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Abstract

In developing countries (DC), particularly inr@aroon, the demand for drinking water is increasirgdate, the methods of
design, sizing and extension of existing drinkingtev networks are done through the EPANET apptioativhich is a
simulation software based on the Hardy-Cross metiibd main objective of this study is to set upeal tool adapted to the
context of D.C. allowing the design, sizing andession of networks based on the rough model metR&iM). Thus, on the
basis of a previously modelled existing networkgaanparison was made between the Hardy-Cross methddthe RMM
(according to the criteria: costs, speed of exeaytaptitude for automation, fidelity and precigioamith the multi-criteria
analysis tool PROMETHEE II. The results of this lggs show that the best adapted method for thégdesizing and
extension of drinking water networks is the RMMafipears that the setting up of water supply nétsvor DC must be done
by the RMM for affordable costs, rapid executioasyereproducibility and reliable precision.
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1. Introduction

Cameroon, like other developing countries, ipegiencing a significant demographic boom, whicls hesulted in an ever-
increasing demand for drinking water. The watetritistion company is proving more and more inadégjira meeting the needs
of the population (Grelle et al., 2006). Thus, th&ability of such a network depends on its capatd meet the said demand
(Djomo et al., 2008). Water distribution networksishbe designed in strict compliance with the statisl and regulations in
force, but till date there is no rigorous operagiosolution to water distribution, the elements guate variable. Distribution
pressures are not constant, water needs vary aegdadthe time of day, the materials used haviediht characteristics, different
fittings (elbows and tees) modify the flow ratesembly faults, and spigots (Zoungrana, 2003). Allthese contribute to
modification of the cross-sections of the pipes tmadr seating depths. However, this practice glewed in the studies generally
carried out through the EPANET application.

The generally used EPANET hydraulic simulatioftware only balances networks and therefore de¢®fier the possibility
of classical, let alone optimal, sizing (Housh @ldar, 2018). It is based on the Hardy-Cross methbwiajuaku et al., 2017),
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which is based on the respect of two proceduresstim of the inflows at a network node is equahésum of the outflows at the
same node and the algebraic sum of the head lassesnesh is zero. Solving these equations leadsi¢oessive corrections,
which is an iterative method (Waseem, 2021). Ttesative method has undergone several optimal pseseto its solution
namely: the approach to solving pressure losse&/add and Charles taken up by Lejeune et al. (Todini Rossman, 2013),
where convergence characteristics of the lineaorthare then improved by Wood and Rayes (Todini Rodsman, 2013), the
Newton-Raphson approach (Zhang et al., 2020), thidpaint approach (Praks et al., 2018; Praks et28l18) which can be used
as a replacement for the Newton-Raphson approaath lws Hardy-Cross, the method of genetic algoritiikigelifa, 2021). All
these optimisation methods contribute to the odtsolution of the Hardy-Cross equations.

Another method for sizing drinking water netwagoposed by Achour (2007) is emerging. It isw& neethod and approach for
the calculation of turbulent flow in a pipe. It sed on the universally accepted Darcy-Weisbach Golebrook-White
relationships on the one hand, and on a rougheneéer model on the other hand (Bedjaoui and Aciiik4). It does not require
the use of abacuses or tables, nor the use of thiam¥Hazen coefficient which is replaced by thesalute roughness of the pipe.
The sizing method for drinking water systems muestabroutine analysis method. That is to say, a agethat is simple, fast,
cheap, and automatable, if possible, can be caotiethy unskilled personnel (Storey et al., 20Tb) this end, precision will be a
global notion of the quality or analytical valueafnethod, and is based on the criteria of pretiaitd accuracy. Thus, a method
will be more precise when its fidelity and accuracg greater.

The objective of this study is to provide opsetd guiding data for the use of sizing methodsdforking water distribution
networks in Cameroon using a multi-criteria applodde technical choice of multi-criteria decissupport is made according to
the choice tree established by Lemaire (2006), vbansists sequentially of answering a series ektjons. In the present study,
the method of improvement of the multicriteria $yeg#is PROMETHEE |l (Preference Ranking Organizatidethod for
Enrichment Evaluations) was chosen (Thakkar, 2@2thause it allows the resolution of the problerhafice and the problem of
ordering. Indeed, the use of this complete pre+oigieonsidered simpler by the decision-maker gelicto provide an answer to
the decision problem.

2. Methodology

In the course of this work, the Hardy-Cross rodtlwas used to study the network that was prewosiged using the rough
model method (RMM), which was done by Bedjaoui &uwthour (2014). Then, the criteria for choosing #iging method was
identified and through the PROMETHEE |l methodolpgypreponderance was established between the roadbl method and
the Hardy-Cross method in the context of DC.

2.1-Presentation of the network studied

The network submitted to our study is a netwitidt was the subject of previous work by Bedjamd &chour (2014). This
network is composed of 3 meshes and 09 nodes \aiflral land elevations ranging from 56.8 to 99.Fgyre 1). From the
starting node "R" this network runs between node$;' 6, 2, 4, 7, 3" to end at the arrival node "8"

~, CTN=99.3
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CTN=79 —. CTN=80

lcTn=62.4
2 pr—

{4 —mv-—
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Figure 1. Diagram of the studied mesh network
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Furthermore, the geometric and hydraulic parametitise studied network are presented in Table 1.

