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ABSTRACT

The pipes used in water distribution system areldhgest investment. The design, modeling and agdiiion of pipes in
water supply system are very important from an eoun point of view. Therefore, in this paper, ogtirdesign of pipe
network for converting existing network into 24 water supply system networks is carried out falueng the cost using
Water GEMS software. Initially, analysis of exigtivater supply network system is carried out fog aane (Takali Zone-
10) from Pandharpur region. The effect of forecdspopulation on the demand, head loss gradient pressure
development is studied. Further, cost optimizatibpipe network is carried out for proposed 24 water supply system
by using Darwin optimization approach, which is édon genetic algorithm. This analysis is carriad for immediate
stage-2015, intermediate stage-2030 and final s&@%5. From the analysis, it is observed that, apyfation increases
from year 2015 to 2045, the demand, head loss gradand pressure development increases. From theviba

optimization approach, it is observed that the nmaxin cost reduction of 33.45% is achieved.
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INTRODUCTION

Water is the very critical resource issue of odetiine. Population growth, economic developmentyirenmental
concerns and reduction in freshwater supply inutgan areas pose serious problems to water resoptaaning and
management. Demand for water consumption has beemirereasing in many municipal areas, and clinatiange
around the world simultaneously causes droughbgsrin some areas and at the same time flood isituat other area.
WDSs represent a vast infrastructure worldwide,cWwhis critical for contemporary human existencenfrall social,
industrial and environmental aspects. As a consegydhere is pressure on water organizationsaeige customers with

a continual water supply of the required quantitgl guality at a required time [5].

A distribution system is a network of interconnecfgpes, valves, pumps, tanks and reservoirs, andspan an
extensive geographic area to serve multiple mualitips. WDS can be assimilated to networks (opbsd from a few
hundred nodes to thousands or millions nodes ircéise of large cities. Traditionally, these commggtems were built

with different redundancy degrees, both in topatafjimore paths to reach the same nodes) and ef®oge pressure
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higher than design pressure) meaning, in ordeive metwork reliability against mechanical and auic failure [6].

The municipal infrastructure construction is aregral part of urban construction, while the urbaatex supply
network (WSN) is the lifeline of construction projs. Since water supply network is concealed in uhderground
throughout the years, and it is not easy to deteertiie operational state of pipe network accurassit is exceedingly
difficult for the construction as well as maintenarof water supply network with less informatioroabthe operational

state of water supply network and the hysteresgetiing information. [1]

The pipe network of water supply scheme represtgslargest investments for the deployment. Thisirt
design is to be done in such a way that the cosetforking should be minimum after satisfying thality standards of
pressure and velocity [2]. The calculation of th@seameters in looped networks is performed usirginaultaneous
solution of a system of equations, which are prilparon-linear. The deterministic solution is dif€ilt to obtain and
usually requires the linearization of hydraulic ations, which was virtually impossible until recectmputational

advances [3].

However, even with the development of softwareHpdraulic modeling, the design of water supply rets
continued to depend on the engineer's experiergtexgvertise. To avoid this dependence and the taioges involved in
this design process, the hydraulic model was aatastiwith optimization techniques to obtain thewmek design with

minimum costs [4].

The proposed multi-objective design, taking int@@amt energy consumption, demand variation andspres

deficiency in addition to pipe costs to obtain mmalistic scenarios of network design.

Traditionally, water distribution network desigrpgrading, or rehabilitation is based on engineejirdgment.
However, in the last three decades, a significardumnt of research has focused on the optimal dedfigrater distribution
networks. Initially, researchers used linear pragrang to optimize the design of a pipe network [13bsequent studies
applied nonlinear programming to network designbfgms. Some examples include the optimization opéml pipe

networks [15] or the development of models thatusate pumps, tanks and multiple loading cases [16].

From the literature, it is observed that designmater supply network system contribute significartth the
overall expenditure of the same. It is also obsril@t proper and systematic design, modeling grtin@ation of

network system are necessary.

