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Software of Water Distribution Networks Design and Analysis

Welcome friend’s in continuation to our earlier discussion as we have been talking about the
advances in water distribution network design this week so we did talk about earlier concepts of
24 7 systems and DMA now we are going to discuss some of the software’s available for this
water distribution network design and analysis purpose.
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CONCEPTS COVERED

» Challenges in Analytical Design of WDN

» Concept of Hydraulic Modelling

» Software for Network Design and Analysis
» EPANET: Basics and Operation

» WaterGEMS: Basics and Operation

So what particular we are going to cover in this class is the challenges in the analytical design of
the water distribution network we will be talking about the concepts of hydraulic modeling.
Software for network design and analysis and 2 software’s in particular EPANET and water
GEMS we will be talking about their basics and operation.
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| Challenges in Analytical Design of WDN

» Branched water distribution networks are easier to
design and analyze than looped networks. But
branched networks are mostly restricted to rural

regions or small water supplies. o)
- —————

» Traditional analytical methods of design and -
analysis of looped networks, are Hardy Cross >
method, Newton-Raphson method, Linear Theory
method. N | =

- -

» However, complex looped networks of large sizes ©_.®_.-
are difficult to be manually analyzed using these

analytical methods.
.

Software-hased platforms are now being used for the
purpose of WDN analysis using hydraulic modeling

So the branch distribution networks are much easier to design and analyze because as we
understand that we have 1 pipe and then going from 1 place to another place so as we discussed
earlier that we can keep on accounting the flow from the tail end and pressure drop from the
starting and easily kind of analyze the pressure and flow in the branched pipe network but loop

network are much more complex okay.

So they posed much bigger challenge in terms of the design and the analysis of the network.
Branch networks are although easier but they are only restricted to the rural areas or very small
water supplies. So the much like uses are more for the looped network and which is complex to
design. The traditional analytical methods of design generally use to the Hardy Cross method,

Newton-Raphson method or Linear theory method.

We discussed this earlier also there are complex looped network of very large sizes and they are
very difficult to analyze manually or using simple analytical methods. So for these networks
software based platforms are being used and they are like very helpful tool in designing as well
as analysis or hydraulic modeling of the water distribution networks in particularly the large
looped networks.
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Hydraulic Modeling and Simulations of WDN

» A hydraulic model is a mathematlcal representation of the hydraulic behaviour of a water supply
system, A set of algebraic and differential equations that represents the interaction between the
flow and process variables in space and time, is used to build the hydraulic model.

» These models are usually based on a certain set of assumptions about the physics of the prototype
flow and associated environmental processes.

» Hydraulic Simulators typically use numerical programs for implementation of models for water
distribution, and are based on” approximation of m atical models of some prototyp
situation, giving a computable set of parameters describing the flow at a set of discrete points.

» The programs rely on solving a set of hydraulic equations of
representing non-linear dynamms of the networks.

» Mass-balance model .~
TYPES OF » Regression models .~
HYDRAULIC MODELS , Simplified hydraulics model
- » Optimisation models

So when we talk about the hydraulic modeling and simulation of water distribution network we
are essentially talking about a mathematical system which can simulate or which can kind of
represent the actual system in the field. So hydraulic model is typically a mathematical
representation of the hydraulic behavior of the various water supply components within a system
it essentially uses a set of algebraic and differential equations and these equations represents the
interaction between the flow and processes that takes place within the network in the frame of

variable space and variability in the time.

So that is what is represented through a hydrological or hydraulic model; not hydrological
hydraulic models. These models are very useful okay but works on certain set of assumptions
okay we have to because when we want to convert a physical system into a mathematical system
or we want to represent a physical system with a set of equations then we of course have to take
certain assumption in order to like we can facilitate the conversion of the processes that are

happening in the system into a form of equation.

So it works with a certain set of assumptions this hydraulic simulators typically use numerical
programs for implementation of this model okay and they are generally based on the
approximation of mathematical models of some kind of prototype situation and that way they
give a computable set of parameters which describes the flow at a set of discrete points. So that
is what generally hydraulic simulators do okay. These programs rely on this set of hydraulic

equations and these equations are essentially based on the conservation of mass and energy.



So basic principles still remains the same we are still talking about the conservation of mass and
energy but like in terms of just manual calculation or analysis or using simple tools we move on
to the software’s. So type of hydraulic models that are available they are mass balanced model,
regression models there are simplified hydraulic models available or optimization models
available for the purpose of hydraulic analysis.

(Refer Slide Time: 04:58)

I Stages of a Hydraulic Model of a WDN
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There are various stages in the hydraulic model of a water distribution network we may have
unplanned network analysis which is obviously going to give us a less accurate model okay. We
can actually set up the demand changes in a degraded model we can look for the operational
changes again that if the changes the operational changes are being made continuously the model
is going to be unstable and we can do a comprehensive hydraulic analysis which are obtained
with the up to date hydraulic models.
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[ Attributes of Hydraulic Simulators

» Necessity of hydraulic simulation:

» Analytical solution of even simple network is a near impossible task

» To evade the impractical cost and risk of experimentation on a real netwak
N— S —

» To analyze the functioning of a system even before it is built on ground

» Challenges of hydraulic simulation:

’ Simp@y vs. Accuracy - * Numerical algorithms and methods
B e p—— | S—
* Complexity of the real system * Adaptation of the model to the real system
* (Calibration and data * Nesting of sub-models
TThensng

» System analysis to must take into account:

SR ITRe
' Cot ~ * Easeof modification Wl
' Time * Operation .~ |
' Safetv ./ * Aidtocommunication .~ —

Now if you see the various attributes of hydraulic simulator so first thing why we need hydraulic
simulation? What is the necessity for hydraulic simulation? Because analytical solution of given
simple like of even simple networks is in near impossible task. That is why we move on to the
numerical simulations or numerical solutions of the set of equations because even let us say you
randomly make a network okay and say there is practically a looped network with several

connections.

