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Preface Xi

Preface

Thank you for purchasing WaterCAD. At Haestad Methods we pride ourselves in providing the
very best engineering software available. Our goal is to make software that is easy to install and
use, yet so powerful and intuitive that it anticipates your needs without getting in your way.

WaterCAD is a feature-rich program with extensive on-line documentation that is able to provide
alevel of instruction appropriate to your needs. Do not be fooled by the existence of this user's
guide. You do not need to read anything to get started!

When you first use the program, WaterCAD's intuitive interface and interactive dialogs will guide
you. If you need more information, go to our comprehensive, context-sensitive, on-line help by
either pressing thelelp button present in each dialog box, pressingRhédey, or right-clicking
anywhere in a dialog. Help text regarding the area of the program in which you are working will
be displayed.

We are betting that you will be able to use our product right out of the package. If you know how
to run Setup within Windows, then go ahead and get right to work. Install WaterCAD, and enjoy!
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1.1

1.2

Chapter 1

Orientation

What Is WaterCAD?

WaterCAD is a powerful yet easy to use program that helps engineers design and analyze complex
pressurized piping systems. WaterCAD’s powerful graphical interface (both in Stand-Alone and
AutoCAD mode) makes it easy to quickly lay out a complex network of pipes, tanks, pumps, and
more. You can use WaterCAD to:

Perform steady-state analyses of water distribution systems with pumps, tanks, and control
valves.

Perform extended period simulations to analyze the piping system's response to varying supply
and demand schedules.

Perform water quality simulations to determine the water source and age, or track the growth
or decay of a chemical constituent throughout the network.

Perform Fire Flow Analyses on your system to determine how your system will behave under
extreme conditions.

Use the powerful Scenario Management features to mix and match a vari&ihaiff?"
alternatives on your system. Create multiple sets of hydraulic, physical property, operational,
initial setting, fire flow, cost, and water quality alternatives. Create and run any number of
scenarios by mixing and matching alternatives, then view and compare the results quickly and
easily with WaterCAD's flexible scenario management feature.

The best introduction to Water CAD is the One-Minute Tutorial. Explore Water CAD
freely and remember that thereisalot of valuableinformation in on-line help.

What is New in WaterCAD v4?

WaterCAD v4 includes a variety of new and enhanced features, including:

AutoCAD 2000 Support — WaterCAD in AutoCAD mode (which is the upgrade for Cybernet
v3) can now run inside both AutoCAD 2000 and AutoCAD R14.

Microsoft Office 2000 Support — Now supports Microsoft Excel 2000, and Access 2000.
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1.3

1.3.1

*  Windows 2000 Support -Now works with Windows 95, 98, NT 4.0, and Windows 2000.

« Network Licensing Support —Now gives you the option to purchase a license for multiple
concurrent users, managed by a network based administrator software.

« User Data Extension— User-defined attributes can now be added to supplement WaterCAD
with your own custom features. This data can then be used like any other WaterCAD data in
FlexTables, annotating, color coding, Database Connections, etc.

e Polyline to Pipe Conversion — Convert existing AutoCAD drawings directly to WaterCAD
models.

« Element Relabeling — Edit selected element labels to automatically renumber, replace or
append a prefix/suffix.

« Aerial View — Optional separate window used to facilitate zooming, panning, and locating a
small viewing area in the main window.

e Aligning Pipe Labels — Automatically aligns pipe labels and annotations with the associated
pipe.
¢ Cost Estimating —Calculate a planning level estimate of the capital cost associated with an

entire system or any portion of a system. This makes it easy to compare the costs associated
with the various scenarios, thus helping to ensure that the most cost-effective design is chosen.

« Contouring by Selection Set -Generate contours for any subset of elements.

« Drawing Review —Quickly review your network data for potential problems resulting from
data entry errors or data discrepancies in the source (database, Shapefile, or CAD drawing)
from which a model was imported.

Installation, Upgrades, and Updates

Minimum System Requirements

Below are the minimum and recommended system requirements for running WaterCAD without
significant delays. Note that some of the requirements for AutoCAD Mode, such as RAM, are
fairly high, due to the demands of AutoCAD and operating system demands, not WaterCAD itself.

Stand-Alone Mode:

Processor: Pentium-166

RAM: 32 Megabytes

Hard Disk: 25 Megabytes of free storage space, with additional room for data files
Operating System: Windows 95 or later, or Windows NT 4.0

Display: 800 x 600 resolution, 256 colors

AutoCAD Mode:

Processor: Pentium-166

RAM: 64 Megabytes

Hard Disk: 25 Megabytes of free storage space, with additional room for datafiles

Display: 800 x 600 resolution, 256 colors
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1.3.2

1.3.3

Recommended:

While Haestad Methods software will perform adequately given the minimum system
requirements, performance will only improve with a faster system. Our products are designed to
perform at optimal levels with a fast CPU and ample amounts of RAM and free disk space. We
highly recommend running our software on the best system possible to maximize its potential,
especialy for larger models containing thousands of pipes. We understand that an engineer'stime
is avauable commodity, and we have designed our software to help make the most of that time.

Installing Haestad Methods' Products

For Windows 95, Windows 98, Windows NT 4.0, and Windows 2000, follow these easy steps, for
installing a single user license copy of the program:

1. If you have not done so, turn on your computer.
2. Place the diskette labeled Disk 1 in the floppy disk drive (commonly the & or b: drive).
3. Placethe CD in your CD-ROM drive (commonly the d: or e drive).

4a. If the Autorun feature of the operating system is enabled, setup will begin automatically.
Proceed to step six.

4b. If Autorun is disabled, click the Start button on the task bar, select Run from the menu, and
type d:\setup (use the actual drive letter of the CD-ROM drive if it is not the d: drive), and
then click OK.

5. Follow theinstructions of the Setup Wizard.

If you own a network license version of the software, please refer to the accompanyir
Network License Document. If you still have questions, consult our online
KnowledgeBase on our web site www.haestad.comn contact Haestad Methods technical
support.

Uninstalling Haestad Methods' Products

Haestad Methods' products come with an uninstall option. After a single user license copy of a
Haestad Methods' product is installed onto a computer, it must be uninstaled before a new
installation can occur.

To uninstall the program:

Click Start\Programs\Haestad Method<®roduct_Name\Uninstall Product Name. The origina
floppy disk labeled Disk 1 that came with the product must be in the floppy drive at the time of
uninstalling.

If you own a network license version of the software, please refer to the accompanyin
Network License Document. If you still have questions, consult our onling
KnowledgeBase on our web site www.haestad.caon contact Haestad Methods technical

support.

g
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1.3.4 Troubleshooting Setup or Uninstall

Because of the multi-tasking capabilities of Windows 95, 98, 2000 and NT, you may have
applications running in the background that make it difficult for the setup routines to determine the
configuration of your current system. If you have difficulties during the install (setup) or uninstall
process, please try these steps before contacting our technical support staff:

1. Restart your machine.

2. Verify that there are no other programs running. Y ou can see applications currently in use by
pressing Ctrl-Alt-Del in Windows 95, Windows 98 or 2000, or Ctrl-Shift-Esc in Windows
NT. Exit any applications that are running.

3. Runsetup or uninstall again without running any other program first.

If these steps fail to successfully install or uninstall the product, contact our support staff
immediately.

1.3.5 Software Registration

During the installation of the program, a dialog will appear asking you to register the software.
Please note the label with your registration information is on the inside back cover of the manual.

Although this software is not copy protected, registration is required to unlock the software
capabilities for the hydraulic network size that you have licensed. All registration information
must be entered into the Registration dialog exactly as it appears on the label.

e Company

e City

» State/Country

* Registration Number

After you have registered the software, you can check your current registration status by opening
the registration dialog in the software itself.

To open the Registration dialog:

1. Select Help\About Product_ Name ... from the pull-down menu.
2. Click the Registration button in the About Product_Name dialog.

The current registration status (number of licenses, expiration date, feature level, etc) will be
displayed.
Use the Print button to print a copy of the information shown in the Registration Form dialog.

Use the Copy button to place the registration information in the Windows Clipboard so that you
can paste it into another Windows application.

If you own a network license version of the software, please refer to the accompanyirlg

Network License Document. If you still have questions, consult our onling

KnowledgeBase on our web site www.haestad.caon contact Haestad Methods technical
support.
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1.3.6

1.3.7

1.4

1.4.1

1.4.2

Upgrades

When you click the Registration button on the Help\About Product Name ... dialog, the current
registration status (number of licenses, expiration date, feature level, etc) is displayed. To upgrade
to more pipes or inlets, higher feature levels, or additional licenses, call Haestad Methods (see
Contacting Haestad Methods) to obtain a new registration number. We will have you up and
running in no timel

Globe Button

Haestad Methods makes it easy to stay up-to-date with the latest advances in our software.

Software maintenance releases can be downloaded from the Haestad Methods web site quickly

and easily if you are a subscriber to our ClientCare Program. Just click the Globe icon on the tool

palette to launch your preferred web browser and open the Haestad Methods’ Program Update
web site. The web site will automatically check to see if your installed version is the latest
available, and if not, it will provide you with the opportunity to download the correct upgrade to
bring it up-to-date.

The ClientCare Program also gives you access to our extensive KnowledgeBase for answers to all
Frequently Asked Questions (FAQ). Contact our sales team for more information on our
ClientCare Program.

Use the Globe button ﬁl to keep your investment current.

Learning WaterCAD

WaterCAD Documentation

WaterCAD's on-line documentation delivers extensive detail. Simply clickighe button, press
theF1 key, or right-click anywhere in the program to access context-sensitive help.

The WaterCAD User’s Guide is provided to you as a means to read and learn about WaterCAD
while you are away from your computer. The topics you find in the User's Guide will also be
found in the on-line help.

The on-line help is typically more complete and up-to-date than the manual, as it is
refined with each new softwar e update.

WaterCAD also contains on-line tutorials, lessons, and sample files to help you become familiar
with the software’s features and capabilities. The tutorials can be accessed by clicking
Help\Tutorials from the pull-down menu. The lessons can be found in the printed documentation
as well as in the on-line help. The sample files are located in Weestad\Wtrc\Sample
directory.

How to Use Help

All of our products feature extensive context-sensitive help. There are several ways to obtain help
on topics:
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1.4.3

1.4.4

1.4.5

e To get help for the window in which you are working, press the F1 key or click the Help
button.

e To get help for a specific item, right-click the desired object and select Help from the pull-
down menu.

To navigate within Help:

*  When you click text that is underlined, Help "jumps' to a related topic or definition. If the
text is dashed underlined, a pop-up window will appear.

e Toreturn to the previous topic, click the Back button at the top of the Help window.
e Toprint aHelp topic, click the Print button at the top of the Help window.

e To make Help stay on top of other windows, open the main Help window and select
Options\Keep Help On Top\On Topfrom the pull-down menu.

An Example:

Suppose that a primary aspect of your project is to exchange data with ESRI (Environmental
Systems Research Institute, Inc.) Shapefiles. To obtain a detailed description on how to import
your shapefiles:

1. Click Help\Contentsto open the main Help window.

2. On the left side of the Help window, select the Index tab. In the box where the cursor is
flashing, enter the word Shapefile

3. This will automatically scroll through the topics and display a list of topics concerning
shapefiles. For instance, you can select Shapefile\lmport. A sublist will pop up where you
can select Shapefile Import Example A detailed Help topic will appear on theright.

How Do 1?

"How Do I" is an easily referenced topic in WaterCAD’s on-line documentation. It is a listing of
commonly asked questions about WaterCAD. Follow these steps to find your way to How Do |

1. ClickHelp\How Do | from the pull-down menu.

2. The listing of How Do I" topics will appear. Click on the topic of your choice for a detailed
explanation.

3. Toreturn to the listing oHow Do I" questions, clickhe Back button.

Help Command

@ | Access theHelp menu. Using thédelp command is the same as selecting
2 Help from the pull-down menu.

Glossary
The glossary contains many terms used throughout the dialogs and the on-line Help.

To use the Glossary:

1. ClickHelp\Contents... to open the maikielp window.

2. Click theContentstab, then double-click th@lossary book.
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3. Click the Glossary page and the Glossary topic will appear.
4. Click thefirst letter of the word for which you are looking for more information.

5. Click the term and a pop-up box will appear with a definition of the selected word.

1.4.6 Tutorials

The tutorials, along with the lessons located in Chapter 3, quickly introduce you to specific
features of the program. To access the tutorials click Help\Tutorials from the pull-down menus.
Run atutorial by selecting one of the entries in the list and clicking the OK button. End a tutorial
at any time by either pressing the Esc key (in Stand-Alone mode), or by clicking the cross in the
upper right-hand corner of any tutorial dialog. If you need further information, access our on-line
help by pressing the F1 key.

1.4.7 Sample Projects

1. Select the File\Open command from the pull-down menu to access the Open Project File
dialog.

2. Choose EXAMPLE?.WCD (or EXAMPLE?.DWG, if using WaterCAD in AutoCAD mode)
from the Sample directory, and click Open.

These are working network models, so you can explore the systems and see how different
elements are modeled. First, calculate the system by using the GO button on the main toolbar.
Then use Quick View, Graphs, Profiles, Tabular views, Detailed Reports, Color Coding, and
Contouring to see how the system behaves. To get the best introduction to a new feature, try
running some of the tutorials.

1.4.8 Haestad Methods' Workshops

Haestad Methods offers a variety of workshops dealing with topics ranging from urban stormwater
management to water distribution modeling, aternating theory, modeling insights and hands-on
practice with software instruction. These workshops are held at various locations, and include
discounted pricing when purchasing Haestad M ethods software.

For more information on our workshops (such as instructors, schedules, pricing, and locations),
please contact our sales department, or visit our web site at www.haestad.com for current
workshop schedules and locations. We will be glad to answer any questions you may have
regarding the workshops and our other products and services.

Haestad Methods offers a range of other training services including on-site training and on-line
training. For detalled information on the availability of these options, visit
www.haestad.com/education.

1.5 Contacting Haestad Methods

1.5.1 Sales

Haestad Methods’ professional staff is ready to answer your questions Monday through Friday
during Haestad Methods’ normal operating hours.
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1.5.2

1.5.3

Please contact your sales representative for any questions regarding Haestad Methods’ latest

products and prices.
Fax: +1-203-597-1488
Phone: +1-203-755-1666

Email: Sales@haestad.com

Technical Support

We hope that everything runs smoothly and you never have a need for our technical support staff.
However, if you do need support our highly skilled staff offers their sergeea days a week,

and may be contacted by phone, fax, and the Internet.

For information on the various levels of

support that we offer, contact our sales team today and request information on our ClientCare

Program.

When calling for support, in order to assist our techniciansin troubleshooting your problem,
please bein front of your computer and have the following information available:

« Operating system your computer is running (Windows 95, Windows 98, Windows NT, etc.)

« Name and version number of the Haestad Methods software you are calling about

« Version of AutoCAD you are running (if applicable)

« Any error messages or other information that was generated

« A note of exactly what you were doing when you encountered the problem

When e-mailing or faxing for support, please provide the following additional detailsto

enable usto provide a timely and accur ate response:
e Company name, address, and phone number

» A detailed explanation of your concerns

Hours:
Monday - Friday: 9:00 AM to 8:00 PM EST
Saturday and Sunday: 9:00 AM to 5:00 PM EST

You can contact our technical support team at:
Phone: +1-203-755-1666
Fax: +1-203-597-1488

e-mail: Support@haestad.com

Your Suggestions Count

At Haestad Methods, we strive to continually provide you with sophisticated software and
documentation. We are very interested in hearing your suggestions for improving our products,
our on-line Help system, and our printed manuals. Your feedback will guide us in developing

products that will make you more productive.

Please let us hear from you!
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1.5.4

How to Contact Us
Internet:  http://www.haestad.com

Email: Support@haestad.com
Info@haestad.com

Fax: +1-203-597-1488

Phone: +1-203-755-1666

Mail: Haestad Methods
37 Brookside Road
Waterbury, CT 06708-1499
USA
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2.1

2.1.1

Chapter 2

WaterCAD Main Window

If you are aready familiar with standard Windows interfaces, you will find WaterCAD to be
intuitive and comfortable. Even if you are not accustomed to Windows standards, just a few
minutes of exploring WaterCAD should be enough to acquaint you with the flexibility and power
that this program offers.

In this chapter, we will examine the program’s main window, menus, and toolbars. After reading
this chapter, you should be able to interact with this software in a quick and efficient manner.
Additional tools for layout, annotating, and editing are described in the chapter "Layout and
Editing Tools".

Main Window Components

Stand-Alone Mode, AutoCAD Mode

Both the Stand-Alone graphical editor and the AutoCAD interface perform actions through the
WaterCAD model server.

This use of a common central model enables both modes to perform the same functions with the
same behaviors. For example, graphical layout and model management are virtually identical
between the two modes.

Because of the common Water CAD model server, model data is easily shared between
AutoCAD and Stand-Alone modes.

One advantage of Stand-Alone mode is that your interaction is more streamlined and dynamic by
virtue of the fact that the editing environment is a dedicated network editor. Also, since AutoCAD
is not needed to run in Stand-Alone mode, less system resources and memory are required.

A significant advantage of the AutoCAD mode is that you can create and model your network
directly within your primary drafting environment. This gives you access to all of AutoCAD’s
powerful drafting and presentation tools, while still enabling you to perform WaterCAD modeling
tasks like editing, solving, and data management. This relationship between WaterCAD and
AutoCAD enables extremely detailed and accurate mapping of model features, and provides the
full array of output and presentation features available in AutoCAD. This facility provides the
most flexibility and the highest degree of compatibility with other CAD-based applications and
drawing data maintained at your organization.
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2.1.2

AutoCAD mode is an available feature level. Contact us to upgrade your WaterCAD
Stand-Alone version to include the AutoCAD integration feature level.

WaterCAD Main Windows

Both the WaterCAD Stand-Alone interface and the AutoCAD interface have many components
common to Windows-based programs. The following figures illustrate some of the important
areas that make up the WaterCAD Stand-Alone and AutoCAD 2000 interfaces (the WaterCAD
main window looks fairly similar in AutoCAD R14 and AutoCAD 2000):

WaterCAD Stand-Alone Interface
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2.1.3

2.1.4

WaterCAD AutoCAD 2000 Interface
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Notice that many of the window components (such as the menus and toolbars) are very similar for
the Stand-Alone editor and AutoCAD. Other features (such as the command line) are only
available in AutoCAD.

For more information regarding the various functions and behaviors of AutoCAD, please refer to
AutoDesk’s documentation.

Drawing Pane

The drawing pane, the center of WaterCAD’s graphical activity is where the water network
elements are displayed. It is the main interactive area for creating elements, editing data, and even
displaying results.

In Stand-Alone mode, the drawing pane can also display a background DXF image. This
background can be helpful for aligning and positioning elements, as well as adding additional
drafting elements for printing plan views.

In AutoCAD, the drawing pane is where all graphical elements, not just WaterCAD entities, are
displayed and manipulated. Lines, arcs, text, and many other drafting elements can be created and
modified within the drawing pane.

Status Bar

The status bar, located at the bottom of the window, provides relevant messages about the current
state of the model and information about the drawing pane. This information includes things such
as cursor location, calculation status, and drawing mode.
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2.1.5

2.1.6

Menus, Toolbars, and Shortcut Keys

Anyone who has ever watched someone else use a computer should realize that not all people use
computers in the same way. Some prefer to primarily use the mouse, some the keyboard, and
others use a mixture of both.

For this reason, Haestad Methods’ programs provide access to the most common features through
several means, including:

* Pull-Down Menus

* Toolbars

e Shortcut Keys

e Command Line (AutoCAD Only)

Pull-down Menus

As with any Windows-based program, the menu system provides easy access to many features.
Items can be accessed by clicking the desired menu text, or by pressiig kbg to activate the
menus and then pressing the key for the underlined letter of the menu item you wish to access.

For example, to open an existing file you can use the mouse to Eéd@jpen or you can press
theAlt andF keys @lt + F), thenO on the keyboard.

Mew... Chrl+r
i Ctrl+0

Toolbars
The toolbar buttons offer one-click access to some of the most commonly used features, giving
you even quicker passage to the most frequent actions.

For example, to open an existing file (the equivalent of sele€iirOpen from the pull-down

=
menus), simply click th&ile Open Button .

Shortcut Keys

Shortcut keys are the keyboard equivalent of toolbars. Key combinations — usually a simultaneous
application of theCtrl (Control) key and a letter key — can provide instant access to common
features. If a shortcut is available for a menu item, it will be indicated in the menu itself.

For example, to open an existing file (the equivalent of seleEiiggOpen from the menus) you
can simply press th@trl andO keys Ctrl + O) at the same time.

Command Line
The command line is a special area that is not available in Stand-Alone mode. This area enables
you to type commands directly, rather than using the menus, toolbars, or shortcut keys.

For example, to open an existing AutoCAD file (the equivalent of seleEtlegpen from the
pull-down menus) you can simply type the comm@mEN at the AutoCAD command line.

Many of AutoCAD’s commands are easy to enter at the command line, including accessing
drafting tools (likeLINE and CIRCLE) and editing tools (likél OVE andERASE). Note that
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2.2

2.2.1

modeling elements can also be manipulated through the AutoCAD command line, just as they can
be manipulated via the menus or toolbars.

For more information on the AutoCAD command line, please see the AutoCAD documentation.

WaterCAD Menus

Although the toolbars and shortcut keys provide quick and easy access to commonly used features,

the pull-down menu system provides much more comprehensive access to WaterCAD’s properties
and behaviors. Since toolbar buttons and shortcut keys do not exist for all of these features, the
menus are a logical choice for exploring all areas of WaterCAD. This section will introduce you
to many of the things you can do with the menus in WaterCAD and show you how you can access
these features, including the toolbar buttons and shortcut keys that are available.

Commands are grouped under several menus, which are nearly identical between Haestad
Methods products. This makes any Haestad Methods product look very familiar once you already
know one. The menu system for WaterCAD consists of the following selections:

* File

« Edit

e Analysis
e View

* Tools

* Report

* Help

File Menu

The File menu contains many of the items dealing with project management. It provides features
to create, read, write, and print project files, as well as features for sharing data with databases and
GIS systems.

* New — Create a new project. When you choose this item, a dialog will appear so that you can
enter a drive, directory, and filename for your new project file. The Project Setup Wizard will
then help you set up your new project.

Toolbar Button: QI

Shortcut KeyCtrl + N

 Open — Load an existing project file from disk. When you select this item, a dialog will
appear so that you can choose the name and location of the project you want to open.

L)
Toolbar Button: QI

Shortcut KeyCtrl + O
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Save- Save the current project file to disk. While saving the project file, the status pane will
briefly display a message to show you the progress of the save command.

Toolbar Button: El

Shortcut KeyCtrl + S

Save As — Save the current project to disk under a different filename. When you use this
command, a dialog will appear prompting you to enter the drive, directory, and a new file
name for your project.

Project Summary — Access the Project Summary information, such as the project title and the
project engineer.

Import\Database — Import data from a Microsoft Access database (*.mdb) using one of the
standard database import connections.

I mpor t\Shapefile — Build network elements from ESRI shapefiles. This command will start
the Shapefile Wizard, which will help you bring the GIS elements and their associated data
into your project.

Import\Polyline to Pipe — (Stand-Alone mode only) Build network elements from a DXF
file. This command will start the Polyline to Pipe Wizard, which will help you convert
polyline data representing geographical data into your project as pipes and nodes.

A similar command called ‘Change Entities to Pipes’ is available in the AutoCAD
version under the Edit menu.

Import\Network — Import data from KYpipe v1, v2 or v3, EPANet vl and v2, or Cybernet v1
and v2 file.

Water CAD v3 projects should smply be opened in Water CAD v4 (as any Water CAD v4
project), without using the Import command. However, once you save the project in
Water CAD v4, the project files cannot be opened in Water CAD v3 any longer.

Import\Spot Elevations — Bring spot elevation data from a space or comma delimited ASCII
file in a variety of formats.

Import\DXF Background — (Stand-Alone mode only) Bring a DXF drawing file into your
project as a background map. This command will open a dialog that prompts you to select the
name and location of the desired DXF file.

Import\Water CAD — (AutoCAD mode only) Import a Stand-Alone WaterCAD file (*.wcd)
into WaterCAD in AutoCAD mode.

Export\Database — Export data to a new Microsoft Access database (*.mdb) using one of the
standard database connections.

Export\Shapefile — Export your project to shapefile format in GIS applications. This
command will start the Shapefile Wizard, which will help you create shapefiles with the
desired project elements and associated data.

Export\Spot Elevations — Export spot elevation data to a space or comma delimited ASCII
file in a variety of formats.



Chapter 2 — WaterCAD Main Window 17
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Export\DXF File — Export the entire network drawing to a DXF format, which can be read by
al popular CAD programs. This command will open a dialog prompting you to enter the
name and location for the DXF file you would like to create.

Synchronize\Database Connections- Access the Database Connection Manager, which
allows you to share WaterCAD data with external databases, spreadsheets, and other ODBC
compliant files. Details of this comprehensive feature are explained in the section entitled
"GIS and Database Connections".

Synchronize\Shapefile Connections — Access the Shapefile Connection Manager, which
allows you to share WaterCAD data with external GIS systems. Details of this feature are
explained in the section entitled "GIS and Database Connections".

Print — Print the current view of the project drawing to a printer. Profiles and tabular reports
are printed from their respective windows. The print command invokes the standard Print
dialog, which allows you to select the printer and set up properties to be used.

Shortcut KeyCtrl + P

Print Preview — Open thePrint Preview dialog for the current view of the project drawing.
This feature allows you to see the drawing as it will be printed before sending it to the printer.

Toolbar Button: _I[§

Printer Setup — Select the default printer for WaterCAD to use. You can also use this
command to change options related to the printer driver, such as resolution, portrait or
landscape orientation, and other printer details.

1, 2, etc. — The most recently opened project files appear at the bottom &filthenenu.
Using this file list, you can quickly select and open a recently used file without locating its
drive and directory.

Exit — Close the current project and exit WaterCAD. If you made any changes to the current
project, you will be asked if you want to save the project before you exit WaterCAD.

Shortcut Key: Alt + F4

Edit Menu

The Edit menu provides access to basic commands for controlling WaterCAD elements, including
element navigation, selection, deletion, and undo and redo.

In Stand-Alone mode:

Undo [Last Action Performed] — Reverse the last reversible action performed. Reversible
actions include things such as element creation, deletion, editing, and moves. The Undo
command cannot reverse the effects of some model actions, such as calculation, database
synchronization, scenario creation, and tabular edits. Additionally, to ensure that the model is
maintained in a consistent state, the undo/redo history will be flushed whenever an irreversible
menu or button command is issued.

Shortcut KeyCtrl + Z

Redo [Last Action Undoneg] — Reverse the effects of the last undone action. Any action that
can be undone can be redone.

Shortcut KeyCtrl +Y
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e Delete —Erase selected elements. Deleting an element removes it from al aspects of the
project, including all scenarios.

Shortcut Key: Delete
* Select\All- Select all of the elements in the current project.
Shortcut KeyCtrl + A

« Select\By Element\[Element Type] — Select all elements of a certain type such as all pipes or
all junctions.

» Sdlect\By Selection Set — Select the elements contained in a predefined selection set.
» Select\Clear Selection — Reset (empty) the current selection set.

* Find Element — open themind Element dialog, which allows you to locate an element and
bring it to the center of the drawing pane. This element search is based on the element label
(note that this is not case sensitive).

Shortcut KeyCtrl + F

» Drawing Review — Open the Drawing Review window to isolate elements that may need to
be scrutinized for potential problems (orphaned nodes, elements with messages, superposed
nodes, etc).

In AutoCAD mode:

« (WaterCAD) Undo [Last Action Performed] — Reverse the last reversible action performed.
Reversible actions include such things as element creation, deletion, editing, and moves. The
effects of some model actions cannot be reversed, such as calculation, database
synchronization, scenario creation, and tabular edits. Additionally, to ensure that the model is
maintained in a consistent state the undo/redo history will be flushed whenever an irreversible
menu or button command is issued.

* (WaterCAD) Redo [Last Action Undone] — Reverse the effects of the last undone action.
Any action that can be undone can be redone.

« Cut — Delete the selected entities and place them on the Windows clipboard. These items can
be pasted into other Windows programs, or back into AutoCAD.

Shortcut Key: Ctrl+X

e Copy — Place the selected entities from the current AutoCAD drawing on the Windows
clipboard.

Shortcut Key: Ctrl+C
« Paste —Place the items on the Windows clipboard into the current AutoCAD drawing.
Shortcut Key: Ctrl+V

» Paste Special —Place special items located on the Windows clipboard, such as Excel
Spreadsheets and Word documents, into the current AutoCAD drawing.

« Select\All- Select all of the elements in the current project.

« Select\By Element\[Element Type] — Select all elements of a certain type, such as all pipes or
all junctions.

« Select\By Selection Set — Select the elements contained in a predefined selection set.

» Select\Clear Selection — Reset (empty) the current selection set.
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< Edit Element — Open an element’s dialog. Select this item from the pull-down menu and
click the element you wish to edit.

« Edit Elements — Edit a group of elements. Select this item from the pull-down menu, then
select a group of elements using the crosshairs or by windowing an area. After the elements
have been selected, right-click and the Table Manager dialog will appear. The selected
elements will be reported in the tables.

« Modify Elements\Scale Elements -Scale the symbols representing the elements in the
current selection set.

« Modify Elements\Rotate Labels —Rotate the labels of the elements in the current selection
Set.

* Modify Pipes\insert Bend —Insert a bend along a selected Pressure Pipe Element.
* Modify Pipes\Remove Bend -Delete a bend along a selected Pressure Pipe Element.

« Modify Pipes\Remove All Bends —Delete al the bends along a selected Pressure Pipe
Element.

* Modify Pipes\Change Widths— Change the Width of the lines representing pipes.

e Change Entities to Pipes — Build network elements from AutoCAD entities. This command
will start the Polyline to Pipe Wizard, which will help you convert the desired polylines
representing geographical data into pipes.

A similar command called ‘Import Polyline to Pipe’ is available in the Stand-Alone
version (under the File pull-down menu).

« Find Element — Open theFind Element dialog, which allows you to locate an element and
bring it to the center of the drawing pane. This element search is based on the element label
and is not case sensitive.

« Review Drawing — Open théDrawing Review window, which is used to isolate elements that
need to be scrutinized for potential problems (orphaned nodes, elements with messages,
superimposed nodes, etc).

Analysis Menu

The Analysis menu contains items useful for managing calculations. These include the scenario
and alternative managers and the calculation commands.

* Scenarios — Access the Scenario Manager, allowing you to analyze and recall an unlimited
number of What If?" alternative calculations for your model.

« Alternatives — Access the Alternative Manager, allowing you to organize your data into
building blocks to be combined to form scenarios.

» Patterns — Access the Hydraulic and Constituent load managers, allowing you to define
automatic time-variable changes within the system.

« Zones Define zones in which to place network elements.

« Cost Computing — Open theCost Manager in order to view, edit, or perform Cost Estimating
calculations.

Toolbar Button: @I
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e Calculation— Open theCalculation dialog, which gives you access to items such as
calculation options and referenced alternatives.

Toolbar Button: @l

View Menu

In both AutoCAD and Stand-Alone mode, téew menu provides access to tools dealing with

the drawing pane, toolbar visibility, and so forth. Note that the Stand-Alone menu items do not
include panning, since it can be accomplished simply by using the scroll bars adjacent to the
drawing pane.

In Stand-Alone mode, you are provided with the following tools:
e Zoom In — Enlarge the current view of the drawing.

Toolbar Button: EI

Shortcut Key:+ (Keypad)

e Zoom Out — Reduce the current view of the drawing.

Toolbar Button: il

Shortcut Key: - (Keypad)

e Zoom Window — Activate the user-defined zoom tool. This tool enables you to select the
corners of the area within the drawing pane that you wish to enlarge.

+

1)

e Zoom Extents — Reset the drawing zoom factor such that all elements are displayed in the
drawing pane.

Toolbar Button:

* Zoom Previous — Return the drawing pane to the most recent view.

Toolbar Button: gl

e Zoom Center — Open theZoom Center dialog, which enables you to specify the central
coordinates and zoom factor to change the view in the drawing pane.

Toolbar Button:

e Aerial View — Enable or disable the Aerial View window. Thiswindow allows you to display
asecond view of the drawing at alarger scale.

e Quick View — Enable or disable the Quick View window, which alows you to quickly view
input and output data for any element.

Toolbar Button:

« Toolbars\Standard — Toggle the display of th&tandard toolbar at the top of the window,
which provides shortcuts to the most commonly used commands.
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Toolbars\Analysis Toolbar— Toggle the display of thAnalysis toolbar, which includes the
scenario selection list and buttons to accesStheario M anager andCost M anager .

Status Pane — Toggle the display of information at the bottom of the window regarding your
current project.

Background — Toggle the visibility of the project's DXF background. Note that if there is no
DXF background specified for the current project, this menu item will be disabled.

In AutoCAD mode, refer to the AutoCAD on-line help.

Tools Menu

The Tools menu provides general tools for placing or modifying graphical elements, annotating,
color coding, contouring, changing the projects options, etc.

Selection Sets — Access thé&election Set dialog, which allows you to create selection sets of
elements based on element labels, element types, filters, and other means.

Color Coding — Open theColor Coding dialog, which allows you to control the display of
elements based on value ranges such as pipe diameter, hydraulic grade, and so forth.

Toolbar Button: ﬁl

Element Annotation — Access thé&lement Annotation dialog, which allows you to display
element attribute labeling, such as pipe diameter and pipe flow.

Toolbar Button: 2'

Profiling — Open the Profile Setup dialog, which allows you to generate a profile of your
piping system along a specified path.

Toolbar Button: —

Contouring — Access th€ontour Map Manager to create and view contours.

2

Toolbar Button: /==

Relabel Elements — Open the Relabel Elementsdialog, which enables you to renumber some
or al of your project elements.

Element Labeling —Set the format for the labels applied to elements as they are added to the
drawing.

Prototypes —Specify the default values for new network elements.
Engineering Libraries — Declare the paths to and edit the libraries used in this project.

User Data Extension -Open the User Data Extensiondialog, where you can add and define
custom data fields. For instance, you can add new fields such as the pipe installation date.

FlexUnits — Open the FlexUnits dialog, where you can control units and display precision for
any parameter. Note that you can also change the unit and display precision of variables from
several other areas within the program.
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2.2.6

2.2.7

« Layout\Select —Activate the selection tool used to highlight elements. Once elements are
selected, they may be moved or edited.

Toolbar Button: M

« Layout\[Element Type] — Activate the corresponding element tool to place elements in the
graphical editor.

Tool Palette; gg'@'lilglml

» Layout\Spot Elevation —Activate the spot elevation tool, used to add spot elevations.

Toolbar Button: =

« Layout\Graphic Annotation — (Stand-Alone mode only). Activate various annotation tools,
which enable you to add lines, borders, and text elements to the project drawing.

b
Toolbar Button: ll

e Layout\Legend — Activate the legend tool used to add a key for the current drawing color
coding for links and nodes.

==
Toolbar Button:

« Options — Specify settings for the current project, such as the friction method, coordinate
system, unit system, and auto-prompting.

e Element Properties— (AutoCAD mode only). Control on which layer each type of object and
its associated text is placed. Also controls the text style for labels and annotations.

» Preferences — (AutoCAD mode only). Activate the AutoCAD Preferences command in order
to edit general AutoCAD settings.

Draw Menu (in AutoCAD Mode Only)

This is only available in the AutoCAD mode. The Draw menu provides access to a variety of
AutoCAD commands. Refer to the standard AutoCAD help system for more information.

Report Menu

The Report menu provides access to a collection of preformatted textual and graphical reports.
Furthermore, the report menu provides access to FlexTables, which enable you to create your own
custom reports.

* Report\Element Details — Open theDetailed Reports dialog, which enables you to print
detailed reports for any set of elements.

* Report\Element Results — Open theAnalysis Results dialog, which enables you to print
reports of the results for any set of elements.

» Tables— Access th@ able M anager, which enables you to open predefined tables or generate
your own custom tables.

Toolbar Button: EI
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e Scenario Summary— Generate a report for the current scenario, including an alternative
summary, calculation options, and so forth.

e Project Inventory — Generate a report summarizing the project elements, including the
number and breakdown of pipes, the number of manholes, and so forth.

e Plan View —Generate plan view printable reports of the network for either the current drawing
display (Current View) or the entire drawing extents (Full View).

2.2.8 Help Menu

The Help menu contains items that relate to on-line documentation for WaterCAD (which
includes the information contained in the printed documentation, as well as updated information
and built-in tutorials).

Help menu items can also be accessed from the Help button:;

« Contents— Open the Table of Contents for the on-line Help.

Toolbar Button: il

* How to Use Help — Access instructions for using the Help system.
« AutoCAD Help Topics— Access the AutoCAD on-line Help.

* Release Notes — Provide the latest information on the current version of WaterCAD. This
topic, which takes the place of a ReadMe file, includes information about new features, tips,
performance tuning, and other general information.

* Services — The services menu items will open an Internet browser on Haestad Methods
internet site or a local page that provides an overview of the services and products offered by
Haestad Methods. In the local page, accessed by sel€dtgnt, there are links to Haestad
Methods Internet sites, which are updated frequently.

« Welcome Dialog — (In Stand-Alone mode only). Open tidéelcome dialog, which is also
shown at program startup.

e Tutorials — Access the interactive tutorials, which guide you through many of the program’s
features. Tutorials are a great way to become familiar with new features.

e Using WaterCAD — Open a Help topic with an Introduction to WaterCAD and related
elementary information.

« How Dol - Provide instructions for tasks commonly performed within the program, as well as
frequently asked questions.

* About Water CAD — Open a dialog displaying product and registration information.

2.3 WaterCAD Toolbars

The toolbar buttons are grouped based on functionality, so element creation tools are all together
in the tool palette, results tools are all together on the tool pane, and so forth.

In AutoCAD mode, some tools are provided by AutoCAD itself (such as file, open and
save, zoom, and so forth), so these tools are not included on the Water CAD toolbars.
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2.3.1 Tool Pane Summary
The tool pane contains buttons for project management, data management, and results
presentation.

File Tools (Stand-Alone Only)
New— Create a new project.

Open — Open an existing project.
Save — Save the current project.

Print Preview — View a print preview of the current view.

D D b |5

Zoom Tools (Stand-Alone Only)
Zoom Extents— Zoom to the full extents of the drawing.

Zoom In

Zoom Out

2 |2 B

Zoom Window — Zoom to an area selected by you.

ol

+

Zoom Previous — Zoom to the previous view.

IS

Calculation and Data Management Tools
G0 GO - Open theCalculation dialog for the current scenario.

Tabular Reports- Open theT able M anager dialog.

|

Reporting Tools
Color Coding — Color code the network.

Annotation — Annotate elements with input or output data.
Profile — Open thér ofile wizard to develop a network profile.
Contours— Open theContour s window to generate countours of various atributes.

Quick View — Open th&uick View window for easy data viewing.

I |8 2 | S
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Updates and Help Tools

@ Globe — If you are connected to the Internet, this will take you to Haestad
Methods’ web site for product updates and other services.

@ | Help — Access the on-line help system.

2.3.2 The Tool Palette

waterZAD Layout

=]
NEIEIEIEEIEEEE

The tool palette contains a Select tool, Network Element tools, and Annotation tools.

e The Select tool allows you to select elements for group editing, detailed reporting, deleting, or
moving elements.

« The Network Element tools allow you to add elements to your network. These tools can also
be used to split pipes, morph nodes, and add spot elevation elements.

e The Annotation tools can be used to add legends to your drawing. In Stand-Alone mode, you
can also add polylines, borders, and text to your drawing.

Click atool to select it as the active tool. In Stand-Alone mode, when a tool is selected it

will be highlighted, and the cursor appearance will change to reflect the active toal.

In Stand-Alone mode, right-click the tool palette to access the Prototype Manager for
setting the default data for each type of network element.

2.3.3 Analysis Toolbar

The analysis toolbar displays the active scenario and provides a means for changing the current
scenario and accessing the scenario manager. All input and output information displayed in the
tables, profiles, element dialogs, and annotation will be related to the active scenario shown in the
analysis toolbar.

Tirne: ﬂli" 000 br vlllil Increment:|1,DD W 5 Seenario:| Bass jg @l

You can change the current scenario from the list box. You can acc&esrtheio M anager by

clicking the Scenario Manager button Ql and theCost Manager by clicking the Cost

Manager button @l

2.3.4 Other Toolbar Buttons

Some of the following toolbar buttons appear on secondary windows (suchRsrthereview
window and thePr ofile window) available throughout the program:

¢ Print Preview Command
« Page Up/Down

* File
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2.4

» Copy to Clipboard

e Print

* Options

* Close

* Help

Print Preview Command

E””t- | Open a Print Preview on the contents of the current window.
FEW e

Page Up/Down
a Py Ly b Py D”l Navigate between pages of a multi-page report.

File Button

u - Export the data in the current window to a file format that can be used by other
- applications (such as DXF and ASCI| text files).

Copy to Clipboard

co Copy data to the clipboard, where it can be pasted into most Windows based
% i spreadsheets, databases, and word processors.

Print

g - | Print the contents of the current window.

Options

W ot Options vary depending on the context. They may include things such as layer

mm"i control or background color for the current window.

Close

&, Close the current window.
Cloze

The Status Bar

The status bar (located along the bottom of the main application window) provides relevant
information about the current state of the model and information about the drawing pane. The
data displayed in the status bar includes:

* General Status Information
» DXF Background Status

e Cursor Location
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2.4.1

2.4.2

2.4.3

2.4.4

2.4.5

¢ Cadeculation Results Status
* File Status

The AutoCAD status bar also contains relevant messages, but deals with your AutoCAD drawing
status rather than your hydraulic project. For more information about AutoCAD’s status bar,
please refer to AutoDesk’s documentation.

General Status Information

General status information includes any messages that relate to the user’s current activities. These
messages include information such as pull-down menu command descriptions, currently selected
elements, and indications regarding the progress of an executing command.

DXF Background Status

This area of the status bar simply indicates whether or not a DXF background is currently visible
for the active project.

Cursor Location

The status bar displays the current X and Y (or Northing and Easting) coordinates for the cursor’s
position within the drawing pane.

Calculation Results Status

In Stand-Alone mode, if the current calculation results are out-of-date or otherwise invalid, an
indicator will appear in the status bar that signifies that the results no longer match the state of
your input data. If the results are currently valid, no such indicator will appear.

File Status

If changes have been made since the last time the project file was saved, an image of a diskette
appears in the status bar. If the file is currently in a saved state, no such image will appear.

{8



='Notes



Chapter 3 - Quick Start Lessons 29

Chapter 3

Quick Start Lessons

The purpose of Chapter 3 is to provide step-by-step lessons, in order to give you hands-on
experience with many of the features and capabilities of WaterCAD. These detailed lessons will
assist you in getting started with the exploration and use of the software. Before proceeding with
the lessons, however, it is a good idea to run through the brief online tutorials, accessed from the
Help menu. These interactive tutorials will take you rapidly through overviews of key program
features.

Another way to become acquainted with WaterCAD is to run and experiment with the included
sample files, located in the Haestad\Wtrc\Sampledirectory. Remember, you can right-click or
press the F1 key to access the context-sensitive online Help at any time.

g In order to follow these lessons, you can either do them in sequence, since each lesson
uses the results of the previous ones, or do the lessons in any order, using the catch|up
files located in Haestad\Wtrc\Lesson.

3.1 Lesson 1 — Constructing a Network, Steady State
Analysis

WaterCAD is an extremely efficient tool for laying out a water distribution network. It is easy to
prepare a schematic or scaled model and let WaterCAD take care of the link-node connectivity.

In constructing a distribution network for this lesson, you do not need to be concerned with
assigning labels to pipes and nodes, because WaterCAD will assign labels automatically. When

creating a schematic drawing, pipe lengths are entered manually. In a scaled drawing, pipe lengths

are automatically calculated from the position of the pipes’ bends and start and stop nodes on the
drawing pane.

In this lesson, you will create and analyze the network shown below. You will use a scaled
background drawing for most of the network; however, four of the pipes are not to scale, and will
have user-defined lengths.
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3.1.1

Water Distribution Network

||| cOMMERCIAL

RESIDENTIAL B

P-4

BR

SHOPPING CENTER
COMMERCIAL

In this network, the modeling of a reservoir connected to a pump simulates a connection
to the main water distribution system. Simplifying the network in this way can
approximate the pressures supplied to the system at the connection under a range pf
demands. This type of approximation is not always applicable, and care should be takgn
when modeling a network in this way. It is more accurate to trace the network back to
the source.

If at any time during this lesson the program prompts, "Do you wish to reset all
calculated results to N/A?," click NO.

Part 1 — Creating a New Project File

é] AutoCAD specific instructions E Y Stand-Alone specific instructions

1. Double-click the WaterCAD desktop icon to start WaterCAD Stand-Alone. If the
EP—E Welcome to WaterCADdia og appears, select the Closebutton.

2. Open the Global Options tab, accessed from the Tools\Options pull-down menu.
Since we will be working in metric units, click the Unit Systemselection box, and
select System International Click OK.

3. In the pull-down menus, select File\New. Click No when asked if you want to
save the current project.

4. In the Create Project File Asdialog, double-click the ‘Lesson’ folder, enter the
file name ‘MyLessonl.wcd’ for your project, and cliave. TheProject Setup
Wizard will open.
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1. Double-click the WaterCAD desktop icon to start WaterCAD for AutoCAD. Open
é] the Global Options tab, accessed from the Tools\Options pull-down menu. Since
we will be working in metric units, click the Unit System selection box, and

select System International Click OK.

2. Choose Open on the File pull-down menu. When prompted, do not save changes
to the current drawing. If the Select File dialog opens, move to step 3.
Otherwise, do the following:

Press the Esc key. At the command prompt, type filedia, press the Enter key to
enter the command, and then enter a new value of 1. Choose Open from the File
pull-down menu again, and do not save changes to the current drawing. Note that
the fieldia variable controls whether some AutoCAD commands appear as dialogs
or simply at the command prompt.

3. Select the existing AutoCAD file ‘Lessonl.dwg’ from the Wtrc\Lesson folder.
With the drawing open, sele€tle\Save As from the pull-down menu. In the
Save Drawing As dialog, double-click the ‘Lesson’ folder, enter the filename as
‘MyLessonl.dwg’ and cliciSave to save the file in your \Wtrc\Lesson directory.

4. Now, select thé ayout Elements tool EI in the WaterCAD toolbar. Then,
move the cursor onto the drawing pane and right-click to sBlesrvoir from
the pop-up menu. Left-click once on the approximate location of reservoir R-1
(see diagram above). You will be prompted to set up the project. Cégko
open theProject Setup Wizard.

The remaining commands are for both Stand-Alone and AutoCAD modes. You would
proceed with these instructions after completing the instructions above for either the AutoCAD
specific instructions or the Stand-Alone specific instructions.

1. Inthe Project Setup Wizard, title the project ‘Lesson 1 — Steady State Analysis’ and click the
Next button.

2. Choose your desired settings. For this lesson, use the program default values. Click the
Next button.

3. Select theScaled radio button located under tirawing Scale option. Set the horizontal
scale to 1 mm = 4000 mm, and the vertical scale to 1 mm = 400 $tend-Alone users
only: Select the Browse button next to the Background Filename box. Select ‘Lessonl.dxf’
from the ‘Lesson’ folder and clickpen. All users: Click theNext button to continue.

4. The elemenprototype buttons allow you to set default values for each element type. We
will use the default prototype values in this lesson, so clickithished button.

3.1.2 Part 2 — Laying Out the Network
Usersin AutoCAD mode have already completed the first step below, and should proceed to
step (2).
1. To draw the skeletonized water distribution network shown previously, selectybat
Elements tool El from the toolbar. Then, move the cursor onto the drawing pane and

right-click to selectReservoir from the pop-up menu. Left-click once on the approximate
location of reservoir R-1 (see the preceding Water Distribution Network diagram).
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2. Next, move the cursor to the location of pump P-1. Right-click and select Pump from the

pop-up menu. Left-click once to place it. Place junction J-1 by right-clicking, selecting
Junction from the pop-up menu, and left-clicking on the appropriate location.

Proceed with laying out the network by placing junctions J-2, J-3, and J-4. Close the loop by
selecting junction J-1. Right-click and select Donefrom the pop-up menu.

To construct a pipe with bends in the Stand-Alone version, hold down the Ctrl key and
left-click on the location of the bend. Then, release the Ctrl key to enter the next
element. In the AutoCAD version, right-click and select Bend from the pop-up menu
then insert the bend.

You can insert bends after a pipe is constructed by right clicking the pipe in Stand-Along
mode and selecting Bend\Add Bend. Then, drag the new vertex to the appropriat]
location. In AutoCAD mode, select Edit\Modify Pipes\insert Bend, click the pipe, and
click to place the new vertex.

[¢)

Select the Layout Elementstool again, and left-click on junction J-3. Move the cursor to the
location of J-5, and left-click to insert the element. Right-click and select Done

Insert the PRV (Valve\PRV on the pop-up menu), junction J-6, and the tank by selecting the
Layout Elementstool and placing the elements in their appropriate locations. Be sure to lay
out the pipes in numerical order (P-7 through P-9), so that their labels correspond to the labels
in the diagram. Right-click and select Done from the pop-up menu to terminate the Layout
Elementscommand.

Insert the tank, T-1, and the pipe connecting it to node J-3. Right-click and select Done The
network layout is now complete.

Diane

Junction

v Tank
. —— Beservoir
— Pump

Walve r

Help

7. Save the WaterCAD network by clicking the Disk icon on the toolbar or by choosing

File\Save

3.1.3 Part 3 — Entering Data
There are four ways to enter and modify element datain WaterCAD:

Dialogs— You can use th8elect tool and double-click an element to bring up its editor dialog.
In AutoCAD, click the element once with tBelect tool to open the element’s editor dialog.

FlexTables — You can click on th&abular Reports buttongl to bring up dynamic tables
that allow you to edit and display the model data in a tabular format. You can edit the data as
you would in a spreadsheet.
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« Database Connections- The database connection feature allows you to import and export
element data directly from external sources such as Excel spreadsheets, GIS, Jet Databases like
Microsoft Access, or any other ODBC database. This process is further explained in the
chapter on Database Connections, in the Database Connections tutorial, and in Lesson 7.

» Alternative Editors — Alternatives are used to enter data for different "what-if" situations used
in Scenario Management. This topic is covered extensively in the Scenario Management
chapter, in the Scenario tutorial, and in Lesson 3.

Part 4 — Entering Data through Dialogs

To access an element’s dialog in Stand-Alone mode, simply double-click the element with the
cursor. In AutoCAD, first click theSelect tool on the toolbar, then click the element whose
attributes you wish to modify.