This paper tries to design 24 x 7 water supply, @liad and optimization of network system by using
WaterGEMS software for the small religious impotteawn Pandharpur in Maharashtra, India. Initially, manual analysis
of Existing Water Supply System of Pandharpur Gityie zone (Takali) out of 13 zones of Pandharpuntbas been
carried out for proposed stages, viz. immediatges2015, intermediate stage-2030 and final stag&-2Burther analysis
is carried out by using Darwin approach to obtgniroal design of pipe network of existing systensdxh on genetic
algorithm. For optimization study, few constrainipgrameters are considered, viz., demand, headjfagéent, pressure

and pipe diameter.

Site Location
Pandharpur is a pilgrimage town on the bank of BhRiver in Solapur District, Maharashtra, Indiaisltconnected by
asphalt road to all district places in MaharashEtas town is located at latitude 17°40'24.84" Ndaude 75°19'31.38" E.

Bhima River flowing along the northern boundarytioé town takes sharp turns of 90 degrees and fedasg Eastern
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boundary of the town. It is this curvature that basen the name “Chandrabhaga” to this part ofriher. The ground is

sloping towards North and East. As per 2011 certkesandharpur Municipal Council has populatiof®&023.
Analysis of Existing Water Supply Scheme

Existing water supply system consists of one unaemgd sump, four GSRs and eleven ESRs. These saegervoirs are
supplying water to the city. Since, the city is amging rapidly; the water supply system of the Stjo be designed for 24
X 7 water supply to the consumer end. As per Cemublic Health and Environmental Engineering Oigation
(CPHEEO)manual, the distribution pipe network is to be gaei for 30 years in two steps. Four GSRs areagdd 20
years (1998) and cannot be utilized consideringmmim residual head criteria of 12 m at nodal poiito, Chauphala
ESR is proposed to discard considering its life saviceability. Moreover, UG tank of 67 LL will htilized only for
feeding ESRs. Therefore, 10 existing ESRs arezatlliand 3 ESRs are proposed as show in Figuréhuk, & total of 13
operational zones are formed. The city’s grouncelewary from 437 m to 476 m. Thus, the zoning feé entire
distribution network is planned considering theadg@phy of the city and also to fulfill the exigliESRs for its maximum

capacity.

By surveying the water supply network field, watepply network is tracked from initial locationttee user end
using data collected from all stations. From cd#dcdata, hydraulic model of water supply netwakcieated using
WaterGEMS software and same model of Takali zomebax 10 with 59 junctions is shown in Figure. 2Figure. 2, 100
mm, 150 mm and 200 mm pipes are indicated by gremhand purple colors, respective{fhis is the limitation of
software). From the current manual analysis, dkiserved that total pipe length of 4949 m is rezfliiiThe cost required
for the same length with 100 mm, 150 mm and 200diameter pipes is Rs 4,29,8430. While creatingttbelel of Takali
zone, water storage capacity of 1.5 LL, GL of 469.8L of 477 m and FSL of 482 m is considered.

The population forecasting for 30 years from thary2015 to 2045 is determined using arithmetic dnmeznt
method and geometric method (simple and universaiepted used method). The water supply systerthéoilakali
zone is designed for a period of 30 years with pliases. Phase-I is from the year 2015 to 2030 hadeRll is from the
year 2030 to 2045. The immediate stage-2015, irgdiae stage-2030 and final stage-IIl with foreedgiopulation are of
1442, 1805 and 2195, respectively.
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Figure 1: Formation of Zones of Pandharpur City for Water
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Figure 2: Hydrauhc Model of Water Distribution Net work of Takali
Zone (10).
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Figure 3: Demand at Different Junctions (a) Immedige Stage-2015, (b) Intermediate Stage - 2030 and (c

Final Stage-2045.

The development of flow (demand), head loss gradigope) and pressure at various junctions for édiate

stage-2015, intermediate stage-2030 and final 28¢5 is studied and shown in (Pipe no label is<eaxis)-Figure. 5.

