 10 floors g=0.246p"¢ 0. 246 0.6
3 apartment/floor on 10 floors q=0.297p0¢ 0.297 0.6
4 apartment/floor on 10 floors g=0.340p"¢ 0.340 0.6
5 apartment/floor on 10 floors qg=0.377p¢ 0.377 0.6
6 apartment/floor on 10 floors g=0.411p¢ 0.411 0.6
7 apartment/floor on 10 floors g =0.442p"¢ 0.442 0.6
8 apartment/floor on 10 floors g =0.470p"¢ 0.470 0.6
9 apartment/floor on 10 floors g=0.497p"¢ 0.497 0.6
10 apartment/floor on 10floors g=0.522p"¢ 0.522 0.6

1) Justification of y= 0.6 and Sensitivity Analysis

The selection of y= 0.6 is based on convergence of values observed across both
case studies and supported by prior research indicating typical values between 0.5
and 0.6 for orifice-type flows. To assess the influence of ), a sensitivity analysis
was performed for a typical node with varying y values (0.5, 0.6, 0.7). The results
showed moderate sensitivity to y, particularly at lower pressures, reinforcing the
importance of accurate estimation.

2) Generalizability of Empirical Formulas

While the derived empirical relationships between the discharge coefficient (C)
and the number of apartments per floor provide useful insights, their applicability
is limited to the tested cases. These formulas are not universally generalizable
without local calibration. Broader validation using different building typologies,

climate zones, and consumer behaviors is needed to confirm the robustness of
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these coefficients.

5.3. Regression Performance

To evaluate the reliability of the fitted empirical formulas for discharge coefficient
(O), we calculated the coefficient of determination (R?) for both countries. The

results indicate high goodness-of-fit, as shown below:

Country Equation R? (C vs. Number of Apartments)
Algeria q=0.334.pP¢ (R*=10.99, RMSE = 0.012)
Romania q=0.443.p’¢ (R*=0.97, RMSE = 0.015)

These high R? values confirm that the regression models accurately capture the

relationship between Cand building occupancy levels.

6. The Limitations of Deriving Emitter Coefficients Solely
from Indoor Plumbing Norms, Especially regarding
Leakage and Unmetered Uses

One of the limitations of this study is the derivation of emitter coefficients solely
from national indoor plumbing norms. While these norms provide a sound basis
for estimating theoretical consumption, they may not fully account for leakage,
unauthorized consumption, and seasonal or behavioral variations. In practice, un-
metered uses and aging infrastructure can lead to significant deviations from nor-
mative estimates. Thus, complementing these coefficients with field measurements

or utility billing data would enhance model realism.

7. Hydraulic Simulation and Analysis Methods

There are two approaches that we normally use to run Hydraulic Modeling in EP-
ANET, Demand Driven Analysis (DDA) and Pressure Driven Analysis (PDA).

This model-based Distribution localization methodology has been tested in the
city of N’gaous in Algeria under a real Distribution scenario. This water network
supplies the entire urban area of this city, covering around 33,619 inhabitants, and
is managed by the Algerian Water Company. The whole water network is composed
by 133,081 m of pipes, 03 boreholes to pump water to the tanks, and 03 reservoirs
with a capacity of (1000 m?) and 01 with a capacity of (150 m?), 01 with a capacity
of (500 m?), located at the head of the networks and which serve as storage for the
city. This network is segmented into 30 distribution areas. This network contains
417 nodes and 448 pipes. In Figure 7 and Figure 8, the water network of the N’gaous
city distribution area can be seen from the EPANET file, which contains the hy-
draulic model of this network. The same applies to the distribution network model
for the city of Lacul Tei, in Bucharest, Romania.

The WDS numerical model in EPANET consists of 250 pipes and 212 nodes.
The water pumping station uses variable-speed pumps and is operated by the Bu-

charest Water Company (Figure 8 and Figure 9).