1. Open the Editor dialog of the reservoir, R-1, and seledGéneral tab. Enter the hydraulic
grade line elevation from the following Reservoir Data table.

Reservoir Data

General Tab

Reservoir | Elevation Zone
(m)
R-1 198 Connection Zone

2. Click on theellipses (...) button next to the Zone field. This action opens the Zone
Manager. Click Add, then enter a label for the new pressure zone, ‘Connection Zone'. Click
OK, andOK again to exit th&one M anager.

3. Finally, select the zone you just created fromzbee list box, and then clickOK to close
theReservoir editor.
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Reservoir: B-1 E3

General | Cuality | Cost | Uszer Data | teszages |

— General

Label [R-1

= [58.95

vif124.33

Elevvation: [155.00

G onnection Zone

— Reszervoir Calculated Hydraulics

Inflowe | 10,183

14miiky

W ater Guality

Caloulated Concentration: | 0.0 ma/|

ar I Cancel | Report - Help

|00

2 o o |

Open the element editor for the tank, T-1. Enter the data from the table below. Leave the

other parameters set to their default values. Click OK to exit the dialog.

Tank Data
General Tab Section Tab
Tank Zone Section Max. | Initial Min. Base Diameter
Elev. Elev. Elev. Elev. (m)
(m) (m) (m) (m)
T-1 Zone-1 Constant Area| 226 225 220 200 8

5. Open the element editor for the pump, PMP-1. Select Standard (3 Point) from the Pump
Type list box. Enter the pump elevation and the discharge curve as given in the Pump Data
tables below; however, before entering the first discharge value (3800 I/min), make sure to
change the discharge units from m*min to I/min. Do this by right clicking in the Design
Discharge box, selecting Design Properties and selecting I/min from the Units list box.
Also, notice the pump has an upstream pipe and a downstream pipe to define the direction. If
the pump is ever going in the wrong direction, simply click the Reversebutton to change it.
In this example, the upstream pipe should be P-1, and the downstream pipe should be P-2.
Click OK to exit the dialog.
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Pump Data
General Tab
Head Discharge
General Tab (m) (I/min)
Pump Elevation| Pump shu_toff: 30.0 0
(m) Type Design: 27.4 3800
PMP-1 193 3 Point Max. Operating| 24.8 7500 |

6. Enter the element editor for the valve, PRV-1. Use the information given in the PRV Data
table below. Leave the other parameters set to their default values. Click OK to exit the
dialog.

PRV Data
General Tab
Valve Elevation| Diameter Status | Settings Pressure
(m) (mm) 95| (kPa)
PRV-1 165 150 Active Pressure 390

7. Enter the data for the junctions as outlined in the following Junction Node data table.
However, before entering the demand data, right-click in the Demand column, and select
Demand Properties from the pop-up menu. From the Units list box, select I/min and click
OK. Leave all other fields set to their default values.

Ny

Use the procedure described in steps 2 and 3 above to create the new Zone, ‘Zone-2'.

Junction Node Data

General Tab Demand Tab

Junction Grour_1d Zone Demand
Elevation (/min)
(m)
J-1 184 Zone-1 38
J-2 185 Zone-1 31
J-3 184 Zone-1 34
J-4 183 Zone-1 38
J-5 185.5 Zone-1 350
J-6 165 Zone-2 356

8. Finally, you need to specify user-defined lengths for pipes P-1, P-7, P-8, P-9 and P-10, since
the reservoir, tank, PRV, and nodes J-5 and J-6 are only shown in approximate locations.
Select pipe P-1 to open the Pipe dialog. Click the box labeled User Defined Lengthto
activate this feature. Then, enter a value of .01 min the Length field. Because you are using
the reservoir and pump to simulate the connection to the main distribution system, you want
headloss through this pipe to be negligible. Therefore, the length is very small and the
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3.1.5

diameter will be large. Repeat this procedure for pipes P-7, P-8, P-9 and P-10, using the user-
defined lengths in the table below.

Pipe Data
User-Defined

Pipe Material [Diameter Length

(mm) (m)
P-1 Ductile Iron 1000 0.01
P-2 Ductile Iron 150 N/A
P-3 Ductile Iron 150 N/A
P-4 PVC 150 N/A
P-5 Ductile Iron 150 N/A
P-6 Ductile Iron 150 N/A
P-7 PVC 150 400
P-8 Ductile Iron 150 500
P-9 Ductile Iron 150 31
P-10 Ductile Iron 150 100

Part 5 — Entering Data through FlexTables

It is often more convenient to enter data for similar elements in tabular form, rather than to
individually open a dialog for an element, enter the data into the dialog, and then select the next
element. Using tabular reports, you can enter the data as you would enter data into a spreadsheet.

1. To accessthe tabular report, click the Tabular Reports button El in the toolbar.

2. Left-click the Pipe Report and click OK to access the report. Note that the white fields are
editable, but the yellow fields are not. The pipes may not be in apha-numeric order in the
table. To sort the table by pipe label, right-click the Label column heading. Select
Sort\Ascendingfrom the pop-up menu that appears.

3. For each of the ten pipes, enter the section size and the pipe material as outlined in the Pipe
Data table above. Notice that the C values for the pipes will be automatically assigned to
preset values based on the material; however, these values could be modified if a different
coefficient were required.

4. Leave other data set to their default values. Click the Closebutton to exit the table when you

are finished.
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il WaterCAD Table - Pipe Report

u File | copy| 53 print | (3B Evien| B Ontions &Close ? Helpl
Time:tli"ﬂ_un b 'Illil Increment:|<AII> ~| Scenario:IBase 'IQI

Label | Length | Diameter | Material | Hazen- | Check tdiror Control | Discharge | Upstream Structure | Down &

[m] [mm) “wiliams | Walve Loss Statuz | [I/min] Hydraulic Grade Hy
C Coefficient [rm)

P1 P 007 10000 Ductile lron 13000 O 0.00] N4, M43, M43,
P2 |P-2 58.50 150.0| Ductile lron 13000 O 0.00] Mk M8 M8
P-3|P-3 | 55650 150.0| Ductile lron 13000 O 0.00] MAA M4 M4
P-4 1Pa4 | 33650 150.0| PYEC 1500 O 0.00] MA& M8 M8
P& PS5 | 521.50 150.0| Ductile lron 13000 O 0.00] Mk M8 M8
P-E|FE | 34350 150.0| Ductile lron 13000 O 0.00] M4 M4 M4
P-7 |F-F | 400.00 150.0| PYEC 18000 O 0.00] M& M8 M8
P-8 |F-8 | 500.00 150.0| Ductile lron 13000 O 0.00] M8 M8 M8
P9 P9 31.00 150.0| Ductile lron 13000 O 0.00] M4 M4 M4
P10y P10 | 100.00 150.0| Ductile lron 13000 O 0.00] MA& M8 M8
< | _>l_I
|10 of 10 elements displayed. |Synchronized Units

3.1.6 Part 6 — Performing a Steady State Analysis

1. Click the GO button to bring up the Calculation dialog. Make sure that the Calculation
Type ismarked as Steady State.

BE Scenario: Base |_ (O] %]
Alternatives | Calculation | ) Resuls | Notesl

e " Ewtendsd Period GO
Start Time: | 0.00 b
Duration:| 24.00 b ¥ Validate

Hydraulic: Time Step:|1.DU hr g ok |
—Analysis Options.... |

= oaten Eualitn dnalysis
€ hger %) Copstiteent. £ Trace
™ Fire Flow Analysis

— Calibration

Demand:ID.DD |<None> j Apply |
Hnughne&s:lD.DD |<None> j Apply |

Report I Cloze | Help |

2. Click the GO button on the dialog to analyze the model. When calculations are completed, a
Resultsreport is displayed.

3. The Resultstab displays a summary of model results. Scroll through the summary to get an
idea of the results that are given. There should be a green light displayed on the Resultstab
of the dialog. You can quickly tell if there were warnings or failures with a glance at the
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light. A green light indicates no warnings or failures, a yellow light indicates warnings, while
ared light indicates problems.

B Scenario: Base =] E3
Alternatives | Calculation | @ Fiesults | Mates |

================================================================= -
Gcenario: Base

Tteration Summary

Ealanced Trials = 4, Accuracy = 0.0005674
Flow Summary

Flow Zupplied 1,217 1/min

Flow Demanded 347 l/min

Flow Ztored 370 l/min

Boundary Summary

k-1 Reservoir: Emptying -
4| »

Report I Cloze | Help |

4, Click Closewhen you are done. After a model run, al the calculated fields in dialogs and
tabular reports will display results. See Lesson 4 for an overview of the output options
available.

Before proceeding to the next lesson, save this project (for instance as ‘MyLessonl.wqd’
in Stand-Alone mode or ‘MyLessonl.dwg’ in AutoCAD mode).

Lesson 2 — Extended Period Simulation

This lesson will illustrate how WaterCAD can model the behavior of a water distribution system
through time using an extended period simulation (EPS). An EPS can be conducted for any
duration specified by the user. System conditions are computed over the given duration a a
specified time increment. Some of the types of system behaviors that can be analyzed using an
EPS include how tank levels fluctuate, when pumps are running, whether valves are open or
closed, and how demands change throughout the day.

If, at any time during this lesson, the program asks "Do you wish to reset all calculateg
results to N/A?" click NO.

This lesson is based on the project created in Lesson 1. If you have not completed Lesson 1, then
open the project ‘Lesson2.wcd’ (Lesson2.dwg in the AutoCAD version) from the Witrc\Lesson
directory. If you did complete Lesson 1, then you can use the ‘MyLesson1’ file you created.

After you have opened the file, sel€&ite\Save As from the pull-down menu. Type the filename
‘MyLesson2’ and clickSave. SelectFile\Project Summary, and change theroject Title to
‘Lesson 2 — Extended Period Simulation’. CI@K.
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3.2.1

Part 1 — Creating Demand Patterns

Water demand in a distribution system fluctuates over time. For example, residential water use on
atypical weekday is higher than average in the morning before people go to work, and is usually
highest in the evening when residents are preparing dinner, washing clothes, etc. This variation in
demand over time can be modeled using demand patterns. Demand patterns are simply multipliers
that vary with time and are applied to a given base demand, most typically the average daily
demand.

In this lesson, you will be dividing the single ‘Fixed’ demands for each junction node in Lesson 1

into two individual demands with different demand patterns. One demand pattern will be created
for residential use, and another for commercial use. You will enter demand patterns at the
junction nodes through the junction editor dialogs.

1. Open the editor for Junction J-1 and selecDiamand tab. By default, the demand pattern is
set to ‘Fixed.’ In theDemands table, leave the first row set to Demand, and set the baseline
load to 23 I/min. Click the corresponding cell in the Pattern column, and selestlipises
(...) button that appears. This action opens the Pattern Manager. Click the Add button to
create a new pattern for this model.

Pressure Junction: J-1 | X]
General | Dremand | Cluality I Fire: Flow I Cost | Uzer Data I Messages |
— Demands:

Alternative: | Base-fverage Daily

Type Bazeline Load Pattermn - In=ert
[l#min] —| —I
1 23| Residertial Duplisate
2 | Demand 16| Commercial Dielete |
g Graph |

1]

Multiple demands can be assigned to a single junction. Edits to the demands will be
attributed to the active demand alternative. Use the Demand Altemative choice list for the
current acenario to desighate the active alternative.

0K I Cancel | Repart Yl Help | ﬂli“llﬂﬂ hr 'lllil |1.DD hr 'l

2. Inthe Pattern dialog, enter the name Residentialin the Label field. Leave the Start Time to
0.0 (midnight) and set the Starting Multiplier to 0.5. Under Format, select the radio button
labeled Stepwise The resulting demand pattern will have multipliers that remain constant
until the next pattern time increment is reached.

3. In the Pattern table, enter the times and multipliers from the table below. Click OK when
you are finished to return to the Pattern Manager.
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Residential Pattern Data

Time

from -

Start Multiplier
(hr)
3 0.4
6 1.0
9 1.3
12 1.2
15 1.2
18 1.6
21 0.8
24 0.5

Note that the multiplier for the last time given (24 hr) must be the same as the Starting

Multiplier (0.5). These values are equal because the demand curve represents|a
complete cycle, with the last point the same as the first.

4. While we are in the Pattern Manager, we will go ahead and create a pattern for commercial
demands. Select the Add button, and create a pattern labeled Commercial, having a Start
Time of 0.0 and a Starting Multiplier of 0.4. Enter the data below into the Pattern table.
This pattern will also be stepwise. Click OK when you are finished to return to the Pattern

Manager.

Commercial Pattern Data

Time

fSrtoaTt Multiplier
(hr)
3 0.6
6 0.8
9 1.6
12 1.6
15 1.2
18 0.8
21 0.6
24 0.4

5. Click OK to return to the Junction J-1 Editor. In the Pattern list box for the first row, select
‘Residential’ from the drop-down list. In the second row, enter a demand of 15 I/min. Select
‘Commercial’ as the pattern for this row. CIli@K to exit the junction J-1 editor.

6. Go into theDemands table in the editor dialogs for junctions J-2, J-3, J-4, J-5 and J-6 and
enter the demand data from the table below. We will use the Residential and Commercial
demand patterns already created, so just select the appropriate pattern from the list box.
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Demand Tab

Residential |Commercial

Junction| Demand Demand

(I/min) (I/min)
J-2 23 8
J-3 23 11
J-4 23 15
J-5 350 N/A
J-6 280 76

7. Now, we will set up an additional demand pattern to simulate a three-hour fire at node J-6. In
the Demandtab of the junction J-6 Editor, insert an additional demand of 2000 I/mininrow 3
of the Demandstable.

8. Click in the Pattern column for row 3 and select the ellipses (...)button to open the Pattern
Manager. Select the Add button to add a new demand pattern. In the Pattern dialog, enter a
Label of ‘3-Hour Fire’, aStart Time of 0.00 hr, and &tarting Multiplier of 0.00. Select
the radio button foBtepwise format.

9. Enter the information given below into the pattern table.

3-Hour Fire Pattern Data

Time from
Start Multiplier
(hr)
18 1.00
21 0.00
24 0.00

10. After you have filled in the table, select tReport button at the bottom of the dialog box.
ChooseGraph from the menu to display a graph of the demand pattern. Notice that the value
of the multiplier is zero, except for the period between 18 and 21 hours, when itis 1.0. Since
we input the demand as 2000 I/min, the result will be a 2000 I/min fire flow at junction J-6
between hours 18 and 21.

11. ClickClose to exit the graphQK to exit the Pattern dialog a®K again to exit the Pattern
Manager. Finally, select your new pattern, ‘3-Hour Fire’, fromRhtern selection box in
row 3 of theDemands table, and cliclOK to exit the Junction Editor.

3.2.2 Part 2 — Running an Extended Period Simulation
1. To run the Extended Period Simulation, click on @@ button on the toolbar. Select the
radio button folExtended Period. Accept the defaults of @tart Time of 0.0, aDuration of
24 hours, and dydraulic Time Step of 1 hour. Then, click th&O button to run the
analysis.

2. After the model runs, the green light on fResults tab indicates that there are not any
warnings for the analysis and WaterCAD was able to compute a balanced solution for the
distribution network. Click th€lose button.
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@ Scenario: Baze =] E3
Alternatives | Calculation | @ Results | Motes |
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Scenario: Base

Tteration Summary

Ealanced Trials = 4, Accuracy = 0.00093%9
Flow Zummary

Flow Supplied 1,088 l/min

Flow Demanded 4ll l/min
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Boundary Summary
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3. You can view results by opening individual element dialog boxes, clicking the Report button
to generate detailed reports and graphs for the individual elements, as well as through output
tables, color-coding, profiling, contouring, and annotation. For example, open the editor for
the PRV and click the Report button. Select Detailed Report from the menu. Scroll and page
through the report to view the Calculated Results Summary. Notice that the PRV is throttling,
except for hours 18 to 20, when the fire occurs and the downstream pressure setting can no
longer be maintained. See Lesson 5 on reporting results for more information.

4. Savethisproject before proceeding to Lesson 3.

Lesson 3 — Scenario Management

One of WaterCAD’s many powerful and versatile project tools is Scenario Management.
Scenarios allow you to calculate multiple "what-if" situations in a single project file. You may
wish to try several designs and compare the results, or analyze an existing system using several
different demand alternatives and compare the resulting system pressures. A scenario is a set of
alternatives, while alternatives are groups of actual model data. Both scenarios and alternatives
are based on a parent/child relationship where a child scenario or alternative inherits data from the
parent scenario or alternative.

In Lessons 1 and 2, you constructed the water distribution network, defined the characteristics of
the various elements, entered demands and demand patterns, and performed steady-state and
extended period simulations. In this lesson, you will set up the scenarios needed to test four "what
if* situations for our water distribution system. These "what-if" situations will involve changing
demands and pipe sizes. At the end of the lesson, you will compare all of the results using the
Scenario Comparison tool.

If at any time during this lesson the program asks, " Do you wish to reset all calculated
resultsto N/A?" click NO.
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3.3.1

This lesson is based on the project created in Lesson 2. If you completed Lesson 2, open the
project you created previously, MyLesson2 in the Wtrc\Lesson directory. Otherwise, open the
file called lesson3.wcd (lesson3.dwg in the AutoCAD version).

After you have opened the file, select File\Save Asfrom the pull-down menu. Type the filename
‘MyLesson3’ and clickSave. SelectFile\Project Summary, and change th€roject Title to
‘Lesson 3 — Scenario Management’. CI@K.

Part 1 — Creating a New Alternative

First, you need to set up the required data sets, or Alternatives. An Alternative is a group of data
that describes a specific part of the model. There are ten Alternative types: Physical, Demand,
Initial Settings, Operational, Age, Constituent, Trace, Fire Flow, Cost and User Data. In this
example, you need to set up a different Physical or Demand Alternative for each design trial you
want to evaluate. Each Alternative will contain different pipe size or demand data.

In WaterCAD, we create families of Alternatives from Base Alternatives. Base Alternatives are
Alternatives that do not inherit data from any other Alternative. Child Alternatives can be created
from the Base Alternative. A Child Alternative inherits the characteristics of its Parent, but
specific data can be overridden to be local to the Child. A Child Alternative can, in turn, be the
Parent of another Alternative.

1. SelectAnalysis\Alternatives from the pull-down menu. Select tbemand tab from the top
of the dialog. Currently, there is only one Demand Alternative listed. The Base-Demand
Alternative contains the demands for the current distribution system.

2. You can change the default ‘Base-Average Daily’ demand name to be something more
descriptive of our data. Click on theename button, and enter the new name, ‘Average
Daily with 2000 I/min Fire Flow'.

3. You would like to add a Child of the Base-Demands Alternative because the new Alternative
will inherit most data. Then, you can locally change the data that you want to modify. You
will modify the existing demand data by increasing the fire flow component at node J-6 from
2000 I/min to 4000 I/min. Click th&dd Child button and enter the name ‘4000 I/min Fire
Flow' for the new Alternative, and then cli€X.

4. The Demand Alternative editor for the new Alternative will appear showing you the data that
was inherited from the Parent Alternative. Notice the key at the bottom describing the check
boxes. As the key indicates, all of your data is inherited. If you change any piece of data, the
check box will become checked because that record is now local to this Alternative and not
inherited from the Parent.
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3.3.2

Demand Alternative: 4000 I/min Fire Flow I [O]x]
Label Type Bazelne Load Pattern Demand ;l
(I rmir] Summarny
111 Demand 38| Composite Compozite
21042 [emand 3| Camposite Composite
3102 Demand 38| Compogite Compozite
4 1M[J-2 Demand 38| Composite Compozite
510045 Demand 350 Rezidential Simpls
E |06 Dremand 2,356( Composite Compozite
=

i I Dls= | E=p | =BazeData @ = |nherited [1ata =Local Data

Click in the Demand Summarycolumn for node J-6. A button appears. Click this button to
open the Demand table for this node. Change the 2000 I/min fire demand to 4000 I/min, and
click OK. Click Close to exit the Alternative Editor and return to the Alternative
Manager, and Closeagain to exit back to the drawing pane.

Part 2 — Editing and Creating Scenarios

Alternatives are the building blocks of a Scenario. A Scenario is a set of one of each of the ten
types of Alternatives, plus all of the calculation information needed to solve a model.

Asthere are Base, Parent, and Child Alternatives, there are al'so Base, Parent, and Child Scenarios.
The difference is that instead of inheriting model data, Scenarios inherit sets of Alternatives. To
change the new Scenario, change one or more of the new Scenario’s Alternatives. For this lesson,
we will create a new Scenario for each different set of conditions we need to evaluate.

1.

Select Analysis\Scenarios from the pull-down menus. You are now in tBeenario
Manager. There is always a default Base Scenario that is comprised of the ten base
Alternatives listed in the right pane. The left pane of the Scenario Manager contains a list of
the Scenarios. Only the Base is available initially, because we have not created any new
Scenarios.

You should first rename the Base Scenario as something more descriptive. Click the
Scenario Management button and seled®ename from the pull-down menu. The Scenario
name in the left pane will become editable. Type in a descriptive name for the Scenario, such
as ‘2000 I/min, 3-hour Fire Flow at J-6 (EPS)’ and then press the Enter key.

Now, you will create a Child Scenario from our existing Base Scenario, to incorporate our
new Demand Alternative. Click th&cenario Management menu button, and select
Add\Child Scenario from the menu. Type in a Scenario name of ‘4000 I/min Fire Flow at J-
6 (EPS)’ and cliclOK. A dialog box for the new Scenario appears listing the Alternatives as
inherited from the Base Scenario.

Your new Child Scenario initially consists of the same Alternatives as its Parent Scenario,
except the Demand Alternative should be the new Alternative you created, ‘4000 I/min Fire
Flow'. Check the box next tbemand. A selection box for this Alternative appears. Click
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on the box, and select the new Alternative from the list. The new Alternative is no longer
inherited from the Parent, but islocal to this Scenario. Click Closeto exit the Scenario.

B Scenario Manager |_|Of x|
%Tutmial &Clnse @ Help

Seenaria Scenarios D&l@| ’—_I-|| ra ||§.| Alkernatives | Summary | Results |
N Wieard | 157 7000 Vi, 3 o Fre Fowst 5.
S cenaio {1 4000 I/min Fire Flow at J-6 [EP Alemative | L abel
Management E & Physical Base-Physzical ;I
Ea Demand Average Daily with 2000
E? Alternatives E:f- Initial Settingz Basenitial Setlings
_— B Operational B aze-Operational
GU EF?tch E%a Age Base-fge Alternative
Hn E‘%- Constituent Baze-Constituent
Scenario B Trace Base-Trace Altemative
LCamparison [E+ Fire Flow Base-Fire Flow
E‘%- Cost Base-Cost
E:f- User Data Base-User Data
J i
1 I I _,I E‘%‘ = Local Alternative ‘El = |nherited Alkemati

3.3.3 Part 3 — Calculate and Compare

1. You are going to calculate both of the Scenarios at the same time using the Batch Run tool.
Click the Batch Run button on the left side of the Scenario Managementdialog. Check the
boxes next to both Scenarios, and then click the Batch button. Click Yesat the prompt to run
the batch for two Scenarios. When they have finished computing, click OK.

2. You can see the results for each Scenario by highlighting it in the Scenario list. Click the
Resultstab at the top right in the dialog box to see the selected Scenario’s results. We can
see that the Scenarios are different, but what exactly is different about them? We will use the
Scenario Comparison tool to compare the results. Click tBeenario Comparison button
to start theAnnotation Comparison Wizard. Select the ‘2000 I/min, 3-hour Fire Flow at J-6
(EPS)’ Scenario in the first list box and the ‘4000 I/min Fire Flow at J-6 (EPS)’ in the second
list box. Click theNext button.

3.  We will compare the results for pressures at the junctions and velocities in the pipes, so click
the check boxes next Rressure Junction andPressure Pipe, and then clichext.
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4, Select Pressure from the list box under the Attributes column for Pressure Junction
Annotation. Edit the entry in the Mask column by deleting the label name, so that only the
pressure and unit variables (%v %u ) remain. Click Next.

5. Select Velocity from the list box under the Attributes column for Pressure Pipe
Annotation. Again, you can edit the label in the Mask column. Click Next. Check to make
sure your annotation is correct, and then click Finished.

6. A plan view of the system with annotation displaying the difference between the two
Scenarios will appear. To better view the data, maximize the window and use the zoom
buttons from the upper toolbar to look at different areas of the model. The difference between
the two is found by subtracting Scenario 1 from Scenario 2. For example, say Scenario 1 has
a pressure of 50 kPa at a junction, and Scenario 2, which represents a future scenario, has a
pressure of 45 kPa at the same junction. Comparing these pressures for Scenario 1 and
Scenario 2 would result in annotation stating a difference of -5 kPa. When you have more
than two scenarios, you can select different combinations of the scenarios from the two list
boxes and click the Update button to view the differences between the two. You could also
click the Auto Update check box and the differences will automatically update every time
you change the combination of scenarios and time increments in the list boxes.

7. Check the Auto Update box and use the VCR-style buttons to scroll through different
increments. Look at the difference in pressures at junction J-6 during the fire flow (between
18 and 21 hours). There is a very large pressure drop due to the substantial increase in
demand. In the next part of this lesson, we will look at scenarios to reduce this decrease in
pressure.
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3.3.4 Part 4 — Physical Alternative

You need to further examine what is going on in the system as a result of the fire flow, and find
solutions to any problems that might have arisen in the network as aresult. Y ou can review output
tables to quickly see what the pressures and velocities are within the system, and create new
Alternatives and Scenarios to capture your modifications.

1. Click the Closebutton to exit the Scenario Comparison Window Click Closeagain to exit
the Scenario Managerand return to the drawing pane.

2. Select the Tabular Reports button from the toolbar. Highlight Junction Report in the list,
and click OK. Select ‘4000 I/min Fire Flow at J-6 (EPS)’ in tBe=nario list box, and set the
Time to 18.00 hr. Most of the system pressures look acceptable at this time increment;
however, the pressure at J-6 is actually negative.

3. Click theOptions button and selectable Manager from the menu. Highligh®ipe Report,
and clickOK. In the Pipe Report table, notice that the headloss gradient for pipes P-8 and P-
9 are significantly higher than in the rest of the system. We can reduce the headloss gradient
by increasing the sizes of these pipes. The pressure at J-6 should increase as a consequence.

4. Click Close to exit the table. We will create a new Scenario having a new Physical
Alternative with the pipe sizes for P-8 and P-9 increased to 200 mm. From the pull-down
menus, selechnalysis\Scenarios. Highlight ‘4000 I/min Fire Flow at J-6 (EPS)’ in the list
of Scenarios, click th&cenario Management button, and sele&dd\Child Scenario from
the menu.

5. Name the new Scenario ‘P-8 and P-9 Set to 200 mm’, andack

6. Under theAlternatives tab of theScenario dialog, check the box fdPhysical. Click the
ellipses (...)button to open the Physical Properties Alternativesdialog. Click the Add
Child button, and name the new Alternative ‘P-8 and P-9 Set to 200 mm’. @Hick

7. Under thePipe tab for this Alternative, change the pipe sizes in the table for pipes P-8 and P-
9 from 150 mm to 200 mm. Click tl&ose button to exit the editor, and cli€kose again to
exit thePhysical Properties Alter natives dialog.

Physical Alternative: P-8 and P-9 set to 200 mm H=] =
Fipe | Fump | Walve | Junction I Reservair | Tank I
— Pipe
Label I aterial Diarmeter Hazen- Minor Check ﬂ
[ramn] williarns Lozz Walve
C Coefficient
1 |O/P1 Ductile lron 1.000.0 1300 0.00 O
2 \Or-2 Ductile Iron 180.0 1300 0.00 O
3|OF3 Ductile lron 150.0 1300 0.00 O
4104 FC 180.0 180.0 0.00 O
5 |OF5 Ductile lron 180.0 1300 0.00 [}
6 |OFE Ductile lron 150.0 1300 0.00 O
“|ar7 FC 180.0 180.0 0.00 O
g P2 Ductile lron 200.0 1300 0.00 O
g P-3 Ductile lron m 1300 0.00 O
1000/ P-10 Dructile Iran 150.U| 1300 0.00 O
I
Rieport I Close Help | =Baze Data El = Inherited D ata =Local Data
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3.4

3.4.1

8. Select the new Physical Alternative from the list box for the scenario, and click Close to
return to the Scenario Manager. Select Batch Run to run the model. Turn off the check
boxes for the first two scenarios, and turn on the check box for ‘Pipes P-8 and P-9 Set to 200
mm’. Click Batch and selecY es to confirm and run the Scenario. CIli@iK when the run is
complete.

9. Close the Scenario Manager and return to the drawing pane. Selethaliudar Reports
button from the toolbar, and open thenction Report. In the Scenario list box, select the
new Scenario, and examine the pressures at J-6 for 18, 19, and 20 hours. The pressures for
this node are now at acceptable levels.

If you would like to learn more about the various results presentation methods available in
WaterCAD, see Lesson 4.

Close the open dialogs and save this project before proceeding with Lesson 4, Reporting Results.

Lesson 4 — Reporting Results

An important feature in all water distribution modeling software is the ability to present results
clearly. This lesson outlines several of WaterCAD's reporting features, including:

* Reports, which display and print information on any or all elements in the system.

« Tabular Reports (FlexTables), for viewing, editing, and presentation of selected data and
elements in a tabular format.

* Profiles, to graphically show, in a profile view, how a selected attribute, such as hydraulic
grade, varies along an interconnected series of pipes.

» Contouring, to show how a selected attribute, such as pressure, varies throughout the
distribution system.

» Element Annotation, for dynamic presentation of the values of user-selected variables in the
plan view.

» Color Coding, which assigns colors based on ranges of values to elements in the plan view.
Color coding is useful in performing quick diagnostics on the network.

If at any time during this lesson the program asks, " Do you wish to reset all calculated
resultsto N/A?" click NO.

For this lesson, you will use the system from Lesson 3, saved as ‘MyLesson3 in the Wtrc\Lesson
directory. If you did not complete Lesson 3, you may use the file lesson4.wcd (lesson4.dwg in
AutoCAD). After you have opened the file, selEdie\Save As from the pull-down menu. Type

the filename ‘MyLesson4’ and clicRave. Selectrile\Project Summary, and change ther oj ect

Titleto ‘Lesson 4 — Reporting Results’.

Part 1 — Reports

1. Select the ‘2000 I/min, 3 hour fire flow at J-6 (EPS)’ Scenario fronStierario toolbar.
Click the GO button to open the run dialog, and cli@lo to analyze this Scenario.

2. When theResults dialog appears, notice that tiResults report can be saved to a file or
printed using the buttons in the top left corner. This report displays key system characteristics
on a formatted page. In an EPS analysis such as this one, these characteristics are displayed
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5.

for each time increment. If there were any warnings or problems, they would also appear
here.

Click Close Note that the results for the current Scenario (the Scenario appearing in the list
box in the toolbar) can be accessed at any time by clicking the GO button in the toolbar, and
then clicking on the Resultstab.

Select the Tank, T-1, and open its Editor dialog. Click on the Report button at the bottom of

the dialog and select Detailed Reportfrom the pull-down menu to view aformatted summary

report for the tank. On page 2, notice that you can see the tank’s status (draining or filling) at
each time increment.

E Print Preview M=]
q P | P e Dan.age el copy| 53 Print | W Omionil &Close @ Help
=l
Detailed Report for Tank: T-1 [
Calculated Resulis Summans
Time Caleulated  Pressure Cument Cument  Inflow  Outflow  Cument
Hydraulic Grade  (kPa)  Percent “dolume (dmin)  Qfmin)  Status
im) Full mT
(%
0.00 hr 2600 24455 833 25132 675 675 Filling
1.00 hr i 3 e 068 201.80 a09 =509 Filling
1.32 hr 1600 254331000 30159 o 0 Full
2.00 hr 2600 25433 1000 30159 o 0 Full
3.00 hr 21600 25433 1000 3059 o 0 Full
4.00 hr 22600 25432 1000 20159 o 0 Full
5.00 hr 600 25433 1000 30159 1} 0 Full
6.00 hr 2600 254331000 30159 o 0 Full
7.00 hr 2600 254331000 30159 o 0 Full
8.00 hr 1600 25433 1000 30159 o 0 Full
9.00 hr 1600 25433 1000 3059 -109 109 Draining
10.00 hr 21587 25308 978 28503 T3 73 Draining
11.00 hr 21578 252.I0 96.4 20066 -4 49 Draining
12.00 hr 22571 IS1G2 954 28772 32 =31 Filling
13.00 hr 876 1520 6.0 23966 o -k Filling
14.00 hr 2670 252I6 065 20097 15 -15 Filling
15.00 hr et IS i ] 6.2 20188 40 -42 Filling
16.00 hr 1maeE 153 7.y 20480 33 33 Filling
17.00 hr 1540 25340 G954 29680 o 1% Filling
18.00 hr 21593 25366 939 20814 1376 1376 Draining
19.00 hr 21429 23750 1.5 21557 1147 1,147 Draining
20,00 hr 222037 4 427 14676 -avn 970 Draining
21.00 hr 22176 11287 204 8256 1,032 1033 Filing
22.00 hr x99 2403 49.0 15054 254 264 Filling
23.00 hr M 234 66O 201.78 2] 629 Filling
24.00 hr 2484 24205 806 24312 TOE -T06  Filling
-
<1 1

Every element can generate a report in the same general format, which includes the name of
the calculated scenario and a series of tables describing the element’s properties and results in
detail. You can print this report or copy it to the clipboard using the buttons at the top of the
dialog. The report is "What you see is what you get" (WYSIWYG), so it will print or paste
into a word processor in the exact format seen on the screen. CliCkodesbutton on the

report, and then clickK to exit the tank dialog.

You can also print detailed reports for several elements at one time. In the stand-alone
version, use th&elect tool to draw a window around the elements you want to report, or hold
down the shift key while selecting the elements individually. Then, sRkmirt\Element

Details from the pull-down menus to bring up the Detailed Reports dialog. In the AutoCAD
version, start by selectindgreport\Element Details from the pull-down menus. The
crosshairs change into a pickbox. Using the pickbox, select elements from the drawing space
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3.4.2

that you want to report (individually or using a window), and then right-click once to bring up
the Detailed Reportsdialog.

7. When the Detailed Reports dialog opens, the elements selected from the layout view are
already highlighted for output. From this dialog, you can edit the element selection set (hold
down the Ctrl key to select multiple elements from the list), and then print the reports. Click
the Selectbutton to go to the Selection Setdialog. If you wished to select multiple elements
based on some criteria, you could do that here. Click Cancel to return to the Detailed
Reports dialog. You can click the Print button to print all of the reports for the selected
elements. Click Cancelto exit the dialog.

8. Another type of report available is the Element Results Report. The elements to be included
in this report are selected the same way as the elements for the Detailed Report, except that
Elements Resultss selected from the Report pull-down menu. The result is a single report
containing calculated analysis results for each of the elements selected. From the Elements
Results Report dialog, you can print or copy/paste the report for any element(s). The
Elements Results Report contains all of the results calculated for the selected element(s). Go
ahead and select elements to be included in this report, and click Preview to view the
resulting output. Click Close when you are finished to exit the preview and the Analysis
Results Report dialog.

9. Select Scenario Summaryfrom the Reports pull-down menu. This report summarizes the
alternatives and options selected in the current scenario. Click Close

10. Click the Report pull-down menu again and select the Project Inventory option. This report
will tell you the total number of each type of element and the total length of pipe in the
system. Click Close

11. Findly, click the Cost Manager button @l in the toolbar. Assuming Cost Estimating
calculations had aready been run, clicking on the Report button located above the Scenario
Coststree view would generate a Capital Cost Analysis Report. Click Close

Part 2 — Tabular Reports (FlexTables)

Tabular Reports are an extremely powerful tool in WaterCAD. These reports are not only good
presentation tools, they are also very helpful in data entry and analysis. When data must be
entered for a large number of elements, clicking each element and entering the data can be tedious
and time consuming. Using the tabular reports, elements can be changed using the global edit
tool, or filtered to display only the desired elements. Values that are entered into the table will be
automatically updated in the model. The tables can also be customized to contain only the desired
data. Columns can be added or removed, or you can display duplicates of the same column with
different units. The tabular reports can save you an enormous amount of time and effort.

Tabular reports are dynamic tables of input values and calculated results. White columns are
editable input values, and yellow columns are cal culated values (not editable). These tables can be
printed or copied into a spreadsheet program.

Two very powerful features in these tables are Global Edit and Filtering. Suppose we decide to
evaluate how our network might operate in five years. Assume that the C factor for 5-year old
ductile iron pipe reduces from 130 to 120. It would be repetitive to go through and edit the pipe
roughness through the individual pipe dialogs, particularly when dealing with a large system.
Instead, you will use the filter tool in this example to filter out the PV C pipes, and then use global
edit tool to change the pipe roughness on the ductile iron pipes only.
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1. Begin by setting up a new Alternative and Scenario to capture the changes to the C values.
Select Analysis\Scenariosfrom the drop-down menus. Highlight the Scenario ‘P-8 and P-9
Set to 200 mm’ and click thBcenario M anagement button. Add a Child for this Scenario
called ‘5-yr-old D.1.P.’

2. Because we want to create a new Physical Alternative, check the box labgsszil and
click theNew button. Name the new Alternative ‘5-yr-old D.I.P.” and cli2K. Click Close
to exit the Alternative editor, and again to exit the Scenario Manager and return to the
drawing pane.

3. To open a tabular report, select Trables option from theReport pull-down menu or click

the Tabular Report El button on the toolbar. Select tRge Report from the list and
click OK.
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4. Click theScenario list box and select the new Scenario from the list. Right-click on the
Material column and choose€ilter\Quick Filter from the pop-up menu. You want to
display only ductile iron pipes in the table. To do so, seCihlemn field to Material, set
theOperator to =, and set th&¥/alue field to Ductile Iron. Click OK.

5. Now, youwill use theGlobal Edit tool to modify all of the roughness values in the table.
Right-click on theHazen-Williams C column and seledtlobal Edit. SelectSet from the
Operation list and entefl20 into theGlobal Edit box. ClickOK. All of the values are now
set to 120.

6. To deactivate the filter, right-click anywhere in the dialog and sEiéter\Reset from the
pop-up menu. Click esto reset the filter.

7. You may also wish to edit a table by adding or removing columns usifgithe M anager .
Click the Options button at the top of the table dialog box and séletie Manager. Select
the Junction Report from the list, then click th&able M anagement button. Notice in the
Table Management pull-down menu there idlew option that would allow you to create
your own table from scratch. Any tables you add will be saved for use with other projects.
For now, click theEdit option to edit the existing Junction Report.
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8.

10.

Scroll through the list on the left side to see the types of data available for placement in the
table. You can highlight a particular item, then use the [ < ] and [ > ] buttons to add or
remove that column from your table. For this example, we can display junction elevations in
both meters and feet by checking the Allow Duplicate Columns box, highlighting Elevation
(shown in gray) in the list of available columns, and clicking the [ > ] button. Elevation now
appears twice under Selected Columns. You can adjust the order in which the columns will
be displayed using the arrows below the right hand list, or simply drag items up and down.

Click OK, and OK again to exit the Table Manager.
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The revised table appears with two Elevation columns, both in meters. Drag and drop the
new column heading to relocate it next to the original Elevation column. To apply separate
units to the two columns, click the Options button and select Use Local Units This option
allows the tabular report to have units independent of the project and local to the table. In
other words, without this option switched on, changing the units from meters to feet in the
table would change the unit for pressure throughout the project. The Use Local Unitsoption
is ideal for displaying the same variable with multiple units within the same tabular report.
Click Yesin the warning box that appears indicating that you wish to switch to local units.
To assign units of feet to one of the columns, right-click on the column heading and select
Elevation Propertiesfrom the pop-up menu. Inthe Set Field Optionsdialog, select ft from
the Units list box. Click OK to return to the updated table.

Click Closeto exit the table when you are finished. Click GO to open the run dialog, and
click GO to compute the network for ‘5-yr-old D.I.P.’, and then ci@iose.

3.4.3 Part 3 — Create a Plan and Profile

To create a plan view of the distribution system, clickRgort pull-down menu and select
Plan View\Full View. TheFull View option will create a plan of the entire system regardless
of what the screen shows, while Barrent View option will create a plan of exactly what is
displayed in the window at that moment.

1.

ThePlan View will be put into a separate window, which can then be printed or copied to the

clipboard.
processor. CliclClose.

If you click theCopy button, you can then paste the plan view into a word

You can also create a plan view in the Stand-Alone version for export to AutoCAD or other
compatible software. Simply click on tRéde menu and seledxport\DXF File. This action

will create a DXF file of your network that you can then import into AutoCAD. In AutoCAD,
use plan views as a quick way to develop simple scaled views of your primary network.
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3.4.4

To create a profile view, select the Profiling option from the Tools pull-down menu, or click

=
the Profile button in the toolbar. The Profile Setup opens. From the dialog, choose
the attribute you wish to profile from the Attribute list box. For this example, choose
Calculated Hydraulic Grade.

Next, click the Select From Drawing button. The dialog disappears, and the crosshairs
change to a pick box in AutoCAD. Click on pipes P-1, P-2, P-6, P-8 and P-9, selecting a
continuous path, or "walk", through the network. Right-click when you are finished (and
select Donein Stand-Alone). The Profile Setup dialog reappears, with the selected elements
appearing, in order, in thelist. Click the Profile button to view the profile.
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Once the profile is created, you can make adjustments to its appearance, if desired, by
clicking the Options button and selecting Graph Options. A dialog opens in which you can
change the titles, fonts, scaling, and line types used in the graph. Leave everything set to the
defaults for this example, and click Cancelto exit the dialog.

When you have finished setting up the graph, it can be printed or copied to the clipboard
using the buttons at the top of the Plot window.

Click Closeto exit the Plot window when you are finished, and close again to exit the Profile
Setupdialog.

Part 4 — Contouring

The contouring feature in WaterCAD enables you to generate contours for reporting attributes
such as elevation, pressure, and hydraulic grade. Y ou can specify the contour interval, as well as
color code the contours by index values or ranges of values. In thislesson, we will contour based
on hydraulic grade elevations.

1. To create aplan view of the water distribution system with contours, click the Contour button

from the toolbar. Within the Contour Manager, choose Calculated Hydraulic Grade from
the Contour list box.
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8.

Create a Selection Set of elements you will use in contouring by clicking the ellipses button
next to the Selection Setist box. Click Add, name the set ‘Contour by HGL’, and clickOK.

Define your selection set so that it consists of all junctions in Zone-1. &diekt\By
Filter\Pressure Junctions. UnderColumn, selectZone; for Operator, selec =]; and for
Value, selecZone-1. Click OK to return to the Selection Set dialog.

Notice that the selected elements are now highlighted under Available ltems.[ €ljdio
move the elements to the Selected Items list, and €€k Click OK again to exit the
Selection Set Manager.

Select ‘Contour by HGL' in th&election Set list box, and clicklnitialize to update the
Minimum and Maximum HGL elevations. Enter amcrement of 0.1 m, and arindex
Increment of 0.2 m. Make sure the radio button foolor by Index is selected, and click
OK.

A plan view of the water distribution model is opened in a separate window, along with
contours that interpolate between the elevations of the selected network components.

To improve the appearance of the contouring, pres®phiens button and choos8mooth
Contours.
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Click Close to return to the drawing pane.

Part 5 — Element Annotation

When you want to label network attributes in the plan view, use the Annotation feature. With it,
you can control which values are displayed, how they are labeled, and how units are expressed.
For this example, we will annotate demands at the junctions, and flow and velocity in the pipes.

1.

Click the Element Annotation option located in thélools pull-down menu or click the

Annotation 2' button on the toolbar to open tAanotation Wizard.

Select the elements you wish to annotate. In this example, we will add annotation to the
pressure junctions and pipes. Select these elements from the list aidigtick
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3.4.6

3. The next dialog allows you to choose the attributes you wish to annotate for the specified
element type. The Attributes column is used for selecting the attribute you would like to
annotate. The Mask is a template of how the annotation will appear on the screen. The %v
and %u options are added to display and control the value and units associated with the
atribute.  The Preview column shows an example of the annotation with values for the
variables. For this example, we will add annotation for the demand summary at each
junction.

4. In the first row of the attribute column select Demand (Calculated)from the list and click
Next. Add Discharge and Velocity annotations for the pipes in the same manner and click
Next.

5. The final dialog of the Annotation Wizard contains a summary where you can check your
annotations. If there are any errors, click the Back button to go backwards in the wizard and
make any necessary changes. Click Finished.
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6. Thedrawing will now display al of the annotations. Y ou can try changing the properties of an
element and recalculating. The annotations will update automatically to reflect any changes
in the system.

7. If the annotation is crowded, you can click and drag the annotation to move it. In the
AutoCAD version, click on the annotation and then click the grip to move it, or use an
AutoCAD command such as Move or Stretch. Alternatively, you could go back into the
Annotation Wizard, and abbreviate or remove the Mask labels. A third option is to decrease
the Annotation Height. This option is found under the Drawing tab in the Tools\Options
menu.

8. If you wish to delete the annotations, click the Annotation toolbar button, and uncheck any
checked boxes. Click Next, and then Finished.

Part 6 — Color Coding

You can aso review results in the plan view by color coding the elements based on attributes or
ranges of values.
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1. Select the Color Coding option under the Tools pull-down menu or click the Color Coding

button gl on the toolbar.

2. The Color Coding dialog allows you to set the color coding for links, nodes, or both. We

will color code by diameter (link attribute) and pressure (node attribute) in this example.
Click on the Link tab, and from the Color Coding list box, select the Diameter attribute. In
the table, enter values of 150, 200 and 1000 mm with colors of red, blue, and green,
respectively.

Color Coding |

e | Node | | o

— Link Caolar Coding

Calculate Fange |

[ |
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3. Next, click on the node tab, and select Pressurefrom the list box. Click the Calculate Range
button to get the minimum and maximum values for the variable displayed at the top of the
dialog. Then, click the Initialize button and the model will select the color coding ranges in
the table automatically. Finaly, click OK to generate the Color Coding.

==
4. We can add a legends to the drawing by clicking the Insert Legend button, choosing
the Link Legend or Node Legendoption, and clicking anywhere on the drawing space to
place the legend. In AutoCAD, accept the defaults when prompted about scale and legend.
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3.5
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5. Color coding is dynamic; that is, it updates automatically as you change time increment or
Scenario using the list boxes above the drawing pane. Notice that as you switch from the first
Scenario to ‘P-8 and P-9 set to 200 mm’, the color of these pipes changes from red to blue.

6. To turn the color coding off, simply open the Color Coding dialog and séttthidoute to
<None> on both the Link and Node tabs. To delete a legend, select it by clicking once, and
hit the Delete key.

Close the open dialogs and save this project before proceeding with Lesson 5.

From these four lessons, you have had a brief introduction to the capabilities of WaterCAD. Feel
free to continue to play with the program. Use this model to explore and become familiar with all
of the features. If you do not know what a button does, just try it.

Lesson 5 — Automated Fire Flow Analysis

One of the primary goals of a water distribution system is to provide adequate capacity to fight
fires. WaterCAD'’s automated fire flow analysis can be used to determine if the system can meet
the fire flow demands while maintaining minimum pressure constraints. Fire flows can be
computed for all nodes in the system, or you can create a selection set consisting of specific nodes
where you wish to test available flow.

Fire flows are computed by iteratively assigning demands and computing system pressures. The
model assigns the fire flow demand to a node and checks the model, checking to see if all pressure
constraints are met at that demand. It will assign a new demand and automatically re-check the
system pressures if a constraint is violated. Iterations continue until the constraints are met, or
until the maximum number of iterations is reached.

The purpose of this example is to walk you through the steps to create, calculate, and analyze a
fire flow scenario. This lesson again uses the distribution system from the previous lessons.
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3.5.1

Part 1 — Inputting Fire Flow Data

1.

10.

11.

Start WaterCAD and open the file ‘Lesson5’, found in the \Haestad\Wtrc\Lesson folder. Or,
if you have previously completed Lesson 3 or 4, you can use your ‘MyLesson3’ or
‘MyLesson4’ file. SelecProject Summary from theFile menu, and change the title of the
project to ‘Lesson 5—Fire Flow Analysis’. CIli€kK.

Previously, we ran an analysis with a fire flow at node J-6 by manually adding a large demand
to the individual node. Before running the automated fire flow analysis, we will create a new
Demand Alternative, removing that demand. Sekegalysis\Alternatives from the pull-

down menus and click thBemand tab. Highlight ‘Average Daily with 2000 I/min Fire
Flow’, and clickDuplicate.

In theDemand Summary column for node J-6 (row 6), click the word ‘Composite’, and it
changes to a button. Click tH@omposite button to open the editor for the composite
demand. Click the 2000 I/min demand, and cliekete. SelectY esto confirm,OK to close
the editor, andClose to exit the Demand Alternative.

You will now see the Demand Alternative ‘Copy of Average Daily with 2000 I/min Fire
Flow' in the list. Highlight it and click th®ename button. Rename this Alternative ‘Base-
Average Dalily'.

You are going to analyze the fire flows by adding to the Maximum Day Demands, which are
1.5 times the Average Day Demands. Set up the Maximum Day Demand Alternative by
highlighting the Base — Average Daily Alternative and seledbaglicate. Right click the
Demand column, and sele&lobal Edit. Set theDperation to multiply, and enter a value of

1.5. Click OK.

Click Close to exit the new Demand Alternative, aRéname this Alternative ‘Max. Day’.
Then, click theFire Flow tab in the Alternative Manager.

Click theEdit button to set up the Base-Fire Flow Alternative. Entdeaded Fire Flow of

3,000 I/min, aFire Flow Upper Limit of 6,000 I/min, ancdApply Fire Flows By Adding to

Baseline Demand. This selection means that in performing the analysis, the fire flow will be
added to any demands already assigned to the junction. Alternatively, you could have
selected to replace these demands, so that the fire flow would represent the total demand at
the node.

For Pressure Constraints, set bothRiesidual Pressure andMinimum Zone Pressure to

150 kPa. Leave the box farse Minimum System Pressure Constraint unchecked, so that

the minimum pressure will only be checked for the zone a particular node is in. Note that if
you had multiple zones within your project and wanted to insure that a minimum system-wide
pressure constraint was met, you could check lttee Minimum System Pressure
Constraint box and type it in the box provided. This box is grayed out until the check box is
activated.

Using the Selection Set list box, you can choose to apply the fire fla tunctions or a
Subset of Junctions. For this example, choose tBabset of Junctions option. Then, click
the ellipseg...) button to open the Selection Set dialog.