Now if you want to write a set of equations for each pipe each node it becomes so complicated a
system that is very difficult very challenging to solve it by analytical methods and there the
numerical approaches help further to evade the empirical cost and risk of the experimentation on

a real network.

So simulation help in that way also we can create several set of conditions and see the behavior
of the system okay we can simulate the behavior of the system that way otherwise if you do not
have any such feature available if you want to try and test anything say in a network if you want
to see what happens if | place here a 200 MM dia pipe or what happens if | place here a 400 MM
dia pipe.

So what is the way? How you are going to do that in a complex network again manual analysis
by replacing pipe too complicated. So network facilitate doing these things you can pick the pipe

and run a simulation again and see how it is affecting the performance okay overall performance



of the distribution network or other parameters and features of the network. In absence of such
system the other option is to kind of like is physically experimented but you realize that doing
this kind of experimentation in real field is so difficult.

It is not a easy job to like go and replace one pipe and fix it other pipe so there this simulation
works very well. Also it helps in analyzing the functions of a system even before it is built on a
ground. So through a simulation you can say okay if you are going to lay out this kind of
network how it is going to function. So that kind of analysis also can be achieved through these
hydraulic simulators.

Now there are various challenges associated to this simplicity versus accuracy whether the
simulator is simple or simulator is more accurate of course if you go on to more accuracy. So
you have to relax certain assumptions and that is going to make the like network complex so
complexity of the real system will guide whether what kind of network you want to go for
whereas you can make the simulator simple by taking certain set of assumption but if those

assumptions are not valid then you are going to compromise on the accuracy part.

So what we like whether we go for simplicity or we go for accuracy then calibration in data if we
are trying to build up a network how we are going to calibrate it how we are going to
parameterize it how we are going to get data for calibration purpose. Then sensitivity analysis
this sensitivity of different parameters what kind of numerical algorithm and method we are
using because the different there are different numerical approaches available and some of them
are very robust and give a good solutions but takes lot of time okay and lot more complicacy is

there.

Whereas some are simple approaches but then again the accuracy level might be lesser then
adaptation of the model to the real system is again a challenge because it is still running a virtual
model a system where is in real field there might be some other issues coming in or those
assumptions what we have make may not be valid and in that case the performance of the system
might actually be different than what we observed though simulation and what we actually see in

the real systems okay.



And then there are nesting of sub models also can be there when we go for the system analysis
we must take in to the account the cost of the analysis time, safety consideration, ease of
modification in this simulation process then the operation and kind of aid to communication how
we are able to communicate the findings.
(Refer Slide Time: 10:05)
| Development of Hydraulic Simulators
» Advent of digital computers during 19505 spearheaded the development of hydraulic models for

water networks. The earliest digital computer programs for pipe network analysis were based on
the Hardy-Cross method.

» Attempts to optimize water networks with digital models in FORTRAN began in the 1970s.
oW

» Perhaps, the biggest leap in hydraulic modelling of water networks was achieved with the
introduction of EPANET modelling software in 1993, which is one of the most versatile software
used till date by academicians, researchers and water service providers.

» The various software packages for hydraulic simulation include:

* EPANET v WaterGEMS "
* LoopP ' JalTantra =
* STANET P * WaterCAD -
v Aquis " Pipe Flow Expert -
* CADREflow * InfoWorks WS
~ —

So the hydraulic simulators were started coming in basically after we have developed the digital
computing facilities in the late 1950’s and these have started basically like since the use of
computer started becoming more and more popular in other fields. So was, the hydraulic models
started being developed for the water network using the soft computing systems. The earlier
digital computer programs were for simple pipe network analysis based on the traditional hardy

cross methods.

And there were like attempts being made to optimize the water network with digital models in
the photon program which began as early as in around 1970 okay. The biggest leap in kind of a
hydraulic modeling in water network was came with EPANET okay so EPANET is a software
from the EPA environmental protection agency of the united states. So this modeling software

was developed in 1993 and it is still considered one of the most versatile software’s okay.

And used by the academician, researchers and water industry people there are various other
software package for hydraulic simulation are also available okay they apart from EPANET we

have water GEMS as one of the popular software loop is there JalTantra which is recently being



developed at IIT Bombay. Then STANET, waterCAD, Aquis, Cadre flow pipe flow expert,

infoWorks so there are variety of software’s available some of them are free some of them are

basically commercial software’s.

(Refer Slide Time: 11:55)
EPANET: Introduction
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EPANET

Application for Modeling Drinking Water Distribution Systems

EPANET s a software application used throughout the world to model water distribution systems. It was q
“r ¢

developed as a tool for understanding the movement and fate of drinking water constituents within

-
distribution systems, and can be used for many different types of applications in distribution systems .:' .
analysis, Today, engineers and consultants use EPANET to design and size new water infrastructure, "‘.‘ ) N
oW
retrofit existing aging infrastructure, optimize operations of tanks and pumps, reduce energy usage, —\

e | ¢
investigate water quality problems, and prepare for emergencies. It can also be used to model I )h =
contamination threats and evaluate resilience to security threats or natural disasters. r"v
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Software, Manual, and Compatibility cpi gy
e

