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Abstract- This study presents the use of EPANET Software in
the design of the N.D.A water distribution network. A network
consists of pipes, nodes (pipe junctions). pumps. valves and
storage tanks or reservoirs. EPANET tracks the flow of water
in each pipe, the pressure at each node, the height of water in
each tank, and the concentration of a chemical species
throughout the network. EPANET is designed to be a research
tool for improving our understanding of the movement and
fate of drinking water constituents within distribution systems.
It can be used for many different kinds of applications in
distribution systems analysis. In this paper it EPANET used to
carry out the hydraulic analysis of the distribution network in
the study area. The results obtained verified that the pressures
at all junctions and the flows with their velocities at all pipes
are feasible enough to provide adequate water to the
distribution network
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I.INTRODUCTION

Water is not only a resource, is a life source. Life
exists around numerous uses of water which makes important
for survival and luxury. It is a part of our biosphere that should
not be overused, ignored or taken for granted because of this,
water should be conserved to sustain our domestic needs for
the future.

Water supply is an inevitable part of the urban
infrastructure. Municipa water systems provide portable water
to a wide array of commercial property and domestic use
including apartments, condominiums, duplex housing and
single-family dwellings through a distribution network. The
water distribution system is a large-scale network system with
complex topologica structure. Its functions are designed to
convey volumes of water to customers under adequate
pressure and acceptable quality. The main elements of the
water distribution system are pipe systems, pumping stations,
storage facilities, fire hydrants, house service connections,
meters and other appurtenances. The piping systems have
nodes and links(pi pes).
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The performance of water distribution systems is one
of the most important issues in ensuring public water security
and continuous operation of urban functions. Such functions
include water supply, infrastructure construction and industrial
development. The operational practices of large-scale water
scale networks still continue to be a maor engineering
challenge. The performance of a distribution network does not
depend only on supply and demand gap. The performance
depends on how far systems is reliable and satisfying the
demand with minimal loss. The system should also be capable
of meeting the demand at al times and at satisfactory pressure.
There are many causes for the poor performance of water
distribution system. Some of the important causes are pipe
failures, low pressure and flow rate in pipes, shortage of
pumping stations, value and appurtenances. Failures of any
pipe system can occur when the strength, toughness or
chemica resistance capabilities of the pipe are exceeded.
Structural failures of large diameter metallic water mains are
usualy occurring, when pipes get deteriorated due to
excessive internal and (or) external loadings. Low pressure
and flow rate is due to absence of booster in break rates and
loss of carrying capacity and the deterioration of water quality
in aging water distribution infrastructure, many studies were
conducted in order to analysis failure patterns and attempt to
evaluate and predict the performance of water distribution
systems.

Simulation models are employed to estimate the
distribution of hydraulic parameters, flow rates in pipes and
pressure (residual heads) at nodes concerning some sets of
particular loading and operating conditions. The hydraulic
simulation models help in evaluating water distribution piping
systems. With the help of hydraulic models, it is easy to
predict the overall performance of awater distribution system.
Therefore, to perfform a comprehensive performance
assessment awell proposed methodol ogy is needed

1.1 DISTRIBUTION OF WATER

Water distribution systems are ordinary designed to
adequately satisfy the water requirements for a combination of
domestic, commercial, industrial and firefighting purpose. The
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performance of a distribution system can be judged on this
basis of pressure available in the system for a specific rate of
flow. The distribution system consists of a network of pipes
with appurtenances, for transporting water from the
purification plant to the consumers tap. A good distribution
system should satisfy the following requirements:

The system should be capable of supplying water at
consumers tap at reasonable pressure head. Also, the
head should not be excessive.

It should be capable of meeting the fire demand
simultaneously.

It should maintain the degree of purity. The
distribution system should be completely watertight.
It should be easy to operate and maintain.

Water should be available even during breakdown
period.

It should be so laid during repairs, it does not cause
obstruction to traffic.