For this example, afire flow analysisis only needed for the junctions at the four street corners
in our drawing. Choose the Select From Drawing button and click on nodes J-1, J-2, J-3,
and J4 (in Stand-Alone, you must hold down the Shift key while making multiple
selections). When you are finished, right-click (and select Donein Stand-Alone).

The nodes you selected are now in the Selected Itemdist. Click OK to exit the Selection Set
dialog. Note that the Selection Set table is now filled with your Selection Set. Click the
Close button to exit the Fire Flow Alternative dialog, and Close again to exit the
Alternative Manager dialog.
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3.5.2 Part 2 - Calculating a Fire Flow Analysis

1. You must now set up a new Scenario to utilize the appropriate alternatives and set up the
calculation options. Select Analysis\Scenariosto open the Scenario Manager, and choose
Scenario Management\Add\Base Scenario Name your new Scenario ‘Automated Fire
Flow Analysis’ and cliclOK.

2. In theAlternatives tab of the Scenario dialog, change Bigsical Alternative to ‘P-8 and P-
9 Set to 200 mm’. Change tBemand to ‘Max. Day’ and leave all other Alternatives set to
their defaults.

3. Click theCalculation tab, make sure th&eady State is selected, and check thé e Flow
Analysis box. Note that all fire flow calculations must be performed under steady-state
conditions. ClickClose to exit the Scenario dialog.

4. To run the Scenario, clicO Batch Run. Check the box for ‘Automated Fire Flow
Analysis’, and uncheck the other Scenarios. (Hakch to run the analysis, andes at the
confirmation prompt. When the calculation is complete, clidk and Close to exit the
Scenario M anager .

3.5.3 Part 3 - Viewing Fire Flow Results

1. Click the Tabular Reports button, located to the right ofGBebutton on the WaterCAD
toolbar, to open th&able Manager. Highlight theFire Flow Report and click theOK
button to view the report. Make sure that ‘Automated Fire Flow Analysis’ is selected in the
Scenario list box.
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2. In the Satisfies Fire Flow Constraintscolumn, all of the boxes are checked, except for the
nodes that you did not analyze, because the specified needed flow of 3,000 I/min was
available and minimum pressures were exceeded. For nodes J-1 and J-3, pressures were
computed for the Fire Flow Upper Limit of 6,000 I/min, because none ever dropped below
specified minimum pressures. Nodes J-2 and J-4 reached their minimum residual pressures at
flows dlightly below the maximum of 6,000 I/min. Notice also that the report contains the
Minimum System Pressure (excluding the current node being flowed) and its location.

3. When you are finished reviewing the report, click Closein the WaterCAD Fire Flow Report
dialog and save your file as Mylesson5.

Another good way to review an automated fire flow analysis is to use color coding. ‘f
you have a situation where all nodes do not meet the pressure constraints for the needed
fire flow, you can color code these nodes in the plan view for easy identification. Sg¢e
Lesson 4, Part 6 in this chapter for more information on color coding.

Lesson 6 — Water Quality Analysis

In conjunction with Extended Period simulations, WaterCAD is capable of performing a water
quality analysis to compute water age, constituent concentration, or percentage of water from a
given node (trace analysis). Using these features, you can look at factors such as residencetimein
tanks, chlorine residuals throughout the system, and which tank or reservoir is the primary water
source for different areas in your system.

This lesson uses the file called ‘Lesson6.wcd’ (‘Lesson6.dwg’ in the AutoCAD version), located
in the \Haestad\Wtrc\Lesson directory. Open this file, and then $ele@ave As from the pull-
down menu. Type the filename ‘MyLesson6’ and cliele.

The water distribution system has already been set up for you. It has one reservoir and one tank.
The system serves primarily residential areas, with some commercial water use as well. There are
two pumps connected to the reservoir; however, under normal conditions, only one pump will be
in use. A background drawing has been included for reference. If you would like to turn off the
dxf background in the Stand-Alone version, sel€obls\Options from the menus, click the
Drawing tab, and uncheck tHghow Background box. In the AutoCAD version, you can simply

turn off the desired layers.

If at any time during this lesson the program asks, " Do you wish to reset all calculated
resultsto N/A?" click NO.
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3.6.1 Part 1 - Computing Water Age

Y ou will begin by running an age analysis for water in the system, assuming an initial age of O for
al nodes. The water from the reservoir will be an infinite supply of new water, so the age of water
elsawhere in the system will be areflection of time from the start of the run and how long ago the
water left the reservoir. The analysis will be run for a 2-week period (336 hours), in order to
determine the equilibrium point of the system.

1. Start by adding a new Alternative for the age analysis. Select Analysis\Alternatives from the
pull-down menus, and click the Age tab to access the Age Alternatives. Click the Add button
to add a new Alternative, and name it ‘Initial Age = 0’. Since you are assuming an initial age
of 0 everywhere in the system, you do not need to enter any initial ages. Close out of the
table and the Alternative Manager.

2. Next, set up a new Scenario to run an Extended Period Simulation incorporating the new
Alternative. SelecAnalysis\Scenarios from the pull-down menus. You will see that there is
one Scenario already set up called ‘Existing — Avg Day'. Highlight this Scenario and click
Scenario Management\Add\Child Scenario. Type in ‘Age Analysis’ as the new Scenario
name, and clickOK. Under the Alternatives tab, click to check the box labélge, and
select the Alternative you just created, ‘Initial Age = 0’, from the list box.

3. Click theCalculation tab to view the calculation settings for this ScenaBE&tended Period
Analysis should already be selected. Enter a Start Time of 0, Duration of 336 hours, and
Hydraulic Time Step of 1 hour. Check théater Quality Analysis box, and select thage
radio button.

BE Scenario: Age Analysiz H[=] E3
Alternatives | Calculation | () Results | Notesl

{7 Steady State ' Extended Period

Start Time: |0.00 b
Duration: |336.00 b
Hydraulic: Time Step: |1 o0 hr

—Analysis
W water Duality Snalysis
& pge O Congtiuent € Trace
™| Fire Flaw Analiss

— Calibration

Demand:|1.DD |<N0ne> j Apply |
Hnughness:lD.DD |<N0ne> j Apply |

Report | Cloze | Help |

4. Click theOptions button. In this dialog, you will find options for Maximum Pipe Segments
(the largest number of pipe segments a pipe can be broken into during a water quality
analysis), Minimum Pipe Travel Time, and a place to enter a user-defined Water Quality
Time Step. You will leave these options set to their default values, scCelialel to exit the
dialog box, ancClose to exit theScenario Editor.

5. You are now ready to run the Scenario. ClickBatch Run button and check the box for
‘Age Analysis’. Click Batch, and thenYes at the verification prompt. When the run is
complete, clickClose to exit the Scenario Manager. Select ‘Age Analysis’ from the
Scenario toolbar list box.
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3.6.2

6. A good way to view changes in water quality attributes over time is to use color coding.

Click the Color Coding button on the toolbar. Under the Link tab, set the Attribute list box
to Calculated Age and then click the Initialize button to set up a default color scheme.
Accept this default scheme, and repeat this procedure for the Node tab. When you are
finished, click OK.

7. Once back in the drawing pane, click the Legend button on the toolbar, and select either the

Node Legendor Link Legend (in this case, the color coding should be the same for both).
Click in your drawing to place the legend. If you don't place it correctly the first time, you
can always drag it and drop it in a new location.

8. Set the time increment in the toolbar to 4 hours. Use the VCR-style buttons to scroll through

time in your analysis, and observe the color changes in your network reflecting water age.

9. A good way to check if your network has had sufficient time to reach an equilibrium point is

to look at Age vs. Time graphs for your elements. Open the editor dialog for Tank T-1, click
the Report button at the bottom of the editor, and selécaph. Set up the Independent
Variable as Time, and the Dependent Variable as Calculated Age. Make sure ‘Age Analysis’
is checked in thévailable Scenarios box and clickOK.

Plot Window |- [O] =]

Copy @Print &Close @ Help

Tank: T-1
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10. From the graph, you can see that once a repeating pattern is reached, the age of the water
fluctuates between approximately 34 and 49 hours in 24-hour periods. Looking at these
equilibrium ranges for various nodes can help guide you in setting up initial water age values
in subsequent runs.

Part 2 — Analyzing Constituent Concentrations

In this portion of the lesson, you will look at chlorine residuals in the system over time.
WaterCAD stores information on constituent characteristics in a file called a constituent library.
You will add information for chlorine to this library, set up initial concentrations in the system,

and run the simulation.

1. SelectAnalysisAlternatives from the pull-down menus. Select tB®nstituent tab, and
click theAdd button. Name the new Alternative ‘Chlorine Injection’ and cldk.
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2. Click the ellipses (...) button next to the Constituent list box to open the Constituent
Library , and click the Insert button. An entry for ‘Unlabeled’ appears in the table. Click the
Edit button, and enter the data below into the dialog.

Label: Chlorine
Bulk Reaction: -0.10/day
Wall Reaction:| -0.08 m/day
Diffusivity: 1.2e-9 m?/s
Constiuent [
— Constituent
Label: Im Cancel |
Bulk Rieactior: [-0.10 Jday
Help |
Wall Beaction: |-EI.EIB m/day
Diiffusivity: [1.2e-3 /s
v Unlimited Concentration
Concentration Linnit; | [ £, ma/|

3. Leave thdJnlimited Concentration box checked, clickOK, and then clickClose to exit the
Constituent Library. You should now be back in the editor for the Constituent Alternative.

4. SelectChlorine from theConstituent list box. Notice that the Bulk Reaction in the table is
automatically updated. For tHeump and Valve, set the pumps and valves to an initial
concentration of 1 mg/l. Click th&nction tab, and initialize the chlorine concentrations by
entering a value of 1 mg/l at each junction node. UndeR#servoir tab, enter a value of
2.0 mg/L for the reservoir, and for tii@nk, enter a value of 0.5 mg/I.

To quickly enter the initial concentrations for an element type, use the Global Edit
feature.

5. Close out of the Editor and the Alternative Manager. Now, open the Scenario Manager and
set up a new Scenario in order to run the Constituent Analysis. Create a new Child off of the
‘Age Analysis’ Scenario by highlighting it and clickirscenario M anagement\Add\Child
Scenario. Type in ‘Chlorine Analysis’ as the new Scenario name, and @i€k Under the
Alternatives tab, click to check the box labeledonstituent, and select the ‘Chlorine
Injection’ Alternative from the list box.

6. Click theCalculation tab, select th€onstituent radio button in theAnalysis section, and
leave everything else set to the inherited values. @idse to exit the dialog, clickGO
Batch Run, uncheck 'Age Analysis', check 'Chlorine Analysis', then diekch to run the
model.

7. Make sure ‘Chlorine Analysis’ is visible as the current Scenario and set up color coding using
the procedure from Part 1, but color code by Calculated Concentration instead of Calculated
Age. Scroll through the time steps to view how the concentrations change throughout the
network. When you look at your results using color coding, tables and graphs, try to discover
what better initial values for chlorine concentration might be.
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3.6.3

3.7

Part 3 — Performing a Trace Analysis

A trace analysis determines the percentage of water at all nodes and links in the system from a
specific source node (the trace node). In systems with more than one source, it is common to
perform multiple trace analyses using the various source nodes as the trace nodes in successive
analyses. For this run, we will perform a trace analysis to determine the percentages of water
coming from the tank.

1. Select Analysis\Alternatives from the pull-down menus. Select the Trace tab, and click the
Add button. Name the new Alternative ‘Trace Analysis for Tank’ and cli€K. In the
Trace Node list box, select the tanK,-1. Leave the initial percentages set to zero, and close
the editor and the Alternative Manager.

Alternatives E

Physical | Demand I Imitial Settings | Operational | Age | Congtituent I Trace | Fire Flaw | Eo{i

Add

Add Child
Edit
Ierge
Rename
Duplicate
Delete

Fiepart

HHGd"

Cloge I Help |

2. Next, set up a new Scenario to run an Extended Period Simulation incorporating the new
Alternative. SelecAnalysis\Scenarios from the pull-down menus. Create a new Child off of
the ‘Age Analysis’ Scenario by highlighting it and clickingScenario
M anagement\Add\Child Scenario. Type in ‘Trace Analysis’ as the new Scenario name, and
click OK. Under the Alternatives tab, click to check the box lab@&leate, and select the
‘Trace Analysis for Tank’ Alternative from the list box.

3. In the calculation tab, select tfigace radio button in the Analysis section, and leave
everything else set to the inherited values. Clt&se to exit the dialog, clicksO Batch
Run, and run the analysis for the new Scenatrio.

4. Use color coding (by Calculated Trace), tables, and graphs to view the results of this run. As
you scroll through the time periods, notice how the colors spread outward from the tank
during periods when the tank is draining, and recede when the tank begins to fill. For more
information on reporting features, see Lesson 4.

Close the open dialogs and save this project before proceeding with Lesson 7.

Lesson 7 — Data from External Sources

WaterCAD supports several methods of exchanging data with external applications, preventing
duplication of effort and allowing you to save time by reusing data already present in other
locations. For instance, you can exchange data with databases or a GIS system, or you can convert
existing CAD linework to a pipe network.
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3.71

There are multiple ways of importing data from outside sources into WaterCAD. You can set up
one or more database connections to bring in information stored in many standard database and
spreadsheet formats. GIS information can be brought in through connections to ESRI Shapefiles.
If you have existing drawings of your network in a DXF format (DWG format in the AutoCAD
version), you can have WaterCAD convert your lines and/or blocks into distribution system
elements, setting up preferences for handling situations such as T-intersections and line endpoints,
and creating tolerances to allow for drawing imperfections. Or, you can display a DXF file as a
background drawing for use in laying out a scaled network (stand-alone version only). Finaly,
WaterCAD will automatically import networks created in EPANet, K'Y Pipe, and previous versions
of Cybernet/WaterCAD.

WaterCAD again utilizes database and Shapefile connections to export data from the model for
use externally. You can also copy tables, reports, and graphs and paste them into other Windows
applications, or save plan and profile views in DXF format for use when creating construction
documentsin CAD.

This lesson covers the three main methods of building your network using externa data,
summarized in the following table.

Method Description Advantages Disadvantages
Database Create Extremely versatile. Allows Pipes will be depicted
Connection | connectionsto | exchange of most any model data as straight lines

import and with awide variety of applications, | connecting the "to" and
export model including anything with an ODBC "from" nodes, so pipe
datausing format. A topographic bends will not be
common representation of the network can be | displayed.
database and created by using node coordinates
Spreadsheet and assigning "to" and "from" nodes
formats. to pipes. Once aconnectionis
established, it can be saved for later
use, and multiple connections can be
created and synchronized
simultaneously.
Shapefile Create Advantages are similar to those of More proprietary. You
Connection | connectionsto | Database Connections, except the have to have software
import and topographic data exchange is that supports ESRI
export model automatic and pipe bends are Shapefilesin order to
datain ESRI accounted for. utilize the data.
Shapefile format.
Polylineto | Convert existing | Enables you to use legacy CAD Elements are assigned
Pipe lines, polylines, | drawingsto build your network. You| default labels as they
Conversion | and blocksin can set up tolerances to alow for are created. Only
DXF/DWG drawing imperfections, and topographic data can be
format into pipes| preferences for how nodes will be brought in, not model
and other created. values. Requires user to
network carefully review the
elements. drawing for accuracy.

Part 1 — Importing Shapefile Data

In this part of the lesson, you will import ESRI Shapefiles to construct the distribution network in
WaterCAD from existing GIS data. |f you have ArcView, Arcinfo, or other application that can
open a Shapefile, then you can, if you choose, view the files externaly prior to importing them.

However, you will still be able to perform the workshop problem even if you don't have one of

these applications. This lesson uses the network from Lesson 6.
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The ESRI Shapefile actually consists of three separate files that combine to define the spatial and
non-spatial attributes of a map feature. The three required files are as follows:

e Main File — The main file is a binary file with an extension of SHP. It contains the spatial
attributes associated with the map features. For example, a polyline record contains a series of
points, and a point record contains x and y coordinates.

e Index File — The index file is a binary file with an extension of SHX. It contains the byte
position of each record in the main file.

+ Database File — The database file is a dBase lll file with an extension of DBF. It contains the
non-spatial data associated with the map features.

All three files must have the same file name with the exception of the extension, and be located in
the same directory.

Listed below are the files you will be importing. Only the main files are listed; however,
corresponding SHX and DBF are present as well.

e PresJunc.shp
* PresPipe.shp
* PRV.shp

e Pump.shp

¢ Reservoi.shp
e Tank.shp

If you have a program such as ArcView that allows you to view Shapefiles, begin by setting up a
View with all of the Shapefiles (Themes) listed above turned on. If you completed Lesson 6, you
should recognize the layout from that lesson. You can look at the data table for each of the
Themes to see what we will be importing. When you have finished reviewing the Shapefiles,
close the application.
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Double-click the WaterCAD desktop icon to start WaterCAD Stand-Alone. If the

1
EP—E Welcome to WaterCADdia og appears, select the Closebutton.

2. Open the Global Options tab, accessed from the Tools\Options pull-down menu.
Since we will be working in metric units, click the Unit Systemselection box, and
select System International Click OK.

In the pull-down menus, select File\New. Click No when asked if you want to

save the current project. In the Create Project File Asdialog, double-click the
‘Lesson’ folder, enter the file name ‘gisprob.wcd’ for your project, and Sésle.
TheProject Setup Wizard will open.

Data’.

Click Next.

In the Project Setup Wizard, title the project ‘Lesson 7, Part 1 — Importing GIS
Click theNext button again to leave this dialog set to its

default values. In this dialog, set up the drawin§aabed, with a horizontal scale
of 1:5000 and a vertical scale of300. Change the thregnnotation Multipliers
(Symbol Size, Text Height and Annotation Height) to 2.8. Click Next, leave

the Prototypes set to their default values, and €lickshed.

Double-click the desktop icon to start WaterCAD for AutoCAD. OperGiiobal
tab, accessed from tfi@mols\Options pull-down menu. Since we will be working
in metric units, click theUnit System selection box, and sele@®ystem
International. Click OK.

ChooseNew on theFile pull-down menu and seletto when prompted to save
the existing drawing. If the Create New Drawing dialog opens, move to step 4;
otherwise, do the following:

Click theEsc key. Then, typdiledia at the command prompt and prdaster.
Type the valud and pres&nter. Then, choosBlew on theFile pull-down menu
again, and don'’t save changes to the existing drawing.
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Theremaining commands are for both Stand-Alone and AutoCAD modes.
1.

3.

4. When the Create New Drawing dialog appears, make sure that Metric is selected,
and click OK. Answer Yeswhen asked if you want to set up the project. In the
Project Setup Wizard, title the project ‘Lesson 7, Part 1 — Importing GIS Data’
and clickNext. Click Next again to accept the defaults on the second screen.

5. In this dialog, set up the drawing $sled, with a horizontal scale of 3000 and
a vertical scale of 500. Change the threAnnotation Multipliers (Symbol

Size, Text Height and Annotation Height) to 2.8.
Prototypes set to their default values, and dfickshed.

Click Next, leave the

SelectFile\Synchronize\Shapefile Connections from the pull-down menus. If you have not
defined any Shapefile connections in WaterCAD yet, you will be asked if you want to create a
Shapefile connection; answees to start theShapefile Connection Wizard. Or, if you have
already defined Shapefile Connections in any other WaterCAD project, steBhdhefile
Connection Wizard by clicking Add in the Shapefile Connection Manager that appears.
Enter theConnection Label ‘Lesson 7, Part 1’ for this connection, and click Hext button.

Now, you need to check the boxes for the types of elements you will be importing. For this
connections, check the boxes féressure Junction, Pressure Pipe, PRV, Pump,

Reservoir, andTank. Click Next.

Shapefile Connection Wizard

muszt be represented in a separate Shapefile,

Select the types of elements that pou waould like to build from Shapefiles; each element type vou chooze

— Select Element Types

[T FCY

[~ PBY

[ Pressure Junction
[+ Pressure Pipe

[+ PRY

[ Pay

[ Pump

¥ Reservair

Cancel Help

< Hack I Hest » I Htirehed

Leave theShapefile Unit set tom, and check the box to establish missing connectivity data

from spatial data, and then clitlext again.

Click the ellipses (...) button next to the Shapefile field. Browse and select the file
‘PresJunc.shp’ from the \Wtrc\Lesson directory, then diglen. Set theKey/L abel Field to
LABEL. This item designates the field that WaterCAD matches with its own element labels,

so that data will be assigned to the correct place.
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5. Using the Field Links table, you must now match the data types available in WaterCAD to
the data types you will be bringing in from the Shapefile. In row 1, select Elevation from the
WaterCAD column, and ELEV from the Database column. Set the Unit to m to let
WaterCAD know that the coordinate it is reading from the Shapefile isin meters. If the units
in your Shapefile were different than the units set up in WaterCAD, the program would
automatically make the necessary conversions.

Shapefile Connection Wizard

Preszure Junction Shapefiles can contain attibutes that are zpecific to pressure junchionz or attnbutes that
are commaon to all nodes [# and v coordinates, elevation, etc. ).

- ze the 'K.ey/Label Field' to designate the column in the Shapefile containing the unigue element
identifiers.

- Uze the table below ta link the figlds in the Shapefile to the coresponding attibutes in the model. At
least one 'Field Link' must be defined.

— Import Pressure Junction Shapefile

Shapefile:Id:'\haestad\wtrc\lessom'\presiunc.$hp j
F.ew/Lahel Field:l LAREL

Ll

Delete

Select...

— Field Links
WaterCaD Databasze I nit ;I Inzert |
1 | Elevation ELEW M Duii
D pllcatel
2 | |

<

Cancel Help < Back I Mest » I Frshed

6. Fill in the next row, so that your entries correspond to the table below. Click Next when you
arefinished.

Pressure Junction Shapefile Connection

WaterCAD Database Unit
Elevation ELEV m
Demand DEMAND [/min

7. The wizard now takes you to the dialog for setting up the Pressure Pipe connections.
Continue by filling in the information below for the Pressure Pipe and clicking Next to
proceed to the next dialog. The Shapefile for each type of element will be located in the
\Haestad\wtrc\lesson directory (for instance, select the prespipe.shp file for the pressure pipe
connection), and the entry for Key\Label Field will always be LABEL . Your Field Links
tables should look like the tables that follow.
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Pressure Pipe Shapefile Connection

WaterCAD Database Unit
Diameter D mm
Material MATERIAL
Hazen-Williams C C

PRV Shapefile Connection

WaterCAD Database Unit
Elevation ELEV m
Diameter D mm
Initial HGL HGL m
Initial Valve Status | INITIAL_ST

Pump Shapefile Connection

WaterCAD Database Unit
Elevation ELEV m
Shutoff Head SHUT_H m
Design Head DES H m
Design Discharge DES_Q I/min
Maximum MAX_H m

Operating Head

Maximum Opera- )
ting Discharge MAX Q I/min
Initial Pump Status | INITIAL_ST

Reservoir Shapefile Connection

WaterCAD | Database Unit
Elevation ELEV m

Tank Shapefile Connection

WaterCAD Database Unit
Tank Diameter TANK_D m
Base Elevation BASE_ELEV m
Minimum Elevation MIN_ELEV m
Initial HGL INITIAL_HG m
Maximum Elevation| MAX ELEV m

When you are finished setting up the Shapefile connections, click Next to proceed. The
Synchronize Now?box will appear. The Synchronize Shapefile Connectiomox should be
checked, and In selected because we will be reading data from the Shapefiles.

Click Finished, and Yeswhen prompted if you want to proceed.
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Shapefile Connection Wizard

Check the box labeled "Synchronize Shapefile Connection' if you want to execute the connection on
prezzing the Finizhed buttan [you must aleo chooze a direction].

- Click Fimzhed to complete the process.

Synchronize Mow?

v Sunchronize Shapefile Cannectior:
I
0 Ot

Cancel Help < Back | HEREE | Finished I

10. A Status Log is generated showing the elements as data is read into the model. When the
import is complete, you should get a yellow light in this window, indicating that the
synchronization was successful, but that there are warnings. If there were no warnings, you
would get agreen light, and if there were errors, ared light. In this case, the warnings are due
to the fact that we instructed WaterCAD to generate our network connectivity from the GIS
spatial data. The log indicates where connectivity is being established, which is fine. Close
the Status Log and click OK to return to the drawing pane.

Status Log

Save... | Copy | Close | Help |

| ) Suceess

Tpdating ;I
TUpdating
Tpdating
Tpdating
TUpdating
Tpdating
Tpdating
Tpdating
Tpdating

Feviewving drawing for potential problems. . .
Ho problemns were found.

Synchronization Results Summary
183 elementi=) added.
0 elementi=z) [DELETED].
183 elemnent(s) updated.

0 =lementi=z) disregarded due to blank record key.

100 elemnenti{=) mi=sing one or both end nodei=s).
200 elementi(=) found for missing end nodeis).

0 elementis) created for missing end nodeis). _I
Elap=zed: 0 houri{=s) 0 ninute(=s) 10 =sscond(=s) _ILI
1| I »

11. Now, examine the network that you imported. Notice that it looks like the network from
Lesson 6, and many of the pipes have bends and curves in them. Since you have topographic



Chapter 3 - Quick Start Lessons

information stored in the Shapefile, these bends can be imported. Because we created a
scaled drawing, the pipe lengths will be read from the layout.

12. Notice aso that the default Scenario, Base is currently displayed as the current Scenario.
Whenever data is brought in through a database or Shapefile connection, it is automatically
written into the Alternatives referenced by the current Scenario. Similarly, whenever data is

exported, the data associated with the current Scenario will be used.

13. To run the model, click the GO button in the toolbar, and then click GO in the dialog. Now
that you have calculated data, you could export the new data to your GIS database by going
into the database and creating a new label for it. In Part 2 of thislesson, we will use an almost

identical procedure to export pressures using database connections.

14. When you are finished, close the Scenario Editor. Proceed to Part 2 of this lesson or save

your file as MyL esson7 and exit WaterCAD.

3.7.2 Part 2 - Importing Data from a Database

This portion of the lesson will take you through the steps to set up a connection to a database, in
order to create a new water distribution network from existing data.

The necessary data has been included as a Microsoft Excel 5.0 spreadsheet. If you do not have
software that can read this file type, you will still be able to perform the workshop, but you won't
be able to open the data to view it externally.

EA Microsoft Excel - Lesson?.xls
J File Edit Wiew Insert Format Tools Data Mindow Help ;[ilil
DEda gy | iand o @z aél@mE 2w
[BET] -] =/ Ductile Iron
A B [ C [ D | E [ F [ [ [ rj
| 1 | Lahel Start Mode | End MNode taterial Roughress | Diareter (mm) | Length (m)
| 2 |P1 Reservair J-1 Ductile Iran 130 GO0 2415
| 3 |P-3 PhP-1 J-2 Ductile Iron 130 G600 149.5
| 4 |P5 PhP-2 J-2 Ductile Iron 130 600 161.5
| 5§ P2 J-1 PMP-1 Ductile Iron 130 600 144
| 6 P-4 J-1 PMP-2 Ductile Iron 130 600
| 7 |PB J-2 J-3 Ductile Iron 130 600
| 8 |P-32 PRY-1 J-27 Ductile Iran 130 200
| 9 |P-212 PRY-2Z J-136 Ductile Iron 130 150
| 10 |P-7 J-3 J-4 Ductile Iron 130 G000
| 11 |P-3 J-4 J5 Ductile Iron 130 G000
| 12 | P-227 J-4 J-143 Ductile Iron 130 100
|15 |F-9 J-5 J-B Ductile Iron 130 G600
| 14 |P-10 JB J-7 Ductile Iron 130 G600
| 15 |P-250 J-B J-161 Ductile Iron 130 150
| 16 |P-11 J7 J-8 Ductile Iron 130 600
| 17 |P-253 J7 J-164 Ductile Iron 130 150
| 18 |P-12 J-B J8 Ductile Iran 130 500
| 19 |P-31 J-8 PRY-1 Ductile Iron 130 200
NP3 -5 101 [uctile lran 130 RO hl
44| » | H["Pipe / Junction £ Tank § valve £ Pump 4 Reservair / [4] H
Ready [ Ml

This lesson uses the network from Lesson 6.

1. Open the spreadsheet file ‘Lesson7.xls’ and take a look at it. As you can see from the
worksheet tabs, the data is organized into six worksheets, one for each type of element in the
network. When setting up a spreadsheet yourself, you may organize and group data however
you like. Just make sure that the different types of data are sorted into columns, with a
descriptive heading in the topmost cell, and include a column for your labels.
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Double-click the WaterCAD desktop icon to start WaterCAD Stand-Alone. If the
Welcome to WaterCADdialog appears, select the Closebutton.

Open the Global Options tab, accessed from the Tools\Options pull-down menu.
Since we will be working in metric units, click the Unit Systemselection box, and
select System International Click OK.

In the pull-down menus, select File\New. Click No when asked if you want to
save the current project. In the Create Project File Asdialog, double-click the
‘Lesson’ folder, enter the file name ‘dbprob.wcd’ for your project, and Sésle.
TheProject Setup Wizard will open.

In the Project Setup Wizard, title the project ‘Lesson 7, Part 2 — Importing Data
from a Database’. Clicklext. Click theNext button again to leave this dialog set

to its default values. In this dialog, set up the drawin§chematic, and change

the threeAnnotation Multipliers (Symbol Size, Text Height and Annotation
Height) to 25. Click Next, leave the Prototypes set to their default values, and
click Finished.

Double-click the WaterCAD desktop icon to start WaterCAD for AutoCAD. Open
the Global Options tab, accessed from tA@ols\Options pull-down menu. Since
we will be working in metric units, click th&nit System selection box, and
selectSystem International. Click OK.

ChooseNew on theFile pull-down menu and seletto when prompted to save
the existing drawing. If the Create New Drawing dialog opens, move to step 3;
otherwise, do the following:

Click the Esc key. Then, typdiledia at the command prompt and prdaster.

Type the valud and pres&nter. Then, choosBlew on theFile pull-down menu
again, and don't save changes to the existing drawing. Note that the filedia
variable controls whether some AutoCAD commands appear as dialogs or simply
at the command prompt.

When the Create New Drawing dialog appears, make suril et is selected,

and clickOK. AnswerYes when asked if you want to set up the project. In the
Project Setup Wizard, title the project ‘Lesson 7, Part 2 — Importing Data from a
Database’ and clichext. Click Next again to accept the defaults on the second
screen.

In this dialog, set up the drawing Schematic, and change the thréenotation
Multipliers (Symbol Size, Text Height and Annotation Height) to 25. Click
Next, leave the Prototypes set to their default values, andHilntkhed.

Theremaining commands are for both Stand-Alone and AutoCAD modes.

1. SelecFile\Synchronize\Database Connections from the pull-down menus. Cliekdd.
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Database Connection Manager - WTRC_HDC |

Froject Export - 5

[Project Expaort - US]
[Project Import - 51] E dit
[Praject Irmpart - L15] -

Duplicate
Delete
Synchronize |n

Synchranize Out

;I Reset
0k, I Cancel | Help |

(HREEE

2. Enter the Connection Label‘Lesson 7, Part 2’ for this connection, and click Aud button.

Database Connection Editor E

[atabaze Connection | Synchronization Dptions I

— Database Connection

Connection Label: |Lesson 7 Part2

r— Table Links
[atabaze File | [ atabaze Table Table Type

Bl

Edit

Duplieate

LD

[Uelete

(] 4 I Cancel | Help |

Set theDatabase Type to Excel 5.0. Click the ellipses button next to tbatabase File field,
and browse to select the ‘Lesson7.xls’ file from the \Haestad\Wtrc\Lesson directory.

Click theDatabase Table list box. Notice that the items in the list correspond to the different
worksheet tabs in your spreadsheet file. Selerntction$ from the list, andPressure
Junction for the Table Type. Set theKey/Label field to Label. This item designates the

field that WaterCAD matches with its own element labels, so that data will be assigned to the
correct place.

Using theField Links table, you must now match the data types available in WaterCAD to
the data types you will be bringing in from the spreadsheet. In row 1, 3elieotm the
Water CAD column, andX (m) from the Database column. Set thdJnit to m to let
WaterCAD know that the coordinate it is reading from the spreadsheet is in meters. If the
units in your database were different than the units set up in WaterCAD, the program would
automatically make the necessary conversions.
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6. Fill in the remaining rows, so that your entries correspond to the table below. Click OK when

you are finished.
Junction Database Connection
WaterCAD Database Unit
X X (m) m
Y Y (m) m
Elevation Elevation (m) m
Demand Demand (I/min) I/min
Table Link ]|

[ratabaze T_I,Ipe:l Ewcel 5.0 j
Databaze File:lI:I:‘»haestad'\wtrchlessnns'\lessnn?_:-:Is jJ

[ atabaze Table:IJunctiDn$

Table Type:l Preszure Junction j

Key/Label Field:| Label |
— Field Linkz
WiaterCaD Databaze ik ﬂ Inzert |
Bk 7 m] m Duplicate |
2 1% ' [m) m
Delete

3 | Elevation E leveation [m) m 4|
4 | Demand Ciemand [1#mir) - Select... |
5

k., I Cancel Help |

7. You should now be back in the Database Connectiordialog. Click the Add button, and set
up your database connection for pipe data. Use the same spreadsheet file you used for the
junction data, but set the Database Tableand Table Type to Pipe$ and Pressure Pipe,

respectively. Your Key/Label Field is again Label. Then, set up the following Pipe
Database connection.
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Database Connection Editor E

[atabaze Connection | Synchronization Dptions I

— Database Connection

Connection Label: |Lesson 7 Part2

r— Table Links

Edit

Duplicate

ikl

Delete

(] 4 I Cancel Help |

Pipe Database Connection

WaterCAD Database Unit
+Start Node Start Node
+Stop Node End Node
Diameter Diameter (mm) | mm
Material Material
Hazen-Williams C| Roughness
Length Length (m) m

8. Repeat the above procedure to set up connections for Pump, Reservoir, Tank and Valve
connections, using information from the following tables.
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Pump Database Connection

Design Discharge

Design Q (I/min)

WaterCAD Database Unit
X X (m) m
Y Y (m) m
Elevation Elevation (m) m
Shutoff Head Shutoff Head (m) | m
Design Head Design Head (m) | m
I/min
m

Maximum Operating
Head

Max# Head (m)

Maximum Operating

Discharge Max# Q (I/min) I/min
Initial Pump Status Initial Status

Reservoir Database Connection

WaterCAD | Database Unit

X X (m) m

Y Y (m) m

Elevation Elew# (m) m

Tank Database Connection
WaterCAD Database Unit
X X (m) m
Y Y (m) m
Tank Diameter Tank Diameter (m) m
Base Elevation Base Elew# (m) m
Minimum Elevation | Minimum Elev# (m)| m
Initial HGL Initial Elev# (m) m
Maximum Elevation| Maximum Elev# (m)[ m
PRV Database Connection
WaterCAD Database Unit
X X (m) m
Y Y (m) m
Elevation Elevation (m) m
Diameter Diameter (mm) mm
Initial HGL Initial Grade m
Setting (m)

Initial Valve Status Initial Status

The Table Type for this connection is PRV.
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Database Connection Editor E

D atabase Connection | Suynchranization Optiohs I

— Database Connection

Connectioh Label: |Lesson 7. Part 2

— Table Links

Databaze File

[atabase Table

Table Type

Add

legzony. Hs
|

Tank

legzony. Hs Junctiond Pressure Junction ;l
leszon? =z Pipe$ Preszure Pipe
leszany sz Purnp$ Purnp

Reservaird Reservoir

Edit
Duplicate

Delete

i

(] I Cahicel | Help

9. When you are finished setting up the database connections, click OK to close the Database
Connection editor, and then click the Synchronize In button. WaterCAD will give you a
confirmation prompt. Click Yesto proceed. You will then get a message asking if you want
to add an element. Click Yes to All.

10. A Status Log is generated showing the elements as data is read into the model. When the
import is complete, you should get a green light in this window. If there were warnings or
errors you would get a yellow light or red light, respectively. You could then scroll through
the log to see where any problems might be occurring. Click Closeto exit the Status Log, and
OK to exit the Database Connection Manager

Statuz Log

Sawve... |

Copy | cl

0se |

on_|

| i) Success

Initializing =lement: P-5
Initializing element:
Initializing element:
Initializing =lement: F-35
Initializing element: P-11
Initializing element:
Initializing element:
Initializing element:
Initializing element:

P-132
P-253

P-152
P-164
P-234
P-125%

Fewviewing drawing for potential problemns. ..
Ho problems were found.

Synchronization Results Summary
183 elemnentis) added.
0 elementi=) [DELETED].
183 elemnenti(=) updated.
0 elementi=) disregarded due to blank record key.

0 elemsntisz) mi=sing one or both end nodeis).

Elapzed: 0 houri{=s) 0 minutei{s) 9 secondi=s)

K

[

il

11. You should now be able to see the imported network in the drawing pane, but the symbol and
label sizes are very small. Select Tools\Optionsfrom the pulldown menus, and then click the
Drawing tab. Set all three Annotation Multipliers to 25, and click OK.
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12.

13.

14.

15.

i, WaterCAD by Haestad Methods - database connection. WCD M=l E]

File Edit Analpsiz Yiew Tool: Heport Help
[ |e|2 [« [a]«| s B 7[2-[2)] 5| @ 2

Time:ﬂlill 0.00 hr 'Illﬂl Increment:|<AII> vl Scenario:IBase VIQI @l

58]
i
I~
2|
mb

=}
=

] | <
i

K I |

Mol o A Are 90 AEA AE ..od fAn EE

Now, examine the network that you imported. Notice that it is different in appearance from

the same network imported using a shapefile in Part 1 of this lesson. The difference stems

from the fact that in a database connection, a pipe’s layout is defined only by the location of
its end nodes. Therefore, pipes appear without bends, making a straight line connection
between nodes. Hydraulically, your model will not be affected, since the pipe lengths are
user-defined, not scaled from the layout.

Notice also that the default ScenaBase, is currently displayed as the current Scenario.
Whenever data is brought in through a database or Shapefile connection, it is automatically
written into the Alternatives referenced by the current Scenario. Similarly, whenever data is
exported, the data associated with the current Scenario will be used.

Click the GO button, and then clickGO again to run the model. Now that you have
calculated data, we can export it back to our database. For this example, we will only export
pressures at the junction nodes. Go ahead and cloSeetfeio Editor.

Use Excel to open ‘Lesson7.xls’ in another window. Click on the tab foduthetion
worksheet, and add a new column heading in cell F1 called ‘Pressure’. Save and Close the
file.
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16.

17.

EA Microsoft Excel - Lesson?.xls HEE

J File Edit “iew Insert Format Tools Data ‘Window Help

=1=1x]

|0 .|§@.J’|¥:‘E@|ﬂvﬂv%}:ﬁs“ls”ﬂl_wo%.@,
Jnric--I -0 - B 7 U EE=EH 8%, B8EE _-5-A-
F1 | =| Pressure (kPa)
A B | B | D | E F =
LI Lahel #(m) Y () Elevation (m) Demand (Imin) | Pressure (kPa)
| 2 |1 BO5 402,36 21593570 148 0.o0
1372 B985 29641 21587 .92 148 0.o0
| 4 |3 B95,168.78 2123038 150 360
| 5 |4 G55 257 .46 21,145.02 147 23.40
| 6 |5 595 ,769.63 20836.15 135 19.50
| 7 |6 6595 ,871.56 20,792.04 136 11.70
| 8 |7 599 255,18 20 F63.98 135 11.70
| 9 |8 B99 509,25 2059653 134 1.80
110 |J-9 700,056,590 20,428.38 131 3160
| 11 |10 700,054.93 20553.02 134 0.o0
| 12 |11 700,232,958 20580.03 135 0.o0
|13 |12 700 405,74 2052520 135 22.50
| 14 |13 700 632.07 21 022,87 136 900.00
| 15 |14 700 462,33 2121973 144 0.o0
| 16 |15 700,259,965 2037014 127 16.20
1 J-27 B99 513.73 20,448.31 130 14.40
4 » | [ Pipe_jJunction £ Tank £ Valve & Pump £ Reservoir I | |
JDran \\4u|:|C).4‘.|©| LZ-A-=E=o k.

Ready

[ hm[

Go back to the WaterCAD window, and choose File\Synchronize\Database Connections

from the menu. Highlight ‘Lesson 7, Part 2,

table from the list, and clickdit again.

and click Buét button. Select the junction

In Row 5 of the Field Links table, link WaterCACPsessure to the Database’Bressure.
The Unit should be set tkPa. Click OK and OK again to get back to the Database
Connection Manager. Click tigynchronize Out button to send the information back to the

spreadsheet.
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3.7.3

Table Link ]|

[ atabaze T_I,Ipe:l Ewcel 5.0 j
D atabase File:ld:‘»haestad'\wtrc'\.lessnns'\.lessnn?.:-:Is jJ

[ atabaze Tal:ule:lJunu:tiu:un$

Table T_l,lpe:l Preszure Junction j

Key/Label Field:| Label |
— Field Linkz
W aterCal [ atabaze |k ﬂ Irnizert |
1= # [m] m Quplicatel
2| " ) M
Delete

3 | Elewation E levation [m) m 4|
4 |Demand Cemand [1/min) I#rnin Select... |
5 | Pressure Fresszure [kPa) kFPa
E

0k, I Cancel Help |

18. Finally, if you reopen the ‘Lesson7.xls’ file in Excel, you will see that the pressure values
have now been added.

Part 3 — Converting CAD Drawing Entities

The Polyline to Pipe tool enables you to take existing CAD entities and use them to quickly
construct a water distribution network. Although this feature is called Polyline to Pipe, Line and
Block entities can be converted as well (Polylines and Lines can be converted to pipes; Blocks can
be converted to any available node type).

Building a model based on graphical elements can be an error-prone process. Difficulties can
arise due to the fact that a drawing may appear to be correct visually, but may contain problems
that are not readily apparent. For example, what appears to be a single line in a drawing could in
fact be made up of many line segments — or it could be made up of 2 lines, one directly on top of
another.

The Polyline to Pipe Wizard will guide you through the conversion process, enabling you to set up

options relating to tolerances, node creation, and handling T-intersections. To help alleviate some
of the problems that you may encounter during the import process, a comprehensive drawing
review is also performed. During conversion, the network is analyzed, and potential problems are
flagged for review. After performing the conversion, the Drawing Review window will allow you

to navigate to and fix any problems that may be encountered.
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For users in Stand-Alone mode only:

1. Open WaterCAD and choose Tools\Options from the pulldown menus. In the Global
Options tab, make sure that the Unit Systemis set to System International, and then click
OK. Next, select File\import\Polyline to Pipe. You will be asked if you want to set up the
project. Click Yesto start the Project Setup Wizard.

For users in AutoCAD mode only:

1. Start WaterCAD for AutoCAD and open the file ‘Lesson7.dwg’ in the \Haestad\Wtrc\Lesson
directory. SelecEdit\Change Entities to Pipes from the menus. The AutoCAD command
line will prompt you to ‘Select objects’. Draw a selection window around all of the objects in
the drawing by clicking the upper left and lower right corners, then click the right mouse
button. ClickYeswhen asked if you wish to set up the project.

The following commands are for both Stand-Alone and AutoCAD modes.

1. In the Wizard, enter ‘Lesson 7 -- Polyline to Pipe’ as the project title, Mgk, and Next
again to accept the default settings. Make sure that you are set upcibdechdrawing, with
a horizontal scale of 8000 and a vertical scale of 300. Set the threeAnnotation
Multipliersto 2.8. ClickNext again.

2. In order to minimize your data input later, create prototypes for common element
characteristics. The most common type of pipe in the model you will be creating is 150 mm
ductile iron with a C of 130. Make sure these characteristics coincide with the prototype
values, and clicloK.

3. Since you have two identical pumps, go ahead and set up a prototype for them, using the data
below. Be sure to change the unitd/tain before entering the discharge values. Ctdk
when you are finished.

Pump Data
Head |Discharge
(m) (I/min)
Elevation| Pump Shutoff: 70.0 0
(m) Type Design: 50 1200
148 3 Point Max. Operating 35 2000

4. Create one more prototype, this time for the PRV’'s. They both have an elevation of 129 m
and an HGL setting of 185.2 m. Cli€K, and therFinished. The Polyline to Pipe Wizard
now opens.

For usersin Stand-Alone mode only:

1. Browse to open the file ‘Lesson7.dxf’, located in the Haestad\Wtrc\Lesson directory. Leave
the DXF unit set to meters, and clislext.
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Polyline to Pipe Wizard E3

1 Specify the DF file that you would like to convert

File name: ID AHaestad W TR C eszonz\Lessony. dxf

—_ ft Specify the unit to uze when converting DEF coordinates to YW aterCAD coaordinates

m
1D><anit=1:lm 'I

Cancel Help < Hack | Mewut » | Eirrshed

For all users:

1. Now, set up the options WaterCAD will use when performing the conversion. Change the
Tolerance to 1 m, so that pipe endpoints that come within a meter of one another will be
assumed to be connected. Select the radio button for Convert Polylines and Lines to pipes
and tell WaterCAD create a Pressure Junctionif no node is found at a polyline endpoint.

Click Next.

Polyline to Pipe Wizard E3

~EE~ Specify the tolerance to uge when atternpling to connect pipe endpoints

Tolerance: |1 oo m

@ Which AutaCAD entities would vou like to convert to pipes?

" Coreert Lines to pipes

= Coreert Polylines to pipes

i+ Convert Pallines and Lines to pipes

w'hat would you like to da if a node cannaot be found at a polyling endpoint?
[withiti the specified tolerance]

% Create a IF'ressure Junction vI if none found at a polyline endpaint

" Do not convert the polyling [review it later]

Cancel Help < Back I Mewut » I Eirrshed

2. Select the option to join pipes at T-intersections within the specified tolerance, and click

Next.
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Polyline to Pipe Wizard E3

Howw vaould pou like o handle polulines that form T4ntersections?
[withiti the specified tolerance]

% iain the pipes at the intersection

= Donot join the intersecting pipes

F-1a
' Pib| P2

Before Conversion After Conversion

Cancel Help < Back I Mewut » I Eirrshed

3. Select Yeswhen asked if you have blocks that you would like to convert to nodes, and fill in
the table by matching the AutoCAD Blocks JUNCTION, PRV, PUMP, RESERVOIR, and
TANK with the corresponding WaterCAD elements (Pressure Junction, PRV, Pump,
Reservaoir, and Tank). Click Next.

Polyline to Pipe Wizard E3

- @ [Does thiz drawing contain blocks that you would like to convert to nodes?

& Yes © Mo

oo Foreach AutaCAD block to be converted, specify
40 the waterCAD node element to be created

AutoCAD Block, ‘WaterCAD Element | <] Inzert | [ rieven
1 [JUMCTION Pressure Junction Delete |
2 |PRY PRy
3 |PUMP Purnp \ﬁ/
4 |RESERVOIR EsErval
5

Cancel Help | < Back I Mewut » I Eirrshed

4. You will be given the option to alter the prototype settings. This option is useful if you want
to import in multiple passes, grouping like data together to make the data entry process more
automated. For instance, we could have chosen to import al of the 100 mm pipes, then the
150 mm pipes, €etc., changing the prototype each time. For this example, we will leave the
prototypes as we set them in the Project Setup Wizard. Click Next.

5. Make sure that the layers HMI_NODE and HMI_PIPE are both checked, and click Finished
to perform the conversion. When it is completed, Closethe statistics window.
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Polyline to Pipe Wizard E3

= Select the layers that contain elements you would like to corvert

TIMLNODE T — T |

v HMI_FIPE

BT HML ¥ Only include elements
that will be converted

[

Cancel | Help | < Back | HErs | Firizhed I

6. A Drawing Review dialog element opens, with junctions listed. The purpose of the Drawing
Review is to alert you to problems or assumptions made during the import. Find any one of
these junctions by highlighting it in the list and clicking Go To. The drawing pane will center
on the junction and select it. If you have difficulty seeing the selected element, increase the
zoom factor in the Drawing Reviewdialog.

i, WaterCAD by Haestad Methods MmEE

File Edit Analysiz Wiew Tool: Heport Help
D =|Rle bl«alale) s O 7|x- 22 2| @ 2

W Time: B[ [ooohe o] 9] Inerement <o e 'IQI @l
gg Dirawing Review x|
- [1-72 GoTao |
= |
. 75 Hext
o -76 Frev
&7’ |
m’ Select =
o _ ek |
\ »
==
Zoom; |100.0% =
|13 of 183 elements)
r-;140
wi L
4

|Backaround: OFF [« 700.768.62 »:21.177 91 m

COMPUTE [

7. Open the element, and click the Messagedab. There will be a message telling you that the
node was added during the Polyline to Pipe conversion. The junction had to be added because
there was no node at that location in your DXF drawing, but there was a polyline endpoint. In
the Polyline to Pipe Wizard, you instructed WaterCAD to add junctions to endpoints.

Even though you now have your drawing converted to a pipe network, it is still not ready to
be run, because you can only bring in element types and network connectivity using this type
of import. Before you could run this model, you would have to input data for elevations,
demands, pipe sizes, etc., either directly into WaterCAD or through database connections.
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For users in AutoCAD mode only:

1. The WaterCAD elements are now on layer 0, since that layer was current when you
performed the conversion. If you turn off layers HMI_PIPE and HMI_NODE, only the actual
WaterCAD elements will be visible.
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4.1

Chapter 4

Starting a WaterCAD Project

This chapter describes how to start a new project as well as the files that WaterCAD creates to

save your project’s data. At the beginning of a project, you need to set some global settings. In the
Global Options and Project Options dialogs, you can specify the unit system, the friction
formula(s) used, and whether you want to use Auto Prompting. Dréneing Options, you can

specify settings such as the drawing scale and the size of the symbols and annotations.

These options can also be viewed or edited by selecting the Options menu item from the
Tools pull-down menu.

You can also access tli@exUnit dialog in order to globally specify the units and number of
decimals to be displayed for each type of data.

File Management

WaterCAD uses the .WCD extension to store all model input data (including element inputs,
alternatives and scenarios, etc.) both for Stand-Alone and AutoCAD modes.

When WaterCAD runs within AutoCAD, two important files are used. The .WCD file is still used
to hold all model data, and a .DWG file contains all of the AutoCAD entities. This means that
even a complete AutoCAD drawing corruption (or loss) will not endanger your hydraulic model
data — in fact, you can even regenerate the AutoCAD modeling elements from the .WCD file!

WaterCAD Backup Files

When a .WCD file is overwritten by a save action, a backup file of the .WCD file is created with a
.WCK extension. Note that AutoCAD also generates a backup drawing file, with a .BAK
extension.