Now EPANET which is as just we are saying is one of the most popular and versatile software is

from the United States environmental protection agency okay. This software is basically like is

for application of the modeling drinking water distribution system okay.
(Refer Slide Time: 12:15)

| EPANET: Introduction

» First appeared in 1993 created by Lewis Rossman

DUUONIA §NRE V44 XOW

» Public domain WON modelling software, developed by
United States Environmental Protection Agency (USEPA)

# Network solver — GRADIENT METHOD (variant of
Newton-Raphson method)
_—
7 In open source, EPANET is a de facto standard;
Considered as an ‘industry standard’
pit s gl
» Simpler than other commercial softwares,
well-established, standard and stable
—

N

I

This software first appeared in 1993 it was created by the Lewis it is basically kind of a uses

network solvent gradient method for network solving which is a variation of Newton-Raphson



method. So basically Newton- Raphson method is used for solving the network it is open source
okay and it is basically considered as industry standard. So various industries also use it is
simpler than various other commercial software’s and very well established standard and
available this is the interface of the EPANET.

(Refer Slide Time: 12:56)

I EPANET: Functions Available

» Extended period simulation of hydraulic and water quality behaviour within pressurised pipe networks
—————" —

» Basic hydraulic calculations of pressure and flow

———

» Modelling of water quality parameters
i L . g

» Basic energy modelling capabilities
R —
» Equations used for head-loss calculations
. Darcy-Weisbach/
* Hazen-Williams ~
* Chezy-Mannings -

7 Units of measurement — Metric units and US unif%
— —

The various function available here in the EPANET are the extended period simulation for
hydraulic and water quality behavior within the pressurized pipe network it also works faster
destate simulation but the uses are limited for steady state so mostly like used feature is the
extended period simulation which is used by the designer. The basic hydraulic calculations of the
pressure and flow it will provide it will model the water quality parameters as well but this

features are very limited though.

The basic energy modeling capability is also there and the equations used for head loss
calculations are the Darcy-Weisbach, Hazen-Williams or Chezy-Mannings equations and it can
work in metric unit or the United States unit where (()) (13:49) are used.
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| EPANET: Functions Available

The package also supports:

* Simulation of spatially/temporally varying demand,
+ Constant or variable speed pumps,
* Minor head losses for bends and fittings

Pp—

The modeling provides information of:

* Flowsin pipes,/

. Pressuresatjunctions,/'

* Propagation of a contaminant/
* Chlorine concentra/tion,

* Water age, .

+ Alternative scenario analysis/ ‘

‘{i":“,uf ation of pumpir Nerg aind { and then modeling va JUS type (

ncluding shutoffs, check pressure regulating and flow control also possible
5 — - S R -

Then the various functions available in the software so the package supports the simulations of
spatially or temporarily varying demand it is basically constant or variable speed pump can be
used and the minor head loss for bend and fittings can also be determined over here. Modeling
also provides the information of the flow in pipes pressure at junctions then propagation of a
contaminant how a contaminant propagates in the system chlorine concentration, age of water

and various alternative analysis scenarios.

So we can build several alternatives and analyze and compare them okay. It also helps in
computing of the pumping energy and cost and then modeling various types of valves including
shut of valves check pressures okay and various other type of flow control measures are also
possible which can be modeled using these type of software’s.

(Refer Slide Time: 14:48)



EPANET: Compatibility

Official versions of EPANET
EPANET2w — windows version
a—

EPANET2d — windows version
| /

EPANET MSX — advanced quality modelling/_

it DLL — for devel

EPANET toolki or deve! opﬁ_
EPANET Z — Integrates with Googl—eyh
EPANETL— EPAENT on Linux/-

GIS integrations are also available. Requires additional softwares
~~

DC Water Design Extension (ArcView3.*), GIS Red(ArcView3.*), JGrasstools (uDig)
-

If we talk about the compatibility so the official versions of EPANET which are available
EPANET2w is for windows version 2d also windows version MSX is basically advanced quality
modeling purpose. The EPANET toolkit DLL is for developers then Z is for which integrates
with the Google Earth and EPANET L is for the Linux okay. So it is compatible to various this
thing GIS integrations are also available with the using certain design extensions okay we can
use the GIS extension as well.

(Refer Slide Time: 15:30)

EPANET: Input / Output Information

Junction (nodes): Points in the network where links join together and where water enters or
leaves the network

INPUT ouTPUT
Co-ordinates Hydraulic head
Elevation Pressure
Demand Water Quality
Initial quality

Pipe (links): Pipes are links that convey water from one point to another. EPANET assug
that all pipes are full at all times

[T ouTRUT
Length Flow
diameter Velocity
roughness co-eff. Head loss

The input and output which the software provides so in terms of input there are input for
junctions it will use the junction coordinate it will use the elevation, demand and initial quality in

the output it will give the hydraulic head pressure and water quality at junctions for pipes again



length dia and roughness coefficient and it will actually require the flow velocity and head loss
as an output actually it will give the flow velocity and head loss as an output.
(Refer Slide Time: 16:04)

| epaner: Input / Output Information

Tanks: Tanks are nodes with storage capacity, eut ourPuT
where the volume of stored water can vary co'mdmatfs i g
with time during a simulation Elevation Water Qualty.__»
Levels /‘
Diameter /
volume /
INPUT OUTPUT

Pump: Pumps are links that impart energy to a
fluid thereby raising its hydraulic head, Pump Startnode o~ Flow gain

could be represented as a constant energy Endnode / Head gain
device Pump curve /°
Initial curve

o -

In tanks in the input it will require the co-ordinates then elevation of the tanks, levels, diameter,
volume of the tank and output it will give the inflow and water quality. The inputs at the pumps
it will give the start node, end node, pump curve and initial curves and it will gain give the flow
and head gain through the pumps so how much is the gain in the flow or how much is gain in the
head.