DOI: 10.4236/jamp.2025.139163

2865 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2025.139163

H. Lakhdari, A.-M. Georgescu

Pressure
10.00
30.00
40.00
50.00

m

Flow
10.00
20.00
50.00
100.00
LPS

Figure 7. Water distribution network of the city N’gaous, simulation: Pressure-flow (DDA

case).
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Figure 8. Water distribution network of the city N’gaous, simulation: Pressure-velocity
(DDA case).
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Figure 9. Water distribution network of the city N’gaous, simulation: Pressure-flow (PDA
case).

In these figures, the simulation process was carried out for two cases: Demand
Driven Analysis (DDA) and Pressure Driven Analysis (PDA) after inserting the pre-
viously defined parameters in the numerical model for the (PDA case) at nodes
corresponding to the building type they supply.

To the best of our knowledge, the cases for these two cities are N’gaous in Al-
geria, with a (G + 4 floor) with 4 apartments on each floor building type, and Lacul
Tei in Romania, with an (G + 10 floor) with 7 apartments on each floor.

Therefore, the coefficients entered into the numerical models for each city are
as follows:

- For the city of N’gaous in Algeria, based on the equation obtained from Table
6).

Form of the equation Coefficients
Designation
g=cp’ € Y
4 apartment/floor on 10 floors q=0.334p¢ 0.334 0.6

- For the city of Lacul Tei, in Bucharest-Romania, based on the equation ob-
tained from Table 10.
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Form of the equation Coefficients
Designation
g=cp c Y
7 apartment/floor on 10 floors q=0.442p¢ 0.442 0.6

- Then the simulation process.

1% case: Demand Driven Analysis (DDA)

274 case: Pressure Driven Analysis (PDA)

1% case: Demand Driven Analysis (DDA)

2™ case: Pressure Driven Analysis (PDA)

Regarding whether any measured pressures or flows were used to verify the cal-
ibrated models and derived coefficients.

No direct field measurements of pressure or flow rates were available for model
validation. However, the calibration process was grounded on well-established
plumbing norms (NF DTU 60.11 P1-1 and Romanian standard: Monitorul Oficial
al roméniei, partea I, Nr. 1167 bis/6.X11.2022) and carefully modeled flow require-
ments based on real household configurations. The coefficients were tested
against expected behaviors under both DDA and PDA simulations, and the out-
puts aligned with operational expectations. Future studies may include field meas-
urements to validate and enhance the robustness of the proposed empirical mod-

els.

8. Result and Discussion

Through these special models of the study areas, we note the following:

We applied the simulation to two drinking water distribution network models
in two cities in two different countries. These two models differ in terms of the
water distribution system: the first model uses a gravity distribution system, and
the second uses a pumped distribution system.

There are main parameters for comparison.

8.1. Flows

- Flow rates at different points in the network are essential parameters for com-
paring the two approaches. DDA considers them as fixed, while PDA calcu-
lates them based on pressures.

- DDA provides a more detailed representation or assessment of consumption
flows in the various network pipes, making it possible to identify areas poten-
tially subject to capacity problems, while PDA analysis may underestimate

these flows by not taking losses into account.

8.2. Pressure

- For the gravity distribution system (Figures 7-10) in both the DDA and PDA
cases, the pressure depends on the position and location of the reservoir, Ze,
the reservoir has a higher point (elevated) than all the buildings in the city,
thus ensuring good pressure and thus reducing energy costs.
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Figure 10. Water distribution network of the city N’gaous, simulation: Pressure-velocity

(PDA case).

- For the pumped distribution system (Figures 11-14) in both the DDA and
PDA cases, this type is characterized by the fact that from intake to distribution
to the tap, the drinking water network uses pumps continuously. Therefore,

the pressure here depends on the type of pump and its characteristic parame-
ters (operating flow rate (Q), geodetic head (Hg), total head (HMT)...etc.) and

on the varying demands of consumers, such as the water distribution network

in the “Lacul Tei” residential area. This is practice.
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Figure 11. Water distribution network of the Lacul Tei area, simulation: Pressure-flow

(DDA case).
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Figure 12. Water distribution network of the Lacul Tei area, simulation: Pressure-velocity
(DDA case).
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Figure 13. Water distribution network of the Lacul Tei area, simulation: Pressure-flow
(PDA case).
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Figure 14. Water distribution network of the Lacul Tei area, simulation: Pressure-velocity
(PDA case).