Shapefile/Database Connection Files

If you use the Shapefile or Database Connections Managers to exchange data with external data
sources, the connection files you create/use have the .HSC and .HDC extension respectively. By
default they are named WTRC.HSC and WTRC.HDC and are located inhgestad\wtrc
directory. In this case, these connections are shared between all your projects. You are also given
the option to keep these connections local to your project. In this case, these files are placed in
your current project directory, with the same name as your .WCD file but with the .HSC and
.HDC file extensions, respectively. See the "Sharing Shapefile Connections between Projects”
and "Sharing Database Connections between Projects" topics in the "GIS and Database
Connections" chapter for more information.
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Libraries
Libraries are saved in separate files so they can be shared between projects. The paths are
specified in the Engineering Library Manager. They have a .HLB extension, and are located by
default in your haestad\wtrcdirectory.
Ad(dlitional Files
WaterCAD creates additional files in the same directory as your .WCD file to save the calculation
results. Since recalculating the scenarios can regenerate these results, these files do not
necessarily need to be included when backing up your important files. However, if you are
unsure, simply copy all files present in your project directory.
NI
(O It is recommended to use a separate directory for every WaterCAD project on your
computer to facilitate project management and backup.
4.1.1 Import Command
The Import command allows you to import data from KY pipe v1, v2 or v3; EPANet v1 or v2;
and Cybernet v1 or v2. You will then be able to save this project as a WaterCAD v4 project. The
data is imported into an empty project, therefore, before the data is imported, you will be
prompted to save your current project if it contains WaterCAD elements.
=g The current project remains in schematic mode when importing data.
We've made every effort to prevent the loss of data during these imports. However, all
imported data should be checked for accuracy.
WaterCAD v3 projects should simply be opened in WaterCAD v4 (as any WaterCAD v4
project), without using the Import command. However, once you save the project ir]
WaterCAD v4, the project files cannot be opened in WaterCAD v3 any longer.
To access the Import dialog, select Import\Network from the File pull-down menu.
4.1.2 Multiple Sessions
WaterCAD does not support multiple sessions. WaterCAD uses a single document model and
support for multiple views has not been implemented. Therefore, do not try to open more than one
session of WaterCAD at the same time or data loss and data corruption could occur.
4.2 Project Management
4.2.1 Project Setup Wizard

The Project Setup Wizard dialog can only be accessed at the start of a new project (File\New
from the pull-down menus, or from the Beginner's Welcomedialog). All of the options that are
edited from the wizard, however, can be changed individually from other pull-down menus.

The Project Setup Wizard assists you in the creation of a new project by stepping you through
many of the project-wide options allowing you to set most of your notes and defaults before you
even create the first pipe.
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The areas covered by thiswizard include:

Project Summary — Includes information about the project, such as the project title, the
project engineer, and general comments.

Project Options — Include information regarding global options, such as the desired friction
method and coordinate system.

Drawing Options — Include information regarding the drawing pane, such as the drawing
scale, annotation multipliers, and background drawing data (for Stand-Alone mode only).

Prototypes — Enable you to set default values for elements, which are used to initialize values
for any new elements that are added to the project.

Creating a New Project
To create a new project in Stand-Alone:

1.

3.
4.

At theWelcome dialog, clickCreate New Project and clickOK. Or, selecFile\New from
the pull-down menu. ThE€reate Project File As window appears so that you can enter a
new file name for your project.

Select the appropriate drive and directory where you want to save the project.
Enter the file name. Then cli€kK.

Follow theProject Setup Wizard.

To create a new project in AutoCAD:

1.
2.

Selecfrile\New from the pull-down menu.

TheCreate Project File As window appears so that you can enter a new file name for your
project.

Select the drive and directory where you want to save the project.
Enter the file name. Then cli€kK.

Follow the Project Setup Wizard.

Opening an Existing Project
To open an existing project:

1.

Do one of the following:

From the toolbar, click th®pen button@l

-or-

At the Welcome dialog, clickOpen Existing Project, then clickOK .

-or-

ChooseFile\Open from the pull-down menus. Th@pen File window appears.

Select the appropriate drive and directory where the project is located. The program displays
all the projects stored in that directory.

Select the desired file name and clijen or OK.
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4.3

4.3.1

Saving a Project
To save an existing project to disk:

1. Select File\Savefrom the pull-down menus. The Save Project File Asdialog will appear. If
the project has been previously saved, the command will execute. Otherwise, the next two
steps must be completed.

2. Select the drive and directory where you want the project located. The program displays al
the projects stored in that directory.

3. Enter the file name under which you wish to save thefile.

Project Summary

The Summary dialog provides a way to enter a Project Title, the name of the Project Engineer,
and any significant Comments (for example, the project revision history). The Date field defaults
to the current day. To change any portion of the date, click the item to change (i.e: month field),
then use the up and down arrows to set the date.

The Project Title and Project Engineer will print in the footer of the Reports.

To access the Project Summary dialog select File\Project Summary from the pull-down menu.

Options

Global Options
The Global Options dialog allows you to customize the following options for this application:

« Welcomedialog (Stand-Alone mode only)

e Unit System

e Enter Key Behavior

» Background/Foreground Color (Stand-Alone mode only)
» Sticky Tool Palette (Stand-Alone mode only)

* Auto Prompting

* Right-Click Context Menu (This toggle exists only in AutoCAD R14; that option is
automatically On in AutoCAD 2000)

To access the Global Options tab, select Tools\Optionsfrom the pull-down menus.

Welcome Dialog

The Welcome dialog appears when the program is started, and provides easy access to common
tasks you may want to perform when you first start using the program. The following options are
available:

o Tutorids

* Create New Project

*  Open Existing Project
» Exit Program
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Unit System

Although individual units can be controlled throughout the program, you may find it useful to
change your entire unit system at once to either the System International (Metric) unit system or
the US Customary(English) system.

When you switch to a different unit system, you will be asked to confirm this action. If you
choose YES, all datawill be displayed in the default unit for the selected system.

If the file that you are editing in Stand-Alone mode is aready associated with an AutoCAD
drawing, be careful not to change the unit systems. Otherwise, the .DWG and the WCD files may
become irreversibly out of sync.

Enter Key Behavior
This controls which standard the Enter key follows during editing:

« CUA Enter Key — With this setting, thé&enter key acts as it normally does for Windows
applications. It is conforming to Common User Access (CUA) standards. This means that
when you press thEnter key, it is as though you pressed the default button on the dialog.
CUA Enter Key is the recommended setting.

» Tabbing Enter Key — With this setting, th&nter key behaves the same as Trab key for
editable fields (not buttons). This means that when you predsntiee key, the cursor will
move to the next field in the dialog.

Window Color

You can specify the background and foreground colors of the main graphical window in Stand-
Alone mode. The foreground color is the default color that is applied to all elements symbols,
pipes, labels, and annotations when no color coding is defined. These color settings also apply to
the Scenario Comparison window, but do not apply to tHerofile or Graph Plot windows.

Sticky Tools

Available in Stand-Alone mode. Witticky Tools disabled, the drawing pane cursor will return

to the Select tool after creating a node or finishing a pipe run. Skfitky Tools enabled, the tool

does not reset to the Select tool, allowing you to continue dropping new elements into the drawing
without reselecting the tool.

The Sticky Tool Palette can be turned on or off to meet your needs and preferences.

Auto Prompting

Auto Prompting allows you to immediately enter data as elements are added to the drawing,
without interrupting the layout process.

When Auto Prompting is active, theuto Prompting dialog will immediately appear when you
add an element to the drawing. From #go Prompting dialog, you can modify the element's
default label, and you can access the remaining input data by clicking the asdediatewtton.
Auto Prompting can also be toggled off in this dialog.

Right-Click Context Menu Option in AutoCAD Mode

If the Right-Click Context Menu option is enabled, a right mouse click on a WaterCAD entity in
AutoCAD R14 will pop-up a context menu for editing or modifying the element (this functionality

emulates the ability that is available in WaterCAD Stand-Alone mode). Right-clicking over any
other entity in the drawing will invoke standard AutoCAD right-click behavior.
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D

In AutoCAD 2000, this option is always available. Simply select the element in th
AutoCAD drawing and right-click to obtain a pop-up menu, from which you can select
Edit.

Project Options

The Project Options dialog allows you to set essential information about your project, grouped
into the following:

» Friction Method

e Liquid

e Input Modes

» Pipe Length Rounding

To access the Project Options tab, select Tools\Optionsfrom the pull-down menus.

Friction Method

The friction method option enables you to select the methodology for determining flow resistance
and friction losses during calculations.

Available methodologies include:

» Darcy-Weishach: Colebrook-White Equation
* Hazen -Williams Formula

e Manning’s Formula

If you change the friction method after pipes have been entered into the network, the program will
ask if you want to update the roughness values of those pipes. If youYssiettte program will
assign all pipes a new roughness that corresponds to the default roughness of the pipe material.

Liquid
You can specify the type of liquid transported by the network, the characteristics of which
(kinematic viscosity and specific gravity) are defined in the Liquid Library.

The kinematic viscosity is used in determining the friction coefficient in the Darcy-
Weisbach Friction M ethod.

Input Modes

WaterCAD supports several input modes to adjust data entry to your style or the needs of a
particular project.

e Coordinates — Coordinates can be displayed either in X and Y format or as Northing and
Easting. Whichever coordinate input mode is chosen will be active everywhere within the
program (element editors, FlexTables, etc.).
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» Settings —This drop-down list allows you to set whether values on control conditions will be
input in terms of hydraulic grade or pressure. Note that regardless of the mode you choose, the
program will always display valuesin both hydraulic grade and pressure.

e Tank Levels —This drop-down list allows you to set whether tank operating ranges will be
input in terms of elevations (height above a datum elevation of 0) or levels (height above the
wet well's base el evation).

Pipe Length Rounding
Pipe length rounding is used to determine the level of precision desired for scaled pipe lengths.
Pipe lengths will automatically be rounded according to the pipe length rounding value.

For example, consider a pipe with an actual scaled length of 35.8 meters. If the pipe length
rounding valueis 1.0 meters, the program will assume the pipe length to be 36.0 meters.

This only affects the value as it appears in elemental editors, FlexTables, and so on. The
actual length of the pipe figure in the drawing pane is not physically adjusted to force thg
pipe to a rounded length.

A change to the pipe rounding length is not retroactive. Therefore, it will not affect

existing pipes unless the user-defined length is toggled on and then off again.

Drawing Options

The Drawing Options dialog allows you to specify information regarding the graphical display of
elements in the drawing pane, including:

« Drawing Scae

« Annotation Multipliers
* PipeText

« Background Drawing

» Symboal Visibility

To access the Drawing Options tab, select Tools\Optionsfrom the pull-down menus.

Drawing Scale

You can set the scale that you want to use as the finished drawing scale for the plan view output.
Drawing scale is determined based upon engineering judgement and the destination sheet sizes to
be used in the final presentations.

You may choose either Schematic mode or Scaled mode to define the horizontal and vertical
distance scales.

e Schematic— Pipe lengths are not automatically initialized from their lengths in the drawing
pane, but must be manually entered for each pipe.

e Scaled — Pipe lengths are determined from the lengths of the pipe elements in the drawing
pane.

— HOR - Horizontal scale controls the scale of the plan view.

- VER - Vertical scale controls the default elevation scale (for use in profiles, for example).
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Scaled and schematic mode can be set on a pipe-by-pipe basis. Thisisuseful when scaled modeis
preferred, but an exaggerated scale is needed for layout of detailed piping arrangements.

Whether the drawing is set in scaled or schematic mode automatically reflects the setting of the
pipe prototype. While in schematic mode, Gravity Pipe Prototypes and Pressure Pipe Prototypes
can be assigned a default length. When the drawing mode is scaled, pipe lengths do not need to be
initialized from the prototype. Note that switching between scaled and schematic in either the
Project Options or Pipe Prototypedialogs has no effect on existing pipes.

Annotation Multipliers

Annotation multipliers allow you to change the size of symbols, labels, and annotation text
relative to the drawing scale. There is not a single annotation size that is going to work well with
all projects and scales, so these values should be adjusted based on your judgment and the desired
look of the finished drawings.

e Symbol Size -The number entered in thisfield will either increase or decrease the size of your
symbols by the factor indicated. For example, a multiplier of 2 would result in the symbols
being doubled in size. The program selects a default symbol height that corresponds to 4.0 ft
(approximately 1.2 m) in actual-world units, regardiess of scale. Unlike text, this symbol
height will not automatically change as you modify the drawing scale. So, if you are
generating drawings in smaller dimensions you may want to increase the graphical display size
of your symbols.

» Text Height — The text height multiplier increases or decreases the default size of the labeling
text associated with element labeling by the factor indicated. The program automatically
selects a default text height that displays at approximately 2.5 mm (0.1 in) high at the user
defined drawing scale. A scale of 1.0 mm = 0.5 m, for example, would result in a text height
of approximately 1.25 m. Likewise, alin = 40 ft scale equates to a text height of around 4.0
ft.

Annotation Height — The annotation height multiplier increases or decreases the default size
of the element annotation by the factor indicated. The program automatically selects a default
text height that displays at approximately 2.5 mm (0.1 in) high at the user defined drawing
scale. A scale of 1.0 mm = 0.5 m, for example, would result in a text height (to scale) of
approximately 1.25 m. Likewise, a 1 in = 40 ft scale equates to a text height of around 4.0 ft.

Pipe Text

The Align Text with Pipes toggle lets you specify whether you want the pipe labeling and
annotations to be parallel to the pipe or horizontal.

Background Drawing
In Stand-Alone mode, a DXF file may be used as a background image for the drawing pane.

Show Background — If the background DXF file is turned off, it will not be read from a disk
or displayed in the drawing pane. If the background is not turned off, it will be read from a
disk and displayed.

DXF Unit — The DXF drawing unit conversion is used when importing DXF background files,
and also when exporting a DXF file from the project. Note that the value in this field governs
the DXF file import behavior for DXF files saved in scientific, decimal, or fractional units, but
not for DXF files saved in architectural or engineering units.

DXF Background Filename — This field enables you to specify a DXF file to be used as the
background for your project. Enter the drive, directory, and file name, or clicRrihvese
button to select a file interactively.
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4.4

4.4.1

DXF file import behavior is governed by specific factors within the DXF file. If a file does not
import as you expect, check the options used to generate it carefully. For example, try importing
the DXF back into the original program, or into another program that supports the DXF format
(such as AutoCAD, MicroStation, etc.). If the DXF does not import into other applications, there
may be an invalid or missing header, invalid elements, or other errors.

Symbol Visibility

Symbol visibility allows you to customize the drawing by turning specific layers on or off. Each
drawing layer holds a particular type of graphical element, such as labels and annotation. To
remove the graphical elements of a particular layer from the drawing view, simply uncheck the
associated box.

Show Labels— The label layer holds the labels for all network elements.

Show Graphic Annotations — Graphic annotation includes lines, borders, and text (in Stand-
Alone mode only).

Show Element Annotations — Element annotation includes any dynamic annotation that is
added to the project (by the Annotation Wizard).

Show Source Symbols- For a water quality analysis, a symbol may be displayed next to
nodes that are defined as a Constituent Source.

Show Control Symbols — A symbol may be displayed next to pump, valve, and pipe elements
with one or more controls, as defined in @antrols tab of the element editors.

Show Flow Arrows — Arrows indicating the flow direction may be displayed after calculations
have been run.

FlexUnits

Unit flexibility is available from almost anywhere within Haestad Methods’ software, including
elemental dialogs, FlexTables, and the FlexUnits Manager.

Set Field Options

Most dialogs allow you access to FlexUnits, to set such options as the units, rounding, and
scientific notation for any field in the dialog.

To set the display options for a unitized attribute:

1.

2.
3.

Right-click the field and sele@roperties from the pop-up context menu. TiSet Field
Options dialog will appear.

Set the options you want for your units.

Click OK to set the options for the field, Gancel to leave without making changes.

You will be able to change the following characteristics:

Units
Display Precision
Scientific Notation

Minimum and Maximum Allowable Values
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4.4.4

Some attributes do not have theoretical minimum or maximum values, and others may have an
acceptable range governed by calculation restrictions or physical impossibilities. For these
attributes, minimum and maximum allowable values may not be applicable.

You can see the results of your changes in the preview at the top of the dialog.

Units
Units are the method of measurement displayed for the attribute. To change units, click the drop-

down list, then click the desired unit. Thelist is not limited to SI or US customary units, allowing
you to mix unit system within the same project.

Note that FlexUnits are intelligent — the units actually have meaning. When you change units, the
displayed value is converted to the new unit, so the underlying magnitude of the attribute remains
the same.

For example, a length of 100.0 feet is not converted to a length of 100.0 m or 100.0 in. It is
correctly converted to 30.49 m or 1200.0".

Display Precision
The precision setting can be used to control the number of digits displayed after the decimal point,
or the rounding of numbers.

Number of Digits Displayed After Decimal Point
Enter O or a positive number to specify the number of digits after the decimal point.

For example, if the display precision is set to 3 then a value of 123.456789 would display as
123.457. This works the same regardless of whether or not scientific notation is active.

Roundling
Enter a negative number to specify rounding to the nearest power of 10; -1 rounds to the nearest
10, -2 rounds to the nearest 100, and so on.

For example, if the display precision is set to -3 then a value of 1,234,567.89 would display as
1,235,000.

Display precision isfor numeric formatting only and will not affect calculation accuracy.

Scientific Notation

Scientific notation displays the number as a real number beginning with an integer or real value,
followed by the letter & and an integer (possibly preceded by a sign). Click the field to turn
scientific notation on or off. A check will appear in the box to indicate that this setting is turned
on.

Scientific Notation is for numeric formatting only and will not affect calculation
accuracy.
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Minimum and Maximum Allowed Value

Minimum and maximum values are used to control the allowable range for an attribute, and are

used for validation of user input. For example, some coefficient values might typically range

between 0.09 and 0.20. A frequent user input error is to misplace the decimal point when entering

avaue. If you enter a number that is less than the minimum allowed value, a warning message

will be displayed. This helps reduce the number of input errors.

Y ou may change this number in cases where you find the default limits too restrictive.

These allowable minimums and maximums are only available for certain parameters.

4.4.6

Flex Unit Table

The flexUnits table, which can be accessed by selecting Tools\FlexUnits, alows you to set the

parameters for all the unitsused. The dialog consists of the following five columns:

Use Defaults — Clicking this button resets all the units to default US customary or metric units,
based on the project global unit system. This is specified oGlitlgal Options tab, accessed

Attribute Type — Attribute measured by the unit.

Unit — Type of measurement displayed. To change the unit of an attribute type, click the drop-
down menu, and click the unit you want. This option also allows you to use both US

customary and Sl units in the same worksheet.

System — Set the system of units. Click the system column for the desired unit, and a button

should appear. Click the button, and set the unit system to the US or S| system.

Display Precision — Rounding of numbers and number of digits displayed after the decimal
point. Enter a negative number for rounding to the nearest power of 10; (-1) rounds to 10, (-2)
rounds to 100, (-3) rounds to 1000, and so on. Enter a number from O to 8 to indicate the
number of digits after the decimal point. This feature works the same whether scientific
notation is on or off.

Scientific Notation — Display numbers in scientific notation. Click the field to turn scientific

notation on or off. If it is turned on, a checkmark appears in the box.

from theTools\Options menu from the main menu.

The display units can also be changed from several other areasin the program, with any
changes being project-wide. For example, if length is changed from units of feet to
meters, all pipe dialogs will display length in meters. If you change the unitsin the pipe
dialog from metersto yards, the FlexUnits M anager will indicate that length isin yards.

FlexTables have the ability to use localized units, which are maintained separately from
the current project settings. This allows you to create reports using units that differ
from the currently active ones.
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5.1

5.1.1

5.1.2

Chapter 5

Layout and Editing Tools

This chapter describes the various tools that are available to simplify the process of graphically or
manually entering network data. These tools allow you to select elements to perform various
graphical or editing operations, locate particular elements, review the network for potential
connection problems, label or relabel elements, review your data, or define any new type of data.

Graphical Editor

One of the most powerful features of the graphical editor, both in Stand-Alone and AutoCAD
mode, is the ability to create, move, edit, and delete network elements graphically. With these
capabilities, modeling becomes a simple point-and-click exercise. The on-line tutorials have step-
by-step instructions for performing common tasks in the graphical editor, and Lesson 1 also offers
assistance.

Working with Network Elements Within the Graphical Editor

Most network editing tasks can be performed using only your mouse. The pull-down menus and
AutoCAD command line also offer the ability to perform many of these tasks, but by simply
pointing-and-clicking with the mouse you will be able to:

* Create New Elements
» Select Elements

+ Edit Elements

* Move Elements

* Delete Elements

* Annotate the Drawing

As you move your mouse over each element, a tool-tip is displayed informing you of th
element’s label and annotations.

Creating New Elements

The tool palette contains all of the tools necessary for adding network elements to the drawing.
These element tools include:
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Pipe Layout Tool — Pipes are link elements that connect junction nodes, pumps, valves,
tanks, and reservoirs.

Pressure Junction Tool — Junctions are non-storage nodes where water can leave the
network to satisfy consumer demands or enter the network as an inflow. Junctions are also
where chemical constituents can enter the network.

change as water flows into or out of it during an extended period simulation.

Reservoir Tool — Reservoirs are a type of storage node. The water surface elevation of a
reservoir doesot change as water flows into or out of it during an extended period
simulation.

Tank Tool — Tanks are a type of storage node. The water surface elevation of a tank will
&

P Pump Tool — Pumps are elements that add head to the system as water passes through. A
—_1 Pumpis represented as a node.
=

Valve Tool — Valves are elements that open, throttle, or close to satisfy a condition you
specify. A valve is represented as a node.

10.0 Spot Elevation Tool — In addition to the elevations at junction nodes and other network
elements, supplemental spot elevations can be entered throughout the model without adding
unnecessary model nodes.

Although elements can be inserted individually, the most rapid method of network creation is
through thePipe Layout tool. ThePipe Layout tool enables you to connect existing nodes with
new pipes, but also allows you to create new nodes as you lay out the pipes.

For example, when thipe Layout tool is active, clicking within the drawing pane will insert a
node. Clicking again at another location will insert another node and connect the two with a pipe.
Use the on-line tutorials to experience it interactively.

Changing the Pipe Layout Tool to Insert a Different Type of Node

While laying out the network, you may need to change the type of node that the pipe layout tool
inserts. This can be done very easily and quickly by following the steps outlined below.

1. Right-click in a blank area of the graphical editor.
2. A context menu will pop up with a list of available element types.

3. Select an element type from the context menu.

The cursor appearance will change to reflect the type of nodeto beinserted.

Morphing Elements

Occasionally, you may find that you need to replace a node with a different type of node. You can
change the element’s type without deleting it through a process called morphing.

Morphing enables you to change the type of an existing network node, without having to delete
and re-create the node and all of its connecting links. Information that is common between the
existing and new element will be copied into the new element. To morph an existing element into
a different type of element:

1. From the Tool Palette, select the new element type.
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2. Inthe drawing pane, place the cursor over the old element and click.

3. You will be prompted to verify that you want to morph the old element simply as a security
measure to ensure that an element is not accidentally morphed. In the event that you do
accidentally morph an element, this action can be undone.

5.1.5 Splitting Pipes
You may encounter a situation where you need to add a new node in the middle of an existing

pipe. For example, you may need to insert a new inlet to capture excessive surface flow in
StormCAD or a new manhole in SewerCAD.

Y ou can split existing pipes simply by inserting a node along the pipe.
1. Fromthe Tool Palette, select the node type.
2. Inthe Drawing Pane, place the cursor over the pipe and click.

3. You will be prompted to confirm that you wish to split the pipe. If you choose to split the
pipe, the node will be inserted and two new pipes will be created with the same characteristics
astheorigina pipe (lengths are split proportionally).

4, If you choose not to split the pipe, the new element will be placed on top of the pipe without
connecting to anything.

5.1.6 Selecting Elements

You can select one element or a group of elements in the graphical editor on which you can then
perform various operations such as moving, deleting, and editing.

Selecting Elements (Stand-Alone Mode)

In Stand-Alone mode, first activate the Select tool M

To select a single element, simply click it. To select a group of elements, click in the drawing
pane and drag the mouse to form a rectangle around the elements you want to select; then click
again to choose the other corner of the rectangle. All elements that are fully enclosed within the
selection rectangle will be selected.

To select or deselect other elements or groups of elements, you can follow the same instructions as
above, while holding down the Shift key. Note that there are also many other ways to select
elements through the Edit menu.

When an element is selected in the Stand-Alone drawing pane, it will be displayed with at least
one grip. A grip is a black box, as shown below, that indicates the figure’s insertion point. The
label of a selected item, or the number of selected items, will be displayed in the status bar.

©

Selecting Elements (AutoCAD Mode)

Within AutoCAD, the Select tool does not need to be active when making a selection. In fact, no
tools need to be active. Many of the standard Windows selection techniques can be used in
AutoCAD, similar to the selection method in Stand-Alone mode.

AutoCAD also offers a variety of other selection methods, which are outlined in AutoDesk’s
documentation.
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5.1.7

5.1.8

When an element is selected in AutoCAD, it may be displayed in a dashed linetype and the grips
may become visible, as shown below. The exact display depends on how the element was
selected, and the value of the AutoCAD variable— GRIPS.

{ o}

Editing Elements

Not all network elements have the same input data. There are several methods for editing network
elements’ data, including Database Connections, FlexTables, and the Alternative Manager.

Perhaps the most common method of changing element data, however, is from an individual
element’s editor. To edit a single element, useS#iection tool, in Stand-Alone mode or in
AutoCAD mode.

In Stand-Alone mode, editing a single element is very easy. Simply double-click the element, and
the editor dialog will open. Alternatively, you can right-click the element and deditct. from
the pop-up context menu.

EditJ-2...

Delete

Create Selection Set..
LCompute...
Options...

In AutoCAD mode, the process is dlightly different but till very easy. With the Select tool active,
simply click the element. If you have Right Mouse Context Menu checked in the Global
Options dialog, you can a so right-click to bring up the pop-up context menu.

Right-click context menus can provide easy access to common functions and actions.

Moving Elements

You can change the location of elements easily, whether you are in Stand-Alone or AutoCAD
mode.

The first step isto select the element(s) to be moved. With grips displayed, smply drag a grip and
drop it at the new location. When a node is moved to a new location, pipe lengths are
automatically updated according to the set scale.

In AutoCAD this is the equivalent of the STRETCH command, not the MOVE
command. There are also several other methods of moving items within AutoCAD. For
more information regarding moving elements within AutoCAD, please refer to your
AutoDesk documentation.

In the same fashion, you can also graphically change the location of element labels and annotation
relative to the element.

Additionally, a node element can be moved by editing its coordinates in the element’s editor, in
FlexTables, or through database connections.
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5.1.9 Deleting Elements

Deleting elements is quite easy. Simply select the element(s) to be deleted, and press the Delete
key on the keyboard. Note that the integrity of the network is automatically maintained when
deletions are performed. This means that when a node is deleted, any connecting pipes are also
deleted to prevent "dangling" pipes that would otherwise cause the network to be invalid.

There are also several other methods of deleting elements, including selecting Edit\Delete from
the pull-down menu, or typing ERASE at AutoCAD’s command line.

5.1.10 Other Tools

Although this product is primarily a modeling application, some additional drafting tools can be
helpful for intermediate calculations and drawing annotation. AutoCAD, of course, provides a
tremendous number of drafting tools.

N rl In Stand-Alone mode, drafting and annotation tools allow you to add polylines
(multi-segmented lines), rectangles, and text to the drawing pane.

Line Enclosed Area
In the Stand-Alone drawing pane, you can calculate the enclosed area of any closed polyline. This
feature can be especially helpful for determining catchment areas or residential areas.

Simply right-click the closed polyline, and selé&aticlosed Area from the pop-up context menu.
TheArea dialog will open, displaying the calculated area of the polyline enclosure.

‘ This tool is only available for closed polylines. To close an open-ended polyline, right- |
‘ click it and select Close from the context menu.

Although this feature is not provided in AutoCAD mode, you can determine the area of any
AutoCAD polyline by performing & ST command on it.

5.2 Selection Sets

Selection sets are user-defined groups of network elements. They allow you to predefine a group
of network elements that you want to manipulate together. Selection sets are defined through the
Selection Set Manager in tA@ols menu.

5.2.1 Selection Set Manager
The Selection Set Manager is used to create, edit, and duplicate selection sets.
e Add - Add anew selection set.

« Edit — Edit an existing selection set.

« Duplicate — Copy an existing selection set.

« Deéelete — Delete an existing selection set.

« Rename - Rename an existing selection set.

* Notes— Add a note regarding the selection set.



104

Chapter 5— Layout and Editing Tools

5.3

5.4

New Selection Set

After clicking Add in the Selection Set Managera dialog appears. Simply enter the name of
your new selection set in the dialog. Click OK to name the selection set or Cancel to exit the
dialog without creating a selection set.

Selection Set Dialog

In this dialog, you will notice two panes. A listing of all the elements in the network is displayed
in the Available Items pane. To add items to the Selected Itemspane, select elements using the
mouse and click the [ > ] button under Add. To add all the elements to your selection set, click
the [ >> ] button.

Additionally, you can click the Selectbutton to highlight those items in the Available Items pane
using sorts, filters, or the actual drawing itself. It will also allow you to invert the selection set,
thereby unselecting the ones already selected and selecting the ones not aready selected. You can
also clear the selected items using the Selectbutton.

The features mentioned above are also available to remove items from the Selected Itemspane.

Duplicate Selection Set
Allows you to make a copy of the highlighted selection set.

Rename Selection Set
This dialog allows you to change the name of the highlighted selection set.

Selection Set Notes

The memo field on the Notes dialog allows you to input free-form paragraph text that will be
associated with the highlighted selection set. Useit to write detailed notes.

Find Element

Thisis a powerful feature that allows you to quickly locate any element in the drawing by its label
alone. It performs a case insensitive search. The Find Element feature is available from the Edit
menu on the main window.

To find an element:

1. Choose Edit\Find Element.

2. Typethelabel of the element you wish to find, or you can click in the list box to choose from
asorted list of elementsin the system.

3. You may wish to choose a Zoom Factor from the list provided. 100% is the default zoom
factor. If you wish to magnify the view of the drawing, then choose a zoom factor greater
than 100%. To decrease the view of the drawing, choose a zoom factor |ess than 100%.

4. Click the OK button.

Zooming

Zooming controls how large or small a drawing appears on the screen. Zooming is helpful when

you want to enlarge the display to see the drawing’s details, or to reduce the display to see an
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entire drawing. Zooming does not change the actual size of the drawing; only the size of the
current view.

Y ou can zoom by doing one of the following:

1.

From the View pull-down menu choose:

- Zoom In — Enlarge the view of the drawing.

Zoom Out — Decrease the view of the drawing.

- Zoom Window — Choose the portion of the drawing to fit in the window by drawing
a box around it.

- Zoom Extents — Bring all elements in the drawing into view.
- Zoom Previous — Return to the most recent view of the drawing.
- Zoom Center — Center the location of specific coordinates within the drawing pane.

Use the toolbar buttons:

Zoom Extents

Zoom In

o2 |2 B

Zoom Out

o

+

Zoom Window

IS

Zoom Previous

You can use thePlus key (+) and the Minus key (-) on the numeric keyboard as a
shortcut for zooming in and out respectively (only in Stand-Alone mode).

The previous zooms are maintained in a stack, so it is possible to zoom and pan [to
different portions of the drawing in sequence, then recall those zooms in reversg
seqguence.

Zoom Center

The Zoom Center dialog provides you with a quick way to zoom to any area of your drawing.
This feature is useful if you want to start laying out a network around a certain coordinate, or if
you know the coordinate of an existing element that you would like to locate.

To use Zoom Center:

1.

2
3.
4

Select the View\Zoom Center menu item.
In the Zoom Center dialog, enter the coordinate to which you would like to zoom.
Select a zoom factor if you would like to increase or decrease the magnification.

Click OK, and the specified coordinate will be located at the center of the drawing.
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5.4.2

5.5

Aecrial View

This feature displays a second view of the drawing at a larger scale in a separate window, in order
to facilitate zooming, panning and locating a small viewing area in the main drawing window. It
is enabled and disabled from the View menu.

In Stand-Alone mode:

With Aerial View window enabled (by selecting the View\Aerial View menu item), click and
drag to draw a rectangular view box in the aerial view. The areainside this view box is displayed
in the main drawing window. Alternately, any zooming or panning action performed directly in
the main window updates the size and location of the view box in the Aerial View window.

The Aerial View window contains the following buttons:

e Zoom Extent— Display the entire drawing in thfeerial View window.
e Zoom In — Decrease the area displayed inAleeial View window.

e Zoom Out — Increase the area displayed in Aeeial View window.

To resize the view box directly in theerial View window, simply draw a new rectangular view
box. To change the location of the view box directly inAleeial View window, you can either
drag the view box frame, or create a new view box.

In AutoCAD mode;

Refer to the AutoCAD on-line Help for a detailed explanation.

Drawing Review

The Drawing Review window allows you to quickly review and navigate to any group of
elements. This tool is particularly useful for finding potential problems in a network. These
problems may result from data entry errors or data discrepancies in the source (database,
Shapefile, or CAD drawing) from which a model was imported.

By default, when th®rawing Review window opens, all elements will appear in the list. You
can work with any subset of elements choosing one of the following items:

* Sdlect\Custom — This option allows you to choose any set of elements to review using the
Selection Set dialog.

« Select\All Elements— This option automatically selects all available elements.

» Select\Nodes in Close Proximity — This option allows you to select all nodes that are within a
user-defined tolerance of a pipe, but are not connected to that pipe. The tolerance is defined in
the Nodes in Close Proximity dialog, which opens when this option is selected. This tool is
useful for finding and correcting connectivity problems.

« Select\Pipe-Split Candidates — This option allows you to find nodes that are closer to a pipe
than a user-defined tolerance but are not connected. The tolerance is define®pe-Bm@it
Candidates dialog, which opens when this option is selected. This option is useful for finding
and correcting connectivity problems.

e Select\Orphaned Nodes — This option allows you to select all orphaned nodes in your
network. A node is an orphan when it is not connected to any pipe.

* Select\Elements with M essages — This option allows you to select all the elements that have
warnings or error messages which appear inMiessages tab of an element editor dialog.
This is useful for correcting data entry errors.
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5.6

5.6.1

« Select\Clear Drawing Review Messages This option allows you to resBrawing Review
messages for all elements in the list. Drawing Review messages are automatically added
during varioud mport operations such as Polyline to Pipe Import, Land Development Desktop
Import (in SewerCAD or StormCAD), etc. After you review and fix these problems, you may
want to clear the review messages. |If you want to retain some of the drawing review
messages, simply remove those elements from the list prior to performing this operation.

The elements you select will appear in the primary list located along the left sideDofailiing
Review window.

« Go To- To navigate to an element, select the desired element in the list and pKgesTiie
button.

« Next/Prev — To navigate to the elements sequentially, use the Next or Prev buttons.

e Zoom — You can control the degree to which the drawing review zooms into the selected
element by choosing a zoom factor from the field lab&edm, located in the lower right
corner of the dialog.

Y ou can double-click an element in the list to quickly navigate to that element.

If you know the name of the element to which you wish to navigate, type the label in the
field located above the element list and click the Go To button.

The Drawing Review window is modeless, so all menus and toolbars will remain
available even when the window is open. This will allow you to navigate to and fix any
problemsthat you find.

Use theDrawing Review window in conjunction with thQuick View window to review the data
for the selected elements.

To access thBrawing Review dialog selecEdit\Review Drawing from the main menu.

Selection Tolerance

Someselect operations require you to specify a tolerance for defining which nodes will be selected
for the Drawing Review window.

* Elementsin Close proximity — If the distance between the elements in the drawing is within
the specified tolerance, those elements will be selected for display in the Drawing Review
window.

« Pipe Split Candidates — If the distance between a node and a pipe is within the specified
tolerance, it will be selected for display in the Drawing Review window.

Relabel Elements

Relabel Elements Dialog

Element relabeling allows you to modify the labels of a selected set of elements. An instance
where this is especially useful is with a model built from a database that uses numeric ID's to
identify elements. The element labels will be numeric identifiers when they are imported through

a database connection, making it difficult to distinguish between the different types of elements in
the system. With the element relabeling tool you can quickly append a prefix such as 'P-' to all the
pipes in your system so that it is obvious which labels belong to elements representing pipes.
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5.6.2

5.6.3

The Relabel Elementgdialog contains two sections:
* Relabel Operations— Allows you to select and define the operations you want to perform.
» Elements Selected — Allows you to select which elements in your project you want to relabel.

To access the Relabel Element dialog select Tools\Relabel Elements. from the main menu.

Relabel Operations

The element relabeling tool allows you to perform three types of operations on a set of element
labels: Append, Replace, and Renumber. The active relabel operation is chosen from the list box
in the Relabel Operations section of theRelabel Elements dialog. The entry fields for entering

the information appropriate for the active relabel operation appear beldRelthiwel Operations

section. The following list presents a description of the available element relabel operations.

* Replace — This operation allows you to replace all instances of a character or series of
characters in the selected element labels with another piece of text. For instance, if you
selected elements with labels P-1, P-2, P-12, and J-5, you could to replace all the P's with the
word Pipe by entering 'P' in th&nd field, 'Pipe' in theReplace With field and clicking the
Apply button. The resulting labels would be Pipe-1, Pipe-2, Pipe-12, and J-5. You can also
use this operation to delete portions of a label. Suppose you now want to go back to the
original labels, you can enter 'ipe' in thied field and leave th&eplace With field blank to
reproduce the labels P-1, P-2, P-12, and J-5. There is also the option to match the case of the
characters when searching for the characters to replace. This option can be activated by
checking the box next to tiMatch Case field.

e Renumber — This operation alows you to generate a new label, including suffix, prefix, and
ID number for each selected element. For example, if you had the following labels P-1, P-4,
P-10, and Pipe-12 you could use this feature to renumber the elements in increments of five,
starting at five, with a minimum number of two digits for the ID number field. You could
specify a prefix 'P-" and a suffix -Z1' in the Prefix and Suffix fields respectively. The prefix
and suffix are appended to the front and back of the automatically generated ID number. The
value of the ID number for the first element relabeled, five, is entered in the Next field. The
value by which the numeric base of each consecutive element is incremented, five, is entered
in the Increment field. The minimum number of digits in the ID number, two, is entered in
the Digits field. If the number of digitsin the ID number is less then this value it is padded
with zeros. Click the Apply button to produce the following labels P-05-Z1, P-10-Z1, P-15-
Z1, and P-20-Z1.

« Append — This operation allows you to append a prefix, suffix, or both to the selected element
labels. Suppose that you have selected the labels 5, 10, 15, and 20, and you wish to signify
that these elements are actually pipes in zone 1 of your system. You can use the append
operation to add an appropriate prefix and suffix, such as 'P-' and '-Z1', by specifying these
values in thePrefix and Suffix fields and clicking theApply button. Performing this
operation would yield the labels P-5-Z1, P-10-Z1, P-15-Z1, and P-20-Z1. You can append
only a prefix or suffix by leaving one of the entry fields empty. However, in order for the
operation to be valid, one of the entry fields must be filled in.

The selection of elements on which the relabel operation is to be performed can be selected in the
Elements section of théRelabel Elements dialog.

To access thRelabel Elements dialog, selecT ools\Relabel Elements... from the main menu.

Elements Selected

The Elements section contains a text pane that lists the elements to be relabeled. You can select
the set of elements that appears in this text pane by clickingeléet button. This accesses the
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Selection Sefdialog, where you can pick a set of elements from all the elements currently in the
project.

For the Append and Replace operations, the order that the elements appear in the text pane does
not affect the results of the operation. However, for the Renumber operation, the order in which
the elements appear in the text pane determines the order in which they will be renumbered. The
default order in which the elements appear in the text pane is in the alphanumeric order of the
element labels called ascending order. If you wish to change this order you can click the Sort
button and select Network Order to put the elements in the order they appear in the network,
DescendingOrder to put them in reverse aphanumeric order, or AscendingOrder to put them
back in alphanumeric order.

Element Labeling

The Element Labeling dialog is used to specify the automatic numbering format of new elements
as they are added to the network.

« Element- A non-editable field, indicating the type of element the label applies to.

* Next — Enter the integer you want to use as the starting value for the ID number portion of the
label. The program will generate labels beginning with this number, and will choose the first
available unique label.

* Increment — Enter the integer that will be added to the ID number after each element is
created to yield the number for the next element.

* Prefix — Enter the letters or numbers that will appear in front of the ID number for the
elements in your network.

« Digits— Enter the total number of digits the ID number will have.

» Suffix — Enter the letters or numbers that will appear after the ID number for the elements in
your network.

* Preview — An example of what the label will look like based on the information you have
entered in the previous fields.

Changes to the element labeling specifications will only affect the numberingwo&lements.
Existing elements will not be affected. In order to adjust the numbering of existing elements,
utilize theRelabel Elements option accessible from thigools menu.

Pipe labeling can be aligned with the pipes or be displayed horizontally, depending on
the Pipe Text setting specified in the Drawing Options dialog.

You can control the angle at which the text flips from one side of the pipe to the other (reading in
the opposite direction) to maintain readability, when the pipe direction on a plot is nearly vertical.
By default, the text flips direction when the pipe direction is 1.5 degrees, measured counter-
clockwise from the vertical. You may modify this value by insertifigeeFlipAngle variable in

the Haestad.ini file located in your \Haestad directory, under the [WTRC] section and specifying
the angle at which the text should flip. That angle is measured in degrees counter-clockwise from
the vertical. For instance, if you want the text to flip when the pipe direction is vertical, you
should add the following line to the Haestad.ini file:

TextFlipAngle=0

Reasonable values would fall in the range 15.0 deg to -15.0 deg.
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5.8

Quick View

The Quick View window provides you with a fast way to view the data associated with any
element in the network without having to open the element dialog. It is a floating window that
includes input and output information for any element that you have selected. It also includes a
convenient color coding legend. Three tabs are provided on the window:

* Input — Input data for the selected element.
e Output — Output data for the selected element.
« Legend — Ranges of the active color coding.

When theQuick View window is active, the data for a selected entity will immediately be
displayed.

You can change the size of the Label, Value, and Unit columns on the I nput/Output tabs
by using theresizing bar at thetop of the Quick View window.

You can highlight an Input or Output attribute (e.g. Demand), by clicking the label of
that attribute in the Quick View window. This provides for better visual feedback, for
example, when monitoring the pressures at several nodes.

Use the Quick View butto in the toolbar to toggle th@uick View window on and off.
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Chapter 6

Hydraulic Element Editors

This chapter presents a detailed ook at the input and output data for each type of element used in a
WaterCAD project and the way it is organized in the graphical user interface. First, a description
of the elements used to model the water distribution network is provided, including prototypes as a
way to initialize new model elements with default values. Then the chapter addresses the user
data extension, which allows you to add your own attributes to any element and the zone manager
that allows you to group modeling elements into zones, used for fire flow analysis.

The primary component of a WaterCAD project is the network model. The element types that are
used to form a network are:

Pressure Pipes- Pipes are link elements that connect junction nodes, pumps, valves, tanks,
and reservoirs to each other. The only way for water to travel from one node to another is by
following a path through one or more pipes.

Pressure Junctions — Junctions are non-storage nodes where water can leave the network to
satisfy consumer demands, water can enter the network as an inflow, or chemical constituents
can enter the network.

Tanks — Tanks are a type of storage node. The water surface elevation of a tank will change as
water flows into or out of it during an extended period simulation. Tanks can have either a
circular or non-circular cross section.

Reservoirs — A reservoir is a type of storage node. The water surface elevation of a reservoir
doesnot change as water flows into or out of it during an extended period simulation.
Reservoirs can be used to model external water sources such as lakes, streams, and wells.

Pumps — A pump is an element which adds head to the system as water passes through. It is
typically defined by a pump curve and control elevations, which turn the pump on or off. Itis
represented as a node.

Valves — A valve is an element that opens, throttles, or closes to satisfy a condition you
specify. Itis represented as a node.

A water distribution model will not be considered valid for calculation if the number of
pipes exceeds the licensed size. To determine how many pipes you are licensed for,
choose the Help\About Water CAD menu item. Click the Registration button to view the
size that has been licensed. If the total number of pipes exceeds the licensed size, the
project will not calculate.
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6.1

6.1.1

6.1.2

Element Editors

The element editors allow you to edit all input data and view &l output data defining a single
network element.

Element data may also be viewed/edited more efficiently through FlexTables, which
display all the data in customizable tabular format, allowing you to perform sorting,
filtering, global editing, etc. The data may also be quickly reviewed through the Quick
View window.

To access an element editor, follow the directions below for the mode you are using:

Stand-Alone; Double-click the element you wish to edit, or right-click the element and
select Edit from the drop-down menu.

AutoCAD R14:  Pick the Select tool and click the element you wish to edit. If the Right-
Click Context Menu is selected, you can aso right-click the element and
select Edit from the drop-down menu.

AutoCAD 2000: Pick the Select tool and click the element you wish to edit, or select the
element and choose Edit from the drop-down menu.

Pressure Pipe Editor

Pipes are link elements that connect junction nodes, pumps, valves, tanks, and reservoirs to each
other. The only way for water to travel from one node to another is by following a path through
one or more pipes. The pressure pipe editor organizes the related input data and calculated results
into the following tabs:

« General — General pipe information including dimension and physical characteristics data, as
well as hydraulic results.

« Controls — Control data used to specify whether the pipe is open or closed at a specified time
or based on the HGL or pressure at any node in the system.

e Quality — Input parameters used when performing a Water Quality Analysis as specified in the
Scenario Calculation dialog.

* Cost — Cost Analysis input/output data used when performing Cost Analysis calculations.

» User Data — Additional data as defined by the user. New fields can be added, such as the pipe
installation date or the pipe condition.

* Messages — Calculation messages, such as warnings or error messages, and user-entered notes
and descriptions.

For more information on the data, refer to the topics describing each tab.

Pressure Junction Editor

Junctions are non-storage nodes where water can leave the network to satisfy consumer demands,
water can enter the network as an inflow, or chemical constituents can enter the network. The
pressure junction editor organizes the related input data and calculated results into the following
tabs:

« General — General junction information including geographical data and hydraulic results.
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6.1.3

6.1.4

« Demand- Assignment of demands or inflows to junction elements in order to simulate water
leaving or entering the network. Inflows and demands consist of a baseline flow rate and an
associated Fixed or Extended Period Simulation (EPS) Pattern.

e Quality — Input parameters used when performing a Water Quality Analysis, as specified in
the Scenario Calculation dialog.

* FireFlow — Contains fire flow input and output data.
« Cost — Cost Analysis input/output data used when performing Cost Analysis calculations.
« User Data — Additional data as defined by the user. New fields can be added

e Messages — Calculation messages, such as warnings or error messages, and user-defined notes
and descriptions.

For more information on the data, refer to the topics describing each tab.

Tank Editor

Tanks are a type of storage node. The water surface elevation of a tank will change as water flows
into or out of it during an extended period simulation. Tanks can have either a circular or non-
circular cross section. WaterCAD allows you to define tanks with either fixed or variable
sections.

For steady-state simulations, a tank is considered to have a constant water surface
elevation, similar to areservoir.

The tank editor organizes the related input data and calculated results into the following tabs:
* General — General tank information including geographical data and hydraulic results.
» Section — Data defining the geometric characteristics of the tank and its operating level range.

e Quality — Input parameters used when performing a Water Quality Analysis, as specified in
the Scenario Calculation dialog.

* Cost — Cost Analysis input/output data used when performing Cost Analysis calculations.

e User Data — Additional data as defined by the user. New fields can be added, such as the tank
installation date or the tank condition.

» Messages — Calculation messages, such as warnings or error messages, and user-defined notes
and descriptions.

For more information on the data, refer to the topics describing each tab.

Reservoir Editor

A reservoir is a type of storage node. The water surface elevation of a reservoiotddesnge as

water flows into or out of it during an extended period simulation. Reservoirs can be used to
model external water sources such as lakes, streams, and wells. The reservoir editor organizes the
related input data and calculated results into the following tabs:

» General — General reservoir information including geographical data and hydraulic results.

e Quality — Input parameters used when performing a Water Quality Analysis, as specified in
the Scenario Calculationdialog.

« Cost— Cost Analysis input/output data used when performing Cost Analysis calculations.
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6.1.5

6.1.6

User Data —Additional data as defined by the user. New fields can be added.

Messages -Calculation messages, such as warnings or error messages, and user-defined notes
and descriptions.

For more information on the data, refer to the topics describing each tab.

Pump Editor

A pump is an element that adds head to the system as water passes through it. This software can
currently be used to model six different pump types:

Constant Power

Design Point (One-Point)
Standard (Three-Point)
Standard Extended
Custom Extended

Multiple Point

Avoid using constant power or design point pumps. They are often enticing because thg¢y
require less work on behalf of the engineer, but they are much less accurate than a pump
curve based on several representative points.

It is not necessary to place a check valve on the pipe immediately downstream of|a
pump, because pumps have built in check valves that prevent reverse flow.

The pump editor organizes the related input data and calculated results into the following tabs:

General — General pump information including geographical data, pump curve data, initial
settings, and hydraulic results.

Controls — Data specifying the on/off elevation settings of the pump, as well as relative speed
factor settings in the case of a variable speed pump.

Quality — Input parameters used when performing a Water Quality Analysis as specified in the
Scenario Calculation dialog.

Cost — Cost Analysis input/output data used when performing Cost Analysis calculations.
User Data — Additional data as defined by the user. New fields can be added.

M essages — Calculation messages, such as warnings or error messages, and user-defined notes
and descriptions.

For more information on the data, refer to the topics describing each tab.

Valve Editor

A valve is an element that opens, throttles, or closes to satisfy a condition you specify. This
software can model several different types of valves. The behavior of a valve is determined by the
upstreamFrom Pipe) and downstreanT¢ Pipe) conditions. The valve types include:
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6.2

6.2.1

Pressure Reducer Valve (PRV) PRVs throttle to prevent the downstream hydraulic grade
from exceeding a set value. If the downstream grade rises above the set value, the PRV will
close. If the head upstream is lower than the valve setting, the valve will open fully.

Pressure Sustaining Valve (PSV) PSVs throttle to prevent the upstream hydraulic grade
from dropping below a set value. If the upstream grade is lower than the set grade, the valve
will close completely.

Pressure Breaker Valve (PBV)- PBVs are used to force a specified pressure (head) drop
across the valve. These valves do not automatically check flow, and will actually boost the
pressure in the direction of reverse flow to achieve a downstream grade that is lower than the
upstream grade by a set amount.

Flow Control Valve (FCV) — FCVs are used to limit the maximum flow rate through the
valve from upstream to downstream. FCV's do not limit the minimum flow rate or negétive
flow rate (flow from the To Pipe to the From Pipe).