(Refer Slide Time: 16:35)

| EPANET: Input / Output Information

Valve data: Valves are links that limit the pressure or flow at a specific point in the

network INPUT ouTRUT
Start node Flow rate
End node Head loss
Diameter
Setting
Status

NON-PHYSICAL COMPONENTS: To describe the behaviour and operational aspects
a distribution system

CURVES -

PATTERN ,/*

CONTROL /




For values again it will required inputs like start node, end node diameter, setting, status all those
things and flow rate and head loss can be taken as an output from the valve data. For non-
physical components it will be basically describing behavior of the operational aspect of the
distribution system it can use curves, patterns or the controls. So these are the some of the input
output features.

(Refer Slide Time: 17:04)

EPANET: Water Quality Simulations

» Water quality analysis in EPANET — to model water age and predict flow of non-reactive and reactive
materials

~

Used to predict chlorine residuals within WDS

~

Internal water quality simulation — only evaluates decay or growth of a single constituent

~

It rates the reactive material as is grows, tracks the percentage of flow from the given nodes

~

EPANET-MSX (extension package) — allows modeling of interactions between constituents

~

Employs the global reaction rate coefficient — modified on a pipe-by-pipe basis

~

Storage tanks modeled as complete mix, plug flow reactor

For water quality simulations it can model the water age and predict the flow of non-reactive and
reactive materials. So how a non-reactive or conservative material is going to flow in the water
and how a reactive material which is going to degrade with time or with which might react with
something? So how that is going to flow generally the kinetics of the reactive material is chosen
as first order it may be used to predict the chlorine residual with water distribution system so that

is another feature where it can used.

For internal water quality simulation only kind of evaluates the decay or growth of a single
constituent okay the rate of material as it grows it basically tracks the percentage of flow from
the given nodes. Then there is a extension package which EPANET MSX which allow modeling
of interaction between the different constituents also. So if you are trying to model a multi
parameter kind of system where more than 1 water quality parameters are more than 1 water

contaminants you want to consider.



So EPANET MSX can be used for that purpose it implies the global reaction rate coefficient
which modified on a pipe to pipe basis and storage tank models are as a complete mixed or plug
flow reactor type.

(Refer Slide Time: 18:33)

EPANET: Applications

» Plan and improve a system's hydraulic performance

» Pipe, pump and valve placement and sizing/.
» Fire flow analysis |

» Maintain and improve the quality of water delivered to consumers

» Study disinfectant loss and by-product fo:matign/.

» Evaluate alternative strategies for improving water quality such as:
* Altering source utilization within multi-source systems,
* Modifying pumping and tank filling/emptying schedules to
* Reduce water age,
e —
* Utilizing booster disinfection stations at key locations to
putplisiond

* Maintain target residuals

So this is the features options available for water quality simulation. It as a wide variety of
application as we discussed earlier also it can plan and improve the system’s hydraulic
performance at pipe pump and valve placement and sizing is another option then fire flow
analysis it can maintain and improve the quality of water delivered to the consumers it can study
the deficient losses and byproduct formation so particularly the disinfectant how the disinfectant

is performing the chlorine residual chlorine concentrations.

And it can also do the strategy modeling so it can evaluate the alternate strategies by altering the
source the utilization, modifying pumping and tank filling reducing the water age utilizing
booster disinfection stations and maintaining the target residuals. So these are variety of things
which also can be modeled.
(Refer Slide Time: 19:29)



| EPANET: User Support

» A user manual is available from the software developer %’""'
covering the details about software and step-by-steE
guidelines for using the software. EPANET 2
pidbidoll. Lot s
» EPANET has a vivid community where users help each other Uw

out with hydraulic analysis of water supply networks in
general and EPANET related issueS/

» There are various online forums where users can interact
e —
and get their issues/queries resolved.
———‘—/.

» EPANET provides unlimited number of licenses, available
free of charge with unlimited number of network elements.

There are supports available there are very good and detailed user manual is available from the
software developers EPA. So there is a very good step by step guidelines are available in this
user manual also it has a vivid community where basically there are various user which interact
and help each other in the official forums of EPANET and then various other online forums are
available where user can interact with each other post their quires, questions or issues while
running the software and then experts or other users might intervene and guide them onto how to

like how to work on these issues or the operational issues problems.

It also provide unlimited number of licenses available free of charge with unlimited number of
network elements. So there is no limitation on size this is the completely free software from the
USEPA.

(Refer Slide Time: 20:33)



Steps for Using EPANET

Step 1: Project set-up
FILE >> NEW [To create a new project]
PROJECT >> DEFA@Automatically label new objects]
DEFAULT >> HYDRLUL_IES [Set flow units & head-loss formula)

VIEW>> OPTIONS [ To select map display option]
VIEW>> DIMENSIONS [ Map scale settings]

Step 2: Drawing the network
VIEW>> TOOLSBAR>> MAP

NNEERREEEEE G RN

m
This steps are typically used in the EPANET is the first step is to project setup so we can go for

file we can create a new file or default and then the default setup will be hydraulic in the options
we can select various options. And then for drawing the network we can use this tool bars. So
this tool bars help in various way we can kind of draw pump or pipe length or various other
features using the tool bar.
(Refer Slide Time: 21:03)

Steps for Using EPANET

Step 3: Set the properties of objects in the model

* Anobject added will be assigned default values .~ —

+ " Double click the object on the map

* Right click on the object; select PROPERTIES from the pop-up menu
* Select the object from da_t_a_galge of the Browser window and click

Step 4: Save the project

* To save the file in binary format: File menu — ‘save as’ — OK
* To save the file as readable text: File>> Export >> Network ‘

—

We can set the properties of the object in the model so we can add an object so we can add as a
reservoir a pump a pipe by double clicking on the map and then click on the object and select the
properties of the object from the popup menu that we will be getting. We select an object from

the data page then we can get the properties of that we can save the project so for saving we can



go to the file menu and save as and if you want to get the readable text so we can export that file
as a network for a getting a readable text.
(Refer Slide Time: 21:44)

Detailed Steps for Model Building Using EPANET
Step 2: ADD THE LINKS AND PUMPS

B unks (&) PUMPS

CHRORXA §IEAS v xEA KT
| — . 10
- v
i
- . . . 4
L
. .

