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Abstract

Hydraulic analysis methods of water distribution networks are divided into two types of
demand driven simulation method (DDSM) and pressure driven simulation method (PDSM). In
the DDSM analysis, it is assumed that nodal discharge is independent from nodal pressure and
available discharge is always equal to demanded flow at consumption nodes. In PDSM analysis
which results in much more realistic outputs than DDSM method, the assumption of nodal
discharge independency from nodal pressure is rejected. In the recently proposed pressure-
dependent relations, nodal discharge has been divided into two sections of volumetric and
pressure-dependent discharges. In these relations, the exact contribution of volumetric and
pressure-dependent discharges is not known and a portion of 50% has been considered for each
of them. In the present study, by implementing field measurements, the portions of volumetric
and pressure-dependent drinking water consumptions have been determined and the pressure-
discharge relationship has been modified. Then, impact of the modification applied on pressure-
discharge relationship on the output of PDSM model has been investigated. According to the
obtained results, the considered portions for volumetric and pressure-dependent consumptions
(50%) in previous pressure-discharge relations are inconsistent with reality. Using the modified
pressure-discharge relation leads to increase in tank outlet discharge in the hydraulic model.
Volumetric and pressure-dependent consumptions in cities like Oshnaviyeh can be considered
approximately 13 and 87% of total drinking water consumption, respectively.

Keywords: Volumetric Consumptions, Pressure-Dependent Consumptions, Pressure-Discharge
Relationship, Pressure Driven Simulation Method.
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Pipes' characteristics Reservoir Nodes' characteristics
) ) 2 1 /l' req . 3
Pipe  Diameter (mm) 3. ¢ Node Q; " (m*/s)
1-2,1-4 250 1 (Reservoir)  0.2081
2-3,4-7 175 2,4 - 0.0208
5 4- 3,7 - 0.0208
2-5,4-5 145 6 hS 44
3-6,7-8 115 5 = 0.0208
5-6 ,5-8 100 6,8 - 0.0208
6-9,8-9 100 9 - 0.0625
L * *
9 8 7
Fig. 1. Structure of sample network (Tabesh, 1998)
(Tabesh, 1998) & soi 4 Szl =) JS3
ubjssz‘u):gTJJhm—\ ‘Jj-\-?
Table 1. Water consumption in three bimonthly time periods
Res1dep tial Tm.le Water. Dishwashing Wash}ng Toilet Bathroom
unit period consumption machine
m’ 6.36 1.52 4.11 14.24
2017-10-23 to 2017-12-21
() 23.27 5.56 1.044  52.10
m’ 5.22 1.37 3.59 13.62
Building 1 2017-12-22 to 2018-02-19
(1) 17.50 4.59 1.03 45.66
m’ 6.12 0.64 5.32 13.71
2018-02-20 to 2018-04-19
(1) 21.91 2.29 1.05 49.09
m’ 8.47 1.78 3.90 18.68
2017-10-23 to 2017-12-21
(%) 22.81 4.79 1.50 50.31
Building 2 m’ 6.26 2.10 4.38 14.71
2017-12-22 to0 2018-02-19
() 17.66 5.93 1.36 41.51
2018-02-20 to 2018-04-19 m’ 8.92 1.31 3.10 15.16
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Cont. table 1. Water consumption in three bimonthly time periods

Portion of pressure-

Residential Cooler Portion of volumetric
) Dishwasher Yard washing X . um X dependent consumptions
unit and air conditioner consumptions (%) %)
- 0.47 0.63 27.33
15.39 84.61
- 1.72 2.31 100
o - 5.40 0.63 29.83
Building 1 12.72 87.28
- 18.10 2.11 100
- 1.51 0.63 2793
14.07 85.93
- 5.41 2.26 100
- 3.46 0.84 37.13
12.31 87.69
- 9.32 2.26 100
Building 2 - 7.15 0.84 35.44
14.48 85.52
- 20.17 2.37 100
- 5.61 0.84 34.94 10.59 89.41
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Table 2. Comparison of DDSM and PDSM analysis results considering different pressure-discharge relations

PDSM analysis
using the

PDSM analysis using the

PDSM analysis using the
pressure-discharge

Q1 DDSM analysis Wagner et al., Shirzad et.al., 2013 relation modified in this
j . relation
Node 3 1988 relation paper
(m / S) P]- Q]?vl Pi Q]?vl Pi Q]?vl Q;extra Pi ngvl ngxtra
(m) (m¥s) (m) (m¥%s) (m) (m¥s) (Lis) (m) (m’s) (Lis)
. 0.2081 - 0.2081 - 0.1718 - 0.1993 - - 0.2152 -
(Reservoir)
2,4 -0.0208 83.19 -0.0208 88.21 -0.0208 84.46 -0.0280 -7.2  82.06 -0.0329 -12.1
3,7 -0.0208 57.14 -0.0208 71.38 -0.0208 64.17 -0.0257 -49 59.99 -0.0284 -7.6
5 -0.0208 56.82 -0.0208 72.01 -0.0208 65.37 -0.0259 -5.1 61.49 -0.0288 -8
6,8 -0.0208 -20.25 -0.0208 36.73 -0.0208 31.37 -0.0210 -0.2  29.15 -0.0205 -
9 -0.0625 -177.46 - 0.0625 528 -0.0262 4.61 -0.0240 - 427 -0.0231 -
Excessive
water usage = — - Zero - - - - -29.7 - - -47.4
(water loss)
CorSamt =Y Lol ol 5l i 4 55 S 5l st s Ik o058 e