In EPANET, when performing a Pressure Driven Analysis (PDA), the intro-
duction of discharge coefficients and the emitter exponent has a direct impact on
the modeling of flow rates at nodes based on the available pressure.

From what has been observed:

- Unlike Demand Driven Analysis (DDA), where demand at nodes is fixed, PDA
adjusts flow rates at nodes based on available pressure.
- When the pressure drops below a certain threshold value, the delivered flow

rate is reduced in accordance with the orifice emission Equation (1):
g=C-P’

where: ¢ flow rate, ¢ discharge coefficient. It was determined with a variable value
between: (0.176 - 0.510) in the case of Algeria. And between: (0.178 - 0.522) in the
case of Romania. This coefficient varies according to the number of apartments
on each floor of the building (see Table 6 and Table 10).

P is the nodal pressure, y: pressure exponent (generally between 0.5 and 0.6 for
orifices), It was determined with a value of 0.6.

The formulas deduced for each of the two cities are:
* City of N’gaous: ¢ = 0.334p"¢
* City of Lacul Tei: g = 0.442p"S

We observed that the difference between the two formulas is minimal, due to

the type of equipment used by households in either Algeria or Romania.
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The same applies when we look at the basic flow rate tables, according to the
French standard NF DTU 60.11P1-1. And the Romanian standards (monitorul
oficial al romaniei, partea i, nr. 1167 bis/6.xii.2022) and standard (STAS 1478-90).

There is a slight difference in the estimated flow rates in buildings, for example,
for sinks French standards: 0.20 ¢/s and Romanian standards 0.15 £/s while for

bathtubs 0.33 £/s vs 0.25 £/s. (See Table 1 and Table 2)
The same can be observed for the formula for calculating the simultaneity co-

0.83
efficient, given that in Romania, the formula is as follows: f, zﬁ; while

0.8

x—1

those applied in Algeria are based on the French standards, which are: K =

This slight difference between the two constants (0.8 in the French standards)
and (0.83 in the Romanian standards) is:

* The difference between 0.83 and 0.8 comes from experimental data and anal-
yses conducted in each country on how sanitary facilities are used.

- Romania adopted the coefficient of 0.83 based on local studies on the fre-
quency of use and the distribution of water consumption.

- France adopted the coefficient of 0.8 following its own observations on the use
of the facilities.

* Furthermore, the difference between these two constants is probably due to
several factors:

- Building typology: In Romania and France, the use of sanitary facilities can
vary depending on the building type (residential, hotel, industrial, etc.).

- Consumption habits: Depending on lifestyle, the frequency and duration of wa-
ter consumption points can differ between the two countries.

- Design safety: The slightly higher coefficient in Romania (0.83 versus 0.8) may
indicate a more conservative approach, providing a greater safety margin for
system design.

Ultimately, the difference between the two coefficients is relatively small (0.83
versus 0.8), but reflects national particularities in terms of water consumption and
plumbing design philosophy. Romania adopts a slightly higher value, likely for safety
reasons and to adapt to the specific requirements of local infrastructure.

- Pressure at Nodes:

In demand-based analysis, there is an exaggeration of pressure at nodes. As
shown in Figure 7 and Figure 11, red indicates high or very high pressures, which
can signal overpressure zones, which can be problematic for equipment.

Unlike pressure-based analysis (PDA), the pressure in Figure 9 and Figure 10
and Figure 13 and Figure 14, where green indicates and represents pressures in
the average range, which is often the desired pressure in the network.

In short:

- If the pressure at the node is insufficient (close to zero), the delivered flow
decreases considerably or even reaches zero.

- If the pressure is sufficient or exceeds the operating pressure, the flow reaches

the nominal demand defined in the model.
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8.3. Pipe Diameters

- When designing a network, a DDA-based model could lead to an overestima-
tion of diameter requirements, as the calculations assume full demand satis-
faction.