/

So this how it is done typically we open a file and then add the notes so we can use the reservoir

junctions or tanks this is the feature for reservoir this is for kind of junction so we can put nodes,
junctions and, reservoirs okay. And similarly we can add the links so links is basically the
through pipe between the 2 nodes or 2 other components and we can add pump wherever we
want so that is another feature that one may actually use okay.

(Refer Slide Time: 22:23)

| Detailed Steps for Model Building Using EPANET
Step 3: Insert network properties as INPUT INFORMATION

Select the required entity in the diagram and enter the properties manually

Network node properties Network pipe properties I
Node  Elevation (ft)  Demand (gpm) Pipe  Length(f)  Diameter (ches)  C-Factor
| 700 0 | 3000 14 100
2 700 0 2 5000 12 100
i [ 710 150 3 5000 § 100
4 700 150 | 5000 § 100
5 650 200 § 5000 § 100
( / 700 150 b 7000 10 100
1 700 0 1 5000 0 100
8 830 0 § 7000 6 100 *




Then we can insert the network properties as a input information so for the difference let us say
how many nodes the nodes we are having so for the different nodes what are the elevation what
are the demand at the different nodes and we can add the network property. So for each pipe
because nodes are connected with the pipes for each pipe what is the length of the pipe? What is
the diameter of the pipe? What is the Hazen coefficient okay?

(Refer Slide Time: 22:51)

| Detailed Steps for Model Building Using EPANET

Step 4: SINGLE PERIOD ANALYSIS

e —

Flow Hoadonr | St
*To run the analysis select PROJECT >> RUN ANALYSIS i
* Click on the run button w o2 ws | | 0 e
+ For unsucessful run e
~ Status report window appears suggest the problemsfs || o e
B v o -
* For a successful run = To see the computed results v o L |
» Select node pressure from browser’s map and observe how pressure v

node become colour-coded
» Double-click on the object and note the results at the end |e lis
» Create a tabular list of results REPORT >> TABLE or click on

Or whatever model we are using if we are using Hazen William coefficient so what is Hazen
William coefficient there? And then we can go for a single period analysis so to run this analysis
we can select the project and run analysis which can be done by clicking this button if there any
problem. So then we will get a message of unsuccessful run and then window will appear which

will suggest what is the problem?

So we resolve that problem and once the problem is resolved or say we do not have problem then
the run will be successful and we can see the results in say this form also. So we will get a table
with showing the flow through different pipes, velocity head loss so all this analysis can be
achieved using the steady state run.
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Detailed Steps for Model Building Using EPANET

Step 5: EXTENDED PERIOD ANALYSIS

Set the time options to extended period Set the pattern for extended period
Powiae B
P —— Head for Node §
i ead for Node
Property Hrzdin o 0
Total Duation 172~ |Aff A 0o v P

Hydhauic Time Step 100 - | |
Qualty Time Step 005 | |
Patten Time Step 6 | T AR,

Potlen St Time 000 ] _u"_mm

But steady state run is our single period analysis is a lesser use the extended period analysis is
more important so because then here we can set up the time of the extended period let us say we
want to run it for 72 hours or whatever time we give the time step unit and every other thing
pattern and then we basically set the pattern for the extended period and then we can get the
results say this is head loss for one particular node or like how the pattern has achieved for the
different time period for the different component of the network. So those kind of results may be
obtained.
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[Some Other Freely Available Software Packages

» LOOP software: _.
It is a freely available software, which implements the familiar Hme
distribution algorithm. It was especially developed for academic use in hydraulics and
allows students malyse pipe distribution networks.

» Hydraulic Calculator: _
This software is specifically used for water main calculations for velocity head, pipe
friction loss, minor loss, pipe total dynamic head, head conversion, pump properties and
e, e

» JalTantra System:
Design and optimisation of branched pipe networks is under development by IIT Bo

in collaboration with Maharisﬁrgﬂﬂmﬂmmungineerfng and Training Academy
i olpertdde L

So that was about water GEMS we will have a demonstration of this in the next class okay when

we will see how we can use this are just a step by step guide but more demonstration kind of



setup will see in the next class. There are various other freely available software packages like
the loop software which is again software which is implements Hardy cross pipe distribution
algorithm.

This is especially developed for academic use then there is a hydraulic calculator this software is
used for water mains calculation of the velocity head pipe friction minor loss so mostly for the
like water main. JalTanra is newer system which is developed this in fact a very good system for
branched pipe network and it is basically being developed by IIT Bombay in collaboration with
the Maharashtra environmental engineering and training academy. So they are also in a process

of developing this.
(Refer Slide Time: 25:18)

' WaterGEMS: Introduction

Bentley

Water Distribution Analysis and Design Software

In the commercial grade the water GEMS is one of the popular packages as just we were
discussing earlier also like EPANET is for free and then commercial grade water GEMS is
considered as one of the best packages available. Okay this is actually water GEMS is from
Bentley groups okay.

