IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 02, 2018 | ISSN (online): 2321-0613

Water Distribution Network Analysis and Design using Loop and
EPANET Software

Mr. Dharam Koradiya® Prof. V.H. Khokhani?
PG Student(WRM) 2Assistant Professor
121 ukhdhirji Engineering College, GTU, Morvi-363642, India

Abstract— In order to fulfill adequate and sufficient amount
of water to human being is the prime responsibility of water
resource engineers and also to meet the continuously growing
population. At end of nineteen century community is not
getting water at their residence in their village. But water is
basic need of human being and it is directly affect on human
health. The chitrodi village of morbi district (Ta.: Halvad) is
selected as study area for water distribution system. Various
softwares are used now a days to design of system. Out of
which two softwares were selected i.e. LOOP and EPANET.
For design this system survey work is carried out. In this work
R.L. of each and every node and distance between nodes is
necessary as’a basic input, which feed to soft with other
data’produce output with pipe diameter, Pressure, velocity,
cost, losses etc. The main objective of’this paper is to design
a new water distribution system with LOOP and EPANET
software. By comparing both software efficient design of
distribution network can be obtain.
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. INTRODUCTION

Water is our basic need. The provision of safe and adequate
amount of water for rural and urban areas is one of the
important tasks. Water supply system from an integral part of
modern civilization. They supply water to consumers of
different uses facilities for collection and storage,
transportation, pumping, treatment and distribution. Such as
domestic, public, commercial, industrial. A modern supply
system may include facilities for collection and storage,
transportation, pumping, treatment and distribution.

Providing sufficient water of appropriate quality and
quantity has been one of the most important issues in human
history. Most ancient civilizations were initiated near water
sources. As populations grew, the challenge to meet user
demands also increased.

People began to transport water from other locations
to their communities. For example, the Romans constructed
aqueducts to deliver water from distant sources to their
communities.

Il. OBJECTIVES OF STUDY

1) To design hydraulically balanced water distribution
system using LOOP and EPANET software and estimate
the cost.

2) Optimization of distribution network with respect to
pressure and velocity.

I11. NEED FOR STUDY

The existing cistern having capacity 50,000 lit. And 5 years
old and in usable condition. Two bore wells also there in

which one is in running condition and other one is not. One
well is 500 ft. deep and other having 450 ft. From 500 ft. deep
bore well water goes to the cistern and form cistern convey
water to the cattle truff which is located at other side of the
river. Brahmani River passed through the chitrodi village but
itis intermittent (seasonal) river. In this village there is no any
kind of existing network of pipeline for water. So, people
have to go for a water to fulfill its basic requirement In any
environment condition in 21st century. Hence it becomes
necessary to prepare the internal distribution network water
supply scheme project.

Therefore, careful planning and design is thus
needed to establish a strong management system, minimizing
present problem and accommodating future demand.

IV. STUDY AREA

The Chitrodi village, Taluka: - Halvad, District: - Morbi is
selected for the study purpose. The existing Cistern of 50,000
lit. Capacity and two bore wells having 500 ft. and 450 ft.
depth.

During summer and monsoon season, it become
very difficult task to go for water because during summer
season, the temperature rises up to 420 to 450 c, and during
the monsoon season the surface become slippery & muddy.
Hence it becomes necessary to establish the existing system
of water distribution.
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Fig. 1: Morbi District Map

V. METHODOLOGY

NEED FOR THE STUDY

To study water supply scheme of chitrodi village, Ta: Halvad,

Dis.: Morbi area and design it using LOOP and EPANET Software.