Throttle Control Valve (TCV) — TCVsare used as controlled minor losses. A TCV issimply
avalve that has a minor loss associated with it, where the minor loss can change in magnitude
according to the controls that are implemented for the valve.

—

You can change a valve from one type to another by a process called "morphing". Jug
click the new valve type on the toolbar, and drag the new valve on top of the old one.

If you are using a valve that does not normally check flow, but you would like it to,
simply set one of the pipes connecting to the valve with a check valve.

The valve editor organizes the related input data and cal culated results into the following tabs:

General— General valve information including geographical data and hydraulic results.

Controls — Data specifying how the valve is controlled, as a function of the time or the
hydraulic condition at any node in the system.

Quality — Input parameters used when performing a Water Quality Analysis, as specified in
the Scenario Calculation dialog.

Cost — Cost Analysis input/output data used when performing Cost Analysis calculations.
User Data — Additional data as defined by the user. New fields can be added.

M essages — Calculation messages, such as warnings or error messages, and user-defined notes
and descriptions.

For more information on the data, refer to the topics describing each tab.

Element Editors' Tabs

General Tab

Pressure Pipes General Tab
The General tab for pressure pipes is organized into the following groups:

Pipe — General pipe data.

Initial Status — Specify whether the pipe is initially open or closed.
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User-Defined Length— Specify whether the pipe length is calculated automatically or user-
defined.

Nodes — Define a positive direction for the flow in the pipe. This is used for check valves or
flow results. A reported negative flow indicates that the water is flowing fromaNode to
the From Node.

Hydraulic Results — Calculated hydraulic data.

Water Quality — Results of the water quality computations in the pipe, reported when a Water
Quality Analysis has been performed.

For more information on the data, see the topic on each data section below.

Pipe Section
In this section you enter all of the pipe general characteristics:

Label — Unique "name" referencing the pipe in reports, error messages, and tables.

Material — Pipe material, with its associated roughness value, selected from the material
library.

Diameter — Diameter of the pipe.

Roughness Coefficient — Pipe roughness coefficient or value associated with the roughness
method selected during the project setup (Manning’s n, Hazen-Williams C, or Darcy-Weisbach
roughness height) for the selected material. You can keep the roughness value associated with
the selected material, as defined in the material library, or override the roughness value for that
specific pipe.

Minor Loss Coefficient — Coefficient K used in the minor loss equation, as defined in the

Minor Loss section in the "WaterCAD Theory" Appendix. This is the equation most

commonly used for determining the headloss in a fitting, valve, meter, or other localized
component.

Check Valve — When this box is checked, flow can only travel fromRham Node to theTo
Node in a pressure pipe.

By clicking the dlipsis (...) button located next to the Material or the Minor Loss
Coefficient field, you can access the engineering library to create and customize
materialsand composite minor loss coefficients, respectively.

Set the minor loss coefficient value to 0.0 if thereisno minor lossin the pipe.

Composite Minor Loss

Pressure pipes can have an unlimited number of minor loss elements associated with them. This
program provides an easy-to-use table for editing these minor losses. The composite minor loss
table consists of four column®uantity, Minor Loss, K Each, and K Total. Each row
represents a group of similar minor losses:

Quantity — The number of minor losses of the same type to be added to the composite minor
loss for the pipe.

Minor Loss— The type of minor loss element.

K Each — The headloss coefficient for a single minor loss element of the specified type.
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« K Total — The total minor loss coefficient for the row. It is tQeantity multiplied by K
Each.

The composite minor loss dialog also has three command buttons:

e Insert — Insert a row in the table.

» Duplicate — Create a new row in the table with the same values as the selected row.
» Delete — Delete the selected row of the table.

Initial Status Section

The Initial Status of the pipe can be either Open or Closed. The status can possibly change when
calculations are performed based on the presence of controls for that pipe.

g In Steady-State Analysis mode (in Water CAD), the Initial Status is used as the
permanent status. However, it can be overruled by the presence of controls, if the Use
Controls in Steady-State Analysis check box in the Calculation Options dialog is
checked. The Calculation Options dialog is accessed by clicking the GO button in the
main view to display the Calculation tab of the Scenario Editor, and then clicking the
Options button.

User-Defined Length Section

If the User-Defined Length box is checked, you can enter a pipe length. Otherwise, the program
will compute a pipe length from node center to node center, accounting for bends if there are any.
Creating user-defined lengths is useful for drawing quick schematics to accelerate your design
process.

Nodes Section

This section allows you to identify the calculated flow direction. A reported positive flow value
indicates that the flow is in the direction of theom Node to theTo Node. It is also useful for
check valves, which allow flow only in th&rom Node to To Node direction.

The Reverse button allows you to change the direction of a pipe, switchindg-tbex Node and
the To Node.

Hydraulic Results Section
This section reports the following hydraulic results:

« Discharge — Calculated total flow in the pipe.

« Vdoacity — Calculated velocity in the pipe.

» Headloss Gradient — Headloss in the pipe represented as a slope, or gradient.

e Pressure Pipe Headloss — Loss of energy in the pipe due to friction and minor losses.

e Control Status — Open or Closed status of the pipeOpen means that flow occurs in the pipe

andClosed means that there is no flow.

Water Quality Section

This section reports the results of the water quality computations at this location, assuming that a
Water Quality Analysis was performed. The water quality parameter displayed depends on the
type of water quality analysis being performed. This parameter is one of the three types:

« Age-— Report how long the water has been in the system at this node or link.
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« Trace — Report the percentage of water at this node or link that originated at another chosen
node (tank, reservoir, or junction).

» Constituent — Report the concentration of a given constituent at this node or link.

Pressure Junctions General Tab
TheGeneral tab for junctions is organized into the following sections:

« General — General information about the junction.
» Calculated Hydraulics — Calculated demand, hydraulic grade and pressure at the junction.

e Water Quality — Result of the water quality computations at this node reported when a Water
Quality Analysis has been performed.

For more information on the data, see the topic on each sectionWailee Quality section is
identical for all elements and is described in the "Pressure Pipe General Tab" section.

Pressure Junction General Section
This section allows you to enter general information about the junction, such as:

« Label — Unigue "name" referencing the junction in reports, error messages, and tables.

» X (Easting) — The location of the junction may be represented by an X-value or an Easting
value, depending on individual preferences.

* Y (Northing) — The location of the junction may be represented by a Y-value or an Northing
value, depending on individual preferences.

« Elevation — Elevation of the junction.
* Zone — Specify the zone the junction belongs to. You may clicketligsis (...) button to
access the Zone Manager, which allows you to edit or add zones.

Junction Calculated Hydraulics Section
This section reports the following results:

» Demand (Calculated)— Total demand leaving (or entering) the pipe network at the junction at
the current time.

e Calculated Hydraulic Grade — Hydraulic grade at the junction.

¢ Pressure— Pressure at the junction.

Tanks General Tab
The General tab for tanks is organized into the following sections:

* General — General geographic information about the tank.

e Hydraulics — Calculated flow entering/leaving the tank and the calculated hydraulic grade in
the tank.

e Water Quality — Result of the water quality computations at this node reported when a Water
Quality Analysis has been performed.

For more information on the data, see the topic on each sectionWailee Quality section is
identical for all elements and is described in the "Pressure Pipe General Tab" section.
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General Section
This section alows you to enter general information about the tank such as:

Label — Unique "name" referencing the tank in reports, error messages, and tables.

X (Easting) — The location of the tank may be represented by an X-value or an Easting value,
depending on individual preferences.

Y (Northing) — The location of the tank may be represented by a Y-value or an Northing value,
depending on individual preferences.

Elevation — Ground elevation of the tank.

Zone — Specify the zone the tank belongs to. You may click the ellipsis (...) button to access
the Zone Manager, which allows you to edit or add zones.

Hydraulics Section
This section reports the hydraulic data of the tank:

Hydraulic Grade — Calculated hydraulic grade in the tank.

I nflow/Outflow — Flow entering/leaving the tank (the field label changes accordingly).

Reservoirs General Tab
The General tab for reservoirs is organized into the following sections:

General — General geographic information about the reservoir.
Reservoir Calculated Hydraulics — Calculated flow entering or leaving the reservoir.

Water Quality — Result of the water quality computations at this node reported when a Water
Quality Analysis has been performed.

For more information on the data, see the topic on each sectionWatee Quality section is
identical for all elements and is described in the "Pressure Pipe General Tab" section.

General Section
This section allows you to enter general information about the reservoir, such as:

Label — Unique "name" referencing the reservoir in reports, error messages, and tables.

X (Easting) — The location of the reservoir may be represented by an X-value or an Easting
value, depending on individual preferences.

Y (Northing) — The location of the reservoir may be represented by a Y-value or a Northing
value, depending on individual preferences.

Elevation — Elevation of the water surface in the reservoir, which is assumed to remain
constant through time.

Zone — Specify the zone in which the reservoir belongs. Click the ellipsis (...) button to
access the Zone Manager, which allows you to edit or add zones.

Reservoir Calculated Hydraulics Section
This section reports the hydraulic data of the reservoir:

Inflow/Outflow — Flow entering/leaving the reservoir (the field label changes accordingly).
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Pumps General Tab
The Generaltab for pumps is organized into the following groups:

General— General data about the pump.
Pump — Type of pump curve and related data.

Initial Setting — Initial conditions for a pump describing the pump's behavior at the start of the
analysis in EPS mode, or its permanent setting in Steady-State mode.

Pipes — Direction the pump is operating (i.e. from upstream to downstream node). The
direction of pumping can be reversed by clickingReeer se button.

Operating Point — Values of pump head and discharge, which are computed by the program
to balance with the remaining system heads and flow rates.

Water Quality — Result of the water quality computations at this pump reported when a Water
Quality Analysis has been performed.

For more information on the data, see the topic on each sectionWatee Quality section is
identical for all elements and is described in the "Pressure Pipe General Tab" section.

General Section
This section allows you to enter general information about the pump such as:

Label —Unique "name" referencing the pump in reports, error messages, and tabl es.

X (Easting) — The location of the pump may be represented by an X-value or an Easting value,
depending on individual preferences.

Y (Northing) — The location of the pump may be represented by a Y-value or an Northing
value, depending on individual preferences.

Elevation — Elevation of the pump.

Pump Section

The information required for the pump varies depending on the type of pump which was selected.
The possible information presented is as follows:

Pump Type — Select one of the six available types of pump curve definitions.

Pump Power— Represents the horsepower that is actually transferred from the pump into the
water. Depending on the pump's efficiency, the actual power consumed (brake horsepower)
may vary.

Shutoff Point — Point at which the pump will have zero discharge. It is typically the
maximum head point on a pump curve.

Design Point — Point at which the pump was originally intended to operate. It is typically the
best efficiency point (BEP) of the pump. At discharges above or below this point, the pump is
not operating under optimum conditions.

M aximum Operating (Point) — Highest discharge for which the pump is actually intended to
run. At discharges above this point, the pump may behave unpredictably, or its performance
may decline rapidly.

Maximum Extended (Point) —Absolute maximum discharge at which the pump can operate,
adding zero head to the system. This value may be computed by the program, or entered as a
custom extended point.
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All defined pump curve points have an associated head and discharge.

Initial Setting Section

The initial conditions for a pump describe the pump’s behavior at the start of the analysis. These

conditions include:

e Status — One of two available status conditions: On (normal operation), Off (no flow under

any condition).

« Reélative Speed Factor — Characteristics of the pump relative to the speed for which the pump
curve was entered, in accordance with the affinity laws. A speed factor of 1.00 would indicate

pump characteristics identical to those of the original pump curve.

In Steady-State Analysis mode (in Water CAD), the Initial Status is used as the
permanent status. However, it can be overruled by the presence of controls, if the Use
Controls in Steady-State Analysis check box in the Calculation Options dialog is
checked. The Calculation Options dialog is accessed by clicking the GO button in the
main view to display the Calculation tab of the Scenario Editor, and then clicking the
Options button.

Pipes Section

This indicates the direction in which the pump is operating (from upstream node to downstream

node).

‘ Y ou can switch the Upstream and Downstream Pipes by clicking the Rever se button.

Operating Point Section

The pump's operating point represents the values for pump head and discharge which are

computed by the program to balance with the remaining system heads and flow rates.
The calculated parameters are:

« Pump Head — Head generated by the pump at the operating point.

« Discharge — Discharge produced by the pump at the operating point.

e Pump Intake Grade — Calculated hydraulic grade line at the intake of the pump.

e Pump Discharge Grade — Calculated hydraulic grade line at the downstream end of the

pump.

For a constant power pump, the calculated operating point may be outside of the range
for which the pump is representative of a real pump. Be very cautious and check all
results carefully.

For more information about the theory behind the pump operating point, see the Pump
Theory chapter.
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Valves General Tab
The Generaltab for valves is organized into the following sections:

» General- General information about the valve.
* Valve Characteristics — Diameter and minor loss coefficient of the valve.
« Initial Setting — Behavior of the valve at the start of the analysis.

» Pipes— Direction in which the valve is controlling the flow. You can reverse that direction by
clicking theRever se button.

e Calculated Hydraulics — Calculated hydraulic data upstream, downstream, and through the
valve.

*  Water Quality — Result of the water quality computations at the valve when a Water Quality
Analysis has been performed.

For more information on the data, see the topic on each sectionWatee Quality section is
identical for all elements and is described in the "Pressure Pipe General Tab" section.

General Section
This section allows you to enter general information about the valve such as:

e Label —Unique "name" referencing the valve in reports, error messages,and tables.

» X-Coordinate (Easting) — The location of the valve may be represented by an X-value or an
Easting value, depending on individual preferences.

* Y-Coordinate (Northing) — The location of the valve may be represented by a Y-value or an
Northing value, depending on individual preferences.

* Elevation — Elevation of the valve.

Valve Characteristics Section
TheValve Characteristics section defines the following parameters:

» Element Type - Indicates whether the valve type is PRV, PSV, PBV, FCV or TCV.

« Diameter — Inside diameter of the valve. Used to calculate the velocity through the valve and
a corresponding minor loss, when a minor loss coefficient is entered.

e Minor Loss Coefficient — Coefficient used to model any minor loss associated with the valve
for the specified valve diameter, when the valve is fully open. Clickltipsis (...) button to
define composite minor losses. The valveisfully open in the following two cases:

- The valve statusis set to Inactive.

- The valve statusiis set to Active and the hydraulic conditions are such that the valve
isfully open.

Minor loss data is not required for Throttle Control Valves (TCVs) because the minor
losses are already accounted for by the valve's primary purpose.

Ny

:@i To change the type of a valve, use the element morphing feature of WaterCAD.
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Initial Setting Section

The initia conditions describe the valve's behavior at the start of the analysis. These conditions
include:

Valve Status— A valve can have several different status conditions:

- Active (throttling, opening, or closing depending on system pressures and flows)
- Closed (no flow under any conditions)

- Inactive (wide open, with no regulation)

Settings/Hydraulic Grade/Pressure — For Pressure Reducing, Pressure Sustaining and
Pressure Breaker Valves, specify either the initial hydraulic grade or the pressure setting
associated with the valve.

You only need to specify either the pressure setting or the hydraulic grade setting. The
other will be automatically calculated based on the valve's elevation.

Discharge — For Flow Control Valves, specify the initial discharge to maintain through the
valve.

Headloss Coefficient — For Throttle Control Valves, specify the initial minor losses associated
with the valve.

In Steady-State Analysis mode (in Water CAD), the Initial Status is used as the
permanent status. However, it can be overruled by the presence of controls, if the Use
Controls in Steady-State Analysis check box in the Calculation Options dialog is
checked. The Calculation Options dialog is accessed by clicking the GO button in the
main view to display the Calculation tab of the Scenario Editor, and then clicking the
Options button.

Pipes Section
This section allows you to specify the Upstream Pipe and Downstream Pipe.

The valve direction, along with the flow direction, affects the behavior of the valve, as
explained in the Valve Editor topic at the beginning of this Chapter.

Y ou can switch the Upstream Pipe and Downstream Pipe by clicking the Rever se button.

Calculated Hydraulics Section
This section reports the following calculated hydraulic parameters for a valve:

Discharge — Calculated flow rate passing through the valve.

Velocity — Calculated velocity inside the valve, based on the valve diameter.
Headloss — Calculated headloss through the valve.

From HGL — Calculated hydraulic grade immediately upstream of the valve.

ToHGL - Calculated hydraulic grade immediately downstream of the valve.
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6.2.2

6.2.3

Demand Tab

This program provides the ability to define a hydraulic load connsisting of multiple demands and
inflows for each junction node in the network. Each individual hydraulic demand or inflow
consists of a baseline flow rate and a pattern that is applied when performing an Extended Period
Simulation (EPS). This software provides a table for editing hydraulic loads. Each row represents
an individual hydraulic demand or inflow. The table has three columns. Type, Demand, and
Pattern:

e Type — Choose the type of load. Demand represents a withdrawal of liquid from the network
system (if the value entered is negative, then the liquid is entering network). Inflow represents
the addition of liquid to the system (negative inflow represents flow leaving the system).

« Demand - Enter the baseline flowrate for the load. This number will always be positive. If you
need to define an inflow, change the load type. The units are volume per unit time (typically I/s

or gpm).

« Pattern — Choose the EPS pattern that will apply to this load. Each load in the table can have a
different EPS pattern. The multipliers defined in the pattern will be applied against the baseline
load.

TheDemand dialog has the following command buttons:
* Insert — Insert a row in the table.
» Duplicate — Create a new row in the table with the same values as the selected row.

+ Delete — Delete the selected row of the table. The selected demand or inflow is removed from
the list.

» Graph — Generate a graph of the total demand over time at this junction.

Section Tab

Tank section data includes the information necessary to describe the storage characteristics of the
tank. They have been factored into the following logical groups:

« Section— The type of cross-section and the basic storage parameters.
e Operating Range — The minimum, initial, and maximum operating elevations.

» Cross Section — Parameters describing the cross-sectional geometry.

Tank Section
The general information for tank section consists of the following:

« Section — Choose the type of cross section for this storage tank. There are two types of cross
sections to choose from: Constant Area and Variable Area.

* Inactive Volume — Enter the inactive volume for this storage tank. This data is used when
performing water quality analysis.

« Total Active Volume — If this storage tank is a Constant Area Tank, the total active volume
will be computed from the other tank data and this field will not be editable. If this is a
Variable Area Tank, then enter the total storage volume for the tank.

Operating Range Section

This section allows you to set the absolute limits for the water levels in the tank. Elevations are
relative to the same datum as the rest of your system, while levels refer to heights of water above
the tank's base elevation. The operating range fields prompt you for the following values:



Chapter 6 — Hydraulic Element Editors 125

6.2.4

« Elevations/Levels— Select whether you want to enter the data in terms of absolute elevation
(typically based on the sea level) or in terms of levels (relative to an arbitrary base elevation of
the tank you specify).

« Maximum — Highest allowable water surface elevation or level. If the tank fills above this
point, it will automatically shut off from the system.

e Initial — Value used as the water surface elevation or level when performing steady-state
calculations, or as the beginning condition when performing an extended period simulation.

« Minimum — Lowest allowable water surface elevation or level. If the tank drains below this
point, it will automatically shut off from the system.

« Base Elevation — Elevation of the storage tank base used as a reference when entering water
surface elevations in the tank in terms of levels.

Cross Section Section
There are two basic types of storage tanks, as described below:

Constant Area Section

The cross sectional geometry of the tank is constant between the minimum and maximum
operating elevations. Two parameters are needed to fully describe a constant area tank section:

» Cross Section — Choose whether the cross section is circular or non-circular.

e Average Area/Diameter — Enter the average area of the non-circular cross-section, or the
diameter of the circular cross-section.

Variable Area Section
The cross-sectional geometry varies between the minimum and maximum operating elevations.

Depth/Volume Ratio Table — Enter a series of points describing the storage characteristics of the
tank. For example, at 0.1 the total depth (depth ratio = 0.1) the tank stores 0.028 the total active
volume (volume ratio = 0.028). At 0.2 the total depth that tank stores 0.104 the total active volume
(0.2, 0.104), etc.

The storage characteristics of the tank can be plotted. Choose Tank Curve from the
Report Button at the bottom of the Tank Dialog.

Controls Tab

Controls allow you to configure the hydraulic model to change the status or settings of a pump,
valve, or pipe at a specific time or when specific junction pressures or tank water levels occur in
the network.

* To add a control — Click the Add button. This will open th&ontrol dialog where the
specifics of the control can be edited.

* To edit an existing control — Select the description of the control you wish to edit and click
the Edit button.

» To duplicate an existing control — Select the description of the control you wish to duplicate
and click theDuplicate button.

e To delete an existing control — Select the description of the control you wish to delete and
click theDelete button.
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Pipes with check valves cannot have controls.
Control Dialog
Severa types of information are required to define a control for a pressure pipe, pump, or valve.
Thisdatais grouped into the following sections:
« Preview— Textual description of the control being edited.
« Control — Specify the type of controal, either Status or Setting.
« Control Condition — Specify whether the control is based on a time condition or a nodal
condition and then specify the control setting.
Control Preview
The control preview provides a textual description of the control being edited. The control
preview is continuously updated while you edit a control, providing constant feedback as to the
state of your control.
Control
This software supports two types of controls:
« Status-— Controls the Open/Closed (pipes), inactive/closed (valves), or On/Off (pumps) status.
« Setting — Controls the relative speed factor of a pump and the parameters for a valve.
—F 3=

Only status controls are available for pipes. Setting controls are not appropriate. When
pumps ar e turned on by a control, their relative speed factor isset to 1.00.

To activate a closed or inactive valve, use a setting control. Similarly, to turn a pump on
at arelative speed setting other than 1.00, use a setting control.

Node Condiition

A node condition dictates that the control will be triggered when the hydraulic condition of a
specified tank or pressure junction is reached.

The comparison component allows the following:

« Above — Trigger the control when the junction or tank’s hydraulic parameter is above the node
condition's hydraulic parameter.

« Below — Trigger the control when the junction or tank’s hydraulic parameter is below the node
condition's hydraulic parameter.

You can express the conditions at the control node in terms of Pressure or Hydraulic Grade.
Example:

"Closed if node J-2 below 10 psi" means that the controlled pipe will close when the pressure at
junction J-2 goes below 10 psi.
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Time Condiition

A time condition dictates that the control will be triggered when the specified amount of time has
elapsed.

Examples
e "Closed at time 2.00 hr" — At 2.00 hours into the analysis, this link will be closed.

» "Set hydraulic grade to 440 ft at time 5.50 hr" — At 5.5 hours into the analysis, the hydraulic
grade of this pressure regulating valve will be set to 440 feet.

Quality Tab

The Quality tab of an element allows you to edit the input data related to water quality. Three
types of water quality analyses can be performed, as defined iSc¢hario Editor dialog
accessed by clicking theO button in the main WaterCAD window. These are Water Age,
Constituent Concentration and Source Tracing. There are two basic parts to an element's water
quality input data:

 Water Quality — Display the active water quality alternative for the current scenario, as well
as initial water quality conditions or component reaction rates, depending on the type of water
quality analysis being performed.

« Congtituent Source — For nodes only. Allows you to define this node as a source for a
chemical constituent (if a constituent analysis is to be done) and to specify the corresponding
constituent concentration at this node over time.

A constituent source may be a tank, reservoir, or junction (but not a pump or valve).

The Water Quality data is only used when performing a Water Quality analysis, which
can only be done in Extended Period Simulation mode.

When performing a Constituent or Trace Analysis, the constituent and sour ce trace node
are defined in the Constituent and Age Alternative Editor respectively.

Water Quality Section

The general water quality information consists of several parameters, some of which vary slightly
for different types of water quality analysis (Water Age, Constituent Concentration or Source
Tracing):

« Alternative — Read-only field showing which water quality alternative is active for the current
scenario.

e Initial Age, Constituent, or Trace — Specify the initial water age, constituent concentration or
source trace at the current location, depending on which type of water quality analysis is
currently selected in thecenario Editor dialog. This does not apply to pipes.

When performing Constituent analysis, reaction coefficients are needed, as defined below:

« Bulk Reaction Coefficient — Coefficient defining how rapidly a constituent grows or decays
over time. This applies to Tank and Pipes only.

« Wall Reaction Coefficient — Coefficient defining the rate at which a substance reacts with the
wall of a pipe.
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For age and trace analyses, pipe velocity and flow rate are the only related data needed
for computations. Therefore, these reaction coefficient fields are greyed out or not
displayed. For constituent analyses, however, the bulk and pipe reaction coefficients afe
needed to define the reactions that occur within the pipes (in the water and between the
water and pipe wall) and in the tanks.

The bulk and wall reaction coefficient fields are initialized with the values defined in the
constituent library, but may also be edited individually. In order to select the constituent
being modeled, and its corresponding parameters, or revert to default values, use the
Constituent Alternative Editor.

Constituent Source Section

Any node element (i.e. tank, reservoir, or junction) can serve as a source for a chemical
constituent.

To turn anode into a constituent source:
»  Click the check box in the Constituent Sourcegroup title.
e Enter valuesfor:

- Constituent Baseline Load- Concentration of the constituent to be modeled, used in
conjunction with the constituent pattern to represent the concentration over time.

— Constituent Pattern — EPS Pattern that will apply to this load. The multipliers defined in
the pattern will be applied against the baseline constituent load.

The behavior of the source during the course of a water quality calculation varies depending on the
type of element, as follows:

< Junction — The concentration is the source concentration and varies with time according to the
constituent pattern.

« Tank — Concentration is always calculated. If the tank is tagged as a source, the discharge
from the tank will have the source concentration. It will vary with time according to the source
pattern.

¢ Reservoir — Constituent concentration does not vary from the initial value with time, unless
the reservoir is tagged as a source for the constituent. The concentration at the reservoir will
vary with time according to the selected pattern.

Any water leaving a constituent source has a concentration in accordance with the
baseline concentration and the chosen pattern.

Fire Flow Tab

The Fire Flow tab of the junction editor offers the ability to adjust an individual junction's
required fire flows and pressures. If these values are not specifically entered for a given junction,
the values will be based on the default fire flow data as entered iRirntbd-low Alternative

Editor, accessed by selecting tA@alysis\Alternatives menu item, and clicking thedit button

on theFire Flow tab.

e Fire Flow Input — Minimum required fire flow at this junction and minimum pressures to be
maintained.
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Fire Flow Calculation Results— After performing a fire flow analysis, results are available
for the junction node assuming it is part of the fire flow selection set.

Edit the following things exclusively in the Fire Flow Alternative Editor: whether afire
flow analysisis to be performed at a node, whether the needed fire flow isto replace or
be added to current demands, whether a minimum pressure is required for the entire
system, and default fire flow input values.

Results of fire flow calculations, which are obtained from calculations performed
separately for an automatic batch run are only reported in the Fire Flow tab and in the
Fire Flow Tabular Report (accessed from Report\Tables\Fire Flow Report or the
FlexTable icon). Results reported in the other Element Editor tabs do not take into
account any fire flow, unless you explicitly entered this fire flow as a demand at a
specific junction.

Fire Flow Input
The fire flow input data for a junction are as follows:

Needed Fire Flow — The flow rate required at the junction to meet fire flow demands. This
value will be added to or replace the junction’s baseline demand, depending on the default
setting for applying fire flows as specified in the Fire Flow Alternative dialog.

Fire Flow Upper Limit — Similar to the Target fire flow described above, this defines the
maximum allowable fire flow that a junction can provide and the maximum allowable fire flow
that can occur at any single withdrawal location. This is a user-specified practical limit that
will prevent this program from computing unrealistically high fire flows at locations such as
primary system mains, which have a large diameter and high service pressures. Remember that
a system’s ability to deliver fire flows is ultimately limited by the size of the hydrant opening
and service line, as well as the number of hydrants available to combat a fire at a specific
location.

Residual Pressure— Minimum residual pressure to occur at the junction node. The program
determines the amount of fire flow available such that the residual pressure at the junction
node does not fall below this target pressure.

Minimum Zone Pressure — Minimum pressure to occur at all junction nodes within the Zone
you are testing. The model determines the available fire flow such that the minimum zone
pressures do not fall below this target pressure. Each junction has a zone associated with it,
which can be located in the junction’s input data. If you do not want a junction node to be
analyzed as part of another junction node’s fire flow analysis, move it to another Zone.

Minimum System Pressure — Minimum pressure allowed at any junction in the entire system
as a result of the fire flow withdrawal. If a node’s pressure anywhere in the system falls below
this constraint while withdrawing fire flow, fire flow will not be satisfied. A fire flow analysis
may be configured to ignore this constraint.

Fire Flow Calculation Results

After performing a fire flow analysis, the following calculation results are available for each
junction node in the fire flow selection set:

Satisfies Fire Flow Constraints — Whether or not this junction node meets the fire flow
constraints.
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« Available Fire Flow — Amount of flow available for fire protection while maintaining all fire
flow pressure constraints.

e Calculated Residual Pressure — Calculated pressure at the junction node during the fire flow
withdrawal.

e Calculated Minimum Zone Pressure — Minimum calculated pressure of all junctions in the
same zone as this junction.

¢ Minimum Zone Junction — Label of the junction corresponding to the minimum zone
pressure.

e Calculated Minimum System Pressure — Minimum calculated pressure of all junctions in the
system.

e« Minimum System Junction — Label of the junction corresponding to the minimum system
pressure.

Cost Tab

Pressure Pipe Cost Tab

This tab allows you to specify the costs associated with a pipe, which can be divided into unit
costs per pipe length, and fixed costs. It is divided into the following sections:

» Fixed Cost Table — Specify the fixed cost of this pipe.

« Unit Costs — The cost of the pipe can be calculated as a cost per unit length. That cost per unit
length can itself be a function of a pipe variable (such as pipe diameter or material), and be a
value specific to a pipe.

» Total Costs— Display the calculated total cost of this pipe.
You can specify if the total cost of this pipe is to be included in the Total System Cost Tabular
Report by checking thimclude Element in Cost Calculation.

Pressure Pipe Fixed Cost Table

This table allows you to define any pipe cost that is not proportional to the pipe length, such as
bends, valves, etc.

« Label — Description of a fixed cost item associated with the pipe.
e Quantity — Number of identical cost item associated with the pipe.

* Unit Cost — Cost of one such fixed cost item.

Pressure Pipe Unit Costs Section

This section allows you to define costs that are proportional to the length of a pipe:

« Unit Cost Function — Allows you to associate a unit cost function selected from the Unit Cost
Function scroll-down list. Click thellipsis (...) button to access the Unit Cost Functions

Manager. This alows you to edit or add unit cost functions in a tabular or formula format
based on a pipe attribute such as pipe diameter.

* Unit Cost — Display the Unit Cost for this pipe calculated by using the selected Unit Cost
Function, assuming you selected one.

« Additional Unit Cost — Define or add a unit cost specific to this pipe.
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Pressure Pipe Total Costs Section
This section reports the calcul ated costs associated with this pipe, as follows:

» Total Fixed Cost— Cost of this pipe resulting from any fixed cost, as defined irFtked
Cost section of this tab.

» Extended Cost — Cost of this pipe resulting from the unit cost function, as defined idrtte
Cost section of this tab.

« Additional Cost — Cost of this pipe resulting from any additional unit cost, as defined in the
Unit Cost section of this tab.

e Total Cost — Sum of the Extended Cost, Additional Cost, and Total Fixed Cost described
above.

Nodal Element Cost Tab

This tab allows you to specify the costs associated with a nodal structure, expressed as fixed costs.
It is divided into the following sections:

» Fixed Cost— Specify the fixed costs of the element.

» Total Fixed Cost — Displays the calculated total cost of the element.

You can specify if the total cost of the node is to be included in the Total System Cost Tabular
Report by checking thimclude Element in Cost Calculation.

Nodal Element Fixed Cost Table

This table allows you to define any cost associated with a nodal structure (junction, tank,
reservoir, pump, valve), as follows:

« Label — Description of a fixed cost item associated with the structure.
* Quantity — Number of identical cost item associated with the structure.

¢ Unit Cost — Cost of one cost item.

Total Fixed Cost Section
+ Total Fixed Cost — Cost of the nodal structure, as defined in the Cost Table on this tab.

User Data Tab

The User Data tab allows you to view and edit the customizable user data for each element. This
tab is composed of two sections:

» User Data— Any Date/Time, Number, Text, and Yes/No data defined by the user.
* User Memos— Any memo data fields defined by the user.

For information on how to add new fields or edit an existing field format, see the Help dsethe
Data Extension dialog.

Default user-defined attributes are provided. These can easily be deleted or modified.




132 Chapter 6 — Hydraulic Element Editors

S User Data Extensions are a powerful way to add your own data to the project. This data
@ will not affect the hydraulic calculations in any way, but can be used as any other data
for things such as sorting, annotating, reporting, and importing/exporting.

User Data Section

This section contains a list of Date/Time, Number, Text, and Y es/No user data fields, displayed as
single line fields. User data fields are defined in the User Data Extensiondialog which is
accessed from the Tools menu.

User Memos Section

This section contains a list of any memo fields, displayed as multiple line scrolling text panes.
User Memos are defined in the User Data Extensiondialog, which is accessed from the Tools
menu.

6.2.9 Messages Tab
All element dialogs have a Messagedab which contains three parts:

* Message List— Contains information that is generated during the calculation of the model,
such as warnings, errors, and status updates.

e Description — An informative statement that you may enter about the element.

* Notes — Contains notes that you enter, and may include a description of the element, a
summary of your data sources, or any other information of interest.

Messages, descriptions, and notes will be printed in any element report.

6.3 Prototypes

Prototypes allow you to enter default values for the elements in your network. These values are
used while laying out the network. Prototypes can reduce data entry requirements dramatically if
a group of network elements share common data. For example, if a section of the network
contains all PV C pipes, use the pipe prototype to set the Material field to PVC. When a new pipe
is created, its materia attribute will default to PVC.

= Changes to the prototypes are not retroactive and will not affect any elements created
prior to the change.
[N If a section of your system has distinctly different characteristics than the rest of the
Q system, adjust your prototypes before laying out that section. This will save time when
you edit the properties later.

You can configure the element prototypes at the beginning of a new project during the Project
Setup Wizard. You can also select Tools\Prototypesto edit the prototypes for the project at any
time.
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6.4

6.4.1

User Data Extension

The User Data Extension feature allows you to add your own data fields to the project. For
instance, you could add a field for keeping track of the date of installation for an element, or the
type of area serviced by a particular element. User Data Extensions exhibit the same
characteristics as the data used in and produced by the model calculations. This means that User
Data Extensions can be imported or exported through database and Shapefile connections,
viewed/edited in FlexTables, included in tabular reports or element detailed reports, annotated in
the drawing, color coded, reported in the detailed element reports, and accessed on the User Data
tab of each Element Editor dialog.

None of the user data affects the hydraulic model calculations. However, their behavig
concerning capabilities like editing, annotating, sorting and database connections i
identical to any of the other standard attributes.

0 =

User Data Extension Dialog

The User Data Extensiondialog holds a summary of the user data extensions currently defined in
the project. In thisdialog, thereisatab for each type of element. By clicking a particular tab you
can access the user data extensions currently defined for that type of element. The software
initially contains default user data extensions, but these can be deleted or edited. Each tab in the
User Data Extensiondialog is composed of a table listing characteristics of the user data
extensions defined for that type of element. In addition, there are a series of buttons that can be
used to add, edit, delete, and share individual user data extensions. The table listing the user data
extensions consists of the following four columns:

« Label — This is the description that will appear next to the field for the user data extension, or
as the column heading if the data extension is selected to appear in a FlexTable.

e Type — This column lists the type of data that is valid for the data extension. The available
data types are Date/Time, Number, Text, Memo, and Y es/No.

e Unit/Picture — This column contains the unit of each numeric data extension, and a picture of
the format of the date and time for Date/Time data extensions. Both the unit and the date and
time picture are selected when you create the data extension. They can aways be modified by
editing the data extension.

e Shared —If an asterisk appears in this column, it indicates that the user data extension is
shared among two or more types of elements. See explanations on the Existing Fields to
Share With dialog for more details.

The following list describes the four buttons that appear on the right side of the table:

e Add - You can open th&ser Field Specification dialog by clicking this button. Here, you
can define the properties of the user data extension that you are adding.

e Edit — You can edit an existing user data extension by highlighting the data extension you
wish to edit and clicking this button. This will open the User Field Specificationdialog
where you can change the properties for that item.

» Delete— You can delete a data extension by highlighting it and clicking this button. If the data
extension you are deleting is shared among multiple types of elements, it will only be removed
from the element type that you are currently editing. If you remove a user data extension all
the information contained in that field will be permanently removed.
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e Share — You can open th&xisting Fields to Share With dialog by clicking this button.
Here, you can pick which of the attributes already defined for other types of elements you
would like to share with the current type of element.

At the bottom of théJser Data Extension dialogis aFile button that allows you to import or save

a set of user-defined data extensions. You can save the current configuration of user data
extensions for later use by selectifide\Save, and specifying a file location and name. The file
extension for the files holding the user data extension configurations is .udx'. Fkeotport

to merge the data extension configurations defined in these files into the current project.
Importing a *.udx' file will not remove any of the other data extensions defined in your project.
User data extensions that have the same name as those already defined in your project will not be
imported.

To access th&Jser Data Extension dialog click Tools\User Data Extension...from the main
menu.

User Field Specification Dialog

The properties defining a user data extension can be viewed and edited in the User Field
Specificationdialog. Thisdialog is composed of two tabs:

Type — Enter the user data specification.

Notes — Enter any notes.

Type Tab
TheTypetab is composed of two sections:

Type — Contain fields for entering the label for the user data extension and the data type.

Format — Contain fields for entering information defining the specification for the type of user
data extension selected in fhepe section.

Type Section

The Type section contains fields for entering the label and data type for the user data extension.
The name entered in theabel field corresponds with the user data extension field inUtbes

Data tab of the element editor dialog. It is also used as the column heading when the user data
extension is selected to be reported in a FlexTable.

If you want the label to be displayed on multiple rows when it is used as a column heading, you
can use forward slashes to specify the location of line breaks. When the label is used as a field
label in a dialog, the forward slashes will be converted to spaces. In the FlexTables, there is an
option to use abbreviated labels for the column headings. If you want an alternative label to be
displayed, you can specify an abbreviated label after the original label and separate them by the
bar symbol, '|'. When the option to display abbreviated labels is enabled in the FlexTables, this is
the text that will be used as the column heading. For instance, if you specified the label,
'‘Date/Installed | Date/Inst.' it would be displayed in one of the following three ways depending on
the location and options selected.

) Column Column heading with the short
Field Label Heading label option selected
| Date Date
Date Installed: Installed Inst.
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You can select from five different types of data for your user data extension from the drop-down
listinthefield labeled Type. An explanation of each is presented in the list below:

« Date/Time — Use this data type when you want the values you are entering to be in a standard
date and time format. This format can be more useful than storing date information in a simple
text field because it will allow the dates to be sorted correctly when they appear in a FlexTable.

« Memo - If a user data extension is defined to be a memo, it will appear as a scrolling text pane

in theUser M emos section of théJser Data tab in the element editor dialog.

« Number — Use this data type for fields that contain numeric values. You can specify a unit for
the information in this field. The values contained in this field will then be automatically

converted if you change the unit for this field.

« Text — Use this data type to create a single-line text field.

¢ Yes/No — Use this data type to display the attribute as a check box to represent the affirmative

or negative state of the information.

Format Section

This section is enabled only if you sel@xte/Time or Number in the Type section, letting you
define the properties governing the type of data selected.

Number Format — If the type of data you selected was numeric, you can select a unit type
(length, volume, intensity, etc.), a unit, a display precision, and whether or not to use scientific
notation. There are not any format options for memo, text, and Y es/No data types.

Date/Time Type Format —If you selected the Date/Time type, you can specify whether you
expect the date or time to be displayed first in the input field and the format of the date and time
information. The format in which the date and time information will be displayed can either be
selected from the drop-down lists, or you can type your own custom format directly into the Date
Picture and Time Picture fields. If one of these fields is left blank, the corresponding
information will not be displayed.

The Date/Time data type consists of an input and an output format. The input format is a fixed
format that is determined by the regional settings on your computer. Whenever you enter
information into a Date/Time field, the information must be entered in the input format. If the
date or time information is not entered according to the input format, then the value will simply
revert to the original value.

The output format is simply a mask that defines the manner in which the date and time
information will be displayed. It does not affect the way that the date and time information can be
entered into a Date/Timefield. The output format can be edited as follows:

* To create numbers with no leading zeros for single-digit days, years, or months, use lowercase
d, lowercasey, or uppercase M.

* To create numbers with leading zeros for single-digit days, years, or months, use lowercase dd,
lowercase yy, or uppercase MM.

e To create abbreviations for the day, year, or month, use lowercase ddd, lowercase yyy or
uppercase MMM.

e To create the full name of the day, year, or month, use lowercase dddd, lowercase yyyy or
uppercase MMMM.

If there are characters in the output format that do not map to valid date or time information, then
the actual value of the character will be displayed. For example, if you wanted the date to be
displayed as June 15, 1998, then you would define the format as 'MMMM d, yyyy. Since the
spaces and comma do not map to any of the date information, their actual values are displayed. To
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6.5

6.5.1

include a piece of text that contains a character that maps to the date or time information, use
single quotation marks (°) around the text.

Notes Tab

This tab contains a text pane for entering notes about the current data extension. The text entered
here is not displayed anywhere in the model, but allows you to keep records for a particular data
extension.

Existing Fields to Share With Dialog

This dialog alows you to choose which of the attributes already defined for other types of
elements you want to share with the current type of element (corresponding to the User Data
Extensiontab currently opened).

Available Items — Lists attributes defined for other element types that are not already shared. In
order to add attributes to the current element type, highlight them and cliddthéutton to
transfer them to th8elected Items list.

Selected Items — The attributes in th&elected Items list will be added to the current element
after you click theDK button.

All the characteristics such as data type, format, unit, and display precision for a particular user
data extension are the same for all the elements that share it. This is useful when the attribute you
are adding needs to be the same for all the element types for which it is defined. For instance, if
you have a "date installed" field for every element, sharing guarantees that the date format is the
same for every element and will appear in a single FlexTable column. If at a later point you
decide the date should be in a different format, you can change the format for one type of element.
That change will filter through to all the elements that share that attribute.

Zone Manager

The zone manager allows you to manipulate zones quickly and easily. Zones listed in the Zone
Manager can be associated with each nodal element using the Element Editors, Prototypes, or
FlexTables. This manager includes a list of all of the available zones and standard manager
features, such as:

e Add — Add a new zone to the zone list.
« Edit — Make changes to an existing zone.
« Duplicate — Create a copy of an existing zone.

« Delete — Delete an existing zone.

A Zone cannot be deleted if it isreferenced by any element.

To open thZone M anager dialog, choos&ones from theAnalysis menu.

Zone Dialog

The zone dialog allows you to name the zone label. When a zone is named, the junctions are
automatically assigned the new name. The zone dialog contains pertinent information, including:

e Label — Required name to identify the zone.

* Notes— Optional input describing the zone.
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In addition to this information, there are also buttons that enable you to make changes to the
collection of elements in the zone, such as adding elements to the zone.

T Only one zone can reference an element. If you add an element to a zone, the element is
automatically removed from the zone that it was previously in.
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7.1

7.2

Chapter 7

FlexTables

Tables

FlexTables provide you with a powerful data management tool that can be used to edit input data
and present output data in a quick, efficient manner. Haestad Methods provides you with some
basic element tables. However, these tables can be customized to fit your particular needs. You
can create your own tables combining various input and output data from different model
elements. You can use FlexTables to view all elements in the network, all elements of a specific
type (e.g. al pipes), or any subset of elements. Additionally, tables can be filtered, globally
edited, and sorted to ease data input and present output data for specific elements.

FlexTables may also be used for creating results reports that can be sent to a printer, afile, or the
Windows clipboard.

Table Manager

The Table Manager provides support for creating, opening, and managing tables. The Table
Manager dialog provides a list of all available tables. Although the predefined tables provide
access to most of the network element information, it is sometimes practical to present model
results and input data through user-defined tables. The Table Managementmenu button provides
the following tools for manipulating user-defined tables:

e OK - Open the selected table.
» Close— Exit theTable Manager dialog without opening a table.

e Table Management\New — Create a new table using the Create New Tableand Table Setup
dialogs.

« Table Management\Edit— Modify the layout of the selected table using Trable Setup
dialog.

« Table Management\Rename — Rename the selected table.

« Table Management\Duplicate — Duplicate the selected table for additional customizing. This

is a very useful feature when you need to change a predefined table.

» Table Management\Delete — Delete the selected table.

e Table Management\Reset — Reset a table’s units to the current unit system or reset a

predefined table to factory defaults.
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. You cannot rename or delete the predefined Tables that come with this software.

j®N

When you choose to print a table, the table name will be used as the title for the printe
report. You can change the report title by renaming the table.

To access the Table Manager, click the Tabular Reports button QI on the main toolbar, or
choose Report\Tablesfrom the main menu.

7.2.1 Creating New Tables

To create a new table, open the Table Manager by clicking the Tabular Reports button QI on
the main toolbar, or by choosing Report\Tables from the main menu. In the Table Manager
dialog, click the Table Managementbutton and select New.

1. Specify the Table Type to indicate the type of network elements you want to display in your
table.

2. Specify either a one or two row display for your table (in SewerCAD or StormCAD).

3. Enter the name of your new table in the field labeled "Enter the description for this table:".
This name will also be used as the report title when this table is printed.

4. Click OK to accept these settings and proceed to the Table Setup dialog where you can
define your table.

7.2.2 Editing Tables
The Edit option allows you to specify the columns that will appear in your table.

7.2.3 Duplicating Tables
The Duplicate option allows you to create a new table based on an existing table.

7.2.4 Deleting Tables

The Deleteoption alows you to delete any table that you have defined. Y ou cannot delete any of
the predefined tables.

7.2.5 Renaming Tables
The Renameoption allows you to change the name of any table that you have defined.

=2

g The table name will be used as the title in printed reports. You cannot rename any @
the predefined tables. If you need to rename a predefined table, duplicate it first and
then rename it.
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7.2.6

1.3

7.3.1

7.3.2

Resetting Tables

Reset Units to the Current Unit System- This option is only available for tables that are in
Local Units mode. Local Units mode allows the table to maintain its own "local" set of column
properties (units, precision, etc.). You can use this option to reset all units in the selected table to
the defaults for the current unit system, which refers to the units used in the current project. You
will be prompted to confirm before this action is performed.

Reset to Factory Defaults — You can reset any of the predefined tables to the factory defaults
(this option is not available for tables that you create).

Table Setup Dialog

TheTable Setup dialog allows you to customize any table, through the following options:

e Table Type — This field allows you to specify the type of network elements that will appear in
the table (e.g. only pipes will appear in a"pipe" table).

« Available Columns — This list contains all the attributes that are available for your table
design, and will change based on Trable Type field.

* Sdlected Columns — This list contains attributes that will appear in your custom designed
table. When you open the table, the selected attributes will appear as columns in the table in
the same order that they appear in the list.

« Allow Duplicate Columns — This is an advanced feature that allows you to place two identical
columns in the same table and set them to different unit systems.

e Column manipulation buttons — These buttons allow you to select or deselect columns to be
used in the table, as well as to arrange the order in which the columns will appear.

The number next to the Selected Columns label indicates the number of columns that
will appear in your table.

To access th&able Setup dialog from theTable Manager dialog, highlight the table you wish to
edit and seledEdit from theTable M anagement menu button.

Table Type

TheTable Type field allows you to specify the types of elements that will appear in the table (e.g.
only pipe elements will appear as rows in a "pipe" table). The table type also provides a filter for
the attributes that appear in tevailable Columns list. When you choose a table type, the
available list will only contain attributes that can be used for that table type (e.g. only pipe
attributes will be available for a "pipe" table).

Available Table Columns

The Available Columns list is located on the left-hand side of thable Setup dialog. This list
contains all of the attributes that are available for the type of table you are creating. The attributes
displayed in yellow represent non-editable columns, while those displayed in white represent
editable columns.
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7.3.3 Selected Table Columns

The Selected Columnslist is located on the right-hand side of the Table Setupdialog. The
attributes in this list will appear as columns in the table when it is opened. The columns will
appear in the same order as the attributesin the selected list.

To add columns to the Selected Columngist:

1. Select one or more attributes in the Available Columnslist.

2. Click the Add button [>] or drag the highlighted attributes to the Selected Columndist.

7.3.4 Table Manipulation Buttons
The Add and Removebuttons are located in the center of the Table Setupdialog.

[ >] Addsthe selected item(s) from the Available Columnslist to the Selected Columndist.
[>>] Addsall of theitemsin the Available Columnslist to the Selected Columngist.

[ <] Removesthe selected item(s) from the Selected Columndist.

[<<] Removesall itemsfrom the Selected Columngist.

To rearrange the order of the attributes in the Selected Columndist:

1. Highlight theitem to be moved.

2. Moveit up or down in the list by clicking the up button or the down button (located below the
Selected Columndist), or by simply dragging it to the desired location.

=g You can select multiple attributes in the Available Columns list by holding down the
Shift key or the Control key while clicking with the mouse. Holding down the Shift key
will provide group selection behavior. Holding down the Control key will provide single
element selection behavior.

The items displayed in yellow represent non-editable columns (e.g. columns that contajn
calculated data) while those in white represent editable columns (e.g. columns that
contain input data).

7.3.5 Allow Duplicate Columns

Set this check-box to allow duplicate columns in a table. Allow Duplicate Columns is an
advanced feature that allows you to place two identical columns in the same table and set them to
different unit systems.

7.4 Table Window

The Table window is where you will perform much of your data input and review. It has many
features to assist you with data entry, data formatting, report customization, and output generation.
To access the Table window, select a table from the Table Manager and click OK to open it.
Here are some of the topics that will be covered in this section:

» Table Navigation
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7.41

» Table Customization

Options:

» Table Sorting

* TableFiltering

» Changing Column Headings

« Globally Editing Data

e Local vs. Synchronized Units

e Mixing Unitsin a Tabular Report
* Abbreviated Labels

« Changing Column Display Properties
Output:

* File (Export Tableto ASCII File)
» Table Copy to Clipboard

o TablePrint

* TablePrint Preview

Columns:

See the Glossary for information regarding the definitions of the columnsin the Table window.

Use the Scenario control located at the top of the Table Window to quickly view the dat
for different scenarios.

To access the Table window open the Table Manager dialog, select the table you wish to open,
and click OK.

Editing Tables

Editable Table Columns

Editable table columns correspond to input data that you can change. The values in these columns
can be modified either directly or through the Global Edit option. These columns are displayed
with awhite background.

Non-editable table columns correspond to model results calculated by the program. You cannot
modify the values in these columns. These columns are displayed with a yellow background.