(Refer Slide Time: 25:42)



' WaterGEMS: Introduction

» WaterGEMS — Versatile and comprehensive commercial software packages for design and
analysis of water distribution networks
B
» Flexible multi-platform tool to study the behaviour of the network as a whole, its response
to different operational strategies and designing of networks to ensure optimal system
efficiency

7 Itis compatible with GIS interface and SCADA systems for data acquisition
'K—-

» Graphical tools — ArcMap visualization, thematic mapping, contouring, profiling with colo
coding and symbology — available in WaterGEMS which enables bettef representatio
data analysis

» Basic simulations performed — /
STEADY STATE SIMULATION and EXTENDED PERIOD SIMULATION

So this is in fact of versatile and comprehensive commercial software package for design and
analysis of water distribution network. It is a flexible multi-platform tool we can use in whatever
platform we wish to and it studies the behavior of a network as a whole and it responds to like
different operational studies and we can design the network to ensure a kind of optimal

efficiency.

It is compatible with GIS interface and SCADA system for data acquisition and the graphical
tools there are various graphical tools like ArcMap visualization, thematic mapping, contouring,
profiling with the color coding these are all available in water GEMS. The basic simulation as
performed either steady state simulation or extended period simulation. Again steady state
simulation has a limited use the extended period simulation is the one which is most commonly
used.

(Refer Slide Time: 26:39)



' WaterGEMS: Functions Available

# Basic model building

I Oy Wt NS Y SULCC horn ) oy wit oot Lot N for Acdini U Oy}

D S e 1 e b

¥ Steady state analysis of hydraulic net_VﬂIE “'“‘1 nm e l'- m'}’; “}:”]‘*fjg
» Extended period simulations e =
; '
’ Automatedﬁre-ﬂowanalysis/ 3 4
3 : 3 f,‘ ‘ \W '
» Water quality analysis d: .. RYAL\NE
o i o P AEnauias ase - ¥ '
y Optlmlsatnonofplpenetwork(Darwmdeslgner! a AR g oo ]
L. A e
» Energy cost management/ “ .’fl !u.. :‘ l [
» Pressure dependent demands : 0“ ' Fi P I8
/ [T Ll
» (riticality and segmentation e v A i
7 Flushing -

s

The functions that, are available here so the basic model building then steady state analysis of

hydraulic network steady extended period simulations then automated fire flow analysis water

quality analysis then optimization of the network through the Darwin designers. So this

optimization feature can also is in fact one the very, highlighted feature of water GEMS which is

not available in majority of the other packages. Then energy cost management pressure

dependent demand and criticality and segmentation and the flushing. This is a typical interface of

water GEMS.
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WaterGEMS: Model Building Functions

| ©

Select tool
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I (@) Junction
lov ” Hydrant
I @‘ o Tank
l 4 Reservoir
l.ﬂ Customer meter
la / SCADA element
I‘V\] Periodic head flow
l @i ¢ Pump
I‘ Variable speed pump battery
| , Pump station
IQ» , Turbine
lNl + Valves
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Check valve

Orifice between pipes
Discharge to atmosphere
Surge tank
Hydropneumatic tank
Air valve

Surge valve

Rupture disk
Isolation valve

Spot elevation

Border

Text

These are some of the models building function okay so various tools how we like set up pipe

junction, hydrant, tanks, reservoir. So then SCADA element if we have pump, pumping stations,



turbine, valves, check valve. So, all these features are there in the model building as a model

building functions.
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[ Steps for Model Building in WaterGEMS

CITE————

Step 1: Create a new project file FILE>> NEW
=
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g | g
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Step 2: Change the unit toSIT(_J_(_)LS‘» OPTIONS».U’NITS ‘!,me”’ ]
‘IZ,’/ Systom International \ :A"
; ",«’ U3 Customary ay
Step 3: Select the scale of the network TOOLS>> OPTIONS>> DRAWING
X
ta g [Ty o | Lty Aot
Dy e —— =
R - |
Step 4: SAVE THE FILE bl Ve T : =
— e

If we see the steps so again we can use go to a new file for creating a file okay. And then in the
tools we can choose options and units so we go for internationally units or US customary units
which is in the fit one kind of system. And we can select the tools options and drawing so like
drawing more we can select whether we want to give any scale for the drawing. So if you want to
select a scale we can also give here and we can save the file that way.

(Refer Slide Time: 28:13)

| Steps for Model Building in WaterGEMS

Step 5: Layout of the network — Click on the pipes tab and drawing the network on the drawing
pane. Add the other components eventually

o T .
-
Step 6: Enter and modify data

Dialog boxes: Double click on the element
Flex tables: VIEW >> FLEX TABLES




Then we can go to the next step which is a layout of the network okay. So we can click on the
pipe tabs and drawing network in a plane we can add other component eventually so this is
similar to that of the EPANET okay we can use the junctions we can use the pipe we can use the
valves we can use the tank okay. We can use the pump in a similar way reservoir so all those
features can be added here and then we can like enter and then modify the data saved that okay.

We can for particularly setting up the properties of anything we can just double click that
particular element let us say if we want to setup properties of this junction. We double click that
element and then basically we put in properties or see whatever is the information provided.
(Refer Slide Time: 29:03)

| Model Inputs in WaterGEMS

Elements Input information Elements Input information
. - Node: Elevation ~~
Reservoir: Elevation

e Demand
Emltt/e_r_co_-e’ff_lcgm =

Tanks: Operating range type — [Elevation/Level]

Ba.sel elevationllgvel/ Pump: Elevation

M,I r?lmum elt.zvatﬂw fleve Pump type — constant speed-no curve
Initial elevatlo_n/level i constanrspem
Maximum _’elevation/level pump sta nm“
Section - [Circular/Non-circular/Variable area] b ownaliax tirﬁ?delay

Variable speed/torque

—

PRV/PS\V/PBV/FCV/TCY/
Elevation/~

Diameter ./~
Valve co-eff. type [dis

Diam&er/Area/Total volume

Pipe:  Diameter / Valve:
Material '

HW coefficient
User-defined length .~

The various input information’s for the different elements here so for reservoir we need to
provide elevation for tanks we need to provide the operating range type whether it is working on
elevation or level the base calculation or the minimal evaluation then initial evaluation maximum
evaluation then section circular non circular or variable area, diameter area total volume all these

options can be given.