Theinitia cost of the distribution should be as low as
possible. network does not depend only on supply
and demand gap. The performance depends on how
far systemsis reliable and satisfying the demand with
minimal loss. The system should also be capable of
meeting the demand at al times and at satisfactory
pressure.

There are many causes for the poor performance of
water distribution system. Some of the important causes are
pipe failures, low pressure and flow rate in pipes, shortage of
pumping stations, value and appurtenances. Failures of any
pipe system can occur when the strength, toughness or
chemical resistance capabilities of the pipe are exceeded.
Structural failures of large diameter metallic water mains are
usualy occurring, when pipes get deteriorated due to
excessive interna and (or) external loadings. Low pressure
and flow rate is due to absence of booster in break rates and
loss of carrying capacity and the deterioration of water quality
in

1.2 DRINKING WATER STANDARDS

Table-1: 1S-19500 Drinkingwater specification
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dternate

S. | Parameter Requirement | Remarks
No. Desirable
limit
1 Cukor 5 May be extended up to
50 fi toxic
2 Turbidity 10 May be relaxed up to
25 in the absence of

3 pH 6.5-8.5 May be relaxed up to
9.2 in the absence
4 Tota 300 May be extended up to
Hardness 600
5 Calcium as| 75 May be extended up to
Ca 200
6 Magnesium 30 May be extended up to
as Mg 100
7 Copper asCa | 0.05 May be extended up to
15
8 Iron 0.3 May be extended up to
1
9 Manganese 0.1 May be extended up to
05
10 | Chlorides 250 May be extended up to
1000
11 | Sulphates 150 May be extended up to
400
12 | Nitrates 45 No Reaction
13 | Fuoride 0.6to12 If the limit is below
0.6 water should be
rejected, Max Limit is
extended to 1.5
14 | Phenols 0.001 May be relaxed up to
0.002
15 | Mercury 0.001 No relaxation
16 | Cadmium 0.01 No relaxation
17 | Selenium 0.01 No relaxation
18 | Arsenic 0.05 No relaxation
19 | Cyanide 0.05 No relaxation
20 | Lead 0.1 No relaxation
21 | Zinc 5.0 May be extended up to
10.0
22 | Anionic 0.2 May berelaxed upto 1
detergents
(MBAYS)
23 | Chromium as| 0.05 No relaxation

Cr
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24 | Poly nuclear -
aromatic
Hydrocarbons

25 | Poly nuclear | - May be relaxed up to

aromatic 0.03
Hydrocarbons
26 | Minerd ail 0.01 Applicable only when

water is Chlorinated

27 | Residual free| 0.2 -
chlorine

28 | Pesticides Absent -

29 | Radio active | -

1.3 ANALYSIS OF DISTRIBUTION NETWORK USING
EPANET

EPANET is a computer program that performs
extended period smulation of hydraulic and water quality
behavior within pressurized pipe networks. A network consists
of pipes, nodes (pipe junctions), pumps, valves and storage
tanks or reservoirs. EPANET tracks the flow of water in each
pipe, the pressure a each node, the height of water in each
tank, and the concentration of a chemica species throughout
the network during a simulation period comprised of multiple
time steps. In addition to chemical species, water age and
sourcetracing can aso be simulated.

EPANET is designed to be a research tool for
improving our understanding of the movement and fate of
drinking water constituents within distribution systems. It can
be used for many different kinds of applicationsin distribution
systems anaysis. Sampling program design, hydraulic model
calibration, chlorine residual analysis, and consumer exposure
assessment are some examples. EPANET can help assess
alternative management strategies for improving water quality
throughout a system.

These can include:

Altering source utilization within multiple source
systems,

Altering pumping and tank filling/emptying schedules,
Use of satellite treatment, such as re-chlorination at
storage tanks,

Targeted pipe cleaning and replacement.