S s o slay 51 Lo 5 sl (5 ,Se 1) lade bl
(el 530595 a4 5230 el s WBly S sSane 3l s
g,)\g_é)\_mdlﬂa,\_;z«_::e;,mﬁﬂ_w\m«sa.:um
Codly b g (os —0Lad Ll s Slid @ sl 5 o>
Tt pieas ol 5l ol s aods 5ba sl isllas
1l 3

5 aco s VW s gus e Oyl g 58l i ola el s
s ol JS O an ao s AY T g )Lt 4 4zl s B Lo
b on JS25

Gyl o ys Lo gt et b g st (6,855l e ull -
bl o3 slade ol g sed BLad U Lid o anly 5 (o>
b, -l Shirzad et al., 2013 L 5 s 51, o —Lid
W23l 3 0T cBs 5 a oSl

Jice 3 aacs 2ol (s = Ltd ahal 5laslinal >3-
e o S b e a1l gme 5l (25 o IS (S sue
CUPYUP PRGN T S IR ol Sl G
Lo, S 51 galacas 5o 5L 55 Lad BBlus sl3le 5Lid 5 g2

Journal of Water and Wastewater

Vol. 31, No. 3, 2020

53295 AL (s e ol ol 2153 (QF) T
PP FCHH ERCTS YU RPIOR IS O SO KPR i 5
el 31 soliad o LSn 55 s () & Jo 3 35300 015
Wl a4 S o sL Wagner et al., 1988

S U B PR P P JCX S S PYEE NS
O an me o S SBL 15l O 5me 5l s 5 05 JS 8 ead
a3 eslizad S s el O 2z 5L sl wof Lol
Coed o3 80 55 3hle 0T G ylaas ool st
S Wb oo iul390 Shirzad et al., 2013 dayl; 5 sslazal >
adaly 5 5Lz 4 aznly B las i 0232 e 51 G50 el )
ey Sl ssliad Sl s e sl st Sl (s - L3
PO e AN CJUNK JP N EE FRERL W R EY
© 0Lz 2302 S Golas gl 035 5L Cded SI
S Sl 5 5 il Lady) s s Cdl o o
e 383 e 35 e salite o5 glaiben ol o0 208
—okad balyy 5 Lagl Jlesl 5 5lid & arsly 5 (o> )L
PDSM S5 ue s @L:s Wl g5 oe Loty o) C)Lo\_e oy
a3k e 5 BB ol 4,

VA4 Jlo ¥ ool Y o)

Q



dx.doi.org/10.22093/ww;j.2019.171946.2830

g (s uid)[m u;/d:»o s

) ol g 55 50 ) e s 00 1S gy
Lacees oml 00 s sl bl 5 (s o3 GRossy
Colex S0 3 g Lr‘T Sl iegiy oo i sl e i)
33 S 58l syl i b oSG 5 T sl
Sl 53 olas 5 (ases (SO O it 5l (g3l 5 slams
o G slan 5B 5lie o 5 e o slize sl K 3 L il

3903 e 1 HLES sl

References

Sl s oy 4y posls g5 Lo Sl 5 el 136 O e
| o (35!
T G olan (55551l 5 OF oS oas Sl 4 25 L
FECUFRES S FOWIREA [ JE WS JU W VTSP TR
ey sS a0l e culs ) S w3l 5 ol
2 Sl Ol s Jlael s Laglazs b Cilosee sl j2ose
o) 53 00t sl sl iSosll 55 51 el ol 2854

Arefkhani, V. 2009. Head driven simulation of water distribution systems using gradient method. MSc. Thesis,

School of Civil Engineering, University of Tehran, Tehran, Iran. (In Persian)

Shirzad, A., Tabesh, M., Farmani, R. & Mohammadi, M. 2013. Pressure-discharge relations with application in

head driven simulation of water distribution networks. Journal of Water Resources Planning and

Management, 139(6), 660-670.

Tabesh, M. 1996. Comparison of methods for predicting deficient-network performance. Journal of Water

Resources Planning and Management, 122(3), 214-217.

Tabesh, M. 1998. Implications of the pressure dependency of outflows on data management, mathematical

modeling and reliability assessment of water distribution systems. PhD Thesis, Department of Civil

Engineering, University of Liverpool, England.

Tabesh, M. 2016. Advanced modeling of water distribution networks, 1% Ed., Tehran University Press, Tehran,

Iran. (In Persian)

Tabesh, M., Shirzad, A., Arefkhani, V. & Mani, A. 2014. A comparative study between modified and available

EPANET-based models for head driven analysis of water distribution networks. Urban Water Journal, 11(3),

221-230.

Tabesh, M., Tanyimboh, T.T. & Burrows, R. 2002. Head driven simulation of water supply networks.

International Journal of Engineering, Transactions A: Basics, 15(1), 11-22.

Wagner, J.M., Shamir, U. & Marks, D.H. 1988. Water distribution reliability: simulation methods. Journal of

Water Resources Planning and Management, 114(3), 276-294.

Journal of Water and Wastewater

Vol. 31, No. 3, 2020

ML 5 Of alos O

\¥44 de Ax o)l»-ir X 092

e