For pipe we need to provide diameter, material Hazen William coefficient and user define length
for node elevation demand and emitter coefficient. Emitter coefficient is basically kind of like
how much flow can be emitted from that particular node then elevation for pumps what is the

elevation of pump types. So the different type of pump option are available constant speed no



curve constant speed curve then pump start variable speed variable speed or torque and shutdown
after time delay.

So there are variety of options then value again which particular type of valve we want to put and
then elevation diameter and the value coefficient type of the valve so all these are the different
input elements.

(Refer Slide Time: 30:19)

Demand Pattern Creation in WaterGEMS

» Water demand in a distribution system fluctuates over 16 ‘ )
=Residential —Commercial

time. This variation in demand over time can be modeled
using demand patterns, 12 _j_m

» Demand patterns are multipliers that vary with time and ¢
are applied to a given base demand, most typically the
average daily demand

» Commercial _dgmand/residential demand/fire demand .,
may be created as step functions. 0
bl b3 1

We need to provide demand pattern also we can give us straight average demand or we have the
flexibility of giving demand as the step functions. So demand patterns are generally the
multipliers that vary with the time so with the average demand we can have different multipliers
which will vary with times. So let us say for 1 like 0 to 1 hour we have a multiple 1 to 2 hour we
have another multiplier. So it eventually gives us as a kind of step functions for commercial
residential or fire demand that can be inserted.
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[ Basic Network Analysis in WaterGEMS

STEADY STATE ANALYSIS — Represents a snapshot in time
Uses: — -
* Determine the operating behavior of a system under static conditions
* Determine the short Time effects like fire-flows or average demand conditions on the system

7 Notion of steady state is more of mathematical construct _~

» Real water distribution systems are seldom in steady state

» They act as the discrete parts of all other types of simulafions

» Best use to study ‘worst case’ conditions like peak demand, fire protection and system failure

—

Steps: Calculation Times
, . kot 51 1172000
* Open the calculation options manager .~ ey ;\[;fc ot
* Double click base calculation options .~ JES tirgts crtils durng to s
. s A 2 EP5 Snapshol? Fale
* Time analysis type is set to steady state . Star Trve 12 0000AM

* Click compute to analyse the model -~
* (alculation summary and users notification opens automatically

For analysis purpose the basic network analysis is done either in the steady state analysis or in
the extended period analysis. The steady state analysis represents snapshot in a time because it
considers the system as a static and running at that particular thing. So it used generally for
seeing operating behavior of a system under the static conditions and it determine the short time

effects like fire flow or average demand conditions on the system.

Generally it is not that much used is less used because the system usually does not run in a
steady state the distribution systems usually run in a kind of transient state so we do not have the
like this steady state analysis as that limited uses it is best used for the worst case conditions like.
Say if you are having a peak demand or fire protection or system failure. So simulating that in a
extended period run becomes much more complex we can straight away say that okay during a
fire this is going to be the flow so we have a fixed flow and we can run a steady state analysis for

these kind of conditions okay.

It is basically notion of steady state which is more of a mathematical concept the real water
distribution systems are seldom in steady state they act as a discrete part of the other type of
simulations. So the steps is that we open the calculation option manager double click the base
calculation options and then time analyze type is set to steady state. And so here basically like
this time analysis tape and need to be set to the steady state okay. And then we click at compute
to analyze the model and then we will get the calculation summary automatically.
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) Basic Network Analysis in WaterGEMS
Caleulobon Times

EXTENDED PERIOD SIMULATION — RepresWiod 17

o Tne 1‘3)][()01
» Itcan run for any length of time, depending on the purpose of analysis """ e o
» Most common duration’ls’M’h, to see the effects of the diurnal pattern Ao lemcy ey
» Selection of hydraulic time step (length of time for one steady-state) is very important

¥ Selected in such a way that changes i system hydraulics from one increment to the next are gradual

Uses: Steps: /

build proje ?/
o

{ far icet
ed for issue

So that is how we run the steady state however the more used is the extended period analysis
which represents a long period in most common duration is 24 hours to see the effect of the
diurnal pattern but we can have an another optional as well. It can run for any length of time
depending on the purpose of analysis. If you want to analyze it for longer duration we can run it.
Then selection of hydraulic time steps so length of time for like one steady state is very
important so how much hydraulic time steps we are consider say 1 hours so it will get a step in

each 1 hour and see what is the situation there.

And we basically selected in such a way that change is in the system hydraulic from one
increment to the next are gradual. So from 1 hour to 2 hour to 3 hour all the changes has to be
gradual it is not like it is abrupt changes. So how we do that? It basically in the time analysis step
we select the EPS which is extended period analysis okay select the duration select the hydraulic

time step and then that way we analyze.