Running under Windows, EPANET provides an
integrated environment for editing network input data,
running hydraulic and water quality simulations, and
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viewing the results in a variety of formats. These include
color-coded network maps, data tables, time series graphs,
and contour plots.

EPANET tracks:

The flow of water in each pipe.

The pressure at each node.

The height of chemical concentration throughout the
network during a stimulation period.

Water age.

Source and tracing.

EPANET tracks the flow of water in each pipe, the
pressure at each node, the height of water in each tank, and the
concentration of a chemical species throughout the network
during a simulation period comprised of multiple time steps.
In addition to chemical species, water age and source tracing
can also be simulated.

Running under windows, EPANET provides an
integrated environment for editing network input data, running
hydraulic and water quality simulations, and viewing the
results in a variety of formats. These include colour-coded
network maps, data tables, time series graphs, and contour
plots.

HYDRAULIC MODELING CAPABILITIES

Full-featured and accurate hydraulic modeling is a
prerequisite for doing effective water quality modeling.
EPANET contains a state-of-the-art hydraulic analysis engine
that includes the following capabilities:

Places no limit on the size of the network that can be
analyzed

Computes friction head-loss using the Hazen-Williams,
Darcy Weishach, or ChezyManning formulas

Includes minor head losses for bends, fittings, etc.

Models constant or variable speed pumps

Computes pumping energy and cost

Models various types of valves including shutoff, check,
pressure regulating, and flow control valves

Allows storage tanks to have any shape (i.e., diameter can
vary with height)

Considers multiple demand categories at nodes, each with
its own pattern of time variation

Models pressure-dependent flow issuing from emitters
(sprinkler heads)

Can base system operation on both simple tank level or
timer controls and on complex rule-based controls

WATER QUALITY MODELING CAPABILITIES
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In addition to hydraulic modeling, EPANET provides

the following water quality modeling capabilities:

- Models the movement of a non-reactive tracer material
through the network over time
Models the movement and fate of a reactive materia asit
grows (e.g., a disinfection by-product) or decays (e.g.,
chlorine residual) with time
Models the age of water throughout a network
Tracks the percent of flow from a given node reaching all
other nodes over time
Models reactions both in the bulk flow and at the pipe
wall
Uses nth order kinetics to mode reactions in the bulk
flow
Uses zero or first order kinetics to model reactions at the
pipe wall
Accounts for mass transfer limitations when modeling
pipe wall reactions
Allows growth or decay reactions to proceed up to a
limiting concentration
Employs global reaction rate coefficients that can be
modified on a pipe-by-pipe basis
Allows wall reaction rate coefficients to be correlated to
pipe roughness
Allows for time-varying concentration or mass inputs at
any location in the network
Models storage tanks as being either complete mix, plug
flow, or two-compartment reactors.

By employing these features, EPANET can study such water
quality phenomenaas:

Blending water from different sources
Age of water throughout a system

Loss of chlorineresiduals

Growth of disinfection by-products
Tracking contaminant propagation events.

APPLICATIONS

EPANET helps water utilities maintain and improve the
quality of the water delivered to consumers. It can be used to:

Design sampling programs.

Modify pumping and tank filling/emptying schedules to
reduce water age.

Plan and improve a system’s hydraulic performance.
Assist with pipe, pump, and valve placement and sizing.
Fireflow analysisand Vulnerability studies.
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II.MATERIAL AND METHODOLOGY
2.1STUDY AREA

The study area chosen is Humchadakatte, a medium
size village located in Tirthahalli Taluka of Shimoga district,
Karnataka with tota 118 families residing. The
Humchadakatte village has population of 503 as per
population census 2011. Humchadakatte village has higher
literacy rate compared to Karnataka.

2.2STEPSFOLLOWED IN DATA COLLECTION
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HOME INTERVIEW SURVEY:

. Name

Age

. Contact Number
. House Number

_ Mumber of members inthe family -

b=y} b e 5] —

: AEmhlem rectitied in the house relatad to water supply

Yes I_I Na.
7. Leakages found?
I: Yo l:l Na.