LITERATURE
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Fig. 2: Outline of Methodology

VI. DATACOLLECTION
Primary and secondary data collections:

A. Primary data

— Base land survey(R.L.,Pipe length, Node to node data)
—  Topographical observation map

— population data,

B. Secondary data

—  Brahmani river map
—  Existing cistern and bore well

VII. DESIGN OF WATER DISTRIBUTION NETWORK USING
LOOP SOFTWARE

Computer based analysis and design of looped water
distribution systems is becoming increasingly popular in the
recent times. For given the network topology, supply and
demands nodes and pipe characteristics, the computer models
can simulate flows in pipes, and pressures at nodes in looped
water distribution systems. The models may be used to,

1) Simulate alternative pipe size to determine which
combination of pipes can deliver adequate flow and
pressure.

2) Simulate flows with alternative locations and capacities
of pumps and reservoirs to identify most effective
combinations.

3) Conduct sensitivity analysis for future growth of
demands.

The subject of water distribution networks can be
broadly divided into Simulation and Design. Simulation
refers to solving for flows and pressures in the network for
the given set of pipe sizes (pipes may either exist or may be
assigned commercial diameters). Design refers to finding
pipe sizes (wherever pipe sizes are unknown) such that the
flows and pressures in the network are reasonably acceptable
and yet the solution is Economical. It could be observed that
simulation is a special case of design while design includes
simulation.

The following data are required to run LOOP4 software.

A. Geometric data

Node-pipe connectivity, Length of all pipes, Ground levels of
all nodes, Location of booster pumps and valves

B. Hydraulic data

Average water demands at all the relevant nodes, Pipe
resistance coefficient in terms of Hazen William's C or pipe
roughness coefficient k in Darcy-Weisbach expression

C. Source data

Elevations of all reservoirs, Data on head-discharge curves
for variable head reservoirs

D. Cost Estimation Parameters

Available commercial diameters up to three material classes,
with data on unit cost and working pressure, Newton-
Raphson stopping criterion (viz. Maximum allowable error in
flow balance),Maximum and minimum pressure at nodes,
Design hydraulic gradient.

E. Design alternative layout of study area is prepared by
conducting level surveying and linear measurement of length
of street than after prepared in AutoCAD

Population per node find by calculating house hold x
family member.

—  From the population find out water demand of node

— Water demand for each node = population of node x
water demand in Ipcd.

—  (For rural area population up to 20000 = 70 Ipcd )
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— Length of pipe is measured by taking linear measurement

—  From the village than noding has been done. The total
number of pipes in study area are 13 and 13 nodes in zone
1 and 47 pipes with 45 nodes are in zone 2.

F. Diameter of pipes are taken in range of 75mm minimum
to 160mm maximum

G. Elevation of each node determine by level surveying.

H. Peak factor 3 has been considered as per Indian water
supply manual for small water supply scheme.

I. From, above data input file is prepared for water
distribution network design using LOOP software.

J. Input data file for water distribution system is run in to
software.

Pipe Data (Scr-II)

[F11 [F21 [F31 [F41 [F51 [F61
[FB1 [Shf FB1 [F91
[Shf F11 [TAB] [Shf TABI [Escl

Fig. 3: Input Data

LOOP Version 4.0 # 1: Total= 45

@7 February 2018

Node Data (Scr-III)
Peak Flow Elev Min Pres Max Pres
. Factor lps " n m

[F11 Help [F21 Ins [F31 Del [F41 App [F51 Copy [F6] Maths [F?1 Total
[F91 Srch [+,-1 Chy Sign [Shf F11 Keys [TAB] Mext [Shf TAB] Back [Escl Menu

(C) The World Bank

Fig. 4: Input Data

C:\CHIT1.LOP

Pipe Details

Fig. 5: Output

Node Details

Figure 6: Output

VIIl. DESIGN OF WATER DISTRIBUTION NETWORK USING
EPANET SOFTWARE

EPANET is public domain software developed by the Water
Supply and Water Resources Division of the U.S.
Environmental Protection Agency’s National Risk
Management Research Laboratory (Rossman, 2000).
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.
The hydraulic simulation performed by EPANET delivers
information such as flows and head losses in links (pipes,
pumps and valves), heads, pressures and demands at
junctions, levels and volumes for water storage. This allows
computing the pumping energy and cost. EPANET’s
computational engine is available also as a separate library
(called the EPANET Toolkit) for incorporation into other
applications. The network hydraulics solver employed by
EPANET uses the Gradient Method, first proposed by Todini
and Pilati (Todini and Pilati, 1988), which is a variant of
Newton-Raphson method.