Table Navigation

The Table window supports two modes. Table Navigation Mode and Cell Navigation Mode. By
pressing the F2 key, you can toggle between them.

Table Navigation Mode

The Arrow keys, Home, End, PgUp, PgDn, Ctrl+<arrow> keys navigate to different cells in a
table. Table Navigation Mode is the default mode when editing a table. To edit within a single
cell of atable, pressthe F2 key to switch to cell navigation mode.
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7.4.2

Cell Navigation Mode (Edit Mode)

In Cell Navigation Mode, the Arrow keys, Home, and End keys navigate within a single cell.
When cdll navigation mode is active, the word "EDIT" will appear on the status pane at the bottom
of the window. Cell Navigation Mode will automatically terminate when you press any extended
key except for Left, Right, Home, End, Delete, or Backspace.

Globally Editing Data

Y ou can globally change the values of any editable column in atable. Right-click the column that
you wish to globally change and choose the Global Edit menu item.

For numeric columns:

1. Choose the operation to be performed (Add, Divide, Multiply, Set, or Subtract).
Enter the value you wish to use.

Press OK and the values in the entire column will be updated to reflect this change.

2
3
4. For non-numeric columns:
5. Enter the new value.

6

Click OK, and the valuesin the entire column will be updated to reflect this change.

Global Edit is available only for editable columns.
Global Edit is not available in two-row tables (in SewerCAD or StormCAD).

You can use Global Edit in conjunction with Filtering to globally edit a subset of
elements.

Sorting/Filtering Tables

Sorting Tables
Tables can be sorted based on a single column, multiple columns, or network order.

Custom Sort

You can sort elements in the table based on one or more columns, in ascending or descending
order. For example, the following table is given:

Slope (ft/ft) Depth (ft) Discharge (cfs)
0.001 1 411
0.002 1 5.81
0.003 1 7.12
0.001 2 13.43
0.002 2 19.00
0.003 2 23.27
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A custom sort is set up to sort first by Slope, then by Depth, in ascending order. The resulting
table would appear in the following order:

Slope (ft/ft) Depth (ft) Discharge (cfs)
0.001 1 411
0.001 2 13.43
0.002 1 5.81
0.002 2 19.00
0.003 1 7.12
0.003 2 23.27

Filtering Tables

To access the filtering operations, use the Options button at the top of the Table window (in the
case of a FlexTable), or right-click the column header by which you wish to filter. Filters alow
you to change the table so that only rows that match the specified criteriawill appear.

* Quick Filter — Quickly set up a simple filter by right-clicking the column by which you wish
to filter.

e Custom Filter — Set up a custom filter based on one or more criterion.

« Reset — Turn off the active filter, causing all available rows in the table to be displayed.

Another way to select which elements are displayed in the table consists of first selecting
elements (graphically, or by using the Selection Set toal), then right-clicking any of the
selected elements and choosing Edit Group from the pop-up menu that appears. This
will display the Table Manager dialog. Only the selected elements will appear in any of
the tables you open at this point.

When you perform &uick Filter or aCustom Filter, theFilter dialog will open allowing you to
specify your filtering criterion.

Each filter criterion is made up of three items:
e Column — The attribute to filter.

* Operator — The operator to use when comparing the filter value against the data in the specific
column (operators include;, >, >=, <, <=, <>).

e Value-— The comparison value.

Any number of criterion elements can be added to a filter. Multiple filter criterion are implicitly
joined with a logical "AND" statement. When multiple filter criterion are defined, only rows that
meet all of the specified criteria will be displayed. A filter will remain active for the associated
table until the filter is reset, or the Table Window is closed.

The status pane at the bottom of the Table Window always shows the number of rows displayed
and the total number of rows available (e.g. "10 of 20 elements displayed”). When a filter is
active, this message will appear in a highlighted color.

Table filtering allows you to perform global editing on any subset of elements. Only the elements
that appear in the filtered table will be edited.

Table Customization
There are several ways to customize tables to meet a variety of output requirements:
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« Changing the Report Title— When you print a table, the table name is used as the title for the
printed report. You can change the title that appears on your printed report by renaming the
table. Use th@able Manager to rename your table.

* Adding/Removing Columns — You can add, remove, and change the order of columns by
using the Table Setupdialog. Usethe Table Managerto access the Table Setupdialog.

» Drag/Drop Column Placement —With the Table window open, select the column that you
would like to move by holding down the left mouse button on its column heading. Drag the
column heading to the left or right, and release the mouse button to drop the column into its
new location.

* Resizing Columns —With the Table window open, place your pointer over the vertical
separator line between column headings. Notice that the cursor changes shape to indicate that
you can resize. Hold down the left mouse button and drag the mouse to the left or right to
"stretch" the column to its new size. When you are satisfied, release the mouse button to set
the new column width.

e Changing Column Display Properties —With the Table window open, right-click in the
heading area of the column you wish to change and choose the Properties menu item. The
current column properties will be displayed in the Set Field Optionsdialog. Refer to the
section on Loca Units for additional information.

e Changing Column Headings -With the Table window open, right-click the column heading
that you wish to change and choose Edit Column Label. Refer to section on Changing
Column Headings for additional information.

Changing Column Headings

To change the label of any column in the Table window, right-click the column heading that you
wish to change and choose Edit Column Label from the context menu. The backslash character
(\) can be used to insert a line-break wherever you want the title to be split into multiple lines. If
you enter an empty label, the column heading will be restored to the default [abel.

Abbreviated Labels

Using label abbreviations will allow columns to take up less space. This will permit more datato
fit on each page when printing a report.

To toggle the Use Abbreviated Labels option on and off, select Options\Use Abbreviated Labels
in the Table window.

Changing Column Display Properties

Y ou can change the display properties (e.g. units, precision) of any numeric column in the Table
window. Right-click the label of the column that you wish to change and select Properties from
the pop-up menu. This opens the Set Field Optionsdialog, where you can change the display
properties of the column.

Local vs Synchronized Units

Use the Options button at the top of the Table window to access the Use Local Unitsmenu item.
Click the menu item to toggle between Local Units and Synchronized Units A check mark will
appear next to the Use Local Units menu item to indicate that Local Units mode is active.
Otherwise, Synchronized Units modeis active.
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7.4.4

e Synchronized Units —This is the default mode that allows the table to stay synchronized with
the active project. If you have one project in US Customary and one project in Sl units, the
Table will match the unitsin the project that is currently open.

* Local Units — Loca Units mode alows the table to maintain its own "local” set of column
properties (units, precision, etc). This is a powerful feature that gives you the ability to build
tables that are aways in a fixed unit system, no matter what unit system the active project is
currently using. This is a useful feature for printing reports for the same project in different
unit systems.

When the Table window is open, the current unit synchronization mode is displayed in the status
pane at the bottom of the window ("Local Units" or " Synchronized Units").

Mixing Units in a Tabular Report

This software allows for duplicate columns in a table, thus giving you the ability to display an
attribute in two different units.

For example, to see two "Pipe Length" columnsin aTable, onein feet and onein meters:
1. Openthe Table Managerdiaog.
2. Click the Table Managementbutton, and select New to create a new table.

3. Select the pipe table type from the pull-down menu list and enter a name for your new table.
Click OK and you will be taken to the Table Setupdialog where you can customize your
table.

4. Inthe Table Setupdiaog, activate the Allow Duplicate Columns check box (located at the
lower |eft corner of the dialog).

5. Addthe"Length" column to the Selected Columngist.

The Length column will still appear in the Available Columns list, but will be displayed
in a lighter color (indicating that it has already been selected).

6. Add the"Length" column again.

7. Click OK to close the Table Setupdialog. From the Table Manager dialog, highlight the
table you have just created, and click OK to open the table.

8. Click the Options button at the top of the window and select the Use Local Unitsmenu item
to turn Local Unitson. You will be prompted to verify that you want to use local units. Click
Yes

9. Right-click the first Length column and select Length Properties to set the units in the
columnto "ft." Then, right-click the second Length column to set the unitsto "m."

Table Output

File (Export Table to ASCII File)

You may export the data shown in the Table Window to an ASCII text file in either tab or
comma-delimited format.

To export a table to an ASCII File format select File\Export Data and either Tab Delimited or
Comma Delimited from the Table window.



148

Chapter 7 — FlexTables

Table Copy to Clipboard

The Copy button at the top of the Table window allows you to copy tab delimited data to the
Windows clipboard. Tab delimited data can be pasted directly into your favorite spreadsheet
program or word processor.

Table Print
The Print button at the top of the Table window is used to output the table directly to the printer.

Table Print Preview

Click the Print Preview button at the top of the Table window to view the report in the format
that will be printed.

Using label abbreviations will allow some columns to be narrower, permitting more datal
to fit on each page. Use the Options button at the top of the Table window to access th
option.

S

Printing with landscape orientation will also allow more columns to fit on a single page
From the Print Preview window, use the Options\Print Setup menu item to acces
orientation.

U7
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8.1

Chapter 8

Scenarios and Alternatives

The scenario management feature allows you to easily analyze and recall an unlimited number of
"What If?" aternative calculations for your model. The powerful two-level design — which uses
Scenarios that containAlter natives — gives you precise control over changes to the model, while
eliminating any need to input or maintain redundant data.

We have spent many hours coming up with a system that offers the power and flexibility that you
demand, with the ease of use that you have come to expect from us. If you are like most users,
you will want to jump right in without having to spend a lot of time reading. When you are ready
to create your first scenario, you will find that you will be able to accomplish what you want easily
and quickly.

The Scenario Wizard is designed to get you started quickly, while slowly exposing you to the
power behind scenarios and alternatives.

When you are ready to model more complex scenarios, you will appreciate the power and
flexibility provided by the various scenario management features.

If you are a beginning user, try the Scenario Wizard, and run the Scenario tutorial. Also, refer to
the Scenario Management Reference Guide in Appendix C. If you are an advanced user, be sure
to read about Alternatives, and investigateAher natives M anager dialog.

Alternatives

Alternatives are the building blocks behind scenarios. They are categorized data sets that create
scenarios when placed together. Alternatives hold the input data in the form of records. A record
holds the data for a particular element in your system. The different types of alternatives are as
follows:

e Physical
 Demand

« Initial Settings
e Operational

+ Age

« Constituent

» Trace

* Fire Flow
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e Cost
e User Data

The exact properties of each alternative are discussed in their respective sections. By breaking up
aternatives into these different types, we give you the ability to mix different alternatives any way
that you want within any given scenario.

Scenarios are composed of alternatives, as well as other calculation options, allowing you to
compute and compare the results of various changes to your system. Alternatives can vary
independently within scenarios, and can be shared between scenarios.

There are two kinds of aternatives. Base aternatives and Child alternatives. Base alternatives
contain local data for al elements in your system. Child alternatives inherit data from base
alternatives, or even other child aternatives, and contain data for one or more elements in your
system. The data within a child alternative consists of data inherited from its parent, and the data
altered specifically by you (local data).

When you first set up your system, the data that you enter is stored in the various base alternative
types. If you wish to see how your system will behave, for example, by increasing the diameter of
a few select pipes, you can create a child alternative to accomplish that. You can make another
child alternative with even larger diameters, and another with smaller diameters. Thereis no limit
to the number of alternatives that you can create.

Scenarios alow you to specify the alternatives you wish to analyze. Once you have determined an
alternative that works best for your system, you can permanently merge changes from the
preferred alternative to the base alternative if you wish.

Remember that all data inherited from the base alternative will be changed when the base
aternative changes. Only local data specific to a child alternative will remain unchanged.

8.1.1 Alternatives Manager

The Alternatives dialog is the central location for managing the aternatives in your project. It
alows you to edit, create, and manage the various types of aternatives. It also gives you more
advanced capabilities, such as merging alternatives and creating child alternatives.

The available alternatives of each type are conveniently organized in a tree view. The network
element datais grouped into the following types:

e Physicd

+ Demand

e Initial Settings
e Operational

« Age

* Constituent

e Trace
* FireFlow
e Cost

e User Data
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On the right side of the dialog are a number of buttons that provide functions for managing the
aternatives. The following list provides a brief description of the function of each of these
buttons.

Add — Create a new base alternative, first prompting for a name, and then opening an Alternatives
editor. Base alternatives are initialized with the first data set entered either in tables or specific
element dialogs.

Add Child — Create a new child alternative that inherits from the selected alternative. This allows
you to automatically share the majority of the records from a parent alternative, while modifying
only selected records in the child alternative.

Edit — Open the tabular record editor for the selected alternative. This tabular record contains all
the values that are used by the selected alternative.

Merge — Move all records from the selected child alternative into its parent alternative, and then
remove the selected alternative. The records in the selected alternative will replace the
corresponding records in the parent. This is helpful when you have been experimenting with
changes in a child alternative, and you want to permanently apply those changes to the parent
alternative. All other alternatives that inherit data from that parent alternative will reflect these
changes.

Rename — Rename an existing alternative. This invokes an in-place editor in the tree view of the
available alternatives. Make the desired changes to the existing name and Easa tkey

Duplicate — Create a new alternative filled with records copied from the selected alternative. Use
this if you wish to copy the data from an alternative, but not create a child. The two alternatives
will be independent.

Delete — Remove the selected alternative and its records. Deleting an alternative will also delete
all of the input data associated with that alternative.

Report — Generate a Print Preview of a summary report of the selected alternative, all alternatives,
or the selected alternative and all of its children in that hierarchy.

You will not be allowed to merge or delete an alternative that is referenced by one or
mor e scenarios. When you attempt to perform the operation, you will be provided with
alist of the scenariosthat reference the alternative.

If you are attempting to merge an alternative that is referenced, you will need to edit the
scenario(s) that references the child alternative that you are merging from, and make
them reference the parent alternative that you are merging to. Use the Scenario
Manager window to edit the scenario(s), and the Alternatives tab to make the scenario
point to the parent alternative.

To access thélternative Manager dialog selectAnalysis\Alternatives from the pull-down
menu.

Alternatives Editor

The Alternatives Editor displays all of the records held by a single alternative. These records
contain the values that are active when a scenario referencing this alternative is active. The tables
are a great way to edit data. They allow you to view all of the changes that you have made for a
single alternative. They also allow you to eliminate changes that you no longer need.

There is one editor for each alternative type. Each type of editor works basically the same and
allows you to make changes to a different aspect of your system. The first column contains check
boxes, which indicate the records that have been changed in this alternative.
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« |f the box is checked, the record on that line has been modified and the data is local, or
specific, to this aternative.

« If the box is not checked, it means that the record on that line is inherited from its higher-level
parent alternative. Inherited records are dynamic. If the record is changed in the parent, the
change will be reflected in the child. The records on these rows reflect the corresponding
values in the alternative’s parent.

As you make changes to records, the check box will automatically become checked. If
you want to reset a record to its parent’s values, simply uncheck the corresponding
check box.

Many columns support Global Editing, allowing you to change all values in a single
column. Right click a column header to accessthe Global Edit option.

The checkbox column will be disabled when you edit a base alter native.

To access the Alternatives Editor for a particular alternative, select it iltamnatives dialog
and click theEdit button.

Physical Alternative

One of the most common uses of a water distribution model is the design of new or replacement
facilities. During design, it is common to try several physical alternatives in an effort to find the
most cost effective solution. For example, when designing a replacement pipeline, it would be
beneficial to try several sizes and pipe materials to find the most satisfactory combination. Our
powerful Alter native Manager allows you to set up an unlimited number of design alternatives
and apply them in different scenarios.

Each type of network element has a specific set of physical properties that are stored in a physical
properties alternative, as listed below:

* Pipe Physical Properties

e Pump Physical Properties

« Valve Physical Properties

< Junction Physical Properties
« Reservoir Physical Properties

e Tank Physical Properties

Physical Alternative Editor for Pipes

The Physical Alternative editor for pipes is used to create various data sets for the physical
characteristics of pipes. The following columns are available:

* Material — Type of material from which the pipe is constructed (e.g. Ductile Iron, PVC, Steel).

« Diameter — Internal diameter of the pipe. The nominal diameter of the pipe is commonly used
in water distribution modeling with little practical impact.

¢ Roughness— A measure of the pipes internal roughness, based on the chosen friction method.

* Minor Loss Coefficient -Appurtenances such as valves, bends, and tees contribute to local
flow disturbances resulting in energy loss. Click ¢igsis (...) button to edit the composite
minor loss element for the pipe.
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» Check Valve— True or false status indicating the presence of a check valve.

Physical Alternative Editor for Pumps

The Physical Alternative editor for pumps is used to create various data sets for the physical
characteristics of pumps, which consists of the following:

« Elevation — Elevation of the pump, typically measured from the Mean Sea Level.

* Pump Type — The attributes that define the pump's operating characteristics. Click this field,
then click theellipsis (...) button to edit the parameters for the active pump type.

Physical Alternative Editor for Valves

The Physical Alternative editor for valves used to create various data sets for the physical
characteristics of valves. The following columns are available:

« Elevation — Elevation of the valve, typically measured from the Mean Sea Level.

 Diameter — The internal diameter of the valve. The nominal diameter of the valve is
commonly used in water distribution modeling with little practical impact.

e Minor Loss Coefficient — The wide-open minor loss coefficient. Click #i&psis (...) button
to edit the Minor Loss Library.

Physical Alternative Editor for Junctions

The Physical Alternative editor for Pressuredunctions is used to create various data sets for the
physical characteristics of junctions, which consist of the following:

» Elevation — Elevation of the junction, typically measured from the Mean Sea Level.

e Zone — Specify the zone the junction belongs to. You may clicketlysis (...) button to
access the Zone Manager, which allows you to edit or add zones.

Physical Alternative Editor for Reservoirs

The Physical Alternative editor for reservoirs is used to create various data sets for the physical
characteristics of reservoirs, which consist of the following:

« Elevation -Elevation of the reservoir, typically measured from the Mean Sea Level.
« Zone - Specify the zone the tank belongs to. You may clicleliiigsis (...) button to access
the Zone Manager, which allows you to edit or add zones.

Physical Alternative Editor for Tanks

The Physical Alternative editor for tanks is used to create various data sets for the physical
characteristics of tanks. The following columns are available:

» Elevation— Ground elevation of the tank.

* Base Elevation — The vertical distance of the tank’'s base above a known datum. Typically,
Mean Sea Level is the datum used. The base elevation is the elevation from which all tank
levels are computed.

e Minimum Elevation (or Level) — This is the lowest possible water surface elevation for the
tank. If the tank drains below this level, it will shut off from the system.

« Maximum Elevation (or Level) — This is the highest possible water surface elevation for the
tank. If the tank fills above this level, it will shut off from the system.
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Section —The physical parameters that define the tank cross sectional geometry. There are two
(2) types of tank sections, Constant Area and Variable Area. Click this field, they click the
ellipsis (...) button to edit the parameters for the active tank section type.

Zone — Specify the zone the tank belongs to. You may clicleliisis (...) button to access
the Zone Manager, which alows you to edit or add zones.

Demand Alternative

The Demand Alternative alows you to model the response of the pipe network to different sets of
demands, such as the current demand and the year 2010 demand.

The demand alternative table includes the following columns:

Label — Identifying label of the junction element.

Type — Demand typeDemand or Inflow. Direct editing of this item is disabled if the
junction has multiple demands (see Demand Summary below).

Demand — Hydraulic load attributed to the junction for Steady-State Analysis, or the hydraulic
load before applying the Pattern time step multiplier used for Extended Period Analysis. If
the junction has multiple demands, this field displays a single "calculBteskline Load, and
direct editing of the field is disabled (see Demand Summary below).

Pattern — Name of the Pattern that applies the time-step multiplier to the Baseline Load. If the
junction has multiple demands, direct editing is disabled and the pattern name is shown as
"Composite".

Demand Summary — A summary displaying the calculated Baseline Load, the EPS Pattern
applied to the Baseline Load, and the calculated demand Dgmeaqd or Inflow) for the
junction. Clicking twice on a Demand Summary opens an editing dialog for working with
multiple demands on a junction.

Setting up multiple demand alternatives makes it possible to easily manage different
loading conditions for any network. For example, an "Average Day" demand
alternative contains the average demands for each junction in the network, and a " Peak
Day" demand alternative contains the peak demands for each junction in the network.
The Alter native M anager-allows you to create any number of demand alter natives.

This program allows multiple demandsto be attributed to a single junction.

Initial Settings Alternative
The following types of network elements have initial settings:

Pipes

Pumps

Tanks

Pressure Valves

FCVs (Flow Control Valves)
TCVs (Throttle Control Valves)
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Initial Settings Alternative Editor for Pipes

The Initial Settings Alternative for pipes is used to specify if the pipe status is initially Open or
Closed.

Initial Settings Alternative Editor for Pumps

The Pump Initial Settings Alternative editor allows you to analyze various initial settings for
pumps.

The fields for each record are as follows:

» Status— Indicates whether the pump is initially On or Off.

« Reélative Speed Factor — Determines the initial speed of the pump impeller relative to the
speed at which the pump curve is defined.

Initial Settings Alternative Editor for Tanks

The Tank Initial Settings Alternative editor allows you to analyze various water surface elevations
(hydraulic grades) in your tank at the beginning of the simulation.

Initial Settings Alternative Editor for Pressure Valves

The Pressure Valve Initial Settings Alternative editor allows you to analyze various initial settings
for pressure valves (Pressure Breaker, Pressure Reducer, and Pressure Sustaining Valves) .

The fields for each record are as follows:

* Valve Status — Indicates whether the pressure valve is initially Active, Inactive (wide-open),
or Closed.

* Hydraulic Grade / Pressure — Initial setting for the valve. Depending on the input mode, the
setting is entered and displayed in terms of hydraulic grade or pressure.

Initial Settings Alternative Editor for FCVs

The FCV Initial Settings Alternative editor allows you to analyze various initial settings for Flow
Control Valves.

The fields for each record are as follows:
« Valve Status — Indicates whether the FCV is initially Active, Inactive, or Closed.

» Discharge — Initial flow setting for the valve.

Initial Settings Alternative Editor for TCVs

The TCV Initial Settings Alternative editor allows you to analyze various initial settings for
Throttle Control Valves.

The fields for each record are as follows:
« Valve Status — Indicates whether the TCV is initially Active, Inactive, or Closed.

+ Headloss Coefficient — Initial headloss coefficient for the valve.

Operational Alternative

The Operational Alternative allows you to specify controls on pressure pipes, pumps, as well as
valves (in WaterCAD). The&€ontrolled field contains a Boolean (true or false) statement that
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8.1.9

8.1.10

indicates whether the network element is controlled. Clicking in this field activates a button that
allows you to access the Controls dialog and edit the controls for this element.

Age Alternative

The Age Alternative is used when performing a water quality analysis for modeling the age of the

water through the pipe network. This alternatives allows you to analyze different scenarios for

varying water ages at the network nodes.

Constituent Alternative

The Constituent Alternative contains the water quality data used to model a constituent

concentration throughout the network when performing a water quality analysis.

Selecting a constituent from the Constituent scroll-down list provides default values for table

entries. This software provides a user editable library of constituents for maintaining these values,

which may be accessed by clicking the ellipsis (...) button next to the Constituent scroll-down

list.

« Label — Identifying label of the element represented by the row.

« Initial Constituent — Concentration of the constituent at the beginning of the analysis.

« Bulk Reaction — Reaction rate constant used to model reactions of the constituent within the
bulk flow.

« Wall Reaction — Reaction rate constant used to model reactions that occur with the material
along the pipe wall.

» Constituent Source — True or false check to determine whether a node is a source of the
constituent.

» Constituent Baseline Load — Load attributed to the element before applying the Pattern time
step multiplier used for an Extended Period Analysis.

» Constituent Pattern — Name of the Pattern that applies the time step multiplier to the Baseline
Load.

Depending on the type of highlighted network element in the tablé)dh®efaults button will

reset the reaction coefficients for that element to the constituent default values as specified in the

constituent library, or it will reset the initial constituent concentrations to 0.0.

Trace Alternative

The Trace Alternative is used when performing a water quality analysis to determine the

percentage of water at each node coming from a specified node. The Trace Alternative data

includes a Trace Node, which is the node from which all tracing is computed.

The trace alternative table includes the following columns:

» Label — The identifying label of node elements.

» Initial Trace — A percentage value representing the starting condition at the node.

Fire Flow Alternative

The Fire Flow Alternative contains the input data required to perform a fire flow analysis. This
data includes the set of junction nodes for which fire flow results are needed, the set of default
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values for all junctions included in the fire flow set, and a record for each junction node in the fire
flow set.

Default Flow and Pressure Constraints

Each fire flow aternative has a set of default parameters that are applied to each junction in the
fire flow set. When a default value is modified, you will be prompted to decide if the junction
records that have been modified from the default should be updated to reflect the new default
value.

The default constraints are grouped in the Flow Constraints and Pressure Constraintssections,
asfollows:

* Needed Fire Flow— Flow rate required at a fire flow junction to satisfy demands.

* Fire Flow Upper Limit — Maximum allowable fire flow that can occur at a withdrawal
location. It will prevent the software from computing unrealistically high fire flows at locations
such as primary system mains, which have large diameters and high service pressures.

* Apply Fire Flows By — There are two methods for applying fire flow demands. The fire flow
demand can be added to the junction’s baseline demand, or it can completely replace the
junction’s baseline demand. The junction's baseline demand is defined by the Demand
Alternative selected for use in the Scenario along with the fire flow alternative.

e Residual Pressure — Minimum residual pressure to occur at the junction node. The program
determines the amount of fire flow available such that the residual pressure at the junction
node does not fall below this target pressure.

e Minimum Zone Pressure — Minimum pressure to occur at al junction nodes within a zone.
The model determines the available fire flow such that the minimum zone pressures do not fall
below this target pressure. Each junction has a zone associated with it, which can be located in
the junction’s input data. If you do not want a junction node to be analyzed as part of another
junction node’s fire flow analysis, move it to another zone.

e Use Minimum System Pressure Constraint — Toggle indicating whether a minimum
pressure is to be maintained throughout the entire pipe system.

e Minimum System Pressure— Minimum pressure allowed at any junction in the entire system
as a result of the fire flow withdrawal. If the pressure at a node anywhere in the system falls
below this constraint while withdrawing fire flow, fire flow will not be satisfied.

Selection Set

Set of selected elements where fire flows need to be analyzed. You can choose between ‘All
Junctions’ or a ‘Subset of Junctions' that you can edit by clickinglthpsis (...) button and
accessing the Selection Set editor.

Fire Flow Load's

The table on the fire flow alternative editor displays the fire flow loads for the junctions in this set.
The values in this table reflect the default values entered, unless a change is made. The columnsin
the table are as follows:

e Label — Label of the junction whose fire flow record is being displayed.

* Needed Fire Flow — Flow rate required at the junction to meet fire flow demands. This value
will be added to the junction’s baseline demand, or it will replace the junction's baseline
demand, depending on the default setting for applying fire flows.
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e Fire Flow Upper Limit — Maximum allowable fire flow that can occur at a withdrawal
location. This value will prevent the software from computing unrealistically high fire flows at
locations such as primary system mains, which have large diameters and high service
pressures. This value will be added to the junction’s baseline demand, or it will replace the
junction’s baseline demand, depending on the default setting for applying fire flows.

* Residual Pressure, Minimum Zone Pressure, Minimum System Pressure — Set of pressure
constraints for each Fire Flow node. See description for each of these parameters in the
Default Flow and Pressure Constraints section above.

Use Defaults

Click the Use Defaults button to reset the selected row to the default values for the Fire Flow
Alternative. This does not cause the record to inherit from its parent, only causes it to reflect the
Default values.

The Defaults for a fire flow alternative can only be set in the root alternative. All child
alternatives inherit the Default values from the root. The set of junction nodes is also
inherited from the root and cannot be altered in the child alternatives.

Cost Alternative

The Cost Alternative contains the data allowing you to perform cost estimating of the whole
network or parts of it.

This dialog contains the following tabs:

* Pressure Pipe

* Nodal Elements (Pressure Junction, Pump, Valve, Reservoir, and Tank)

Pressure Pipe Cost Alternative

The Pressure Pipe tab in theCost Alternative editor contain the data associated with pipe cost
estimating, as described below:

e Include Element in Cost Calculation — Toggle allowing you to estimate the cost of only part
of the network.

e Total Fixed Cost — Cost of this pipe resulting from any fixed cost as defined irFtked
Cost Table, accessed by double-clicking in thixed Cost Description field.

» Fixed Cost Description — Button accessing théixed Cost Table. The button is labeled as
Simple or Composite when there are more than one fixed cost item for this pipe.

* Unit Cost Function — Allow you to associate a unit cost function selected from the scroll-
down list. You may click thellipsis (...) button to access the Unit Cost Functions Manager,
which alows you to edit or add unit cost functions, in a tabular or formula format based on a
pipe attribute, such as pipe diameter.

« Additional Unit Cost — You may also define or add a unit cost specific to this pipe.

Nodal Element Cost Alternative
The Pressure Junction, Pump, Valve, Reservoir, andTank tabs in theCost Alternative editor
contain the data associated with the cost estimating for each nodal element, as described below:

« Include Element in Cost Calculation — Toggle allowing you to estimate the cost of only part
of the network.
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« Total Fixed Cost— Cost of this element resulting from any fixed cost as defined iRikze
Cost Table accessed by double-clicking in thixed Cost Description field.

» Fixed Cost Description — Click on this field for a button accessing fiiged Cost Table.
The button is labeled as Simple, or Composite when there are more than one fixed cost itsem
for this element.

User Data Alternative

The User Data Alternative allows you to edit the data defined in the User Data Extension for each
of the network element types. The User Data Alternative editor contains a tab for each type of
network element.

Scenarios

A Scenario contains all the input data, calculation options, results, and notes associated with a set
of calculations. A set of calculations may include a Hydraulic, a Fire Flow or Water Quality
Calculation, and a Cost Analysis calculation run. Scenarios let you set up an unlimited number of
"What If?" situations for your model, and then modify, compute, and review your system under
those conditions as often as you wish.

You can create scenarios that reuse or share data in existing alternatives, submit multiple scenarios
for calculation in a batch run, switch between scenarios, and compare scenario results — all with a
few mouse clicks. There is no limit to the number of scenarios that you can create.

There are two types of scenarios:

e Base scenarios — Contain all of your working data. When you start a new project, you will
begin with a default Base scenario. As you enter data and calculate your model, you are
working with this default base scenario and the alternatives it references.

e Child scenarios — Inherit data from a base scenario, or even other child scenarios. Child
scenarios allow you to freely change data for one or more elements in your system. Child
scenarios can reflect some or all of the values contained in their parent. This is a very
powerful concept, giving you the ability to make changes in a parent scenario that will trickle
down through child scenarios, while also giving you the ability to override values for some (or
all) elements in child scenarios.

The calculation options are not inherited between scenarios, but are duplicated when the
scenario is first created. The alternatives and data records, however, are inherited --
thereisa permanent, dynamic link from a child back to its parent.

Scenario Selection

Scenario: I Baze - I

You can change the current scenario by simply usingdbeario drop-down list located on the
Analysis Toolbar on the main application window. When you select a different scenario, your
current input data, calculation options, and calculated results (if available) will reflect the selected
scenario and the alternatives it references.
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8.2.2 Editing Scenarios

Once scenarios and alternatives are created, you do not need to take any specia steps to input data
into the alternatives referenced by the current scenario. This happens automatically as you make
changes to your data. Changes to your data are always applied to the alternatives in your active
scenario. For example, consider that a pipe has a 6" diameter in the alternative storing data for the
Base scenario. Then you switch to Scenario 2, which references another aternative, and change
the pipe diameter to 8". The new value will automatically be associated with the aternative in
Scenario 2. If you switch back to the Base scenario, the pipe diameter will revert to 6".

You can aso enter data directly into an aternative using the Alternatives Editor. This editor
allows you to see al of the changes that you have made in a single alternative. If you make an
unintended change to the active child scenario and you wish to remove it, go to the tabular editor
for the type of input data you changed and uncheck the leading check box on the record(s) for the
elements you wish to restore.

Scenarios currently only track modifications to the input data associated with existing network
elements. They do not alow you to track modifications to the network topology itself (e.g.
additions and deletions of network elements).

8.2.3 Scenario Manager

The Scenario Managerallows you to create, edit, and manage scenarios. There is one built-in

default scenario — the Base scenario. If you wish, you only have to use this one scenario.
However, you can save yourself time by creating additional scenarios that reference the
alternatives needed to perform and recall the results of each of your calculations. There is no limit
to the number of scenarios that you can create.

The Scenario Manager window is divided into four sections:
1. The three buttons that run across the top of the window:
e Tutorial — Open the tutorials.
* Close— Close thescenario M anager .
e Help — Open the on-line help.
2. The series of five buttons running along the left side of the window:

e Scenario Wizard — Open the Scenario Wizard, which walks you step-by-step through the
creation of anew scenario.

e Scenario Management —Offers a menu of options for creating, editing, and managing
scenarios:

— Add — Prompts for a name, then creates a new child or base scenario. If you create a child
scenario, it will be based on the scenario that is currently highlighted.

— Edit — Open the Scenario Editor dialog for the scenario that is currently highlighted.

— Rename —Rename an existing scenario. Note this invokes an in-place editor in the tree
view of the available scenarios. Make the desired changes to the existing name and press
Enter.

— Delete —Delete the scenario that is currently highlighted.

— Report — Generate a summary report for the scenario that is highlighted, including
aternatives, calculation options, notes, and results.



Chapter 8 — Scenarios and Alternatives

161

e Alternative — Open the Alternative Manager for creating, editing, and managing
aternatives.

e Batch Run — Open the Batch Run diaog for selecting from among the available
scenarios and initiating calculations.

e Scenario Comparison— Open theAnnotation Comparison Wizard, which allows you
to create drawings displaying the differences in input and output variables between two

scenarios.

3. The pane in the center of the dialog:

* Scenarios Pane — Available scenarios in a hierarchical tree showing the parent-child
relationships. You can right-click any scenario to perform scenario management
functions on it. You can double-click parent scenarios to expand or collapse the child

scenarios beneath them.

4. The pane on the right side of the dialog, which displays a variety of information depen
which of the following tabs is selected:

e Alternatives — Alternatives referenced by the highlighted scenario, showing the type and
name for each aternative. An icon distinguishes whether the alternative belongs to the

scenario Ef or is inherited from its parent scenario +2 Double-click any aternative to
open the Alternatives editor.

e Summary — Summary of the calculation options for the highlighted scenario and any
notes you have associated with it.

« Results —Summary of the last calculation performed for the highlighted scenario.

When you delete a scenario, keep in mind that because scenarios never actually hg
calculation data records (alternatives do), you are not losing data records. Th
alternatives and data records referenced by that scenario will still exist until you
explicitly delete them. By accessing the Alternative Manager, you can delete th
referenced alternatives and data records.

To open the Scenario Managerwindow, select Analysis\Scenarios Or, click the g button
next to the scenario drop-down list in the main application window.

Batch Run

Performing a batch run allows you to set up and run multiple scenarios at once. Thisis helpful if
you want to queue a large number of calculations, or simply manage a group of smaller
calculations as a set. The list of selected scenarios for the batch run will remain with your project
until you changeit.

Using the dialog is simple. First, check the scenarios you want to run and click the Batch button.
Each scenario will be calculated. Y ou can cancel the batch run between any scenario calculation.

When the batch is completed, the scenario that was current will remain current, even if it was not
one that was calculated. Select a calculated scenario from the main window drop-down list to see
the results throughout the program, or select it from the Scenario Managerand click the Results
tab to preview the results.

\1%4
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8.2.4

Creating Scenarios to Model "What-if" Situations?

The scenario management feature was designed to let you model "what-if" situations by easily
switching between different input data sets without having to re-enter data, and by comparing
different output results just as easily.

To create a new scenario:

1. Open the Scenario Managerdialog by clicking the Scenario Manager button Ql next to the
drop-down scenario list in the main application window.

2. Open the Scenario Wizard by clicking its button in the upper left of the Scenario Manager
dialog.

3. Complete each step in the Scenario Wizard— Name the new scenario, choose which scenario
to base it on, and choose the alternatives to be included. N&idkbetween each step, and
click Finish when you are done.

4. Close thescenario Manager dialog. Notice the scenario you have just created is displayed
as the current scenario in tB8eenario drop-down list in the main application window.

5. Proceed to modify your model with the changes you want recorded in the new scenario.

Scenario Wizard
The Scenario Wizard will guide you step-by-step through the process of creating a new scenario.

These are the basic steps for creating a new scenario:
* Name — Name the scenario, and add some comments if you wish.
» Base —Select a scenario on which to base the new scenario.

» Calculation — Choose the type of calculation (Steady State or Extended Period) that you
would like to perform, as well as other calculation options.

« Alternatives — Specify the alternative types with which you would like to work.
* New/Existing — Create and/or Select alternatives for your new scenario.
» Preview — Preview the scenario, and create it when satisfied.

To access the Scenario Wizard, open $henario Manager and click theScenario Wizard
button.

Scenario Wizard — Step 1

Here you can enter a unique name and an optional note for the new scenario that you are creating.
The name field allows you to input a distinguishing name for this scenario. A default name is
provided, but we recommend that you change it to something more descriptive. If the new

scenario will be based on another scenario, you may want a name that indicates what will be
different about the new scenario. For example: "Post Development".

The next field is optional, and allows you to input free-form text that will be associated with the
new scenario. Use it to make detailed notes about the conditions the scenario will model.

Click theNext button to proceed to the next step in defining a new scenario.
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Scenario Wizard — Step 2

Click the existing scenario on which you would like to base your new scenario. Your new child
scenario will inherit data from this parent scenario, and will be initiadlized with the same
calculation settings and options. The Scenario Wizard, designed to introduce the user to
scenarios, does not allow you to create new base scenarios.

Existing scenarios in your project are displayed in a "tree" structure, giving you a graphic
depiction of the parent-child relationships.

Press the Next button to proceed to the next step.

Scenario Wizard — Step 3
This step of the Scenario Wizard allows you to specify the type of calculation to be associated
with the scenario you are creating.

If you select to be in Steady State mode, you are also given the option to perform an automated
fire flow analysis.

If you select to be in Extended Period mode, you are also given the option to perform one of the
Water Quality Analysis (Age, Constituent, or Trace analysis).

Scenario Wizard - Step 4

Check the boxes next to the types of alternatives you want to include in the new scenario. The
aternatives for boxes you do not check will be inherited from the specified parent scenario. You
will be free to add or remove alternatives to the scenario after you create it.

Click the Next button to proceed to the next step in defining a new scenario.

Scenario Wizard — Step 5

Here you are asked to specify the source for each alternative you have requested in the previous
tab.

Create New Alternative— If you choose to create a new alternative, it will inherit from the same
type of alternative in the specified or parent scenario — meaning it will initially use all the same
input data values. Enter a unique and descriptive name for the new alternative.

Use Existing Alternative — If you choose to use an existing alternative, you will be shown the
tree of existing alternatives from which to choose. In this case you will not be creating a new
alternative for use in the scenario, and instead may actuaflyabieg an alternative with another
scenario.

Click theNext button to proceed to the next step.

Scenario Wizard — Step 6

The last step of th&cenario Wizard displays a summary of the scenario you have defined and
are about to create.

In the left pane is a preview of the scenario as it relates to its parent and other scenarios. In the
right pane is a list of the alternatives it references, showing their labels and types. An icon
indicates whether a given alternative is local to the new child scenario, or if it is inherited from the
specified or parent scenario.

If you are satisfied, click thEinished button to create the new scenario.
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8.2.5

Scenario Editor

The Scenario Editor dialog is the control center for each analysis. It is the place where you
access or change all the information for performing a single calculation (alternatives, calculation
type, calculation options, results, and notes). It is organized in the following tabs:

« Alternatives — Edit or view the alternatives to be used by this scenario.

e Calculation — Specify the type of hydraulic/water quality calculations to be performed, and
click the GO button to run these calculations.

« Results— View the hydraulic/water quality calculation results summary.
* Notes— Edit or view notes for this scenario.

To open theScenario Editor dialog for the active scenario, press @@ button from the toolbar.

To open theScenario Editor dialog for any scenario, sele8nalysis\Scenarios from the pull-
down menu to open th8cenario Manager, right-click the scenario that you wish to edit, and
selectEdit from the pull down menu that appears. Or highlight the scenario you wish to edit,
press thescenario M anagement button, and sele@dit.

Scenario Editor — Alternatives Tab

The Alternatives tab, located in th&cenario Editor, allows you to specify the alternatives that
will be used by this scenario. There is one row for each Alternative Type. You need only concern
yourself with the rows that correspond to the changes you would like to model using this scenario.

To specify the alternatives you would like to work with, simply click the check box next to the
alternative type. For example, if you would like to see how your system behaves by changing the
shape or sizes of a few pipes, then click the check box next to the Physical alternative row.

If you would like to use an existing alternative that you have already set up, use the drop-down list
to choose the desired alternative. If you would like to create a new alternative, clidkwhe
button. You will be asked to name the new alternative, andItieenatives Editor will open.

The Scenario Wizard will walk you through all of the steps required to create a new scenario. If
you are unsure how to specify the alternatives that you would like to work with, we recommend
that you use this wizard.

Remember, when this scenario is active, the alternatives that you specify here will be
active.

Changesthat you make to your model will be made in these alter natives.
When you calculate this scenario, these are the alter natives that will be used.

This tab will take on a different appearance depending on whether you are editing a
Base scenario or Child scenario. When editing a base scenario, the checkbox column
(described above) will not be present. You can use the ellipsis (...) button located to the
right of each drop-down list to access the associated Alternatives Manager.

Scenario Editor — Calculation Tab

This dialog is the control center for each network analysis. This program is capable of performing
both a Hydraulic Analysis and a Water Quality Analysis. Also, Extended Period Analysis which
considers time-variable hydraulic demands and constituent source concentrations is available.
Patterns are used to define the time-variable aspects of these system loads. Also contributing to
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time-variable hydraulic conditions are tank characteristics and controls associated with Pipes,
Pumps, and Valves.

This diaog allows you to specify the following data and calculation modes:

Steady State/Extended Period Simulation -If you have selected Extended Period
calculation, a set of extended period options become available for editing: Start Time,
Duration, and Hydraulic Time Step.

Analysis Modes —In addition to performing a standard hydraulic analysis, you are given the
option to perform a Water Quality Analysis (in Steady State mode) or a Fire Flow Analysis (in
Extended Period Simulation mode).

Calibration — Feature used to "tweak" the two most commonly used parameters during model
calibration: junction demands and pipe roughness, without permanently changing the value of
the input data. It allows you to experiment with different calibration factors until you find the
one that causes your calculation results to most closely correspond with your observed field
data.

Check Data/Validate — This feature, allows you to validate your model against typical data
entry errors, hard to detect topology problems, and modeling problems. Whealitthate

box is checked, the model validation is automatically run prior to calculations. It can also be
run at any time by clicking th€heck Data button. The process will produce either a dialog
stating "No Problems Found", or a status log with a list of messages.

Calculation Options — Specify parameters affecting hydraulic and water quality calculations.

Clicking theGO button will perform the calculations.

The GO button, the Validate toggle and the Check Data button are not available when
the Scenario Editor isaccessed from the Scenario Manager. In order to validate the data
or calculate the current scenario, the Scenario Editor should be accessed by clicking the
GO button on the main window.

Calibration is one of the most important steps in developing a hydraulic and/or water
quality model. This program provides an easy-to-use calibration feature that lets you
"tweak" theinput datato help you match data observed in the field.

Each calculation depends upon a number of parameters that can optionally be
configured using the Calculation Options dialog.

If the model has not been calculated, or if the input data has been changed since the last
calculation, the word Compute (displayed in Red) will appear in the status pane in the
lower right corner of the main editing window. Thisis a signal that the model needs to
be recalculated.

Scenario Editor — Results Tab

The Results tab contains a summary of the last calculation performed using this scenario. Click
the Save button to save the results to an ASCII text file. Click Emént Preview button to
preview the Scenario Results Summary Report.
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o Immediately after you run the calculations, the Results tab automatically displays. Yol
will notice a green, yellow, or red light in that tab indicating how successful the
computations were. This light is not displayed once you close this dialog box.

Scenario Editor — Notes Tab

The memo field on the Notes tab alows you to input free-form paragraph text that will be
associated with the new scenario. Use it to make detailed notes about the conditions that the
scenario will model.
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9.1

Chapter 9

Modeling Capabilities

WaterCAD provides unmatched modeling capabilities, allowing you to model and optimize
practically any distribution system aspect, including the following operations:

Hydraulic Analysis

Perform a steady-state analysis for a "snapshot" view of the system, or perform an extended-
period simulation to see how the system behaves over time.

Use any common friction method: Hazen-Williams, Darcy-Weisbach, or Manning's.

Take advantage of scenario management to see how your system reacts to different demand
and physical conditions, including fire and emergency usage.

Control pressure and flow completely by using flexible valve configurations. You can
automatically control pipe, valve, and pump status based on changes in system pressure (or
based on the time of day). Control pumps, pipes, and valves based on any pressure junction or
tank in the distribution system.

Perform automated fire flow analysis for any set of elements and zones in the network.

Water Quality Analysis

Track the growth or decay of substances (such as chlorine) as they travel through the
distribution network.

Determine the age of water anywhere in the network.

I dentify source trends throughout the system.

Steady-State/Extended Period Simulation

WaterCAD gives the choice between performing a steady-state analysis of the system or
performing an extended-period simulation over any time period.

Steady-State Simulation

Steady-state analyses determine the operating behavior of the system at a specific point in time or
under steady-state conditions (flow rates and hydraulic grades remain constant over time). This
type of analysis can be useful for determining pressures and flow rates under minimum, average,
peak, or short term effects on the system due to fire flows.
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For this type of analysis, the network equations are determined and solved with tanks being treated
as fixed grade boundaries. The results that are obtained from this type of anaysis are
instantaneous values and may or may not be representative of the values of the system a few
hours, or even afew minutes, later in time.

Extended Period Simulation

When the effects on the system over time are important, an extended period simulation is
appropriate. This type of analysis allows you to model tanks filling and draining, regulating valves
opening and closing, and pressures and flow rates changing throughout the system in response to
varying demand conditions and automatic control strategies formulated by the modeler.

While a steady-state model may tell whether or not the system has the capability to meet a certain
average demand, an extended period simulation indicates whether or not the system has the ability
to provide acceptable levels of service over a period of minutes, hours, or days. Extended period
simulations can also be used for energy consumption and cost studies, as well as water quality
modeling.

Data requirements for extended period simulations are greater than for steady-state runs. In
addition to the information required by a steady-state model, you also need to determine water
usage patterns, more detailed tank information, and operational rules for pumps and valves.

The following additional information is required only when performing Extended Period
Simulation, and therefore is not enabled when Steady-State Analysis has been specified.

o Start Time — The start time format is military time, so 0.00 hr. is midnight and 24.00 hr. is
midnight of the following day. This very powerful feature allows you to run an extended
period analysis for any period of the day without redefining any time dependent input data
such as patterns.

e Duration — The duration can be any positive real number.

e Hydraulic Time Step — Enter the time interval between hydraulic solutions for this
calculation. The hydraulic time step is the maximum amount of time that the hydraulic
conditions of the network are assumed to be constant.

7 Each of the parameter s needed for an extended period analysis has a default value. You
will most likely want to change the values to suit your particular analysis.

Occasionally the numerical engine will not converge during an extended period analysis.
This is usually due to controls (typically based on tank elevations) or control valves
(typically pressure regulating valves) toggling between two operational modes (on/off for
pump controls, open/closed for pipe contrals, active/closed for valves). When this occurs,
try adjusting the hydraulic time step to a smaller value. This will minimize the
differencesin boundary conditions between time steps, and may allow for conver gence.

Whether the model is run in steady-state or over an extended period is specified on the
Calculation tab of theScenario Editor, which can be accessed from tAealysis\Scenarios
menu item.

9.2 Optional Analysis

In addition to performing a standard hydraulic analysis, you are given the option to perform a
water quality analysis or a fire flow analysis:
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9.3

e Water Quality Analysis — This check box configures the calculation to analyze for water
quality. When this box is checked, you need to specify the type of water quality analysis to
perform. This software is capable of performing three types of water quality analyses:

— Age— Determine how long the water has been in the system.

- Constituent — Determine the concentration of a constituent at all nodes and links in the
system.

— Trace — Determine the percentage of the water at all nodes and links in the system. The
source is designated as a specific node.

e Fire Flow Analysis — This check box configures WaterCAD to analyze the system for
available fire flow.

Water quality calculations are time variable in nature, and therefore are only available
when the calculation is configured for extended period analysis. Be sure that the
Extended Period Analysis radio button in the Hydraulic Analysis portion of the
Calculation dialog is selected.

Fire Flow calculations are based on a steady-state calculation. Therefore, if the
calculation is configured to perform an Extended Period Analysis, the Fire Flow
Analysis check box is disabled. Be surethat the Steady State Analysisradio button in the
Hydraulic Analysis portion of the dialog is selected.

Use the Scenario M anager to set up and manage multiple water quality data sets.

Use the Alternative M anager to set up and maintain multiple Fire Flow data sets.

These optional analyses are specified in #mlysis section in theCalculation tab of the
Scenario Editor, which can be accessed from thealysis\Scenarios menu item.

Calibration

Calibration is an important part of the development of hydraulic and water quality models. Itis a
powerful feature for "tweaking" the two most commonly used parameters during model
calibration: junction demands and pipe roughness.

One of the first steps performed during a calculation is the transformation of the input data into the
required format for the numerical analysis engine. If a factor and operator are present in the
calibration fields when th&O button is clicked, the factor is used during this transformation.
This does not permanently change the value of the input data, but allows you to experiment with
different calibration factors until you find the one that causes your calculation results to most
closely correspond with your observed field data.

TheCalibration section contains the following data:
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9.4

« Demand — Use this calibration field to temporarily adjust the individual demands at all
junction nodes in the system that have demands for the current scenario. For example, assume
node J-10 has two demands, a 100 gpm fixed pattern demand, and a 200 gpm residential
pattern demand, for a total baseline demand of 300 gpm. If you enter a demand calibration
multiplier of 1.25, the input to the numerical engine will be 125 gpm and 250 gpm
respectively, for a total baseline demand of 375 gpm at node J-10. If you use the Set operator
to set the demands to 400, the demand will be adjusted proportionally to become 133 and 267
gpm, for a total baseline of 400 gpm. Also, if a junction has an inflow of 100 gpm (or a
demand of -100 gpm), and the calibration operation is Set Demand to 200 gpm, then the inflow
at that junction will be -200 gpm (equivalent to a demand of 200 gpm).

* Roughness — Use this calibration field to temporarily adjust the roughness of all pipes in the
distribution network.

* Apply — Click theApply button to permanently adjust the demands or roughness. Generally,
you will use this button after experimenting with the calibration factors on successive
calculations, and comparing the calculation results to observed field data.