It helps in evaluating the system performance over a longer period it is helpful in modeling of
tank filling and draining regulation of valve opening and closing it helps in the kind of setting up
the changes in the pressure and flow rate response to the varying demand and automated control
strategies. The step is the similar like we select the EPS so we open a model bill create the
demand pattern and then double click the calculation option and select the extended period

analysis we click compute analysis the model and then user notification will open automatically



blue for the informational message yellow for the warning and red for any issue if there is any
issue in the model.
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Advanced Analysis in WaterGEMS

» Water quality analysis — Water quality analysis is used to compute water age, constituent
concentration, or percentage of water from a given node. Information about residence
time in tanks, chlorine residuals throughout the system, and which tank or reservoir is the
primary water source for different areas in your system.

» Energy analysis — Energy function is called ‘Scenario energy cost’. It calculates energy
usage and cost based on EPS. It also determines a number of intermediated values such as
efficiency, power, and peak energy use.

bl L gttt L

» Flushing — This function facilitates operating network model to run a series of

conventional flushes (no valve operation) and one unidirectional valve.
— Pe— ———

7 Fire-flow (mal}si;— This function is called ‘Automated fire-flow analysis’, Primary go,

a WDS is to provide adequ’ate__c_a_@;j,[yLﬁ;ht_ﬁr_e‘s:- Fire-flow analysis is u

determine if the system can meet the fire flow demands while maintaining mj
pressure constraints

There are various advanced analysis features also available in water GEMS like water quality
analysis which is basically helps to compute water age and the constituent concentration
percentage of water from the given node so. Then the chlorine residual throughout the systems;
so these kind of system so these kind of features can also be analyzed. It also helps in energy

analysis so function is called Scenario energy cost.

It calculates the energy uses and cost based on the extended period simulations it also determines
kind of the number of intermediate valves such as efficiency, power, peak, energy uses. So this
values will be kind of suggested using or can be monitored can be determined using the energy
analysis tool. It also can be used for flushing purpose when basically the flow is just

unidirectional.

There is no valve operation all the network is open and runs in a series of conventional flushes so
in turn network is actually being flushed off. It helps in a fire flow analysis as well which is there
is a feature called automated fire flow analysis okay and this kind of see if it provides the
adequate capacity for fire fights. So these are some of the advanced features.
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Advanced Analysis in WaterGEMS

» Criticality and segmentation — This function is called ‘Segmentation and criticality manager’
and is used to identify the segments of the network to be removed from service. It also
ensures the effect of a certain outage on meeting the system demand. 1S0:25

.J L 026
1S0-24

» The network model should be included with isolation valves as shown.

_/

» Pressure dependent demand — Pressure dependent demands (PDD) are used to simulate
situations wherea change in pressure affects the quantity of water available as demand. This
function is very useful in networks which have more than one water source, to check how each
water source affects model demand.

» Darwin Designer — It is used to optimize of a network in WaterGEMS; either cost or press
Basic criteria are used to design or rehabilitate the network —
’ Specified min, and max, pressure at all demand nodes

r Filling of each tank to or above initial tank level

—

—

» Certain junctions can be specified to meet a required pressure also, Optimiz,
_ network s carried out by genetic algorithms, parameters of which need to be spe

It also like can be used for criticality and segmentation through a feature called segmentation and
criticality manager which is uses to identify the segments of the network which is to be remove
from the service based on criticality of this system okay. So that way it is very helpful the
network model should be a kind of included with isolation valve and then this is how we may

include the isolation valves.

Then it is used for pressure dependent demand as well so a pressure dependent demand which is
PDD are used to simulate the situations when there is a change in pressure which is effecting the
quantity of water available as a demand. So how the pressure changes is going to kind of affect
demand that is basically analyzed using the PDD function pressure dependent demand function.
The Darwin designer is for the optimization purpose so it uses basically the network to optimize;

and it can take as a cost for optimization or pressure for optimization.

So the basic criteria the design that includes is it is specified minimum and maximum pressure at
all the demand notes and filling each tank or above initial level tank level so all this features can
be analyzed okay. It also kind of helps in creating certain junctions and they it can be specified to
meet the required pressure for these junctions okay. Optimization of the network is generally
carried out by the GA genetic algorithm and parameter of this, needs to be specified by the user.
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Reporting Results in WaterGEMS

Results are obtained in the form of :

REPORTS - display information on any or all elements in the system in printable format

FLEX TABLES - viewing, editing, and presentation of selected data and elements in a tabular format

PROFILES - To graphically show in profile view how an attribute varies along the series of pipes
Eg. Hydraulic grade

CONTOURING - To show how a an attribute varies throughout the system. Eg, Pressure
ELEMENT ANNOTATION - dynamic presentation of the values of user-selected variabl

COLOUR CODING - which assigns colors based on ranges of values to elements, t
diagnostics of the network

After we like complete the run so results are reported either in the form of reports or flex tables
or profiles or contouring or kind of element annotation specifically and the color coding options
is also available.
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Some Other Commercial Software Packages

» CADRE flow:

It is @ hydraulic engineering application for simple fluid flow in a complex water network.
Itis based on the basic principles of finite element method applied to a piping system.

» InfoWorks WS:
It is an advanced hydraulic modelling software for robust analysis and management of
water supply networks. The hydraulic engine is highly stable and reliable for executing
large citywide water distribution networks.

» Pipe Flow Expert:
This software is used to analyse determine the flow and pressure loss throughout a pi
network. A complex pipeline system and analyse the features of the system when fi
occurring and allows to perform analysis of different pipe system designs th
operating conditions.

Then that is about water GEMS there are some other commercial popular packages available like
CADRE flow infoworks, pipe flow and few more are available there in fact many software’s
available but as we discussed that water GEMS is by far regarded as the most robust commercial
software package available. So with this we conclude the discussions here we will see in the next
class about how we use EPANET and water GEMS through a demonstration so thank you for

joining and see you in the next class.