(That numbers are flow (MLD) at that node and they are shown in such § W the software.) Figure. 3 shows

development of demand at various junctions. Theimam demand 0.0208 MLD is observed at junction A4the
immediate stage 2015, as shown in Figure. 3(a)mFAfaure. 3(b), it is observed that the maximum dedhof 0.0254
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MLD is observed at junction 31 for intermediategete2030. Further maximum demand of 0.0313 MLD isepked at
junction 31 for final stage 2045. This demand wéased due to increase in population from 1448@5 and further to
2195.

The head loss effect is studied at 59 junctionspfgpulation of 1442, 1805 and 2195 at immediatges2015,
intermediate stage-2030 and final stage-2045, otispdy. The development of head loss gradient fikrmis shown in
Figure. 4. Figure. 4(a) shows head loss gradientnfionediate stage-2015. From Figure. 4(a), it Bnsthat, maximum
head loss gradient is observed at junction 48.magimum value of head loss gradient observed i83ri/km. Figure.
4(b) shows the head loss gradient for intermedittge-2030. From Figure. 4(b), it is observed thaximum head loss
gradient of 0.171 m/km is observed at junction B&ther analysis is carried out for final stage20dr population of
2195 and its head loss effect is shown in Figuge). &4rom Figure. 4(c), it is clear that at junati®8, maximum head loss

gradient of 0.251 m/km is observed. This is bec&lisgopulation increased from the immediate stagdkee final stage.

The development of pressure in water supply netwgstem should be in the range of 15-80 psi. Théysis of
development of pressure at various junctions ofaliakone (zone 10) is carried out using WaterGENIBe pressure
developed at each junction is shown in Figure. fnFFigure. 5, it is seen that the minimum pressfrd6.2 psi
(everywhere the same unit is used) is developeflirattion number 56, whereas maximum pressure 08 Pai is

developed at junction 46.
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Figure 4: Head Loss Gradient at Different Junctionga) Immediate Stage — 2015, (b) Intermediate Stage
2030 and (c) Final Stage—2045
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Figure 5: Pressure at Different Junctions (a) Immethte Stage—2015, (b) Intermediate
Stage—2030 and (c) Final Stage—2045.
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Optimization of Existing WSS using Darwin Approach

A module of WaterGEMS software named ‘Darwin Desigiis used to obtain maximum benefit of water dypmystem.

Darwin Designer is an efficient method of designimeyv pipe layouts and pipe rehabilitation projetttallows designing
network for an existing model, either manually dthwefficient genetic algorithms, in a more autoathfashion. It also
allows for multiple designs to be presented, sabit possible solution can be found. Solutionsadam be exported into
a new scenario for use in an existing water systBinis software optimizes the water supply networktbe basis of
various constraints, viz., pressure range, flowoeity, etc. This module is based on generic algorjtwhich provides
multi-objective optimization. In this paper, objeet function is to minimize cost for all three stsg The different
optimized solutions are provided by the softwarthwbrrect ranking. In this paper, optimized camtdition with various

pipe diameters is studied.

. A

.. 2l

Figure 6: Optimized Pipe Network of Takali Zone ata Immediate
Stage-2015.

RESULTS AND DISCUSSIONS

In this study, Darwin optimization module whichliased on genetic algorithm is used to obtain optjpiEe network
system. The main objective of the work is optimmatof cost required for water supply system. As fiee Darwin
optimization approach, three different optimizetuons are obtained. The best solution for eaagesis considered. The
optimization is carried out with determining thevdlpment of pressure at various junctions. Thecbje is achieved by
reducing the diameter and the length of pipes. dpgtenized pipe network of Takali zone (zone 103li®wn in Figure 6.

The pink color lines show 80 mm diameter of piped green color lines show 100 mm diameter of pipes.
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Figure 7: Optimized Solutions for Pressure at Diffeent Junctions (a) Immediate Stage — 2015, (b)
Intermediate Stage — 2030 and (c) Final Stage — 204

The effect of these pipe diameter and length oreldgwment of pressure at various junctions is shmarigure.