Tablel. Geometric and hydraulic parameters of thaéied network (Bedjaoui and Achour, 2014)

Mesh Section Length Flow £ m) CTN
(m) rate (ni/s)

| 1-2 186 0.171 0.0001 80.0 62.4
5-1 170 0.04833 0.0001 79.0 80.0
5-4 355 0.04833 0.0001 79.0 56.8
4-2 25 0.03333 0.0001 56.8 62.4

I 1-6 300 0.04833 0.0001 80.0 62.0
6-7 125 0.03133 0.0001 62.0 60.0
7-2 357 0.02033 0.0001 60.0 62.4
2-1 186 0.04833 0.0001 62.4 80.0

I} 7-8 270 0.02100 0.0001 60.0 48.5
7-2 357 0.02033 0.0001 60.0 62.4
2-3 107 0.02033 0.0001 62.4 56.6
3-8 2425 0.00533 0.0001 56.6 48.5

In view of its properties related to pressure diftgy, pumping costs and reinstatement, this mestiwvork proved to be more
suitable for implementation in our context than binenched network (Table 2).

Table 2. Comparison of network types

Aspect Branched Mesh

Pressure losses High Low

Flow Risk of dead zone at the extremities Satisfyct

Repairs Risk of disabling an important aredittle risk of disabling an important area
depending on the point of intervention depending on the point of intervention

Pumping costs High Low

Repositioning Low High

2.2-Network design methods
The methods that have been used to study this metglork are the Rough Model Method (RMM) and thedyaCross method.

2.2.1- Rough Model Method (RMM)

It was proposed by Achour (2007). It is an iteratjwocess reaching the equilibrium of the meshedsraspecting both laws of
Hardy-cross. It does not require the use of eifliimcuses or tables, the use of the William-Hazefficent now replaced by the
use of the absolute roughness of the pipe. Thelledion procedure is indicated in the work of Bexdjeand Achour (2014). The
results of the studies conducted by Bedjaoui arfibfc (2014) are presented in Tables 3 to 6.

Table 3. Calculation of the mesh network using b method Step: Determination of pipe diametesd{&oui and Achour,
2014)

MP | MA | Sections Q (nTls) Assumed CcP AHt J D R 17/ Dine (M) | Dnorm
Pressures (m) (m)
Start | End PS | PS |cP | cP (m)
Start | End Start End
1 0 1 0.171 0 19 99.3 99 0.3 0.002y 0.562 3.88E+05.83 0 | 0.4646 0.500
2 1 2 0.04833 19 30 99 92.4 6.6 0.0355 0.202 3.08E+ 0.78 0.1589 0.150
1 5 -0.04833 19 19 99 98 1 0.0059 0.29(Q 2.12E+05.78 0 | 0.2260 0.250
5 4 -0.03333 19 36 98 92.8 5.2 0.0146 0.208 2.08E+4 0.79 0.1640 0.150
4 2 -0.01833 36 30 92.8 92.4 0.4 0.016 0.161 HO5E | 0.80 0.1285 0.150
1 6 0.04833 19 35 99 97 2 0.006Y 0.283 2.18E+05 78 0.| 0.2205 0.200
2 6 7 0.03133 35 35 97 95 2 0.016 0.200 2.00E+p5 9 0.7 0.1575 0.150
3 7 2 -0.02033 35 30 95 92.4 2.6 0.0073 0.197 HB83E | 0.791 0.1561 0.150
1 1 2 -0.04833 19 30 99 92.4 6.6 0.0355 0.202 3:t08E | 0.78 0.1589 0.150
7 8 0.021 35 34 95 92 3 0.0111 0.183 1.46E+0D5 0.790.1454 0.150
3 2 7 2 0.02033 35 30 95 92.4 2.6 0.0073 0.197 1.88E+ 0.79 0.1561 0.150
2 3 -0.02033 30 35.6 92.4 92.2 0.2 0.0019 0.258 008+05 0.79 0.2046 0.200
3 8 -0.00533 35.6 34 92.2 92 0.2 0.0008 0.178 B3+83 0.82 0.1460 0.150

MA :Adjacent Mesh ; MP :Main Mesh ; Q :Flow rate5;PAssumed Pressure ; CP :Groundwater Lenl, ;total pressure loss ;

J :Gradient of linear pressure drdﬁ: Diameter of the rough model of a circular profil§ : Reynolds number of the flow in the
rough model ;{/ :diameter correction factor i :Calculated diameter ;g Standard Diameter
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Table 4:Calculation of the mesh network by applyting rough reference model method for the caseentherdesign diameter is taken to be equal to the

theoretical diameter (Bedjaoui and Achour, 2014)