The calibration data is located on t@alculation tab of theScenario Editor, which can be
accessed from th&nalysis\Scenarios menu item.

Check Data/Validate

This feature allows you to validate your model against typical data entry errors, hard to detect
topology problems, and modeling problems. When Wa#idate box is checked, the model
validation is automatically run prior to calculations. It can also be run at any time by clicking the
Check Data button. The process will produce either a dialog stating "No Problems Found" or a
status log with a list of messages.

The validation process will generate two types of messages. A warning message means that a
particular part of the model (i.e. a pipe's roughness) does not conform to the expected value, or is
not within the expected range of values. This type of warning is useful but not fatal. Therefore,
no corrective action is required to proceed with a calculation. Warning messages are often
generated as a result of a topographical or data entry error and should be corrected. An error
message, on the other hand, is a fatal error, and the calculation cannot proceed before it is
corrected. Typically, error messages are related to problems in the network topology, such as a
pump or valve not being connected on both its intake and discharge sides.

The check data algorithm performs the following validations:

* Network topology — Checks that the network contains at least one boundary node, one pipe,
and one junction. These are the minimum network requirements. It also checks for fully
connected pumps and valves and that every node is reachable from a boundary node through
open links.

* Element validation — Checks that every element in the network is valid for the calculation.
For example, this validation ensures that all pipes have a non-zero length, a non-zero diameter,
a roughness value that is within the expected range, etc. Each type of element has its own
checklist. This same validation is performed when you edit an element in a dialog. The dialog
will not close until each item on the checklist is satisfied.
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9.5

In earlier versions of the software, it was possible to create a topological situation tha
was problematic but was not checked for in the network topology validation. The
situation could be created by "morphing" a node element such as a junction, tank, of
reservoir into a pump or valve. This situation is now detected and corrected
automatically, but it is strongly recommended that you verify the flow direction of the
pump or valve in question. If you have further questions or comments related to this
please contact Haestad Methods Support.

Warning messages related to the value of a particular attribute being outside the

accepted range can often be corrected by adjusting the allowable range for thd
attribute.

The Check Data button and the Validate check box are located on the Calculation tab of the
Scenario Editor, which can be accessed from the Analysis\Scenariosnenu item.

Calculate Network

The following needs to be completed before performing hydraulic cal culations for a network.

1. Set the Calculation mode to Steady-Stateor Extended Period If Extended Periodis
selected, then specify the starting time, the duration, and the time step to be used.

2. Optionaly, in Extended Period mode, you may perform a Water Quality Analysis. Set the
Water Quality toggle On and select one of the three available types of calculations: Age,
Constituent or Trace.

3. Optionaly, in Steady-State mode, you may also perform a Fire Flow Analysis by setting the
Fire Flow Analysistoggle.

4. Optionally, in the Calibration section, you may modify the demand or roughness values of
your entire network for calibration purposes. If a factor and operator are present in the
calibration fields when the GO button is clicked, the factor is used during this calculation.
This does not permanently change the value of the input data, but allows you to experiment
with different calibration factors until you find the one that causes your calculation results to
most closely correspond with your observed field data. To permanently change the value of
theinput data, select Apply.

5. Optionaly, click the Options button to verify general algorithm parameters used to perform
Hydraulic and Water Quality calculations.

6. Set the Validate toggle On, or click the Check Data button to ensure that your input data
does not contain errors.

7. Click on the GO button to start the calcul ations.

The Check Data button performs a quick check of your input data and displays any
errors found. It is recommended to run this function before the actual run of the
calculations. Note, however, that the data is automatically checked when you perforr
the calculations if the Validate toggle is On.

—
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9.6

9.6.1

9.6.2

Fire Flow Analysis

One of the goals of a water distribution system is to provide adequate capacity to fight fires.
WaterCAD’s powerful fire flow analysis capabilities can be used to determine if the system can
meet the fire flow demands while maintaining various pressure constraints. Fire flows can be
computed for a single node, a group of selected nodes, or all nodes in the system. A complete fire
flow analysis can comprise hundreds or thousands of individual flow solutions — one for each
junction selected for the fire flow analysis.

Fire flows are computed at user-specified locations by iteratively assigning demands and
computing system pressures. The model will check the computed fire flow and ensure that all
pressure constraints are met. New demand will automatically be assigned and system pressures
recomputed if one of the constraints is violated. Iterations continue until one of the fire flow
constraints is matched, or until the maximum number of iterations is reached.

The flow is not actually withdrawn from the node. The baseline pressures are the pressures that
are modeled under the standard steady-state demand conditions in which fire flows are not
exerted. The analysis only serves as a check to determine how much can be withdrawn given the
pressure constraints (Residual Pressure, Minimum Zone Pressure and optionally, Minimum
System Pressure). The program will compute the available fire flow to be zero in situations where
the baseline system pressures violate one of the pressure constraints.

Results of fire flow calculations, which are obtained from calculations performed
separately for an automatic batch run, are only reported in the Fire Flow tab and in the
Fire Flow Tabular Report (accessed from the Report\Tables menu or the Tabular
Reportsicon). Resultsreported in the other element editor tabs do not take into account
any fire flow, unless you explicitly entered the fire flow as a demand at a specific
junction.

All parameters defining a fire flow analysis, such as the residual pressure or the
minimum zone pressure, are explained in detail in the Fire Flow Alternative and in the
Fire Flow tab topics.

An on-linetutorial on fireflow can be found by selecting the Help\Tutorials menu.

Fire Flow Results

After performing a fire flow analysis, calculation results are available for each junction node in the
fire flow selection set. These results can be viewed in the preddfined=low Report (in

tabular format), accessed by clicking thabular Reports buttongl highlighting Fire Flow
Report, and clickingOK. Note that results for the nodes that were not included in the fire flow
selection set are reported as N/A.

Not getting Fire Flow at a Junction Node
Perform the following checks if you are not getting expected fire flow results:

1. Check the Available Fire Flow. If it is lower than the Needed Fire Flow, the fire flow
conditions for that node are not satisfied. Therefdseded Fire Flow Constraintsis false.
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9.7

9.7.1

9.7.2

2. Check the Calculated Residual Pressure. If it is lower than the Residual Pressure Constraint,

the fire flow condition for that node is not satisfied. Therefore, Needed Fire Flow

Constraintsisfalse.

3. Check the Calculated Minimum Zone Pressure. If it is lower than the Minimum Zone

Pressure Constraint, the fire flow condition for that node is not satisfied. Therefore, Needed

Fire Flow Constraints isfalse.

If you are not concerned about the pressure of a node that is NOT meeting the Minimun
Zone Pressure constraint, move this node to another zone. Now, the node will not
analyzed as part of the same zone.

=

pe

4. If you checked the box for Minimum System Pressure Constraintin the Fire Flow
Alternative dialog, check to seeif the Calculated Minimum System Pressure is lower than the
set constraint. If it is, Satisfies Fire Flow Constraintswill be False.

Water Quality Analysis

Age Analysis

An age analysis determines how long the water has been in the system and is more of a general
water quality indicator than a measurement of any specific quality. To configure for an age
analysis:

1. Choose Compute from the Analysis menu or click the GO button.
2. Activate the Extended Periodradio button.

3. Check the box labeled Water Quality Analysis.

4. Select the Age radio button.
5

Assuming you have not already set up an Age alternative for this scenario (including defining
the trace node), go to the Alternatives tab, click the ellipsis (...) or New button next to the
Age scroll-down list, and add or edit an Age aternative. Back in the Alternatives tab, choose
the desired alternative from the Age Alternative choicelist.

6. Return to the Calculation tab and click the GO button.

Water quality analysis can only be performed for extended period simulations.

Constituent Analysis

A constituent is any substance, such as chlorine and fluoride, for which the growth or decay can be
adequately described through the use of a bulk reaction coefficient and a wall reaction coefficient.
A constituent analysis determines the concentration of a constituent at all nodes and links in the
system. Constituent analyses can be used to determine chlorine residuals throughout the system
under present chlorination schedules, or can be used to determine probable behavior of the system
under proposed chlorination schedules. To configure for a constituent analysis:

1. Choose Compute from the Analysis menu or click the GO button.

2. Activate the Extended Periodradio button.
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9.7.3

9.8

3. Check the box labeled Water Quality Analysis.
4. Select the Constituent radio button.

5.  Assuming you have not already set up a Constituent aternative for this scenario (including
the selection of the constituent), go to the Alternatives tab, click the ellipses (...)or New
button next to the Constituent scroll-down list, and add or edit a Constituent alternative.
Specify the Constituent, which is defined in the Constituent Library and accessed by clicking
the ellipsis (...) button. You are missing a few Back in the Alternatives tab, choose the
desired alternative from the Constituent Alternative choicelist.

6. Return to the Calculation tab and Click the GO button.

Trace Analysis

A trace analysis determines the percentage of the water at all nodes and links in the system. The
source is designated as a specific node in the system and is called the trace node. In systems with
more than one source, it is common to perform multiple trace analyses using the various trace
nodes in successive analyses. The source node and initia traces are specified in the Trace
Alternative dialog. To configure for atrace analysis:

1. Choose Compute from the Analysis menu, or click the GO button.
2. Activate the Extended Periodradio button.

3. Check the box labeled Water Quality Analysis.

4. Select the Trace radio button.
5

Assuming you have not already set up a Trace alternative for this scenario (including defining
the trace node), go to the Alternatives tab, click the ellipses (...)or New button next to the
Trace scroll-down list, and add or edit a trace alternative. Specify the trace node to be used
for this analysis and provide the appropriate data. Back in the Alternatives tab, choose the
desired alternative from the Trace Alternative choicelist.

6. Return to the Calculation tab and click the GO button.

Water quality analysis can only be performed for extended period simulations.

Calculation Options
Calculations depend on a variety of parameters that may be configured by you.

This program provides defaults for each of the calculation options. If you make changes to the
calculation options and decide that you would like to return to the default settings, use the Reset
button on the Calculation Options dialog.

The dialog is divided into two groups:
* Hydraulics
*  Water Quality

To access the Calculation Options dialog, click the Options button on the Calculation tab of the
Scenario Editor, or select the GO button and click Options.
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9.8.1

9.8.2

9.9

Hydraulic Analysis Options
The following hydraulic analysis parameters are available for user configuration:;

e Trials — Unitless number that defines the maximum number of iterations to be performed for
each hydraulic solution. The default value is 40.

* Accuracy — Unitless number that defines the convergence criteria for the iterative solution of
the network hydraulic equations. When the sum of the absolute flow changes between
successive iterations in all links is divided by the sum of the absolute flows in all links, and is
less than the Accuracy, the solution is said to have converged. The default value is 0.001 and
the minimum allowed value for Accuracy is 1.0e-5.

The number of trials specifies the maximum number of iterations to be performed for
each time step in an extended period simulation, not the total number of iterations for
the entire analysis.

In most cases, the default values are adequate for the hydraulic analysis. Under special
circumstances, the accuracy may need to be adjusted downward. Thisis necessary when
the model conver ges, yet there are larger than acceptable discrepancies between the total
inflow and outflow at individual nodes.

Water Quality Analysis Options
The following water quality analysis parameters are available for user configuration:

e Maximum Pipe Segments — Unitless number that defines the maximum number of segments
that any pipe can be separated into during a water quality analysis. The default value is 100.

e Minimum Pipe Travel Time — Minimum time of travel through a pipe. If travel time through
any pipe is computed to be less than this number, it is set equal to it. The default value for
minimum pipe travel time is 10% of the hydraulic time step, and default units are hours.

e Set Quality Time Step — Check this box if you want to manually set the water quality time
step. By default, this box is not checked and the water quality time step is computed internally
by the numerical engine.

e Quality Time Step — Time interval used to track water quality changes throughout the
network. By default, this value is computed by the numerical engine and is equivalent to the
smallest travel time through any pipe in the system.

Patterns

The extended period analysis is actually a series of steady-state analyses run against time-variable
hydraulic demands and constituent source concentratidagerns allow you to apply automatic
time-variable changes within the system. The most common application of patterns is for
residential or industrial demands. Diurnal curves are patterns which relate to the changes in
demand over the course of the day, reflecting times when people are using more or less water than
average. Most patterns are based on a multiplication factor versus time relationship, whereby a
multiplication factor of one represents the base value (which is often the average value).

Using a representative diurnal curve for a residence as illustrated below, we see that there is a peak
in the diurnal curve in the morning as people take showers and prepare breakfast, another slight
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peak around noon, and a third peak in the evening as people arrive home from work and prepare
dinner. Throughout the night, the pattern reflects the relative inactivity of the system, with very
low flows compared to the average.

Typical Diurnal Curve
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This curve is conceptual and should not be construed as representative of any particulg
network.
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There are two basic forms for representing a pattern: stepwise and continuous. A stepwise pattern
is one that assumes a constant level of usage over time, then jumps instantaneously to another
level where it remains steady until the next jump. A continuous pattern is one for which several
points in the pattern are known and sections in between are transitional, resulting in a smoother
pattern. On the continuous pattern in the figure above, the value and slope at the start time and end
times are the same. Thisisa continuity that is recommended for patterns that repeat.

Because of the finite time steps used for calculations, this software converts continuous patterns
into stepwise patterns for use by the algorithms.

9.9.1 Pattern Manager

Patterns provide an effective means of applying time-variable system loads to the distribution
model. There are two separate managers for organizing and editing your patterns: one for
hydraulic demand, the other for constituent source loading (used when performing a water quality
analysis to analyze a constituent concentration). The Pattern Manager allows you to do the
following:

* Add — Click the Add button. This will open the Pattern dialog where the specifics of the
pattern can be entered.

o Edit — Select the label of the pattern you wish to edit, and click the Edit button. The Fixed
pattern cannot be edited.

* Duplicate — Select the label of the pattern you wish to duplicate, and press the Duplicate
button. The Fixed pattern cannot be duplicated.

» Delete —Select the label of the pattern you wish to delete, and click the Delete button. The
Fixed pattern cannot be deleted.
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simulation.

In this program, an individual junction can support multiple hydraulic demands.
Furthermore, each demand can be assigned any hydraulic demand pattern. Thi
powerful functionality makes it possible to model any type of extended period

12

To access the Pattern Manager select the Analysis\Patterns\Hydraulic or Analysis\Patterns
\Constituent menu item, or click the ellipsis (...) button next to any pattern choicellist.

Pattern Editor

A pattern is a series of time step values, each having an associated multiplier value. During an
extended period analysis run, multipliers are selected for use by comparison of their time step
value with the current time steps of the Extended Period Analysis run. The selected multiplier is
applied to any baseline load that is associated with the pattern.

Defining Patterns

Label — A required name to uniquely identify the pattern. This name appears in the choice list
when applying patterns to hydraulic demands or constituent source loads.

Start Time — A value between 0 and 24 that specifies the first time-step point in the pattern.
All other pattern time step points are referenced from this start time. This program
automatically adjusts your pattern when you start an Extended Period Analysis at a time other
than zero.

Starting Multiplier — The multiplier value of the first time step point in your pattern. Any
real number can be used for this multiplier (it does not have to be 1.0).

Time Step Points

Time From Start — The amount of timérom the Start Time of the pattern to the time step
point being defined.

Multiplier — The multiplier value associated with the time step point.

Format

Stepwise Format — The multiplier values are considered to be the average value for the
interval between the specified time and the next time. Patterns using this format will have a
"staircase" appearance. Multipliers are set at the specified time and held constant until the next
point in the pattern.

Continuous Format — The multipliers are considered to be the instantaneous values at a
particular time. Patterns using this format will have a "curvilinear" appearance. Multipliers are
set at the specified time, and are linearly increased or decreased to the next point in the pattern.

Patterns must begin and end with the same multiplier value. Thisis because patternswill
be repeated if the duration of the Extended Period Analysis is longer than the pattern
duration. In other words, the last point in the pattern is really the start point of the
pattern’s next cycle.

An Extended Period Analysis is actually a series of steady-state analyses where the
boundary conditions for the current time step are calculated from the conditions at the
previous time step. This software will automatically convert a continuous pattern format
to a stepwise format so that the demands and source concentrations remain constant
during atime step.
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An individual Junction can support multiple hydraulic demands. Furthermore, each
demand can be assigned any hydraulic demand pattern. This powerful functionalityf

makes it easy to combine two or more types of demand patterns (such as residential apd
institutional) at a single junction.

:Qi Use the Report button to view or print a graph or detailed report of your pattern.

To access the Pattern editor, click the Add or Edit button on the Pattern Manager dialog.



Chapter 10 — Cost Estimating

179

Chapter 10

Cost Estimating

This feature allows you to calculate a planning level estimate of the capital cost associated with an
entire system or any portion of a system. This makes it easy to compare the costs associated with
the various scenarios, thus helping to ensure that the most cost-effective design is chosen.

The costs associated with a particular element are broken down into two categories, fixed costs
and unit costs. The total cost for each element is calculated as the unit cost times the number of
units plus the total of the itemized fixed costs associated with the element. For pipes the unit
costss are specified in terms of a cost per unit of length, and for nodal elements, the unit cost is
specified in terms of a cost per element. The total cost for the elements in the system is then
simply the sum of the total cost for each element selected to be included in the cost analysis.

The unit costs for an element are specified in terms of a unit cost function. A unit cost function
describes the relationship between an attribute of the element and the unit cost. For example, you
may wish to specify the unit cost of a pipe as afunction of the diameter, where the unit cost of the
pipe increases as the diameter increases.

In addition to a unit cost, every element can have an itemized list of fixed costs. Fixed costs are
specified by the user and provide flexibility in specifying the cost of elements for which the unit
cost might not accurately capture the actual cost of installing that element. For instance, if an
easement is heeded for a particular pipe this cost will probably not be reflected in the unit cost for
that pipe.

A unit cost can not be associated with some elements, such as pumps and tanks, whose cost cannot
be easily correlated to an attribute of the element. However, you can include the costs associated
with these elements in the cost analysis by assigning fixed costs to these elements. This provides
the user with the flexibility to distinguish between the different costs associated with these types
of elements. For instance, if you are costing a pump you may want to differentiate between the
cost of the pump itself and the cost of the pump housing.

In addition to specifying the costs for each element in the system, you can also make adjustments
on a system wide basis to the total cost of al the elements included in the cost analysis. This
makes it easy to account automatically for contingencies and adjustments that need to be made to
the total cost of the physical system.

You do not need to have a hydraulically valid network to perform a cost analysis. Yol

can quickly calculate the cost associated with a system at any time through the Copst

Manager.
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10.1

Cost Manager

The Cost Manager alows you to quickly compute and compare the costs associated with your
different scenarios. This dialog provides you with a convenient place to view, edit, and calculate
project level cost data. This dialog can be divided into three sections that are described below.

Thefirst section is the series of four buttons on the left side of the window:

« Unit Cost Functions— This button opens thgnit Cost Function manager which is the place
to add new functions describing the relationship between a model attribute and the unit cost for
the element. For pipes, this might be a table of data relating the pipe material to the cost per
unit length.

e Cost Alternatives — This button opens theapital Cost Alter natives manager where you can
quickly create different cost alternatives. For example, you may wish to compare the cost
associated with different cost functions or different portions of the system.

« Compute — This button opens the Cost Scenario Editorfor the scenario that is selected in the
pane to the right of this column of buttons. The Cost Scenario Editoris the location to enter
the cost adjustments and to run a cost calculation for the selected scenario.

e Batch Run — Performing a batch run allows you to set up and run multiple cost scenarios at
once. This is helpful if you want to queue a large number of calculations or simply manage a
group of smaller calculations as a set.

The second section is the pane to the right of this column of buttons. When you ofmstthe
Manager this pane will contain all the scenarios in the project. Each scenario will have an icon
located to the left of it indicating whether a cost calculation has been performed for that scenario.
If the icon is a green file folder, then the scenario has not been calculated. If the icon is a file
folder with a dollar symbol then the cost results are available for that scenario. If cost results are
available for the scenario, then the total cost of the scenario will be displayed to the right of the
scenario label.

Clicking on a scenario, for which cost results are available, will expand the components
comprising the total cost of the scenario. These components include the following types of
sections:

« A section for each cost function that is used in the cost analysis
« A section detailing additional unit costs specified for the pipes in the system
« A section detailing the fixed cost specified for each element in the system

« A section detailing any cost adjustments made to the total cost of all the elements included in
the cost analysis

If there is no cost data associated with one or more of these sections then those sections will not be
listed.

Just above the right side of the center pane listing the available scenarios is a row of three buttons,
each of which is described below.

* Properties — This button opens theost Scenario Editor for the currently selected scenario.
In this dialog the system cost adjustments applied to the total cost computed for the elements
in the system can be edited. The cost calculation for the selected scenario can also be run from
this dialog.

e Graph — This button opens a pie chart of the items comprising the total cost of the scenario.

* Report — This buttons opens a printed tabular report on any item selected in the pane below
these buttons. If the scenario label is selected, then a tabular report of all the items comprising
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the scenario are included in the report. If one of the components listed under the scenario is
selected then only the information for this one item will be included in the report.

The third section on this dialog is the pane on the right side. This pane is used to display an
expanded view of the contents of the item selected in the center pane. The table listed in this pane
will appear in the printed report that is opened when the report button described above is clicked.

To open the Cost Managerwindow, select Analysis\Compute Costsor click the @l button in
the analysis toolbar.

Cost Alternatives Manager

The Cost Alternatives manager dialog allows you to edit, create, and manage your cost
aternatives. It also gives you more advanced capabilities, such as merging alternatives and
creating child alternatives.

On the right side of the dialog are a number of buttons that provide functions for managing the
aternatives. These buttons are identical to the buttons found in the Alternatives Manager dialog.
See the Alternatives manager topic in the Scenariog/Alternatives chapter for a descriptions of
these button’s function.

To access the Cost Alternatives manager dialog select Analysis\Alternatives from the pull-down
menu and select the Costtab, or click on the Cost Alternatives button in the Cost Manager.

Unit Cost Functions

A unit cost function is a description of the relationship between an element attribute and the unit
cost for that element. For example it might describe the relationship between pipe diameter and
the cost per unit length or it could relate the depth of a gravity structure to the unit cost for that
structure. You can specify the relationship between the unit cost and the value of the attribute as
either tabular data or as aformula.

Tabular Unit Cost Function — Relates attribute values to unit costs as a series of data points.
This is the only way to enter unit cost data for non-numeric attributes such as material. If the
attribute for which you are supplying the cost data is numeric then values between the data points
that you enter will be linearly interpolated. If the unit cost is requested for an attribute value that
falls outside of the range of data that you supplied in the table, the model will assume that the unit
cost is equal to the unit cost at the most extreme point closest to the value that was requested. For
example if the following points had been entered (8 in, 30%/ft) and (12 in, 40 $/ft) and the unit cost
was requested for a 16 in diameter pipe the value returned would be 40 $/ft. When a cost
calculation is performed you will be warned about all elements whose unit cost falls outside of the
range of data that you supplied.

Formula Unit Cost Function — Represents the unit cost as a function of the selected numeric
attribute of the following form:

Cost = d+a(x—c)b

Where: Cost = Linear cost of the pipe (local currency/m, local currency/ft)
X = Selected attribute (unit depends on the type of attribute)
a,b,c,d = Parameters you specify (units depend on local currency and the

type of attribute)
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For certain values, such as when x is less than ¢ and b is not an integer, this equation will

be invalid. Under these conditions the unit cost returned by the function will be zero.

Unit Cost Functions Manager

You can add, delete, and edit the Unit Cost Functions for your project through this manager. Y ou
will be able to assign the cost functions defined here to one or more of the elements of the
appropriate type in your system. For example, if you define a cost function here for pipes, you will
be able to select this cost function from the drop down box on the cost tab of the pipe element
editor dialog.

Use the Save command (accessed from the File menu button on the bottom of this dialqg)
to save the unit cost functions listed in the Unit Cost Functions Manager. You can the
import them into another project using the Import command (accessed from the Filg
menu button in this dialog).

=]

To access the Unit Cost Functions Manager, select Analysis\Compute Costsfrom the pull-
down menus to display the Cost Managerand click the Unit Cost Functionsbutton.

New Unit Cost Function Dialog

When you add a new unit cost function you will be prompted with this dialog containing two
fields, Unit Cost Function Type and Unit Cost Function Attribute . This is the information that
is needed to initialize the new unit cost function that you are about to create.

The Unit Cost Function Typefield alows you to select whether you would like to enter your cost
function data in a tabular or formula format. We recommend that you quickly familiarize yourself
with both formats to see which is most convenient for you. If you wish to base your unit cost on an
attribute that is not numeric, such as material, you must choose atabular format.

The Unit Cost Function Attribute field isfor selecting the attribute of which your unit costs are a
function. For example the unit cost of a pipe might be based upon its diameter or its material.
Remember that attributes that are not numeric can only be selected if the unit cost function type is
tabular.

Tabular Unit Cost Function

For Unit Cost Functions defined with tabular data, this tab contains the data for this unit cost
function grouped as follows:

* General- General information identifying the unit cost function.

« Attribute Value Range — Display the range of the selected attribute in the current scenario.
This information can be useful to make sure you specify cost data for the entire range of values
in your model.

e Unit Cost Data — Specify the tabular data relating unit cost to the value of the selected
attribute.

In order to help you enter and visualize the function, use one of the buttons at the bottom of the
dialog:

» Plot — Plot the tabular data relating cost to the value of the selected attribute.

e Initialize Range — Initialize the minimum and maximum values in tA&ribute Value
Range section, based on all the elements present in your project, for the current scenario.
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- If the attribute you have selected to define the cost unit function for is outside the define
range for some elements in your network, the unit cost used will be the cost of the
minimum or maximum value of the attribute you defined in the table.

Unit Cost Table General Data
This section contains general information identifying the unit cost function, as follows:

« Label — Unique identifier for your unit cost function.

» Element Type — Displays the type of element to which the function applies, which is always
Pressure Pipe in WaterCAD, but could also be Gravity Pipe, Junction, Inlet, Manhole, or
Junction Chamber in SewerCAD or StormCAD.

« Attribute Labe — Element attribute that controls the unit cost, such as pipe diameter. This
attribute is selected when you add a new function itJthie Cost Function M anager .

Attribute Value Range

This section displays the Minimum and Maximum values of the attribute that controls the unit cost
in your current network. Click thiaitialize Range button to have these values calculated.

Unit Cost Data Table

Define the unit cost function in a tabular format here, preferably defining the costs associated with
the entire range of values present in your network. To display the current range of values in your
model, initialize théAttribute Value Range section by clicking thénitialize Range button.

Formula Unit Cost Function
The data defining formula based unit cost functions is grouped as follows:

* General — General information identifying the unit cost function.

« Valid Cost Data Range — Specify the range for which the function is valid for the attribute
used to define the unit cost function.

» Coefficients — Coefficients defining the formula relating the unit cost to the attribute value.

In order to help you enter and visualize the function, use one of the buttons at the bottom of the
dialog:

« Plot — Display a graph of the unit cost function.

» Initialize Range — Initialize the minimum and maximum values of the attribute used to define
your unit cost function based on all the elements present in your project.

=g If the function isinvalid for any interval within the Valid Cost Data Range, it isset to 0.0
in that interval. Click the Plot button to visualize any problem with the function.

If the attribute you have selected to define the Unit Cost Function is outside the Valid
Cost Data Range for any element in the network, the formula will still be applied to
calculate that element unit cost, but an error message for that element will be reported
when computing the cost for the system.

Formula Unit Cost General Data
This section contains general information identifying the unit cost function, as follows:
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» Label — Unique identifier for your unit cost function.

« Element Type — Displays the type of element to which the function applies, which is always
Pressure pipe in WaterCAD, but could also be Gravity Pipe, Junction, Inlet, Manhole, or
Junction Chamber in SewerCAD or StormCAD.

e Attribute Labd — Element attribute that controls the unit cost, such as pipe diameter. This
attribute is selected when you add a new function itJtie Cost Function M anager.

e Local Unit — Unit of the attribute that controls the unit cost. This unit is used for defining the
formula coefficients.

Valid Cost Data Range

This section specifies the range of values for which the function is valid for the attribute used to
define the unit cost function. Clicking theitialize Range button will initialize these two values
based on the range of values present in your current network.

Coefficients

In this section you can enter the coefficients defining the unit cost function. The x parameter,
which represents the value of the attribute on which the unit cost function is based, is expressed
through the unit specified in theocal Unit field in this tab.

Unit Cost Function Notes
Optional notes that you can enter related to the unit cost function.

Cost Scenario Editor

The Cost Scenario Editor dialog is the control center for each cost analysis. It is the place where
you access or change all the information for performing a single calculation (alternatives, system
cost adjustments, results, and notes). It is organized into the following tabs:

* Alternatives— Edit or view all cost alternatives.

e Cost Calculation —Edit or view the cost adjustments for the total system cost and run a cost
calculation for a single scenario.

« Results— If a cost calculation has been performed for a scenario this log will contain summary
information for the calculation as well as any warnings or errors that were generated during the
calculation.

* Notes— Edit or view the cost analysis notes for this scenario.

To open theCost Scenario Editor dialog, open the Cost Manager by clicking @I button.
Then highlight the scenario that you wish to edit, and cliciCrapute button.

Cost Scenario Editor — Cost Calculation Tab

This tab contains scenario level data for the cost calculation and is the location from which you
can run a cost calculation for a single scenario.

The scenario level data that are contained on this tab are the cost adjustments that will be made to
the total cost computed for all the elements included in the cost analysis. Each cost adjustment
includes a label, operation, and factor. The label is the name such as 'Contingency Fee' or
'‘Adjustment’ used to identify the cost adjustment. The operation is the operation (Add, Multiply,
or Subtract) that will be used against the factor to compute the total cost associated with the
adjustment. The factor is a number that will be applied to the operation to compute the cost
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associated with the adjustment. For example if you wanted to add a contingency fee of ten percent
to the total cost computed for the elements in the system, you would specify an operation of
'Multiply’ and a factor of '0.10." So if the total cost for the elements was $2,000,000, the
contingency fee would be $200,000 and the total cost reported for the scenario would be
$2,200,000.

You can include as many cost adjustments as you wish in the cost for a particular scenario. The
cost adjustments are applied in the order that they appear in the table on this dialog. For instance if
you included a contingency of ten percent and a flat adjustment of $100,000, the amount of the
contingency would depend on whether it came before or after the flat adjustment in the cost
adjustment table. If the contingency fee was listed first in the table and the total cost of the system
was $2,000,000, the amount computed for the contingency would be $200,000 giving you a total
cost of $2,300,000 after the flat adjustment is included. If the contingency was listed after the flat
adjustment, then the amount of the contingency would be ten percent of $2,100,000 or $210,000
and the total cost of the system would then be $2,310,000.

The easiest way to understand how cost adjustments are computed is to perform a few simple cost
calculations and view the resulting values. The amount of each cost adjustment is itemized in the
cost analysis results for each scenario.

Thereis also a GO button on this tab that you can use to run the cost calculation for the scenario
you are editing.

Cost Scenario Editor — Results Tab

The Resultstab contains a summary of the last cost calculation performed for this scenario. Click
the Save button to save the results to an ASCII text file. Click the Print Preview button to
preview the printed version of the contents of the pane in the Resultstab.

Immediately after you run the calculations, the Results tab is automatically displayed
giving you a quick indication of whether the calculation was successful.

Cost Scenario Batch Run

Performing a batch run allows you to set up and run cost calculations for multiple scenarios at
once. This is helpful if you want to queue a large number of calculations, or smply manage a
group of smaller calculations as a set. The list of selected scenarios for the batch run will remain
with your project until you changeit.

Using the dialog is simple. First, check the scenarios you want to run and click the Batch button.
Each scenario will be calculated. Y ou can cancel the batch run between any scenario calculation.

When the batch is completed, the scenario that was current will remain current, even if it was not

one of the scenarios that was calculated. Select a calculated scenario from the center pane of the

Cost Managerdialog to view the results for that scenario. You can also open the Cost Scenario
Editor and select the Results tab to view a summary of the results and any errors that were

generated during the calculation.
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Chapter 11

Presenting Your Results

This chapter covers the various methods that are provided for viewing, annotating, graphing, and
reporting your data. It also presents the tools available for generating contours, profiles, and color
coding elements based on any attribute.

11.1 Element Annotation

Element annotations allow you to display detailed information such as pipe lengths or node
ground elevations in your drawing. You can add one or more annotations for any type of element
in the system. Annotations update automatically. For example, annotations will display newly
calculated values and will be refreshed as you change scenarios.

=g The annotations and their format are defined by using the Annotation Wizard. In
Stand-Alone mode, the annotation format can also be easily modified in the Attributg
Annotation dialog that displays when you double-click the annotation text in the main
view window.

=]

Pipe annotations can be aligned with the pipes or displayed horizontally, depending o
the Pipe Text setting specified in the Drawing Options dialog.

Y ou can control the angle at which the text flips from one side of the pipe to the other (reading in
the opposite direction) to maintain readability when the pipe direction on aplot is nearly vertical.
By default, the text flips direction when the pipe direction is 1.5 degrees measured counter-
clockwise from the vertical. You can modify this value by inserting a TextFlipAngle variable in
the Haestad.ini file located in your Haestad directory, under the [WTRC] section. That angle is
measured in degrees, counter-clockwise from the vertical.

For instance, if you want the text to flip when the pipe direction is vertical, you should add the
following line to the Haestad.ini file:

TextFlipAngle=0
Reasonable values fall in the range from 15.0 degrees to -15.0 degrees.

11.1.1  Attribute Annotation Dialog

In the main view in Stand-Alone mode, double-click the annotation text to display the
corresponding Attribute Annotation dialog. Here you can easily modify the format of that
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attribute annotation without going through the Annotation Wizard again. The parameters "%v"
and "%u" represent the attribute’s value and unit respectively.

The Annotation Wizard

You can use thénnotation Wizard to add annotations to the drawing, as well as to remove or
modify existing annotations in the drawing.

The wizard is divided into three steps:
» Select Elements— Select the types of elements to annotate.
« Choosing Attributes — Select the attributes to annotate.

e Summary — Summary of the annotation settings you have selected.

To access the Annotation Wizard, click the annotation il in the toolbar, or select
Tools\Element Annotation from the main menu.

Annotation Wizard — Select Elements

This step allows you to specify the types of elements you wish to annotate. Check the appropriate
box for each type of element you wish to annotate. You may annotate more than one type of
element at a time by checking all the desired element types. If you have already annotated your
drawing, you can remove annotations for a particular type of element by unchecking the
corresponding box.

Annotation Wizard — Choosing Attributes

The next step(s) allows you to specify the attributes you wish to add for each element type in the
selection set you are annotating.

Specify the set of elements.~ ChooseAll Elements from the scroll-down list for color coding

to be applied to all elements (nodes or links) in the network, or choose a selection set from the
scroll-down list. Click on thellipses (...)button to access the Selection Set Manageto edit or

add selection sets.

For each element type, you will be presented with a table where you can specify the attributes you
wish to annotate, and the "mask” for each attribute.

» Attributes — This column contains a list of all available attributes for the current element type.
Click in this field, and choose the attributes you wish to annotate by selecting from the list that
appears.

e Mask — This column allows you to customize the way the annotation is displayed. The
parameters "%v" and "%u" represent by the attribute’s value and unit respectively. By default,
the mask is setup as follows: <attribute name>: %v %u. The mask can be customized by
editing thisfield.

When annotating pipe diameters, the default mask is " Diameter: %v %u". The default
annotation for a 150 millimeter pipe would be " Diameter: 150 mm". By changing the
mask to "%v%u", the resulting annotation is " 150 mm". You can choose to omit the
%u parameter altogether, and instead substitute a common symbol like "inches" or
"feet."

* Preview — This column displays a preview of how the annotation will look when it is added to
the drawing.
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Annotation Wizard — Summary

The last step of annotating your drawing allows you to review the choices you have made. If you
would like to make changes at this time, simply click the Back button to step back through the
wizard. When you are satisfied, click the Finished button to add the annotations to the drawing.

You can turn annotation visibility on or off by editing the Drawing Options. Your
annotation settings will be retained.

If the Drawing Options indicate that element annotations should not be displayed
clicking the "Finished" button will automatically turn annotations on.

You can double-click an annotation element in the drawing to edit the associated mask.

The Annotation Text Height can be adjusted from the Drawing Tab of the Options
Dialog, accessed by selecting Tools\Options from the pull-down menus.

Color Coding

Color coding allows you to assign colors to elements in the drawing based on a variety of input
and output attributes. For any attribute, you can supply a color scheme or have the application
generate one for you. For example, you can supply a color scheme to display al pipes sizes
between 2" and 8" in green, those between 10" and 24" in blue, and those between 27" and 48" in
red.

To access Color Coding, select Tools\Color Coding...from the main menu, or click the Color
Coding (rainbow) button on the main toolbar, or double-click a color coding legend figure in the
drawing.

Color Coding Dialog

At the top of the Color Coding dialog are two tabs, Link and Node Y ou can set up color coding
for both links and nodes, or just one of the two.

Attribute — Select the attribute by which you would like to color code, or seNche> to turn
color coding off.

Selection Set — ChooseAll Elements from the scroll-down list for color coding to be applied to
all elements (nodes or links) in the network, or choose a selection set from the scroll-down list.
Click on theellipses(...) button to access the Selection Set Manageto edit or add selection sets.

Minimum/Maximum — Calculated minimum and maximum for the specified attribute for
elements in the specified selection set.

Calculate Range — Automatically determine the minimum and maximum for the specified
attribute and selection set.

Initialize — Automatically calculate a set of default color coding ranges for the specified attribute
and selection set, based on the values in your project.

Use the Initialize and/or the Insert buttons to define your color coding map. Then click OK and
the specified colors will be assigned to the elements in the drawing that belong to the specified
selection set(s).
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= Color coding legends can be added to any location in the drawing by clicking the Legend
Button on the Tool Palette.
Color coding will automatically update as input or results change. For example, after
performing a calculation, colors will update based on the calculated values.
If the results for the selected attribute are not available, or if all values for that attribute
are the same, automatic range initialization will not be performed. You can enter your
own custom range in this case.
A color map can have any number of color assignments.
Ny . . . - 3 H
(= The Quick View window can be used to display a summary of the active link or nod¢
color coding parameters.
11.3 Reports
11.3.1 Predefined Reports
This application provides several predefined reports that can be used in your projects. This feature
makes report generation a simple point-and-click exercise. Simply select the elements for which
you want areport and send them to your printer.
The following types of Predefined Reports are available:
* Element Details Reports
* Element Results Reports
e Tabular Reports
e Scenario Summary Reports
» Project Inventory Reports
e Cadlculation Results Table
« Plan View Reports
7 Detailed reports can be copied to the Windows clipboard in RTF format for use in your
favorite word processing program. Refer to the Print Preview window for more
information.
To access the Predefined Reports, select Report from the menu bar and select the report of your
choice.
11.3.2 Element Details Report

The Detailed Reportsdialog allows you to print detailed reports for all elements or any subset of
elementsin the system.
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11.3.3

11.3.4

From the Detailed Reportsdialog, select elements to be printed by holding down the Shift key or
the Control key while clicking with the mouse. Holding down the Shift key will provide group
selection behavior. Holding down the Control key will provide single element selection behavior.
Alternately, use the Selectbutton to open the Selection Setdialog. This provides more powerful
selection functions. When you are satisfied, click the Print button to output the selected reports.

You can graphically select elements that you would like to print before opening thg

to print. This is done by holding down the Shift key and selecting elements or b
dragging a window around the area of interest.

You can print a detailed report for a single element without using the Detailed Reportg
dialog. Simply open the element editor for the desired element and click the Repo
button.

To access the Detailed Reportsdialog, select Report\Element Detailsfrom the menu bar.

Element Results Report

The Element Resultsdialog allows you to print or preview a single report containing the results
for any number of elementsin the system.

From the Element Results dialog, you can select elements to be printed by holding down the
Shift key or the Control key when clicking with the mouse. Holding down the Shift key will
provide group selection behavior and holding down the Control key will provide single element
selection behavior. Alternately, use the Selectbutton to open the Selection Setdialog. This
provides more powerful selection functions. When you are satisfied, click the Preview button to
view the selected reports, or click the Print button to print the selected reports.

You can graphically select elements that you would like to print before opening thd
Element Result Reports dialog. The selected elements will be highlighted in the list
elements to print. This is done by holding down the Shift key and selecting elements
by dragging a window around the area of interest.

resources. You can reduce resource requirements by selecting a small subset of elemg

The print option has lower system resource requirements than the preview option.

To accessthe Element Resultsdialog, select Report\Element Resultsfrom the menu.

Tabular Report

Using the powerful FlexTables feature you can very quickly generate a tabular report containing
any attribute (in columns) and any network element (in rows).

All tabular data in this program can be copied to the Windows Clipboard by right-
clicking the desired table and selecting Copy in the context menu. You can then pas|
this data into your favorite spreadsheet or word processor to generate custom report]

Detailed Reports dialog. The selected elements will be highlighted in the list of elements

When working with large systems, the preview option can require a great deal of systein

with which to work, or by printing a subset of the time step results, as described above.

—

nts

e

[

and graphs.
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To access the Table Manager, click the Table button QI on the main toolbar, or choose
Report\Tablesfrom the main menu.

11.3.5 Scenario Summary Report
The Scenario Summaryprovides a detailed report of the active scenario, including alternatives
and a brief summary of the calculation options.

To access the Scenario Summary Report select Report\Scenario Summaryfrom the menu bar.

11.3.6 Project Inventory Report

The Project Inventory report provides a detailed report that includes a summary of the active
scenario, a network inventory, and a detailed pipe inventory (grouped by pipe section).

To access the Project Inventory Report, select Report\Project Inventory from the menu bar.

11.3.7 Calculation Results Table

The calculation results for each element in a network can be viewed in atable format. Thistableis
predefined and you cannot change it. It displays the set of the most commonly desired output
attributes for the type of element for each reporting time step in the hydraulic analysis. The
contents of the table can be copied to the Windows clipboard to transfer the data to another
application such as a spreadsheet or word processing document.

To copy the data to the Windows clipboard, right-click the table and select Copy from the context
menu.

:@i You can change the reporting time step increment on the Analysis Toolbar.

To view the Calculation Results Tablefor a particular element, select Table from the Report
button on the editor dialog for the desired element.

11.3.8 Plan View Report

Generate print previews for the plan view of the network for either the current drawing display
(Current View) or the entire drawing extents (Full View).

To generate a preview of the current view or the entire network, choose either Report\Plan
View\Current View or Report\Plan View\Full View, respectively, from the main menu.

11.3.9 Calculation/Problem Summary Report

After running hydraulic calculations, the Resultstab of the Scenario Editor is displayed. This
tab contains a summary of the calculation results, or alist of problems encountered with the data,
in case the calculation could not be completed.

This report can be previewed before being printed (or copied to the clipboard) by clicking the
Printer button on the Resultstab. They can also be printed to atext file by clicking the Printer
button on the Resultstab.

This Resultstab can be accessed from the Scenario Manager reporting the results corresponding
to the highlighted scenario in the scenario tree view. It can also be accessed for the currently
active scenario by clicking on the GO button, which opens the Scenario Editor.
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11.3.10

11.4

11.4.1

11.4.2

11.4.3

11.4.4

11.4.5

Contour Plan View

A preview of the Contour Plan View Report, showing all countours as displayed in the Contour
Plot window, can be obtained by clicking on the Print Preview button in the Contour Plot
window.

Graphs

Pump Curve

To generate a pump curve, open the Pump Editor for the pump of interest, click the Report
button, and choose the Pump Curve menu item.

Tank Storage Curve

To generate a plot of the tank storage volume versus the elevation, open the Tank Editor for the
tank of interest, click the Report button, and choose the Tank Curve menu item.

Junction Demand Graph

To generate a graph of the total demand at a junction over time, open the Junction Editor for the
junction of interest, select the Demandtab and click the Graph button.

Pattern Graph and Report

You can generate a graph or a full report of a pattern, representing the multiplier variable of the
pattern over time. To do so, open the Hydraulic or Constituent Pattern Manager diaog to
access the pattern for which you would like to generate output. From the Pattern Editor dialog,
click the Report button, and select Graph or Detailed Report

Plotting a Variable vs Time

Graph Setup

The Graph Setupdialog allows you to graph calculated results for any element in the system.

* Independent Variable— The Independent Variable "Time" will be plotted on the x-axis.
» Dependent Variable — The selected dependant variable will be plotted on the y-axis.

« Available Scenarios- Select and compare various scenario computations.

The Graph Setup option isonly available for Extended Period Analysis.

When the Plot window is open, click the Options button to graph other dependent
variables.

The Graph Setup dialog can be accessed for any element in the system. For the element you
would like to graph, open its Element Editor by double-clicking the element in the main window,

then click theReport button and select théraph menu item.
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Available Scenarios
This feature allows you to select which scenario(s) you wish to view and compare on the current
graph. Place a check mark by the scenario(s) you wish to display.
By default, the base scenario is named "Base".
11.5 Contours
11.5.1 Contour Map Manager
The Contour Map Manager contains the information required to generate contours for a
calculated network, organized as follows:
« Contour — Choice list used to select the attribute that is to be contoured.
« Selection Set- Contours can be generated using all elements in the network or a subset of
elements, defined in the Selection Set Manager. Clickellifgsis (...) button to access the
Selection Set Manager.
7 In addition to using selection sets, you can also add nodes to a special zone that will

—

ensure that they are excluded from the contouring point set. Cybernet 2 users migh
recall that Zone number 99 was reserved for this purpose. You should create a zone
named 'Do not contour'. You can then add the nodes that you do not want to bge
included in the contour set. You can change the name of the contour exclusion zone by
editing the file, haestad.ini, and setting the variable, ‘ExcludeFromContouringTag’
equal to any string label. The exclusion label is not case-sensitive.

If you want to exclude some spot elevations from the contouring point set, set the|r
Description field to 'Do not contour' (or whatever value is set in the haestad.ini
'‘ExcludeFromContouringTag' variable).

Minimum — Lowest value to be included in the contour map. It may be desirable to use a
minimum that is above the absolute minimum value in the system to avoid creating excessive
lines near a pump or other high-differential portions of the system.

Maximum — Highest value for which contours will be generated.

Increment — Step by which the contours increase. The contours created will be evenly
divisible by the increment, and are not directly related to the minimum and maximum values.
For example, a contour set with 10 minimum, 20 maximum, and an increment of 3 would
result in the following set; [ 12, 15, 18] not [ 10, 13, 16, 19 ]

Index Increment — Value for which contours will be highlighted and labeled. The index
increment should be an even multiple of the standard increment.

Initialize — This button, located to the right of ti&ontour section, will initialize the
Minimum, Maximum, Increment, and Index Increment values based on the actual values
observed for the elements in the selection set.

Color by Index — The standard contours and index contours have separately controlled colors
so you can make the index contours more apparent.

Color by Range — Contours are colored based on attribute ranges. Useitiaize button to
create five evenly spaced ranges and associated colors.
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11.5.2

11.5.3

11.5.4

11.5.5

Initialization can be accomplished by clicking the Initialize button. This program will

then automatically generate values for the minimum, maximum, and so on, to create an
evenly spaced contour set. These values may or may not be the desired range for ygur
purposes, but should at least give you a better concept of the range of values with whi¢h

you are dealing.

2

To access the Contour Map Manager, click on the Contour button il on the main toolbar
or select Tools\Contouring from the menus.

Contour Plot

The Contour Plot window displays the results of a contour map specification as accurate,
straight-line contours.

The plot can be printed or exported as a DXF file using the File button at the top of the window.
In AutoCAD mode, you can export the contours directly to your AutoCAD drawing by clicking
File\Export to AutoCAD.

%

Contour line index labels can be manually repositioned in this view before sending th
plot to the printer. The Contour Plot Status Pane displays the "Z" coordinate at the
mouse Cursor.

Although the straight-line contours generated by this program are accurate, "smooth
contours" are often more desirable for presentation purposes. You can smooth th
contours by clicking Options, and selecting Smooth Contours.

1%

Contour Smoothing

The Contour Smoothing option displays the results of a contour map specification as smooth,
curved contours.

The plot can be printed or exported as a DXF file using the command buttons at the top of the
window.

Enhanced Pressure Contours

Normal contouring routines only include model nodes, such as junctions, tanks and reservoirs.
When spot elevations are added to the drawing, however, you can create more detailed elevation
contours and enhanced pressure contours.

These enhanced contours include not only the model nodes, but also the interpolated and
calculated results for the spot elevations. Enhanced pressure contours can help the modeler to
understand the behavior of the system even in areas that have not been included directly in the
model.

Spot Elevations

In addition to the elevations at junction nodes and other network elements, supplemental spot
elevations can be entered throughout the model without adding unnecessary model nodes.
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- These spot elevations have no effect on the network model, but can better define the
terrain surface throughout the drawing. The result is that elevation contours and
enhanced pressure contours can be generated with more detail. This gives the modeler a
better prediction of the system's behavior, even in areas where the model has begn
skeletonized.

Because spot elevations are not included in the actual piping network, there is very little
information in the spot elevation editor. The data consists of the following:

« Spot Elevation Input Data— General characteristics defined by the user.
e Spot Elevation Calculated Results — Values calculated from the model results.

To access th8pot Elevation editor:

Stand-Alone: Double-click the spot elevation you wish to edit or right-click the element
and selecEdit from the drop-down menu.

AutoCAD R14: Pick the Select tool and click the spot elevation you wish to edit, or if the
Right-Click Context Menu is selected you can right-click the element and
selectEdit from the drop-down menu.

AutoCAD 2000: Pick the Select tool and click the spot elevation you wish to edit or select
the element and selegtdit from the drop-down menu.

Spot Elevation Input Data
Spot Elevations have user-defined characteristics, including:

e Label — Unique "name" by which a spot elevation element will be referenced in reports, error
messages, and tables.

e X-Coordinate (Easting) — The location may be presented as an X-value, or defined as an
Easting value, depending on individual preferences.

e Y-Coordinate (Northing) — The location may be presented as a Y-value, or defined as a
Northing value, depending on individual preferences.

» Elevation — Elevation of the junction.

» Description — Optional notes describing the element.

Spot Elevation Calculated Results

Because spot elevations are not directly tied to the hydraulic network model, there are only a few
values that are calculated from the model results:

e Hydraulic Grade - Interpolated hydraulic grade at this location.

« Enhanced Pressure- Pressure based on the interpolated hydraulic grade.

7 These values are obtained by interpolating between three adjacent model nodes. The
hydraulic grade is determined from this interpolation, and the pressure is then
computed as a function of theinter polated hydraulic grade and the elevation.




Chapter 11 — Presenting Your Results 197

For spot elevations that are outside the model bounds, there may not be three adjacent
model nodes. If this is the case, the hydraulic grade will be determined to be zero, whigh
may result in negative pressures. This does not necessarily demonstrate that there dre
poor conditions in the system. It simply indicates that the spot elevations may cover fa
wider area than the model itself.