7. Figure 7(a) — Figure 7(c) shows the optimizeldittmn with the development of pressure at varijputions from the

stage of the immediate stage — 2015, intermediatges- 2030 and final stage — 2045. From Figurk, (& observed that

maximum pressure of 26.4 psi is developed at janctiumber 46 and minimum pressure of 15.3 psi i®ldped at

junction number 56 for immediate stage — 2015.Harrtmaximum pressure of 26.7 psi and minimum piressf 15.3 psi

is developed at junction number 46 and 56 for meatiate stage — 2030, respectively, as shown iar€ig(b). Similarly,

maximum pressure of 26.9 psi is developed at janctiumber 46 and minimum pressure of 15.3 psi ieldped at

junction number 56 for final stage — 2045.

[az737a]
4,500
4,000
3,500
7 3000
Z 2,500
=]
€ 2,000
-
1,500 ! -+ " - T - -
1,000 i - fres - i L
191.20:
500 1 4 4 1 1 1 1
0 sl e o i oy el

80 82 84 86 88 a0 92 94 a6 98 100
Diameter (mm)

(@)

Impact Factor (JCC): 6.7928

5,000
4,500
4,000
3,500

E 3,000

£ 2,500

o
§ 2,000

-

1,500
1,000
500

100
Diameter (mm)

(b)

NAAS Rating 3.04



Optimal Design of Pipe Network for Converting Existing Network into 24 X 7 Water Supply System Network

4,949.093

5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

Length (m)

100
Diameter (mm)

(©)

19

Figure 8: Optimized Solutions of Pipe Diameter withTotal Length Required for Water Supply
Network for Immediate Stage — 2015, Intermediate &ige — 2030 and Final Stage — 2045.

The pipe diameter with total length required fortevasupply network for immediate stage — 2015, rmtdiate
stage — 2030 and final stage — 2045 is shown iarEi§.

Figure 8(a) shows pipe diameters with total lengtiuired for pipe network. The pipe length of 4743m (80
mm diameter) and 191.203 m (100 mm diameter) isiired for Takali zone for immediate stage — 201ligufe. 8(b)

shows water supply network of total length of 4893 m with 100 mm pipe diameter for intermediaggst— 2030 as

well as for final stage — 2045.

The cost required for pipe network is obtained gdbarwin optimization approach is shown in Figurd-Ryure.

9 shows the cost estimation for existing, immedgsge — 2015, intermediate stage — 2030 and stage — 2045 water
supply system. The manual estimated cost for tiae 615 is Rs. 4,29,8430, while optimized costifemediate stage —
2015, intermediate stage — 2030 and final stagé45 2s Rs. 3,22,0863, 3,64,4315 and Rs. 3,64,5&&pectively. The
maximum amount of Rs. 10,77,567, Rs. 65,4115 andR2610 are reduced using optimization appro@bh.maximum

33.45% of cost optimization is achieved througtepietwork optimization.
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Figure 9: Comparison of Manual Cost with OptimizedCost at (a) Immediate
Stage—2015, (b) Intermediate Stage—2030 and (ch&i Stage—2045.
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CONCLUSIONS

The design for 24 x 7 water supply, modeling antinoigation of network system is carried out in tkisidy. Initially,

manual analysis was carried out for one zone bgclsting the population and their demand. Basethisnstudy, the

effect of population on demand, head loss gracheikt pressure development is carried out. Furthemaation of the

same network is conducted using Darwin approacle. dim was to minimize the cost of pipe network. &asn this

study, following conclusions are summarized.

From the analysis, it is observed that as populaitnecreases, demand of water supply increases. dtearly
observed that demand has increased from 0.0208 MLD.0315 MLD from immediate stage — 2015 to final
stage — 2045.

It is also observed that the head loss of 0.103mk171 m/km and 0.251 m/km is observed for im@edstage

— 2015, intermediate stage — 2030 and final stag@45, respectively.

From Darwin’s optimization study, it is observedtitost of the pipe network is reduced by 33.45%h whe

reduction of development of pressure by balandiag Various places.
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