MP MA Sections Q (n7fs) Dine (M) AHt AHIQ Cl\éIP Cl\éIA first correction
Start | End (m) (m) (m/s) | (m7s) Qcor CP PS
(m¥/s)
1 0 1 0.171 0.4646 0.30 1.76 0.0000 0.0000 0.1710 399 99 0 19
2 1 2 0.04833 0.1589 6.61 136,68 0.000 0.0000| 83,04 99 92,39 19 29.99
1 5 -0.04833 0.2260 -1.00 20,73 0.000Q 0.0000 4880 99 98 19 19
5 4 -0.03333 0.1640 -5.21 156,26 0.000d 0.0000 03338 98 92,79 19 35.99
4 2 -0.01833 0.1285 -0.40 21,86 0.000Q 0.0000 1880 92,79 92.39 35.99 29.99
-0.01 335,53
1 6 0.04833 0.2205 2.00 41,46 0.0000 0.0000 0,0483 | 99 97 19 35
2 6 7 0.03133 0.1575 2.00 63,94 0.000Q 0.0000 0,0313 | 97 94,99 35 34.99
3 7 2 -0.02033 0.1561 2.61 128,19 0.000 0.0000| 203,0 94,99 92,39 34.99 29.99
1 1 2 -0.04833 0.1589 -6.61 136,68 0.000( 0.0000 ,048B 99 92,39 19 29.99
0.01 370,26
7 8 0.021 0.1454 3.01 143,15 0.0000 0.0000 0,0210 | 94,99 91,99 34.99 33.99
3 2 7 2 0.02033 0.1561 -2.61 128,19 0.000( 0.0000  02aB 94,99 92,39 34.99 29.99
2 3 -0.02033 0.2046 -0.20 9.87 0.0000 0.0000 aB02 92,39 92,19 29.99 35.59
3 8 -0.00533 0.1460 -0.20 37,66 0.000Q 0.0000 0530 92,19 91,99 35.59 33.99
0.00 318,88
CMP: Correction Main mesh; CMA : Correction of thdjacent mesh ; Qcor: Corrected flow ratkl; sum of total pressure loss

Table 5: Calculation of the mesh network by appyine reference rough model method for the caseenthe design diameter is taken to be equal tettredard
diameter (Iteration n°01)

Bedjaoui and Achour, £01

MP MA Sections Q (n7/s) D AHt AHIQ CMP CMA first correction
Start | End Norm | (m) (m) (m?7s) (m?rs) Qcor cp PS
(m) (m3/s)
1 0 1 0.171 0.500 0,20 1,20 0,0001 0,0002 0.1710 .3 99| 99,10 0,00 19,10
2 1 2 0.04833 0.150 8,88 183,71 0,0001 0.0000| 86,04 | 99,10 90,22 19,10 27,82
1 5 -0.04833 0.250 -0,60 12,46 0,0001 0.0000 4820 99,10 98,48 19,10 19,49
5 4 -0.03333 0.150 -8,22 246,65 0,0001 0.0000] 0332 98,49 90,27 19,49 33.47
4 2 -0.01833 0.150 -0,18 9,99 0,0001 0.0000 €201 | 90,27 90.09 33,47 27,69
-0,13 452,81 0,0001
1 6 0.04833 0.200 3,29 68,04 -0,0002 0.0000 @048| 99,10 95,81 19,10 33,81
2 6 7 0.03133 0.150 2,57 81,95 -0,0002 0.0000 @031| 95,81 93,24 33,81 33,24
3 7 2 -0.02033 0.150 3,19 156,84 -0,0002 -0,0002 ,018B 93,24 90,05 33,24 27,65
1 1 2 -0.04833 0.150 -8,88 183,71 -0,0002 -0,0001 -0,0486 99,10 90,22 19,10 27,82
0,17 490,55 -0,0002
7 8 0.021 0.150 2,57 122,19 0,0016 0.0000 0,022 93,24 90,67 33,24 32,67
3 2 7 2 0.02033 0.150 -3,19 156,84 0,0016 0,0002] 018H 93,24 90,05 33.24 27,65
2 3 -0.02033 0.200 -0,22 11,06 0,0016 0.0000 18%0 90,05 89,83 27,65 33,23
3 8 -0.00533 0.150 -0,18 32,98 0,0016 0.0000 03,0 89,83 89,65 33,23 31,65
-1,02 323,07 0,0016

Table 6: Calculation of the mesh network by apmytine reference rough model method for the caseenthe design diameter is taken to be equal tetdmedard

diameter (Iteration No. 03)(Bedjaoui and Achour] 2D
MP MA Sections Q (n7fs) D Norm| AHt(m) | AH/Q CMP CMA first correction
Start End (m) (m) (m¥/s) (m¥/s) Qcor CP PS
(m¥/s)
1 0 1 0.171 0.500 0,20 1,20 0,0002 0.000( 0.1710 3 99| 99,10 0,00 19,10
2 1 2 0,0515 0.150 8,78 182,71 0,0002 0.000D 0,0483 99,10 90,32 19,10 27,92
1 5 -0,0456 0.250 -0,60 12,44 0,0002 0.0000 -@M048 99,10 98,50 19,10 19,50
5 4 -0,0306 0.150 -0,60 246,11 0,0002 0.0000 3003 98,50 90,31 19,50 33.5]
4 2 -0,0156 0.150 -0,18 9,96 0,0002 0.000 -0,0180 90,31 90.13 33,51 27,73
-0,19 451,22 0,0002
1 6 0,0479 0.200 3,33 68,50 0.0000 0.0000 0,0487 9,109 | 95,76 19,10 33,76
2 6 7 0,0309 0.150 2,62 82,82 0.0000 0.0000 0,0317 5,769 | 93,14 33,76 33,14
3 7 2 0,0220 0.150 2,82 147,93 0.0000 -0,0002 @018 93,14 90,32 33,14 27,92
1 1 2 -0,0515 0.150 -8,78 182,71 0.0000 -0,0002 0488 99,10 90,32 19,10 27,92
0,00 481,96 0,0000
7 8 0,0189 0.150 2,96 130,79 0,0002 0.0000 0,0228 93,14 90,18 33,14 32,18
3 2 7 2 -0,0220 0.150 -2,82 147,93 0,0002 0.0000 1880 93,14 90,32 33,14 27,94
2 3 -0,0224 0.200 -0,19 10,28 0,0002 0.0000 -(h018 90,32 90,12 27,92 33,52
3 8 -0,0074 0.150 -0,09 24,48 0,0002 0.0000 -(003 90,12 90,03 33,52 32,03
-0,15 313,49 0,0002
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2.2.2 Hardy Cross method