- In PDA, since demand varies with pressure, the model can help identify net-
work sections requiring reinforcement (increased diameters) to improve dis-
tribution.

For example, in Figure 9 and Figure 10 and Figure 13 and Figure 14, the red
pipe sections appear to require modification since they represent higher flow rates
and indicate pipes near their maximum capacity or very high flow rates in re-
sponse to significant demand or possibly leaks.

Regarding coefficient calibration, taking into account the discharge coefficient
and the emitter exponent allows for a more realistic simulation of network behav-
ior under low-pressure conditions in EPANET with PDA.

- Regarding the comparison between Demand-Driven Analysis (DDA) and
Pressure-Driven Analysis (PDA)

In EPANET, when comparing a Demand-Driven Analysis (DDA) model and a
Pressure-Driven Analysis (PDA) model, it is essential to understand their funda-
mental differences and how discharge coefficients and the emitter exponent influ-
ence the results.

- Demand Driven Analysis model (DDA)

In this model:

- Demand at nodes is fixed and always satisfied, regardless of the pressure level.

- It assumes that the network can always supply the requested flow, which is
unrealistic in the case of insufficient pressure.

- It does not take into account the effect of pressure variations on the water sup-
ply.

- Pressure Driven Analysis model (PDA)

In this model:

- The supplied flow depends on the pressure available at each node.

- If the pressure is below a critical value, the distributed flow rate decreases ac-

cording to a pressure-flow rate relationship defined by the transmitter.

9. Conclusions

This study focused on calibrating water distribution network models by determin-
ing the discharge coefficient (C) and pressure exponent ( y) essential for pressure-
driven hydraulic simulations using EPANET 2.2. Two real-world case studies
N’gaous in Algeria and Lacul Tei in Bucharest, Romania were analyzed, represent-
ing gravity-fed and pumped systems respectively.

The results demonstrated strong convergence toward a pressure exponent value
of y= 0.6, consistent with theoretical expectations for orifice-type flows. The dis-
charge coefficient C was found to vary with building occupancy, ranging from

0.176 to 0.510 in Algeria and from 0.178 to 0.522 in Romania. Empirical formulas
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were derived for each case, enabling more accurate modeling of pressure-depend-
ent flow behavior.

The minor differences observed between the two case studies are primarily at-
tributed to local plumbing standards, building typologies, and lifestyle differences
affecting water consumption habits. Specifically, variations in flow requirements
for individual fixtures and in simultaneity coefficients (0.8 for the French standard
versus 0.83 for the Romanian standard) were noted but had a limited impact on
the overall calibration.

When comparing Demand Driven Analysis (DDA) and Pressure Driven Anal-
ysis (PDA), the study highlighted PDA’s superior ability to simulate real-world
conditions, particularly under low-pressure scenarios. PDA models revealed po-
tential system vulnerabilities—such as undersized pipes or pressure deficiencies
that DDA models tend to overlook

Importantly, this methodology offers significant value during the design phase
of water distribution systems, where physical measurements are unavailable and
decisions must rely on regulatory standards and theoretical modeling. By linking
national plumbing norms to hydraulic simulation parameters, the study provides
a practical framework for engineers to estimate consumption patterns and pres-
sure dynamics with greater confidence.

While the approach is grounded in normative data, future research should in-
corporate field measurements to enhance model precision and account for real-
world complexities such as leakage, behavioral variability, and infrastructure ag-
ing. Nonetheless, this work fills a critical gap in the literature by reconciling reg-
ulatory standards with simulation calibration, offering a replicable and adaptable
method for international applications. Ultimately, adopting Pressure Driven Anal-
ysis (PDA) with context-specific calibration improves network design, operational
resilience, and long-term planning for water utilities.

There are, of course, coherent studies worldwide that led to the development of
the algorithms used in the new version of EPANET, but to our knowledge, no ap-
proach has been undertaken to attempt to reconcile the coefficients used in the
mathematical models with the regulations in force in different countries and to

compare these coefficients.
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