A. Model Input Parameters

In order to analyze the WDN using EPANET following input
data files are needed:

1) Junction Report:

Junctions are points in the network where links join together
and where water enters or leaves the network.

The basic input data required for junctions are:

—  Elevation above some reference (usually mean sea level)
—  Water demand (rate of withdrawal from the network)

— Initial water quality (OPTIONAL)

The output results computed for junctions at all time periods
of a simulation are:

— Hydraulic head

—  Pressure

—  Water quality (OPTIONAL)

2) Pipe Report:

Pipes are links that convey water from one point in the
network to another. EPANET assumes that all pipes are full
at all times. Flow direction is from the end at higher hydraulic
head to that at lower head. The principal hydraulic input
parameters for pipes are:

— start and end nodes

— diameter
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— length

— roughness coefficient (for determining Head-loss)

— Status (open, closed, or contains a check valve)

Computed outputs for pipes include:

— flow rate

— velocity

— Head-loss

—  Darcy-Weisbach friction factor

— Average water quality (over
(OPTIONAL).

Steps in using EPANET software,

1) Step: 1) Draw a network representation of your
distribution system or import a basic description of the
network placed in a text file.

2) Step: 2) Edit the properties of the objects that make up
the system. It typically includes editing the properties
and entering of the necessary data of various objects like
reservoir, pipes, nodes or junctions etc.
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Fig. 7: Networks of pipe
3) Step: 3) Describe how the system is operated.
4) Step: 4) Select a set of analysis options.
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Fig. 9: Properties of junctions
5) Step: 5) Run a hydraulic analysis.
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Fig. 11: Network diagram after Running of analysis

a) Junction report:
Table 1: Junction report
Pipe report:

b)

Welocity Uit Hss

Link I mds mfkm

Fipe P2 0.09 0.20
Fipe PS5 0.08 0.0z 0.0
Fipe P& 01z 0.04 0.03
Fipe P2 0.08 0.0 0.0
Fipe P10 0.77 .22 1.08
Fipe P11 0.44 013 0.38
Fips P13 013 0.04 0.04
Fipe P4 0.73 0.23 115
Fipe 3 0.37 011 027

Table 2: Pipe report
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IX. VELOCITY AND PRESSURE COMPARISON OF TWO

SOFTWARES
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Fig. 12: Velocity Comparison
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X. COST ANALYSIS
Sr Capacity/ | Estimated
No. Software Components e Cost
R.C.C. U.G.
sump with | 220000 | 1656 968
1 LOOP S lit.
Distribution Cabacit /-
Network gy
R.C.C.U.G.
: 2,50,000
2 | EPANET | Sump with lit. 14,29,963
Distribution Capacit /-
Network pacity
Total Difference 2,26,305/-

Table 3: Cost comparison between two software’s

XI. RESULT AND DISCUSSION

By comparing both the results i.e. design from Epanet and
Loop software it is seen that results are mostly nearby each
other. But one can optimize this network by redesigning the
network in Epanet software using different pipe diameter. In
this paper Loop software used diameter ranging from 75 mm
to 160 mm automatically as per its programming. In Epanet
software the diameter of pipe was entered manually i.e. cost
can be optimize by maintaining pressure and velocity within
its limit. Epanet software also simulates water quality if the
test results available. These abilities of Epanet software
demonstrate its uniqueness with respect to another
software’s.

XI1l. CONCLUSION

Optimized design of distribution network can be obtained by
designing network with EPANET software also cost can be

reduced of same network by maintaining criteria of pressure
and velocity.
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