It consists in choosing, for an initial distrtimndiameter in the network, the distribution adils in the network sections in a
quest to satisfy the law of nodes (1) and the ldwamservation of energy in a mesh (2). When th®ase conditions are not
satisfied, a correction of the flow rate for eachsimis applied (3)

Node equation zQsortants - zQentrants =0 1)

Mesh equation

z h; =0 2

_2hy
22@
Qij
Wherez hlij the algebraic sum of the pressure drops aroundsh hand @ means the flow rate in pipef mesh |.

Once the flow distribution for each section is deti@ed, a possible correction on the diametersrddga the verification of the
velocity constraint is imposed. The iterative pscsetops when the velocity constraint is verifiadath sections of the network.
The calculation process consists of;

- A provisional distribution of flows, which is theodal flows, and a direction of flow in the netwaake determined in
accordance with the law of nodes. Thus, the promali diameter of the pipes can be determined usimgula (4), with
flow speeds between 0.9 and 1.1 m/s. But in outeoanthese provisional flows are known and represiee flow of
each section.

- The pressure losses are calculated using the equaii

Correction expression for each me&Q =

3)

1
40 )2
D= _Q (4)
v
8ILQ>
with h =——— (5)
" PgD°
200k, . 10°
A=000591+| ———=+— (6)
D R.
where
R. :the Reynolds number ks :the Manning-Strickler coefficient
A : the linear pressure drop coefficient (withouttyni hs: the linear (frictional) pressure drop in the pipe
D: the diameter of the pipe in m L: the length of the pipe in m

In this study, a study previously carried outRMM will be repeated, so the direction of flow llile identical to that studied
and will be shown by the sign of the flow betweha tlifferent sections in Table 3 thus, keepingshme geometric data. The
following information is obtained: The verificatiaf the direction of flow of the network is based the nodal flows which must
be positive and therefore the sum is that of the firom the reservoir as verified in Table 7.

Table 7. Determination of the nodal flows of theds¢éd network
Node | Flow
rate(ni/s)
1 0,02601
2 0.02600
3 0.01500
4 0.01500
5 0.01500
6

7

8

T

0.01700
0.03066
0.02633
otal | 0.171
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Table 8Calculation of the mesh network usin

MP MA Sections Q (nT/s) Dine (M) Dnorm(mM)
Start End
1 0 0 1 0.171 0.4666 0.500
1 2 1 2 0.04833 0.2481 0.250
1 0 1 5 -0.04833 0.2481 0.250
1 0 5 4 -0.03333 0.2060 0.200
1 0 4 2 -0.01833 0.1528 0.150
2 0 1 6 0.04833 0.2481 0.250
2 0 6 7 0.03133 0.1998 0.200
2 3 7 2 -0.02033 0.1609 0.150
2 1 1 2 -0.04833 Start 0.250
3 0 7 8 0.021 0.1635 0.150
3 2 7 2 0.02033 0.1609 0.150
3 0 2 3 -0.02033 0.1609 0.150
3 0 3 8 -0.00533 0.0824 0.150

the HardysSmmethod Step: Determination of pipe diameters

From this study, the results of the calculattbthe mesh network using the Hardy-cross methedgegsented in the three tables
below. These are Table 8, which presents thesétsesuhe case where the calculation diametenéstheoretical diameter. Table
9, where the calculation diameter is the normalizeinmercial) diameter in the first iteration, arable 10, where the calculation
diameter is the normalized diameter in the thiedation. The second iteration is not presentedvb@lcorder to remain consistent
with the Bedjaoui and Achour (2014) presentatianaftvetter comparison of the results between method

Table 9:Calculation of the mesh network using tlaedyl-cross method for the case where the designed@ is taken as equal to the theoretical diameter

MP MA Sections First Iteration
Start End | Q V | Re A hf (m) hflg Dq dq other | dq effective)
1 0 0 1 171 0.0000
1 2 1 2 48.33 1 219525.52 0.01830 0.6995 0.01447 .2396 3.6747 6.5648
1 0 1 5 -48.33 -1 | 219525.52 0.01830 -0.6394 0.0132310.2395 10.2395
1 0 5 4 -33.33 -1 182303.19 0.01912 -1.679 0.05039 10.2395 10.2395
1 0 4 2 -18.33 -1 | 135194.13 0.02055 -0.1714 0.0093%10.2395 10.2395
0 0 0.00 0.00000 -1.7908 0.08745
2 0 1 6 48.33 1 219525.52 0.01830 1.1283 0.0233% 6743. 3.6747
2 0 6 7 31.33 1 176748.94 0.01926 0.6145 0.01961 6743. 3.6747
2 3 7 2 -20.33 -1 142378.79 0.02029 -2.295 0.112893.6747 0.1612 3.5135
2 1 1 2 -48.33 -1 | 219525.52 0.01830 -0.699% 0.014473.6747 10.2395 | -6.5648
0 0 0.00 0.00000 -1.2517 0.17032
3 0 7 8 21 1 144705.91 0.02021 1.7011 0.0810d 2.161] 0.1612
3 2 7 2 20.33 1 142378.79 0.02029 2.2950 0.11289 161Q. 3.6747 -3.5135
3 0 2 3 -20.33 -1 | 142378.79 0.02029 -0.6878 0.033830.1612 0.1612
3 0 3 8 -5.33 -1 | 72902.13 0.02399 -3.5994 0.67530 .1612 0.1612
0 0 0.00 0.00000 -0.2912 0.90303