& Any other source of water supplies other than Bore wall warar?

9. Water flow is:

Conlinuous Intermitlent

IDEMTIFICATIOMN OF | |
PROBLEM . . .
Commoents: (regerding the issuc faced w.r.t water supply)

ATLOM OF
SOLUTHOM

Fig -2: Steps data collection & generation of solution

2.3HOME INTERVIEW SURVEY Fig-4: Home interview survey Sheet

Home-interview survey is one of the most reliable type of 24 DATA COLLECTION
surveys for collection of the required data.
*This is also very convenient method to know the problem  * Source of water supply

faced by the household which is related to water supply. * Pipe materid
* Roughness coefficient

* Types of valves
* Existing drawing

2.5 SOURCE OF WATER SUPPLY

Humchadakatte village the sources of water is Bore-well
water

2.6 PIPE MATERIAL
Castiron -150mm & 200mm

Fig -3: Home interview survey samples

/
A=Y
Fig -5Cast Iron & Ductile Iron

2.7 ROUGHNESS COEFFICIENT
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¢ Hydraulic roughness is the measure of the amount of
frictional resistance water experiences when passing over land
and channel features.

¢ Roughness co-efficient;:130-140

2.7TYPESOF VALVES
» Sluicevalves

> Butterfly valves
» Airvaves

Fig -6Sluice valves, Buitterfly valves
& Air valves

2.8 Callection of water sample

The sample are collected, grab sampling method is used

Fig -7 All source of Sample collected at Humchadakatte
village

2.9 Test Conducted during the Study period
The test conducted are pH, Alkalinity, Hardness,Chlorides
2.10 EPANET ANALYSIS

The following steps are used in EPANET to model a water
distribution system:

1.Draw a network representation of distribution system or
import a basic description of the network placed text file.
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2.Edit the properties of the objects that make up the system.
3.Describe how the system is operated.

4.Select a set of analysis options (Demand Adjusted EPANET
Analysis).

5.Run a hydraulic/water quaity analysis.

6.View the results of the analysis.

I11. RESULTS AND DISCUSSIONS

» Thestudy areaisimported to AUTOCAD

MNAME OF WORK - MINI'WATER SUPFLY TO HUMCHADAKATTE VILLAGE AT
HUMCHADAKATITE (GF) THIRTHAHALLI (T).SHIMOGA (D)
=y

Fig -8The study areaisimported to AUTOCAD

» Assigning nodes, pipes and tank

[

M bk Ve s bem

NS X8 G

wiven Wz
MiEmg kT4 H|CE

ek W

Fig -9Assigning nodes, pipes and tank

» Assigning the value of elevation and base demand for
nodes
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Fig-10 Input junction node details Pressure farhoce
» Assigning the value length and diameter for pipes o
r. -
[ £ et
2 (i /
B o%-g Pipc20 B 2 !
; e ... Property Value . d m:
. 4 *Pipe D ! | i ! 1 * * *
e *  ["Start Node 3 )
‘ . *End Neode 20 L BnitmnPa e forseores ekt (=N
._ | Deseription Pressure for Salected Yodes
Tag
=
“Length 9
*Diameter %9
*Roughness 199 v
i . in
4 . 4 i i
- * Fa
.oty g
Fig-11 Length & diameter of the pipe : E . v .
Fig -13Pressure distribution graph
> Peattern of demand:
Fattem Editor k4 . . . ) )
Pl — Note the periodic behavior of the water elevation in the tank
1 | Dernand Pattern Ova- tl me
Tirne Pariad 1 Z 3 4 5 B 9 1 11 1?2
:utipliq 134 15 145 A 76 52 a5 10 85 Ll 1w Lis = > Anal S S
w 15 — [ -
= = Il =2 — ™ aver
a M . T i LA =
- [IHr )
T S T W W M % o @ B ¥
Time (TimeReriod =100 hrs) " =
Load... Save.. oK Cancel Help S c(
Fig -12Water flow demand pattern graph '