Table 10:Calculation of the mesh network usingHlaedy-Cross method for the case where the desaneter is taken to be equal to the standard diamete

dq :Flow rate ;dq other : Corrective flowrate ;eféective:Corrected flow rate

(Iteration No. 01)

MP MA | Sections Sections
Start | End dq

Q \ Re A hf (m) hflq Dq dq other effective

1 0 0 1 171 0.0000

1 2 1 2 48.33 0.9846 217825.37 0.0183D 0.6725 0.013 10.9049 | 5.19214 5.7127

1 0 1 5 -48.33 -0.9846 217825.37 0.0183D -0.6147( 01747 10.9049 10.9049

1 0 5 4 -33.33 -1.0609 187774.66 0.0191p -1.9512| 058% 10.9049 10.9049

1 0 4 2 -18.33 -1.0373 137690.15 0.02058 -0.1881| O010R 10.9049 10.9049
0 0.0000 0.00 0.00000 -2.0814 0.0954

2 0 1 6 48.33 0.9846 217825.37 0.0183D 1.0847 @.022 5.1921 5.1921

2 0 6 7 31.33 0.9973 176507.06 0.01926 0.6102 6.019 5.1921 5.1921

2 3 7 2 -20.33 -1.1504 152713.63 0.0204D -3.2752| 1614 5.1921 -6.44038 11.6325

2 1 1 2 -48.33 -0.9846 217825.37 0.0183D -0.6725| 013® 5.1921 10.90487 -5.7127
0 0.0000 0.00 0.00000 -2.2527 0.2169

3 0 7 8 21 1.1884 157746.49 0.0203% 2.6362 0.1255 6.4404 -6.4404

3 2 7 2 20.33 1.1504 152713.63 0.02040 3.2752 0.161 -6.4404 5.19214 -11.6325

3 0 2 3 -20.33 -1.1504 152713.63 0.0204D -0.9816| 048R -6.4404 -6.4404

3 0 3 8 -5.33 -0.3016 40037.56 0.02404 -0.1802 3B03 | -6.4404 -6.4404
0 0.0000 0.00 0.00000 4.7495 0.3687|
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Table 11:Calculation of the mesh network by appiliceof the Hardy-Cross method for the case wheeediesign diameter is taken to be equal to thelatdn
diameter (Iteration n°03)

MP | MA | Sections Sections
Start | Start dqg
Q \ Re A hf (m) hf/q Dqg dq other effective
1 0 0 1 171.00 0.00 0.00
1 2 1 2 59.88 1.2199 269894.43 0.0180 1.0151 0.017q -0.1917 0.8148 -1.0065
1 0 1 5 -33.94 | -0.6914| 152955.72 0.0189 -0.3136 0920 -0.1917 -0.1917
1 0 5 4 -18.94 | -0.6028| 106687.59 0.0208 -0.6664 3520 -0.1917 -0.1917
1 0 4 2 -3.94 -0.2228 | 29574.06 0.0254 -0.0107Y 002 | -0.1917 -0.1917
0.00 0.0000 0.00 0.0000 0.0246 0.0641
2 0 1 6 51.17 1.0424 230625.97 0.018p 1.2102 0.0234 0.8148 0.8148
2 0 6 7 34.17 1.0877 192507.80 0.0191L 0.7204 0.0211 0.8148 0.8148
2 3 7 2 -11.88 | -0.6723| 89241.06 0.021%5 -1.1778 9L09 | 0.8148 -0.5967 1.4116
2 1 1 2 -59.88 | -1.2199| 269894.43 0.0180 -1.01501 170 0.8148 -0.1917 1.0065
0.00 0.0000 0.00 0.0000 -0.2621 0.1608
3 0 7 8 15.39 s0.8709| 115608.25 0.0209 1.4544 8.094 | -0.5967 -0.5967
3 2 7 2 11.88 0.6723 89241.06 0.0215% 1.1778 0.0991 -0.5967 0.8148 -1.4116
3 0 2 3 -25.94 | -1.4679| 194851.87 0.0200 -1.569f 60&0 -0.5967 -0.5967
3 0 3 8 -10.94 | -0.6191| 82175.80 0.0217 -0.6849 2506 | -0.5967 -0.5967
0.00 0.0000 0.00 0.0000 0.3781 0.3168

2.3.Multicriteria method PROMETHEE I

The described mesh network was studied by the RMdithe Hardy Cross method. The use of a multitaitgelection method is

necessary in order to choose the design method¥riftding water networks. The PROMETHEE Il methodsaherefore chosen

as it allows alternatives to be compared agairsh ether on the basis of defined criteria. Fivéetia were defined: the accuracy
& reliability of the method, its cost, its speedexiecution and its suitability for automation.

2.3.1. Definition of criteria
In this study five criteria were identified: accayeaand fidelity, cost, speed of execution and auatiion capability
» Trueness and precision of the method

Trueness, according to 1ISO 3534-1, is the clesemf agreement between the mean value obtaiopddrlarge series of test
results and an accepted reference value. It idlysxpressed in terms of bias.

Fidelity according to 1SO 3534-1 is the closene$ agreement between independent test resultsnebt under stipulated
conditions. It depends only on random errors arglritarelation to the true or specified value.

» Cost (investment and operation)

The cost here lies in the steps taken in thdiGgin of the chosen method, referring to theestment in time and expense.
Decisions on investments are made taking into atdcthe profitability and sustainability of the clemstechnical option and the
available or borrowed capital. For example, provitle user with a computer containing the Excel iapfibn to facilitate
calculations. This criterion is conditioned by thgeed of execution and the aptitude for automatibith is predominant. The
performance cost will be all the more important whige expenses initiated for the use of the mettiedower. Nevertheless, this
criterion will be considered as not beneficiallie einalysis of the design methods.

* Speed
The speed of a method refers not antjpé time taken to apply the method but also #s=evith which the method can be
applied.
* Automation capability
This is the ability to computerise a hoet in order to achieve an easily manageable siit

2.3.2. Parameters of ttRROMETHEEI multi-criteria method

The choice of the tool permitting to compare amdn rank our sizing methods was based on the ARIBMEE |l quality tool,
which is based on a process of comparing two by aations according to each criterion (Thakkar, 902lis based on the
weighting of threshold criteria and it producesexdrchy of actions (Moalla Frikha et al, 2007).Eaction is therefore compared
to the others on the basis of the criteria considieThe evaluation of actions is carried out bya function, for each criterion
(Macharis et al., 2004).

Weight of criteria

We define the seb = {g, 0,,...,0n} CONtaining the evaluation of the action on théafecriteria. The importance of the criteria in
the decision making is evaluated by a set of wsight {wy, w,,... w,}. These weights are determined by several methousng
which are weighted analysis, weighted voting, gntrmethod and hierarchical criteria (Thakkar, 2021)

In our context the weighted vote was chosen a&fli#cts the experience of the decision-makers heil ideas.
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Table 12:Weighting of criteria

Cost Fast to use Ability to | Fidelity Accuracy
r automate

Cost 1 0 0 1 1

Fast to use 1 1 0 1 1
Ability to automate 1 1 1 1 1
Fidelity 0 0 0 1 1
Accuracy 0 0 0 0 1

Total 3,0 2,0 1,0 4,0 5,0

For this method, the indifference, preference agih ¥thresholds depend on the evaluation of th@madtir each criterion. For an
actiona, evaluated byg; (@) for criteriorj, in this case the indifference threshold is ndle€g; (@)) , the preference threshold

by P,(g;(a))and the standard deviation iy, (g, () -

The thresholds can be chosen according to the mpeafice values observed for each of the criterighim case study, we will
propose an uncertainty of 10 and considering arioitj:

. F>j =2x10% x rrgg)(gj(ai)—gj(ak)) )
- q =100 x n?’?-x(gj(ai)_gj(ak)) ®)
+ 07 =3x10%xmax(g; (@) - 9;(a,)) ©

Preference function

The PROMETHEE methods are based on an extensitire afotion of criterion by introducing a functiorpeessing the decision-
maker's preference for an action ai over anothgora@. For each criterion, the decision-makersiseal to choose one of the six
forms of curves expressed in the work of Thakk&2@ on the PROMETHEE preference function.

2.3.3. Application of theROMETHEE!I multi-criteria method
The PROMETHEE Il method is implemented as follows:
e Step0
A numerical scale is defined as a qualitative ®adfia level of satisfaction, thus representingtibed criterion for a qualitative
criterion summarised in the table below:

Table 13:PROMETHEE preference function (Tranvo2€4,6)

Level of satisfaction Digital scale
Very Good 5
Good 4
Medium 3
Mediocre 2
Low 1
Determine the decision matrix through the relatiips:
For beneficial criteria
For non-beneficial criteria
_ |x; = min (x; ) (=12 =19
i = - (i=12,..,m;j=12,.,n) 10)
|_max (Xij )_ min (Xij )J
max(X; ) — X; _ _
=T [max( i) _ "J +(i=12,...m;j =12,...,n) ay
lmax(xij )_ min (Xij )J

e Step1l
For each criterion, one of the six forms of curpesposed above is fixed, as well as the parametessciated with it, having

previously deduced the decision matrix. Let us w®rsthe evaluation of the preference functigfa; , a, )
F(a,a)=0 if Ra <Ra; -~ D(Ma;,Ma,)<0 a2)
F(a,a)=(Rg -Rg) if Rg>Rg - D(Mg,Mg)>~0 a3
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e Step2
For each pair of actions( , @, ), the preference index is calculatBdq; , @, ) which represents the measure of the decision

maker's overall preference for the acti@nin relation to@, , on alln criteria.

ij xF (a;,a,)

=1
P(a,,q,)=- . (14)
W
=1
e Step3
Calculate the inflow and outflow for each actiaf)
q)+(ai) - Zp(ai ,ak) (15) positive flow which expresses the force af :
o OAa, #a, Outgoing flow;
_ _ negative flow which expresses the weakness of
(@)= Z P(a; ) (16) (16) a; : incoming flow.
a OA 0y 2a;
e Step4