Enter the multiplier values 0.5, 1.3, 1.0, 1.2 for the

time periods 1 to 4 that will give our pattern a duration of 24
hours

Fig-14Warning for analysis
Pressure at node
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(5] Stakus Reprt
Fage 1 §un dug 05 22:1€:05 2020 A
T T T T T T T T P P T P O P PR I T
’ Hpdzaulic and = Qaaliey
i fnalysis for Pipe Wewcrks :

" Varsion 1.00.12 .

hmalysis begue Sum Rag 0% 32:1€-0% 0

0:00:00: Balamced aftar § trials

0: Reserveir Ri-

20:00: Ramp L0 changed froe closed to cpen

A-NRAF S Wal gmngd pAiar 3 beialy

Fig -15Generation of warnings

> LABORATORY TEST PERFORMED:

Indian Standard for
10500:1991

Drinking Water-Specification 1S

Table-2: Laboratory Test Results

81 Parameler Resull Tnil Metheds I8 10500:20012
o Acceptable FPermissible
limnits Timits
1 vH Na I8 3025 Pal 11} | 6.5-83 He
relaxaton
5 | rotl Alkaliniey | :1 mg'l | 153025 (Part 25} | 20D SO0
=xpr=ssed as
Caros
3 Chlorideas Cl : wmgl | 183025 (Pul32) | 250 1000
1 Toml 17 mgl | I8 3025 (Pam il | 200 500
Hardness expressed 15
CaCO3
3 Calcium hardness 31 mg’ I8 3025 (Part 10y | 73 200
sxprzseed as Ca
& | Maguesium Haduess | 10 mel | 183025 (Pulid) | 30 160
EH
g

Table -3: Junction report

& EPANETZ - Netinet
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& CPANETZ - Netnet
File Edit View Project Reped Window Help

Nedé& ®xXM g HiEmE k| Z+E-H| 0BT —~PHWT
Elevasicn | Base Demend | Initisl Quslity | Demand | Ht.td | Pressure [~
Hode 10 [ percent GO It p=
hunc 109 m3 14 o 008 15d8 5435
e 111 0 141.84. o 190.20 Han 5898
Bune 113 2 2001 [ 26.81 HA1S BRAE
e 115 14 521 o a3 14452 53¢
i 117 138 1A o 157.73 150003 B
o 119 2 17613 o 2360 15755 B1AD
Bune 120 L} 0 0 000 18512 .21
June 121 -2 4181 o 5478 1%t To.ed
hunc 123 1 1 o 0.0 16547 6643
hunc 135 1 456 o E1.10 16043 BA.73
hune 137 56 17,66 0 2156 15874 5
Junc 129 51 0 0 00 137m 4658
b 131 L 4275 o 3710 1237 BEIT
b 138 11 5589 I ) 15308 5280

PIPE REPORT

Pipe report of Humuchadakatte consists of 333 pipes
From the above study it is observed that the head loss is very
less at various pipes which is essential for continuous pressure
required for continues water supply.

Table-4: Pipejunction
i EPANET 2 - Metd met

File Edt View Progjecd Report Wincow Hep

DS x>l FHERE &

e R Bl OEE KT

T Motk Lol - Lanks ok 408 His = |
. Neloeity | Ure Hesdiass r.ia-anr-uh]k-wim_km Trace Lake Stas .~
Link I fps frkRt mg/Lid percent
ipe 20 o 000 [ Cgen
Fipe 4o -1600.38 007 000 2000 0.00 Lis Coen
ipese | 563,00 oo 0.00 (T [ 000 [i?
Pipess | 2ma a0 947 ant3 000 a0
Pipeer | FTETym 106 1, [ 00 000
1673 267 182 amen 300 10000
13015 i ax ann 000 10000
40513 c48 a3 300 10000
157288 1M oo 200 10000
IR an omg 000 10000 Cpen
30778 gt s oo .00 2161 Cpen
mas PR 157 o 000 i Cpen
BT80 154 148 aned 000 B Toen
A0 23 280 e 1o s finen ¥