Determine the 2 total pre-orders and arrange ttierac
- The first total pre-order is to arrange the actiondescending order ob*
- The second total pre-order is to arrange the asfiomscending order €9~
- PROMETHEE Il consists of ranking stocks in descegdirder of net flowsP(a,) defined as follows:

O(a) =" () - P (ar) (17)
Thus, PROMETHEE Il provides a total pre-order. (&ra2005; Thakkar, 2021)

2.3.3.1 Assessment of criteria
In order to analyse the design methods used, tleviag criteria were identified:
The cost (investment and operation) of the method:

The Hardy-Cross method is essentially an iteeathethod.Initial diameters are set and then thnaterative calculations we
find the theoretical diameter. Similarly, the detaration of the corrected flow rate goes through $hme process so the manual
determination of this data is very tedious, herft 2 on our numerical scale. However, the determimeof the theoretical
diameter by RMM is done through a series of prefasaulae, but the corrected flow rate also folldeser iterations than Hardy
Cross: hence the rating of 4 for this criterion.

Speed of the method

In relation to tables 5 and 9 of the numericallel studied, it can be seen that with the RMMttieoretical diameters make it
possible to deduce the corrected road flows fragrfitist iteration, which is not the case for therdacross method. Moreover,
the RMM approach is also a method for optimisingdtzing of drinking water networks (Bedjaoui anchaur, 2014). Thus, the
references 2 to the Hardy-cross method and 4 t&khis!.

Automation capability

The existing EPANET application is based onHaedy-cross method, which is commonly used in th@.Pwhile the RMM is
based on a series of formulas and can be autonstiedies have already been carried out on thisestiffjut the application
remains unavailable. Hence the rating of 5 forHlaedy-cross method and 4 for the RMM.

Accuracy and precision of the method (ANSES, 2015)

The method is equally more accurate, as theoraruhrt of the experimental errors that affectrémults is less. The accuracy of
the method will therefore be defined by two notiomepeatability when the experimental conditiong ddentical and
reproducibility when the experimental conditions different (Storey et al., 2011). Trueness isaherage value of a number of
measured values and a reference value and predsidhe closeness between the measured valuesnedhtat repeated
measurements (dispersion of values). The evaluatiche accuracy of the two methods of analysis d@se by analysing the
pipe cross-sections summarised in Table 14.
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Table 14. Theoretical and nominal network diamegerording to Hardy-Cross and RMM

MP | MA | Sections Hardy-CrossS RMM

Start End rt%é (m) D\lorm(m) Dthé (m) D\lorm(m)
1 0 0 1 0.466609004| 0.5 0.4724789 0.5
1 2 1 2 0.248063837] 0.25 0.1590615 0.15
1 0 1 5 0.248063837| 0.25 0.2260672 0.25
1 0 5 4 0.206002607| 0.2 0.151567 0.15
1 0 4 2 0.152769371 0.15 0.1291836 0.15
2 0 1 6 0.248063837| 0.25 0.2206288 0.2
2 0 6 7 0.1997263 0.2 0.1575161 0.15
2 3 7 2 0.160888035 0.15 0.1514637 0.15
2 1 1 2 0.248063837| 0.25 0.1590615 0.15
3 0 7 8 0.163517676| 0.15 0.142408 0.15
3 2 7 2 0.160888035 0.15 0.1514637 0.15
3 0 2 3 0.160888035 0.15 0.2047022 0.2
3 0 3 8 0.082379407, 0.15 0.1514065 0.15

On observation, the RMM method presents optjpifa cross-sections to the Hardy-cross method. Ma@ne several principles
and norms govern the selection of the pipe dianiatarnetwork, among which, it is recommended teehthe same pipe cross-
section in order to avoid additional costs resglfiom reducers, connection elements and the iseresingular pressure losses.
Thus, in this study we fix as reference pipe sectioeach mesh. The most recurrent one in the reaish and deduce through
formula (18) the inadequacy of the two methods tfiad through and summarised in Table 15.

Bias=y - u

Table 15:Evaluation of trueness

(18)

Wrongness of the rightness
Basis
Hardy-Cross RMM
Mesh | -0.0375 0.025
Mesh Il -0.0375 0.0125
Mesh IlI 0 0.0125

Of the three meshes analysed for the first tvesims, the absolute value of the bias of the RMIgwer than that of the Hardy-
Cross method, and conversely for the third mesh,sections of the channels of the RMM are optinwahgared to those of
Hardy-Cross, hence the notations 4 for the RMM anibr Hardy-Cross in accuracy. The fidelity deféxtidentified by the
standard deviation in Formula (19).

>y - y)?
n-1

S=

19

Table 16. Assessment of fidelity defects

Defects of fidelity
Type gap
Hardy-Cross RMM
Mesh | 0.292617498 0.180277564
Mesh Il 0.292617498 0.175
Mesh IlI 0.173205081 0.175

The standard deviations calculated for the RMMrid cells | and Il are lower than those for HafZross, and vice versa in the
case of grid cell 1ll, hence 3 for Hardy-Cross dnidr the RMM.