i EPAMIET 2 - Mesinet

File Edit View Project Repar Window Help

DS =Xl §aeas A 2+a K OLT~CHT

File Edt View Project Report Window Help [ heetwork Table - Links 3t 400 Hrs =& ==
o : Flow Velogity |Unit Headluss | Friction Factor |Reackion Fte| Toceldke | Stahus o~
CEEE XAl FEES kM =+R L0 ~FNT Lk 6PN | s | O mgllfd | peccent
I o T L —r Pipe 115 [T FET 20 7 000 0000 pen
[T Metiwerk Table - Nodas at 0:00 Hre e —
i —— = * Pige 116 0135 T 260 0020 010 w5 Oy
Elevation | Base Demand | Initial Quality |  Demand Head Pressure | A A | i 2
Nade 10 I 5PM e GPM I i Pige 117 81353 FE] 17 oot 050 000 Open
Jane 10 o o e preeT ) [Pige 118 21133 068 o8 0028 000 #532 Open
T 2 B ¢ 2000 T2 065 Pige 120 | s 184 114 [T e a7 Open
e T A Y T T T Fige 121 26134 o] 02l 0028 040 519 Open
Junc 35 125 1 ) 163700 e 7n .'P'F.f 122 16555 106, .65 ans oo nm Open
2. I af K 7!
Jane & 1319 ) o 000 14500 588 bt e okl m A s o D
S Pige 125 1270878 5| 282 g3 000 o Open
lune 50 155 0 0 firs 140.00 1018 = 4
! I Pioe 128 w82 1R 168 0018 000 o Open
Junc B0 o o [+ 000 200 9056 |- i
Piga 131 o 1 156 0018 00 0 Opin
&1 ) 0 ¥ 30245 131,08 — |
sk s e - Pipe 138 BT ) 241 017 000 00 Open
] g f 9 2 A fxlfa | Pige 135 2621 vz ool s 00 o Open
June 10V a2 132.95 o 5433 1532 4486 Ve 137 LA e 1K1 fiTe o o e
June 103 s 1332 0 17849 549 2441
June 105 T 35 13537 0 18140 14683 327
Junc 167 @ 464 o na wa 08 Note that flows with negative signs means that the
lunc 108 203 2314 i 3L08 14544 5475 ¥
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flow is in the opposite direction to the direction in which the
pipe was drawn initialy.
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The quality of water in distribution network is tested at
different point at consumer outlets.

Suitable recommendation is made and implemented to
improve the quality of the water

Distribution pipe network is studied in detail including
pipe diameter, length. material. pressure and roughness
co-efficient.

Problem was identified in the distribution network by the
software and it has been Rectified

ISSN [ONLINE]: 2395-1052

IV.CONCLUSIONS

After analysis, Tabulations, Results and Discussions

of water distribution network of Humchadakatte village,
Following conclusions are drawn:

EPANET used to carry out the hydraulic analysis of the
distribution network in the study area. The results
obtained verified that the pressures at all junctions and the

flows with their velocities at all pipes are feasible enough

Fi to provide adequate water to the distribution network
_ o B Pipe report of Humuchadakatte consists of 333 pipes
; P - From the above study it is observed that the head loss is
very less a various pipes which is essentid for
continuous pressure required for continues water supply.
The flow & velocity of the water supplied to this zone is
appropriate and there is no problem in the flow & supply
of water.
Test on bore well water and RO plant water was
conducted and it is found that drinking water and bore
well water both are safe for drinking

o 1
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