2.2.4. Criteria Weighting Coefficients

In this study, all criteria are weighted accorditogtheir degree of importance, whether consideredeficial or not, by the
weighting coefficient per criterion. The determioat of the weight of a criterion was based on: ¢ixperience observed in the
application of this decision support tool; the ttwadwo comparison of each action according to theision maker (the user of the
methods) in a developing country context, the irntgoose of the criteria through the validation gufde analytical methods
(ANSES, 2015) and the guide for the evaluationoaftine analytical methods, the opinion and suggastof some actors in the
field. The sum of the weights is 100%. PROMETHEHully ranks the alternatives from best to wordhgshe net flow.
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3. Results and Discussions

3.1 Weight of criteria

Through the weighting of the criteria, it emesdleat the most important criterion for the usa sfzing method is its accuracy &
precision, then its speed of use, its cost andlyinis suitability for automation. This is in linith R. Grappin's guide for the
evaluation of routine analytical methods, whichegiypriority to the accuracy of a method and steets# the main characteristics
of the accuracy of a method are: precision, acquaad sensitivity. The weight of each of these wsed criteria is given in Table
17.

Table 17 Weight of criteria
Criteria Cost Fast to use Ability to automate Figel Accuracy
Total (%) 20,0 13,33 6,67 26,67 33,33

3.2 Performance of the criteria

Quantitative assessment criteria are the easieste for aggregation. Qualitative criteria aiféadilt to manage and require the
subjective intervention of the decision-maker torscthe actions on a discrete scale large enoutgkéointo account all possible
aspects of sensitivity of the decision-maker. Tikighe case with our numerical scale of 1 to 5,edelng on the level of
improvement of a criterion in the use of a meth@iven the methodology used, the performance of diiieria used is
summarised in Table 18. The rough model method (RM&tforms better than the Hardy-cross method thighexception of the
criterion of suitability for automation. RMM is thenly analytical method for calculating the norntpth in free surface
channels. The other current methods are eitheativer or approximate (Lakehal et al, 2014). Howewaftware based on this
method remain unavailable unlike the Hardy-Crosthogkwhich is widely popularised through the us€BRANET software.

Table 18. Performance of criteria

Criteria Cost Fast to use Ability to automate Figel| Accuracy
Hardy-Cross method (M1) 2 2 5 3 2
RMM method (M2) 4 4 4 4 4
Max (Xij) 4 4 5 4 4
Min (Xy) 2 2 4 3 2

3.3 Preference matrix

The calculation of each preference index shawas for all the criteria identified in the analysiSthe two sizing methods, the
preference threshold is between 0.4 and 0.8; ttiéfénence threshold is between 0.2 and 0.4 ands¢te threshold between 0.6
and 1.2, summarised in Table 19.

Table 19. Assessment of fidelity defects

Criteria Crl| Cr2 Cr3 Cr4 Cr5
Cost | Fasttousg Ability to automate Fidelity Arxcy
Weight 20 13 7 27 33
Preference threshold 0.8 0.8 0.4 0.4 0.8
Indifference threshold 0.4 0.4 0.2 0.2 0.4
Veto threshold 1.2 1.2 0.6 0.6 1.2

3.4 Flow matrix

The PROMETHEE Il method is simple and undersédheito the user. It provides a clear ranking. Camag to other synthetic
outranking methods, each solution has a clear ngnKihe results presented in Table 20 show thatR.Mps the ranking with a
net flow of 0.86 compared to the Hardy-Cross metivbich has a net flow of -0.860. Thus, in a devielgrountry context, the
R.M.M outperforms the Hardy-Cross method. Furtheamd is based on measurable parameters in peactich as road flow
rate, pipe diameter, and longitudinal slope of pipe, absolute roughness and kinematic viscositythef flowing liquid.
Furthermore, it is based on the geometric and hidraharacteristics of a reference roughness matiese parameters are well
defined and through an a dimensional correctiotofathese parameters are used to deduce thoke efudied pipe, in particular
the normal depth (Lakehal et al, 2014).

Table 20. Assessment of fidelity defects
Actions | Hardy-Cross method Rough model method

O+ 0.070 0.930
P- 0.930 0.070
) -0.860 0.860

Rank 2 1
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4, Conclusion

The present study focused on the applicatioth@fmulti-criteria selection tool for the optimigat of the choice of the sizing
method for drinking water distribution networksdeveloping countries particularlythe case of Camer&everal optimisation
methods were mentioned but only the Hardy-crossRmejh Model methods were retained due to thehemiicity. A humerical
model previously studied by the Rough Model MetiB§#M) was studied by the Hardy-cross method in otdebetter identify
the analysis criteria of a sizing method for drivikiwater distribution networks. The criteria wetest, speed of use, suitability
for automation, fidelity and accuracy. The muliiteria decision-making approach used was basedhenPROMETHEE ||
method.

The calculation of the flows and the completekiag of the alternatives from best to worst acaggdo their net flow were
performed for each application. The global prefeeematrices, the inflow or outflow vectors and ttet flow were calculated.
The ranking of potential actions on the two sizingthods in descending order was carried out. Aetiteof the survey, it can be
concluded that the rough model method ranks finsbrag the sizing methods for drinking water disttibn networks, allowing
the best compromise between the analysis criterisikzing water supply networks in Cameroon followey the Hardy-cross
method despite the fact that it is the most popatat widely used method (given the availability dlecibility of the EPANET
application, which is based on the said methodg fblol was subjected to a sensitivity analysisy@nying the weights) to test its
consistency, stability and reliability. The optimisdata obtained in the present study could hedphtidraulic engineer in the
optimal choice of sizing method for drinking watestworks necessary to implement optimal drinkingevaetworks. This is to
limit both the initial investment and operating tosf the said networks in the D.C.
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