11.6 Profile

A profile is a graph that plots a particular attribute across a distance, such as ground elevation
along a section of piping. As well as these "side" or "sectional" views of the ground elevation,
profiles can be used to show other characteristics, such as hydraulic grade, pressure, and
constituent concentration.

Although profiles in general are not limited to a specific alignment, piping network models are
usually concerned with a specific profile alignment type called a network walk.

11.6.1 Profile Setup

Setting up a profile is a matter of simply selecting the walk and the attribute on which the profile
isto be based. The Profile Setupdialog includes:

» Attribute — Parameter to be plottted on the vertical axis of the profile.
» Elements— List of elements that define the walk to be profiled.
In addition, the network walk can be manipulated by using some of the associated options:

e Select From Drawing — Return to the drawing in a protected mode to select and deselect
elements for inclusion in the walk.

* Reverse — Reverse the order of the walk. The first node in the list becomes the last, and the
last node becomes the first.

*+ Remove All — Remove all elements from the current walk.

« Remove All Previous — Remove all elements that appear before the selected element in the
list. If the selected element is a pipe, the associated node will not be removed.

« Remove All Following — Remove all elements that appear after the selected element in the list.
If the selected element is a pipe, the associated node will not be removed.

When everything is set up to your satisfaction, clickRh&file button to generate the graph.
To open theProfile Setup dialog:

Click on theProfile button on the toolbar of the main window.

- or -

SelectT ools\Profiling from the main menu.

11.6.2 Profile Plot

The Profile Plot window displays the results of an analysis in a profile format. The plot can be
copied to the Windows clipboard or printed out directly. By selectingQpgons\Graph
Options menu button, you can also adjust the titles, axes, colors, and other characteristics of the
graph.
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11.6.3

11.6.4

11.6.5

11.7

11.71

There is aso a time toolbar on the Profile Plot window that allows you to follow the profile
through extended period simulation results.

For an extended period simulation, the extents of the axes are determined based on the
minimum and maximum attribute values for the entire time step, not just the current
time step. This is done so that stepping through the time steps gives a more accurate
portrayal of the system behavior without rescaling.

Export Profiles (in AutoCAD Mode)

Profiles can be exported to the AutoCAD drawing using the File menu on the Profile Plot dialog.
Profiles will be exported to an insertion point below the current drawing extents.

Walk

A walk is a collection of nodes and pipes that follows a specific path through the network. [t can
include any type of network element, but cannot include annotations or spot elevations.

A walk is a non-branching path through the network, and can only be extended at eithe
end. Pipes cannot be added along the midsection of the walk. Likewise, elements in the
midsection of the walk cannot be deselected without first deselecting all of the elements
between one end and the undesired element.

A walk cannot double back on itself, so once a pipe has been selected it cannot |be
included elsewhere in the walk.

Walk Selection

After clicking the Select From Drawing button to define a walk, you will be returned to the
drawing editor. If there are already elements in the current walk, they will be displayed in a
highlighted mode. Otherwise, you need to begin a new walk by simply clicking any pipe. The
pipe and its end nodes will then be highlighted. Continue clicking pipes to add them to the walk,
or click highlighted end pipes to remove them from the current walk.

Once you have selected a walk, press the Escape button on your keyboard or right-click with the
mouse and select Donefrom the context menu.

Scenario Comparison

The data calculated in different scenarios can be compared through the use of the Scenario
Comparison window. This allows you to display the differences in the values calculated for each
scenario on the model map as annotations.

Annotation Comparison Wizard

The Annotation Comparison Wizard is used to create a drawing that contains text elements
displaying the differences between specific attributes of two scenarios. The Annotation
Comparison Wizard is identical to the Annotation Wizard except it has one additional step.
This step involves selecting the two scenarios you wish to compare.

* Scenario 1- Choose the baseline scenario.
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11.7.2

» Scenario 2— Choose the scenario you wish to compare to Scenario 1.

The value in Scenario 1 is substracted from the value of Scenario 2, and the difference is
displayed. Therefore, if any specified attribute’s value is greater in Scenario 2 than it is in
Scenario 1, the difference is displayed as a positive number. If the value is smaller in Scenario 2
than in Scenario 1, it is displayed as a negative number.

For example, suppose your model contains two scenarios. One is named 2002 Conditions, and the
other is named 2010 Conditions. To create a drawing that displays the difference in velocity in a
pipe between the 2002 scenario and the 2010 scenario, you would ugenrib&ation
Comparison Wizard. You could choose the 2002 scenario as Scenario 1, and the 2010 scenario
as Scenario 2. You would then complete the rest of the steps in the wizard. The drawing
produced would show positive values where the velocity increased under 2010 conditions and
negative values where the velocity decreased under 2010 conditions.

For applications that support extended period simulations, you can choose the same
scenario for Scenario 1 and Scenario 2 effectively comparing a scenario to itself to
annotate the differ ences between two time steps of that scenario.

To access thé\nnotation Comparison Wizard, open theScenario Manager and click the
Scenario Comparison button.

Scenario Comparison Window

The Scenario Comparison window allows you to view, print, export, and modify scenario
comparison annotations.

Along the top of the window is a row of buttons that perform the various functions listed below:
» Filé\Export To DXF — Export the drawing in the standard DXF file format.

* File\Export To AutoCAD (available only in AutoCAD mode) — Export the drawing to the
current AutoCAD drawing.

* Zoom Tools— Provide standard zoom capabilities for navigating the drawing.

« Options\Annotation Manager — Open theAnnotation Comparison Wizard to add, delete,
or modify the scenario comparison annotations.

* Options\Annotation Height Multiplier — Modify the text height for the scenario comparison
annotations.

« Options\Find Element — Allows you to locate an element by its label.

e Print Preview — Open thérint Preview window to view how the printed page(s) will look.
e Close — Close thescenario Comparison window.

« Help — Get quick access to this Help topic.

Several user interface elements are available to let you modify the scenarios that are being
compared, and to control when the scenario comparison annotations are updated. These interface
elements are described in more detail below.

* Scenario 1 — This row of controls is similar to the Analysis Toolbar on the main window.
This field allows you to choose, from the list of available scenarios, the one that will be the
baseline in the comparison.
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e Scenario 2 —This row of controls is identical to those described above in Scenario 1, but
instead of defining the baseline for the comparison, they define the scenario to be compared to
the baseline.

« Update —Click this button to refresh the scenario comparison annotations. This button is used
when Auto Update (described below) is off, and you have changed either Scenario 1 or
Scenario 2.

e Auto Update —A check in this box indicates that Auto Update is on, and that the scenario
comparison annotations will be refreshed whenever Scenario 1 or Scenario 2 is changed. With
Auto Update off, you can select the desired combination of Scenario 1 and Scenario 2 time
steps, then click the Update button. With Auto Update on, the annotations will refresh even
if you are not interested in the current combination.

The Scenario Comparisonwindow is accessed by pressing the Scenario Comparisonbutton in
the Scenario Managerand then completing the Annotation Comparison Wizard.

11.8 Graphic Annotation

In Stand-Alone mode, several Graphic Annotation tools are provided for enhancing the
appearance of your drawing. Graphic annotations can be manipulated like any other element in
the Graphical Editor. You can add, move, and delete them just as you would network el ements.

To add graphic annotation to your drawing, use the Tools\Layout\Graphic Annotation and
Tools\Layout\Legend menu item, or use the tool-palette located along the left side of the main
window. The available tools are:

e Line Tool — Add polylines or polygons for things like drawing roads or outlining catchments.
e Border Tool — Add rectangles to your drawing for creating borders.

» Text Tool — Add text to your drawing for adding things like explanatory notes or atitle to the
drawing.

« Legend Tool —Add alink or node color coding legend to your drawing.

[ The program will calculate the area of a closed polyline. Right-click the polyline of
N which you wish to determine the area and select Enclosed Area.

To open or close a polyline, right-click the polyline and select Close. A check will appes
next to the menu item to indicate that the polyline is closed.

=

To add bends or vertices to a polyline, right-click the polyline at the location you would
like to add a bend and select Bend\Add Bend.

To remove bends or vertices from a polyline, select the polyline, right-click the bend yo
would like to remove, and select Bend\Remove Bend.

=

11.8.1 Legend

Legends are used to display the ranges of the active link and node color coding. The legend tool
adds a color coding legend to the drawing. This legend is automatically updated as the color
coding is modified.

Editing of the legend figure is not required. In Stand-Alone mode, multiple legends may be
placed in the drawing to assist you when printing only regions within the drawing.
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11.9

11.9.1

11.9.2

11.9.3

=

You can double-click a color coding legend in the drawing to edit the associated cold
coding parameters.

Preview Windows

Plot Window

The Plot window, that displays when generating a profile, contour map, etc., contains four option
buttons at the top of the Plot window:

« Copy —Outputs the plot onto the clipboard for use in other applications.
« Print — Outputs the contents of tRéot window to the printer.

* Options\Graph Options — Customizes the Plot. This feature allows you to change the graph’s
axes, fonts, titles, etc.

* Close - Closes th®lot window.

Print Preview Window

This window provides you with a preview of what will be printed. The top of the window
contains the following buttons:

« PgUp/PgDn — Navigate between pages of the report.

* Copy — Copy the page(s) to the Windows clipboard.

* Print — Output the contents of tiReint Preview window to the printer.

* Options\Print Setup — Change printer options, such as portrait or landscape page layout.

« Options\Fit to Page — The Fit to Pagecheck box will not appear if the Preview window does
not contain a drawing or if the drawing is in schematic mode (not to scale). When checked, the
drawing will be scaled to fit within a single page. When not checked, the drawing will be
output using the drawing scale.

¢ Close- Close théPrint Preview window.

Graph Options

These features allow you to customize the way a graph or pie chart (used in SewerCAD) looks.
The dialog is divided into several tabs:

Titles

« Titles — There are three sets of titles for a graph: Graph title, X-Axis title and Y-Axis title.
Each title set contains two levels: title and subtitle. A pie chart simply has a title and a subtitle.

e Title Font — This feature allows you to select and change the text font type for specific items
on the graph or pie chart. Use the selection list to choose the item for which to change the
font, then click theellipsis (...) button to select the desired font type from the list of available
fonts currently installed on your PC.
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Axis (for graphs only)

Automatic Scaling —By default, the program uses the Automatic Scaling options for setting
the X and Y-axis minimum, maximum, and increment values. To customize an axis, turn the
check mark off and enter the desired values for the minimum, maximum, and increment. |f
desired, you can customize a single axis while leaving the other in the Automatic Scaling
mode.

Log Scale —Place a check mark in this box to use alog scale for this axis. You can use alog
scale for one or both axes.

Grid (for graphs only)

X-Axis — Place a check mark in this box to view grid lines corresponding to the X-Axis labels.
Y-Axis — Place a check mark in this box to view grid lines corresponding to the Y-Axis labels.
Line Color — Use this selection list to define the color to use for both axes grid lines.

Line Style —Use this selection list to define the line type (solid, dashed, etc) to use for both
axes grid lines.

Fill Color — Use this selection list to define the color to use for background fill within the
plotting boundaries of the graph.

Save as Default — Place a check mark in this box to save the current grid settings as the default
for subsequent graphs.

You can chooseto use grid linesfor one or both axes.

Display (for pie charts only)

Data Labels— Allows you to annotate the pie-charts with percentages, labels, or both.
Chart View — Allows you to generate a 3D-view pie chart.

Legend Location — Allows you to place the legend (if any) on the left, right, top, or bottom of
the pie chart.

Per centages — Indicates how many decimals are to be displayed for the percentage figures.

Legend

Show Legend — A check mark designates that the legend will be included on the graph or pie
chart. Turn the check mark off if you do not wish to show the legend.

Series — Each series represents a different curve on the graph or a slice on the pie chart. If the
graph contains only one curve, or the pie chart contains only one slice, then it is designated as
Series 1. Scroll through the list and select the desired curve or slice (series number) for which
to customize the color and/or line type. Then, use one of the options below to customize it:

— Label — Name for the selected curve (series).

— LineColor — Color for the selected curve (series).

— Line Style (for graphs only)— Style for the selected curve (series).

— LineWidth (for graphs only) — Width for the selected curve (series).

— Symbol (for graphsonly) — Data point symbol to use for the selected curve (series).
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« Save as Default Place a check mark in this box to save the current legend settings as the
default for subsequent graphs.

11.10 Status Log

Several commands generate a status log showing the results of that command (for example, a
database connection). The main window will show you status information based on your action.
The dialog contains the following buttons:

e Print — Print the status log resullts.
» Save —Export the status log results as an ASCI| file.
» Copy —Copy the status log results to the Windows clipboard.

» Close— Close thestatus L og dialog after design calculations.
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12.1

Chapter 12

Engineering Libraries

The Haestad Methods engineering libraries and library managers are powerful and flexible
facilities for managing specifications of common materials, objects, or components that are shared
across projects. Some examples of objects that are specified through engineering libraries include
pipe materials, pipe sections (in StormCAD and SewerCAD), and dry weather loads (in
SewerCAD only). You can modify engineering libraries and the objects they contain by using the
Tools\Engineering Libraries menu or by clicking the ellipsis (...) buttons available next to the
fieldsin dialog boxes that make use of library objects.

The datafor each engineering library is stored in atabular ASCII file with the extension .HLB.

We strongly recommend that you only edit these files using the built-in facilities
available from the Tools\Engineering Libraries menu. If absolutely necessary, thes
library files may be edited or repaired using any ASCII editor.

A%

The standard set of engineering libraries shipped with your Haestad M ethods product reside in the
product’s program directory. By default, each project you create will use the objects in these
default libraries. In special circumstances, you may wish to create custom libraries to use with one
or more projects. You can do this by copying a standard library or creating a new library, and
setting the path in the engineering library manager for the project to the path for the custom
library.

When you change the properties for an object in an engineering library, those changes will affect
all projects that use that library. At the time a project is loaded, all of its engineering library
objects are synchronized to the current library. Objects are synchronized based on their label. If
the label is the same, then the object’s values will be made the same. If any library referenced in a
library manager path cannot be located, then the standard library in the program directory will be
used. Once a project is created, it is not necessary to have access to the engineering library in order
for that project to be edited or analyzed.

Engineering Library Manager

TheEngineering Library Manager dialog consists of a table of five columhsbrary, Current

Path, Browse, Edit, andNew. There is one row for each kind of engineering library used in your
project. You cannot create library types different from the set of standard libraries shipped with
the product. The columns in the table are as follows:

e Library — This column lists the kind of object stored in the referenced library.
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e Current Path — This column lists the path to the library to be used for objects of a certain kind
within the current project. By default, the path will reference the standard library shipped with
your Haestad Methods product. To browse for other libraries of the same type that you may
have already created, click tBeowse column.

* Browse — Click this column and the button that appears if you wish to search your computer or
network and locate other engineering libraries. To reference a library in the path field, the
library must already exist. To create it you may copy a standard library using Windows File
Manager or Explorer, or clickew as described below.

e Edit — Click this column and the button that appears if you wish to add, delete, or edit the
objects within a specific kind of engineering library.

* New — Click this column and the button that appears if you wish to create a new library.

] Most users do not need to create custom libraries or edit the library paths. You only
need to change path valuesif you wish to create and use custom libraries.

The Engineering Library Manager can be accessed by selectingpls\Engineering Libraries

from the pull-down menu.
12.1.1  Engineering Library Editor

TheEngineering Library dialogs consist of a table of two columns:

Label — This column contains a textual description of the object. In general, objects are
considered to be the same if their labels are the same. For example, when a project is loaded,
the engineering library objects are synchronized to the current library based on label.

Available in Water CAD — This column contains a checkbox indicating whether the library
object on the given row is enabled for use. If an object is enabled, it will appear in choice lists
as a candidate for use in the project. If an object is disabled, it will remain in the library and be
editable, but it will not be offered as a candidate for any operations in the program. If a
disabled object has already been used in a project, then it will remain in use. Disabling it will
not affect the existing project in any way.

The following command buttons appear onEmgineering Library dialog:

Insert — Insert a new, unlabeled object into the current library. You must then cliéidthe
button to edit the label and add the appropriate values before the library will be valid. Library
objects will be sorted by label in ascending alphabetical order the next time you open the
Engineering Library dialog.

Duplicate — Create a copy of the currently highlighted object at the bottom of the list.

Delete — Delete the object represented by the highlighted row. Note that this command always
deletes objects from the library, but never deletes an object from your current project if it is in
use. To change the library object that is currently in use by a project, proceed to the dialog
containing the field where the library object is referenced and select a different library object.

Edit — Access the object properties editor.

Usage — Only applies to the material engineering library. Use this button to specify specific
uses for the material.

The Engineering Library dialogs can be accessed by seleciimgls\Engineering Libraries
from the pull-down menus and clicking tEelit column and the button that appears next to the
Library you want to edit.
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12.1.2

12.1.3

Material Properties

A user-editable library of materias is provided. Pipes (and ditches/channels in StormCAD) are
constructed from various materials. It is often useful to specify the material of the pipes and
channels/ditches in your hydraulic and hydrologic models. Materials provide the pipe or channel
with a default value for the roughness coefficient used in the friction equations. Therefore, a
meaterial must be defined with the following properties:

« Label — Name of the material as it will appear in material choice lists.
e Culvert Inlet Material Type — Limits the type of culvert inlets that are available in the

material (used in CulvertMaster). The inclusion of this property allows the sharing of libraries
among Haestad Methods' products.

* Manning's Coefficient — Default value for Manning's n. This is a unitless number generally
between 0.009 and 0.300.

* Roughness Height — Default value for absolute roughness height. This will be used in
conjunction with the Darcy-Weisbach friction equation. The roughness height has units of
length, typically mm or ft.

» Kutter’'s n Coefficient — Default value for Kutter's n. This is a unitless number generally
between 0.009 and 0.300.

* C Cosfficient — Material's default value for Hazen William's C. This is a unitless number
generally between 60 and 150.

The check boxes next to each item specify whether or not the friction method will be available for
the material. For example, some materials, such as asphalt, may only have Manning’s n defined.

Usage

This dialog only applies to a Material Engineering Library. It specifies the uses for which the
material will be available. This dialog is used frequently in StormCAD, but typically is not
needed for WaterCAD.

[ >]1 Adds the selected item(s) from thgailable Items list to theSelected Items list.
[>>] Adds all of the items in th&vailable Items list to theSelected Items list.
[ <1 Removes the selected item(s) from Sekected | temslist.

[<<] Removes all items from ttielected [tems list.

Minor Loss Properties

An editable library of minor losses is provided. Minor losses are used on pressure pipes and
valves to model headlosses due to pipe fittings or obstructions to the flow. A minor loss is defined
with the following properties:

« Label — Name of the minor loss as it will appear in choice lists.

* Type — General type of fitting or loss element. This field is used to limit the number of minor
loss elements available in choice lists. For example, the minor loss choice list on the valve
dialog only includes minor losses of type valve. You cannot add or delete types.

* K Coefficient — Headloss coefficient for the minor loss. This unitless number represents the
ratio of the headloss across the minor loss element to the velocity head of the flow through the
element.
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12.1.4

12.1.5

Liquid Properties
An editable library of liquids is provided. All hydraulic or hydrologic networks transport a
particular liquid. Liquids are defined with the following properties:

Liquid Label — Name of the liquid as it will appear in choice lists.

Kinematic Viscosity — Ratio of the liquid's dynamic, or absolute, viscosity to its mass density.
This is a common parameter in fluid mechanics. The units of kinematic viscosity are length
squared per unit time (typically’fsec or fi/sec).

Specific Gravity — Ratio of the specific weight of the liquid to the specific weight of water at
4°C(39°F). Specific gravity is a unitless number.

Temperature — Reference temperature for the liquid. This is required because the two
parameters listed above are generally a function of the temperature. The default temperature
for new liquids is room temperature (2D/ 68°F).

Certain friction methods (i.e. Manning's, Hazen Williams) wer e developed experimentally,
and are only applicable to water at room temperature (20°C / 68°F). This program will ask
you to confirm a liquid choice that is inconsistent with the chosen friction method, but it
will not prevent you from using it.

Specify theliquid to be modeled in the Project Options dialog.

Constituent Properties

An editable library of constituents is provided. Constituents are used in water quality analyses
where the tracking of the growth or decay of a constituent is desired. Constituents are defined with
the following properties:

Label — Name of the constituent as it will appear in choice lists.

Bulk Reaction — Reaction rate constant used to model reactions of the constituent within the
bulk flow. This value is used as the default bulk reaction rate constant for all pipes and tanks.
This constant has units of per unit time (typically /day).

Wall Reaction — Reaction rate constant used to model reactions that occur with the material
along the pipe wall. This value is used as the default wall reaction rate constant for all pipes.
This constant has units of length per unit time (typically m/day or ft/day).

Diffusivity — Molecular diffusivity of the constituent. This value is only used when pipe wall
reactions are considered in the water quality analysis. Diffusivity has units of length squared
per unit time (typically rfis or f&/s).

Unlimited Concentration — Check this box if the constituent doest have a limiting
concentration or potential. If this box is checked, @@mcentration Limit field will not be
available for editing. If it imot checked, the&Concentration Limit field is applicable. This

box will typically be checked, but certain constituents, such as trihalomethanes (THM's), have
a limiting concentration or formation potential that needs to be modeled.

Concentration Limit — Limiting concentration or potential for the constituent. When a
concentration limit is given, reaction rates will be proportional to the difference of the current
concentration and the concentration limit. Concentration limit has units of mass per unit
volume (typically mg/l or Ibs/million gal.)
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- The constituent library shipped by Haestad Methods includes a single constituen
labeled "Constituent”. The values for this constituent do not correspond to anything in
particular. It is not intended that you use this constituent for an actual analysis, but it
was provided simply as a starting point for the library.

—F

A negative value for the reaction rate constants indicates constituent decay, and |a
positive value indicates constituent growth.
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Chapter 13

GIS and Database Connections

Haestad Methods’ GIS Database Connection feature provides the modeler with the ability to
dynamically exchange data with a variety of applications. You can establish a "Connection"
between your hydraulic model and relational and non-relational database management systems
(RDBMS and DBMS), spreadsheets, and ESRI Shapefiles. Throughout the rest of this chapter,
the term "external file" will be used to generically refer to any one of these types of files. Where
information pertains to a specific type of external file, that type will be used.

The GIS/Database Connection system is extremely powerful. It can be used to update hundreds or
thousands of database records with a few clicks of the mouse. This chapter provides a detailed
look at the structure and behavior of the system so that you can use it in the most effective manner.

The purpose of the GIS/Database Connection system is to provide you with a safe and convenient
means of exchanging data with external files. This system has several advantages over simply
providing an open file format for direct manipulation by the end user.

Generality — Open file formats have a specific form that must be adhered to. This restrictiveness
is problematic for both the developer and the end user. Developers are now under additional
constraints when modifying the software. They must be cognizant of the fact that users may
depend on this format, and are therefore less free to modify it. The end user, on the other hand,
has no control over this format, and is therefore at the mercy of the developer. A new version may
change the format completely, and all of your existing data must be converted. In addition, thefile
format is rarely convenient for an end user, since it is typically chosen for efficient processing by
the program. The GlS/Database Connection system allows you to exchange data between the
model and any arbitrarily defined external files. This flexibility allows you to set up a database or
spreadsheet, and it frees the devel oper to use afile format that is efficient for the program.

Data Protection — Open file formats can typically be modified by anyone, often without the
knowledge of the modeler. By providing an interface to exchange data, the model is protected
from inadvertent changes. The modeler is in complete control of when and how the model or
external files are updated.

Type Coercion —Quite often the externa files do not store the data using the format expected by
the hydraulic model. For example, a database may store the length of a pipe using single precision
floating point numbers, whereas the model works with double precision floating point numbers.
When exchanging data between the model and the externa file using the GlS/Database
Connection system, the data is coerced from one type to the other automatically.

Unit Conversion — The quantities used in hydraulic models almost aways have some unit
associated with them. For example, pipe lengths are typically expressed in meters or feet.
General purpose database and spreadsheet applications do not support the concept of unitized
numbers. A pipe length, for example, is simply represented as 100.0. Is that 100.0 meters or
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100.0 feet? The Gl S/Database Connection interface allows you to specify the database unit, so that
the numbers can be converted from the model unit to the database unit and vice versa.

Virtually all model inputs and calculated results can be exchanged through the GlS/Database
Connection system. The system not only supports the update of existing model elements and
external file records, but also the creation and deletion of these elements and records. For
example, by performing a Sync In operation (explained in detail below), an entire hydraulic model
can be built from data stored in a spreadsheet. Likewise, an empty spreadsheet can be completely
populated with data from an existing hydraulic model by performing a Sync Out Operation. The
spreadsheet can be kept synchronized with the hydraulic model over the course of a project as new
elements are added or deleted, and the input and output data is modified.

The Gl S/Database Connection system has a three-tiered architecture:
» Connections

« Tableor Shapefile Links

+ FieldLinks

The first tier is the Connection. Connections are organized and managed by Connection
Managers. There are two types of Connection Managers: a Database Connection Manager and a
Shapefile Connection Manager. As the names imply, the first manages connections to databases
and spreadsheets, and the second manages connections to Shapefiles. The Connection Managers
are similar, and provide an interface for adding, editing, deleting, duplicating, and synchronizing
Connections. To exchange data between the model and external files, a Connection must be
created and then synchronized. The two synchronization operations that can be performed on a
Connection are Sync In and Sync Out Sync In synchronizes the model to the data contained in
externd files. In this case, the model acts as a"consumer" of the data, and external files act as the
data "provider". Sync Out synchronizes external files to the data contained in the model. Thus,
for Sync Out, the model is the data provider and external files are the consumers. Exactly what
data is exchanged during synchronization depends on how the Connection is defined. Intuitively,
a Connection must specify which files are to be connected to the model, and what data in each file
isto be exchanged.

The second tier is the Table or Shapefile Link. A Database Connection uses these links to gather
and store information. Each Connection can contain one or more Table or Shapefile Links. Each
of these links specifies the type of external file with which to exchange data (implied with
Shapefile links), the name of the file, and, if the file contains multiple tables, which table within
thefileisof interest.

The third tier of the system isthe Field Link. Each Table or Shapefile Link uses one or more Field
Links to specify exactly what data in the externa file is going to be exchanged. A Field Link
defines the fundamental mapping between a field in an external file and a field in the model. For
example, afield link may be used to "map" the GRND_FT field of an external database file to the
Ground Elevation attribute of the model.

In summary, a Connection defines a link between the model and external files. Table or Shapefile
Links and Field Links are used to specify files, tables, and fields to be linked. Once a Connection
is created, it can be synchronized in or out. The synchronization action will update models ("in"
direction) or the external files ("out" direction).

The rest of this chapter provides details on the dialogs and windows used to interact with the
Gl S/Database Connection system. Although Database Connections and Shapefile Connections are
similar in concept, there are differences in the interfaces and options. Therefore, they will be
discussed in separate sections.
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13.1 Database Connections

13.1.1 Database Connection Manager

This manager, accessed from the File pull-down menu, helps you track and work with database
connections. On the left-hand side of thisdialog is alist of the current database connections.

There are several options available from the manager, including:
Add — Create a new database connection usin®é#tabase Connection Editor.

Edit — Change the configuration of the currently selected connection. This will open the
Database Connection Editor, where you can rename the connection, change the associated
database files, and perform other changes to the connection configuration.

Duplicate — Create an identical connection to the selected one. This feature is very helpful when
defining two or more connections with many similar attributes.

Delete — Remove the selected connection from the list.

Synchronize In — Update the network attributes from the databases defined in the selected
connection.

Synchronize Out — Update all databases in the connection from the current status of the model.
Reset — Return a highlighted standard database import or export connection to default settings.

When synchronizing in, output fields such as hydraulic grade line or computed pipe flow will not
be updated. If an attempt is made to update an output field duByigchronize In operation, a
"Read Only Warning" will be issued to the status log, indicating which attribute could not be
updated.

When synchronizing out, all mapped information will be overwritten in the database files,
including input and output conditions. If you do not want your input values overwritten upon
synchronizing out, simply duplicate the connection. Then, edit one connection such that it
includes only the values you want to synchronize in, and one that includes only the values you
want to synchronize out.

S When synchronizing out, be sure that the model element labels are of the same data type
Y as the database column you are mapping to. For example, if you were to synchronizein
from a database where your pipe identifier was a numeric value, then any changes or
additions to the pipes in the model should also use a numeric labeling scheme. Select
Element Labeling from the Tools menu and remove the appropriate element prefixes
before any changes are made to the model. Otherwise, synchronizing out to the database
will yield erroneousresults.

To access theDatabase Connection Manager, select the File\Synchronizé\Database
Connections menu item. From this dialog, there are two ways to get tBahabase Connection
Editor. You can clickAdd to create a new connection, or selgclit to change an existing
connection.

13.1.2 Standard Database Import/Export

The Database Connection Manager is initialized with four database connections for importing
and exporting model data using simpiée menu commands. These standard connections are as
follows:

1. [Project Export — SI] — Used for theFile\Export\Database command when the global unit
system is set to System International.
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2. [Project Export — US] — Used for thd=ile\Export\Database command when the global unit
system is set to US Customary.

3. [Project Import — Sl] — Used for the~ile\lmport\Database command when the global unit
system is set to System International.

4. [Project Import — US]— Used for thd=ile\lmpor t\Database command when the global unit
system is set to US Customary.

The purpose of the standard database connections is to provide a powerful yet easy to use method
of exposing the model data to external applications using a standard database format, Microsoft
Access database (.mdb). This method is powerful because it provides you with all the flexibility
and functionality of a user-defined database connection, such as unit conversion and type
coercion. It is easy to use because it is predefined with all of the standard model data, and requires
nothing more than a file name to execute.

The standard database connections are almost identical to user-defined database connections with
the following exceptions:

» Standard connections cannot be deleted.
e The label of a standard database connection cannot be changed.

* The target database for a standard database connection is determined at the time it is
synchronized. During 8ynchronize In operation, you will be prompted to choose an existing
Microsoft Access Database (.mdb). Durin§yachronize Out, you will be prompted for the
name of a new Access database. If an existing flename is chosen, a warning will indicate that
the existing file will be overwritten.

* The field names of the external database tables are editable from witfiablled. ink editor.
« TheDatabase Type (on theTable Link editor) cannot be changed.

« Standard connections can be reset to their factory default values. To do this, select a standard
connection from the list in thBatabase Connection Manager dialog, and click theReset
button.

By default, the standard database connections include a table link for each element type, and field
links for all the attributes related to that element type, with some minor exceptions. The default
units for the specified unit system (S| or US) are used for unitized attribute éjheabel field

is designated as the key field for each of the table links, and it is created as an index for the table
during database creation. No duplicates are allowed.

As noted above, the field links external field names can be edited directly within the table link
editor. It is valid to have more than one internal attribute "mapped" to a single external field
name. Although this is not the case for the standard connections in their factory default state, you
can create this condition. Under this condition the following behaviors will be observed:

e Import (Synchronize In) — All of the attributes will be populated with the value of the
database field if it is a valid value for the specified attributes.

e Export (Synchronize Out) — The database field will be populated with the last non-nil
attribute value.

If an existing filename is chosen during export, the existing database file will be
overwritten. Therefore, any custom tables, queries, forms, etc., present in that database
will be lost.
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13.1.3

Model data that are typically a collection of data (e.g. SewerCAD dry weather unit loads
StormCAD watershed areas and rational C coefficients, and WaterCAD junction
demands) cannot be written to a single record, and are therefore not exported to th
database. However, if these collections only contain a single item, that single item will be
transferred to and from the database during export and import, respectively.

D

By default, the Standard Database Export creates Office 2000 Access files. These files
cannot be read with Office 97. If you want to use Office 97, you need to use a text editpr
to edit the HAESTAD.INI file located in your HAESTAD directory and replace the line:
Connect i onDat abaseFor mat =0

With:

Connect i onDat abaseFor mat =3

Basically, a value of 3 results in the program creating an Office 97 Access file, whereag a
value of O will have the program generate an Office 2000 Access file.

Use the File\Import\Database menu item to import data using the standard database connections.
Use the File\Export\Databasemenu item to export data using the standard database connections.

Use the File\Synchronize\Database Connectionsienu item to view or edit the standard database
connections.

Database Connection Editor

The Database Connection Editoris used for defining the group of table links to be included in
the connection. The Database Connection Editoris a tabbed dialog, with tabs for Database
Connectionand Synchronization Options

There are three standard operation buttons at the bottom of the dialog:

e« OK — Accept the current condition of the connection including any changes that have been
made.

» Cancd — Close thdatabase Connection Editor without saving any changes.
* Help — Open the context-sensitive Help system.

To use the Database Connection Editor, sétdetSynchronize\Database Connections from the
main menu. This will open theatabase Connection Manager. From this dialog, there are two
ways to get to th®atabase Connection Editor. You can clickAdd to create a new connection,
or selectEdit to change an existing connection.

Database Connection Tab

The Database Connection tab of theDatabase Connection Editor provides an interface for the
standard attributes of a connection. It contains the following:

« Connection Label — A required unique alphanumeric identification for the connection. This is
the label that appears in the list on Betabase Connection M anager dialog.

» TableLinks— Provide basic information about each table link, such as the referenced database
file, the specific table within the database, and the type of table that is referenced. A table link
can be highlighted from the list, at which point the following commands can be performed
using the buttons on the right side of the dialog:
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— Add - Add a new table link. If there are no table links currently defined for this
connection, this will be the only button available.

— Edit — Change the characteristics of the selected table link, such as the referenced file or
table, or the mapping of the table’s field links.

— Duplicate — Duplicate the selected table. This command is very helpful when defining
two or more table links with similar attributes.

— Delete — Delete the selected table link from the connection.

Select File\Synchronize\Database Connections from the main menu. This will open the
Database Connection Manager. Click Add to create a new connection, or seledit to change
an existing connection. From tlBmtabase Connection Editor, click theDatabase Connection
tab.

Synchronization Options Tab

The Synchronization Options tab of theDatabase Connection Editor provides an interface for
some of the behaviors of the connection. These options cannot be accessed until the Table Links
are defined, and are as follows:

Add Objects to destination if present in source — If this option is selected, when performing

a synchronize out for example, elements that are present in the model but are not found in the
database file will be created in the database. If this is not checked, only the elements that are
present in both the model and the database will be updated.

Prompt before adding object — If this is checked, you will get a dialog notifying you of each
unmapped element in the source and asking if you would like to create a new element in the
destination. If this is not checked, the additional elements will be automatically created in the
database.

Remove from destination if present in source — If this is checked when synchronizing out,
elements that are present in the database but not in the model will be deleted from the database.
If this is not checked, the unmapped elements will be ignored.

Prompt before remove — If this is checked, you will get a dialog notifying you of each
unmapped element in the destination and asking if you would like to remove that element. If
this is not checked, the additional elements will be automatically removed from the database.

In order to be successfully created from the database, Pipe Elements must have a Start

and Stop node associated with them. This association can be established by mapping the
‘+ Start Node’ and ‘+ Stop Node’ attributes in the pipe table link, or by the ‘+ In Link’

or ‘+ Out Link’ of a node table link. Mapping both the pipe table and node table
attributes may result in the reading of redundant data causing the connection to fail.

By default, elements created from a database are located at coordinate (0,0). This
behavior can be overridden by mapping the X and Y or Northing and Easting attributes
of the node elements.

Select File\Synchronize\Database Connectiondrom the main menu. This will open the
Database Connection Manager Click Add to create a new connection, or select Edit to change
an existing connection. From the Database Connection Editor click the Synchronization
Options tab.
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Database Table Link Editor

The Table Link editor provides an editing tool for defining or modifying atable link. Thisdialog
is separated into two groups, one dealing with the file and table information, and the other dealing
with the field links (attribute mapping).

The general table link information includes:

» Database Type- Type of database to which the link will be made. There are many types of
external files that can be linked to the model. Among these are Btrieve, Dbase, Excel, FoxPro,
Jet (.mdb files, such as Access), Lotus, and Paradox, as well as Oracle, Sybase, and SQI server
or any other Open Database Connectivity (ODBC) compliant database.

« Database File — File referenced by the table link. To browse directories and specify a file
path, click thedlipsis(...) button.

« Database Table — Once the external file has been selected it will be scanned for tables (or
worksheets), which will then be available for selection from this field. Only one table can be
linked to for each table link, but table links can be easily duplicated and edited from the
Database Connection editor.

e Table Type — Define the type of data that can be mapped for this particular table link. For
example, &Pipe type of table link means that the available model attributes to be mapped are
items such as material, roughness coefficient, flow rate, and velocity.

« Key/ Labd Field — Key by which the entire database-model mapping is defined. The model
references each element by a unique alphanumeric label, and the database must contain the
same labels in one of the columns.

The Field Links group is a manager for the attribute mapping. The tabular list in this group has
three field columns:

« Model — Each item in this column is an attribute in the model that is being mapped to the
database. The list of available attributes depends on the type of the table.

« Database — Each item in this column is a heading from the database table, which correlates to
the item in the model being mapped.

e Unit — This column defines the units of the values in the database. During a synchronization
operation, the values will automatically be converted to the appropriate units to maintain the
desired unit systems in both the model and the database. No conversion on your part is
required.

In addition to the standard table operationslmdert, Duplicate, and Delete, the Field Links
manager offers the following additional operation:

» Select — Opens thé&elect Field Links dialog for an efficient method of selecting the fields of
interest from the available model fields.

Select File\Synchronize\Database Connections from the main menu. This will open the
Database Connection Manager. Click Add to create a new connection, or seledit to change
an existing connection. From tBmtabase Connection tab of the Database Connection editor,
click Add or Edit.

Select Field Links

The Select Field Links dialog provides an easy-to-use interface for populating the Field Links
group of theTable Link editor orShapefile Link editor.

The dialog contains two lists:
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13.1.4

e Available Items — Model attributes that are available for mapping in the current Table or
Shapefile Link.

* Selected Items — Model attributes that have been selected for mapping.

The following buttons are provided to move items from one list to the other:

« [>] Move the selected item or items from #heailable Items list to theSelected Items list.
e [>>] Move all items from thévailable Itemsist to theSelected Items list.

 [<] Move the selected item or items from Batected |tems list to theAvailable Items list.

* [<<] Move all items from thé&tems Selected list to theAvailable Items list.

ODBC

ODBC, which stands for Open Database Connectivity, is a standard programming interface

developed by Microsoft for accessing data in relational and non-relational database management
systems (DBMSs). Using ODBC, applications such as Haestad Methods’ engineering software

can access data stored in many different PC, minicomputer, and mainframe DBMSs, even though
each uses a different storage format and programming interface.

The ODBC architecture conceptually consists of three parts:

1. Theapplication program — Supplied by Haestad Methods.
2. TheData Source Administrator Program — Embedded in Microsoft Windows.
3. Thelow-level driversfor accessing specific databases — Supplied by your database vendor.

Although most computers with Windows will have ODBC present, the exact databases you can
interface via ODBC will depend on the databases and drivers installed on your computer.

ODBC is powerful because it is very generic and can access many database systems, including
mainframe, GIS, and legacy systems. However, because ODBC must be very general, it is slower,
more complex, and more difficult to use than working directly with a database. When you have
the option to work directly with a database, you will usually find it is faster and easier than going
through ODBC.

For specific information about ODBC in your environment, see your database vendor’s
documentation. For general information on ODBC, see the online Help for the ODBC Data
Source Administrator Program. To find the Administrator Program, go to the Control Panel for
your computer and double-click tt@DBC icon. Choose thélelp button on the dialog that
appears, then go to the Help Contents.

ODBC Database Type

The first field of the database connectibable Link editor is for the Database Type. The list box
displays the external databases and versions supported by the Database Connection feature. One
of the Database Types you can select is ODBC. This does not refer to a specific database or
version. Rather than being a specific database this is actually a link to the ODBC Data Source
Administrator Program running on your computer. This link will provide an interface between the
Haestad Methods’ Database Connection feature and a specific DBMS and source database file.

ODBC Database File

If you have selected ODBC as the Database Type, when you cliekiffsss (...) button next to

the Database File field the ODBC Data Source Administrator Program will take over and offer a
list of the ODBC data sources installed on your computer. Depending on how your computer is
configured, you may see database systems or actual database files from which to choose.
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You will also see database systems such as Microsoft Jet or Excel that are also supporfed
directly via choices in the Database Type list. In general, the Database Connectign
feature will work faster and better by choosing these database systems directly rathe
than going through ODBC.

=

If you choose a data source from the Administrator Program, upon returning to the Table Link
Editor you will see an ODBC "connect string” in the Database File field, rather than a file path.
This connect string is a series of key = value pairs, separated by semicolons. It specifies the
database location, security parameters, and access options needed by the particular ODBC driver
you are using. In general, you should not edit this string in any way as you could introduce an
error that would prevent the ODBC driver from accessing the data source you have selected.

If you are unable to successfully synchronize to the data source using the default form pf
ODBC string, it is possible that you may need to add some parameters to the string that
are specific to your environment. See your database vendor's ODBC documentation fd
details.

=

Synchronizing Via ODBC

Once you have successfully created and entered the data for a database connection that uses

ODBC, the Synchronize In and Synchronize Out operations perform as they do for any other

database format. However, note that ODBC databases are accessed with dlightly different internal
mechanisms, and thus may generate different error conditions. If a synchronization fails to
complete, see the status log for error messages. Note the project or database object the program

was processing when the error occurred. Refer to your database vendor's documentation for
detailed information on any errors reported.

Using ODBC to access SQL Server databases will result in an error #3197 if the synchronization
attempts to delete a database record. The only known workaround currently is to uncheck
"Remove Objects" on th8ynchronization Options tab of theDatabase Connection Editor.

ODBC Database Tables and Fields

There are many complexities in successfully accessing ODBC databases. You will know if there
are problems on your machine because the Database Table or other database-related fields will not
have any entries in the associated drop-down lists.

If this happens, confirm that ODBC is installed and operating correctly on your computer.
Double-check that the ODBC data source you are trying to reference actually exists and is
accessible by other programs in your environment. Check the HAESTAD.LOG file for error
messages pertaining to ODBC. If none of these steps helps you correct the problem, please call
HMI Technical Support.

Given the diversity of ODBC database drivers and the difficulty of reproducing your networked
computing environment, we cannot guarantee that the Database Connection feature will function
with all ODBC databases. However, we will try to determine the source of your problem and
offer a fix or workaround if possible.

If you edit the connect string manually, you will need to re-enter the dependent fields such as
Database Table and Field Links.

Sharing Database Connections between Projects

When WaterCAD works with database connections, it is using a file with a .HDC extension,
which stores the information regarding database files, table links, and field mapping.
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When you open a WaterCAD project file (WCD), WaterCAD first looks for a file in the same
directory and with the same filename but with the .HDC extension. If it finds thisfile, it uses the
database connectivity information contained therein. If it does not find this file, then it defaults to
afileintheinstalled WaterCAD directory called WTRC.HDC.

If you are working on a local drive and you have severa project files, all of which reference
common connection information, let your project files automatically default to the WTRC.HDC
file. Any connectivity changes that you work on in one project will be automatically reflected
when you open any other project.

If there are severa people working on different projects on different computers, but they still wish
to have common connectivity information, the appropriate .HDC file can be copied (and renamed
if necessary) to the individual local drives.

Preventing Database Connectivity Sharing between Projects

There are times when shared connectivity can be more cumbersome than helpful, such as when
there are many projects, each with different database connectivity. At these times, it is more
useful to have the connectivity associated with one specific project rather than with all projects.
To do this, simply copy the WTRC.HDC file from the installed WaterCAD directory to the same
location as your project file, and rename it to the same name as your .WCD file.

For example, if your WaterCAD project file is PROJECT1.WCD, rename WTRC.HDC to
PROJECT1.HDC. The connectionsin PROJECT1.WCD can then be modified without the effects
being reflected in any other projects.

13.1.6 Database Connection Example
To connect your model to an external file, take the following steps:

1. From the File menu, select Synchronize\Database Connectiondo open the Database
Connection Manager Click Add.

2. Inthe Database Connection Editortype alabel for your Connection.
3. Click Add to create anew tablelink. Thiswill take you to the Table Link editor.

4. Select the type of file to which you would like to link, then click the ellipsis (...) button to
browse for and select your database file.

5. Choose the table to which you would like to link, and the type of table.

6. Choose the Key/Label Field to define the column in the database that contains the labels of
the elements to be synchronized.

7. Define as many field links as you want by selecting the model attribute and the associated
database column and unit.

8. Click OK to exit the Table Link Editor .
9. Click OK againto exit the Database Connection Editor

10. You should be back at the Database Connection Manager You can leave this dialog and
return to the model, or you can choose to Synchronize Into the model from the database, or
Synchronize Outto the database from the model.
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13.2.1

Shapefile Connections

Shapefile Connection Manager

This manager isidentical to the Database Connection Managerexcept that it helps you to track
and work with Shapefile Connections rather than Database Connections. Only a brief description
of each dialog control is presented here. Please refer to the Database Connection Managetopic
for amore detailed explanation.

« Add - Create a new Shapefile connection. This will operSttapefile Connection Wizard.

» Edit — Change the configuration of the currently selected connection. This will open to the
Shapefile Connection Editor.

e Duplicate — Duplicate the selected connection.
« Delete — Delete the selected connection from the list.

e Synchronize In — Update the network attributes from the Shapefiles defined in the selected
connection.

« Synchronize Out — Update all Shapefiles within the connection from the current status of the
model.

See the Overview at the beginning of this chapter for a general discussion of Shapefile
Connections.

To open the Shapefile Connection Manager, select the File\Synchronize\Shapefile
Connections menu item. Seledio when prompted to create a new shapefile connection.

Shapefile Connection Wizard

The Shapefile Connection Wizard provides an easy-to-use interface for defining a new Shapefile
Connection. It is similar to th8hapefile Import Wizard, but has a few additional steps. The
major steps in the wizard are as follows:

e Label — Enter an alphanumeric label to uniquely identify the Shapefile Connection.

« Select Element Types -Choose the types of network elements you wish to connect to
Shapefiles.

» Shapefile Synchronization Options —Specify the spatial data unit, and configure other
options.

* Import Shapefile Link Editor — Choose the Shapefile to which you want to connect and
specify the details of the link.

* Synchronize Now? — Choose whether or not you want to synchronize the Shapefile
Connection when finished with the wizard. You can choose to synchronize in either direction.

Shapefile Connection Label

The Shapefile Connection Label window allows you to enter a unique alphanumeric label for
your Shapefile Connection. This window is presented during both nipert and Export
Shapefile Connection Wizards, as well as th&hapefile Connection Wizard.
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Synchronize Now?

The last step in the Shapefile Connection Wizard the Synchronize Nowwindow, allows you to
specify that you wish to synchronize the Shapefile Connection immediately after editing it in the
wizard. The following options are available:

» Synchronize Shapefile Connection -Check this box if you wish to synchronize the
connection immediately upon clicking the Finished button. By default this box is checked. If
you uncheck it, you will return to the Shapefile Connection Managerafter clicking the
Finished button.

e In — Click this radio button if you wish to synchronize the connection in to the model. This
will update the model data from the Shapefiles defined in the connection.

e Out — Click this radio button if you wish to synchronize the connection out to the Shapefiles
defined in the connection. This will update the Shapefiles from the model.

13.2.2 Shapefile Connection Editor

The Shapefile Connection Editor is similar to theDatabase Connection Editor. It offers the
tabs forShapefile Connection andSynchronization Options.

Shapefile Connection

The Shapefile Connection tab of theShapefile Connection Editor is similar to theDatabase
Connection tabof the Database Connection Editor. It contains the following:

e Connection Labe — A unique alphanumeric identification for the connection. This is the
label that appears in the list on tBieapefile Connection M anager dialog.

e Table Links — This list is similar to all of the program’s managers. It provides basic
information about each Shapefile link, such as the referenced Shapefile, the feature type of the
Shapefile, and the type of element which is referenced. As with the other managers, a
Shapefile link can be highlighted from the list, at which point the following commands can be
performed using the buttons on the right side of the dialog:

— Add - Define a new Shapefile link. If there are no table links currently defined for this
connection, this will be the only button available. Clicking this button invokes the
Shapefile Link Wizard.

— Edit — Change the characteristics of the selected Shapefile link, such as the referenced file
or the mapping of the Shapefile’s field links. Clicking this button also invokes the
Shapefile Link Wizard.

— Duplicate — Create an identical Shapefile link to the selected one. This is very helpful
when defining two or more Shapefile links with similar attributes.

— Delete — Remove the selected Shapefile link from the connection.
To use theshapefile Connection Editor, do the following:
SelectSynchronize\Shapefile Connections from theFile menu.

e If you do not currently have any Shapefile connections defined, you will be prompted to
indicate if you wish to create one now. If you ansWes, you will be automatically taken to
the Shapefile Connection Wizard.

« If there are connections already defined, or if you an®eeto the prompt to create one now,
you will be taken to th&hapefile Connection Manager. SelectAdd to open theShapefile
Connection Wizard.
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Shapefile Link Wizard

The Shapefile Link Wizard is used when adding new Shapefile Links to a Shapefile Connection,
or when editing the existing links of a Shapefile Connection. The first step of the wizard is
bypassed when editing an existing link. The basic steps of the wizard are as follows:

» Select Element Type— Similar to the Select Element Types window for importing
Shapefiles, except that radio buttons are used rather than check boxes. This is because a
Shapefile Connection represents a single element type.

e Import Shapefile — Choose the Shapefile to which you would like to connect, and choose the
Key/Label Field to specify the column in the Shapefile that contains the matching element
labels in the network. Define as many field links as necessary. For each link, specify the
model attribute, the associated Shapefile column, and the Unit in which the Shapefile attribute
is stored.

» Shapefile Link Summary —Quick review of the details specified in the wizard.

As with all wizards, you can move forward or backward through the process to make changes.
Click the Finished button when you are done making changes to the Shapefile Link.

Shapefile Link Summary

The Shapefile Link Summary window provides an opportunity to review the details of the
Shapefile Link before completing the editing process. The following information is provided in
the summary window:

« Type - Type of element represented by this Shapefile Link.
» Shapefile — Full path and file name of the Shapefile referenced by this Shapefile Link.

* Key/Label Field — Shapefile field used to map Shapefile records to their corresponding
network elements in the model.

e AttributesMapped — Number of Field Links mapped in this Shapefile Link.

Import Shapefile Wizard

Thelmport Shapefile Wizard will guide you step-by-step through the process of importing ESRI
Shapefiles. These are the basic steps for importing Shapefiles:

» Select Element Types— Choose the type of network elements you wish to import.

e Shapefile Synchronization Options —Specify the spatial data unit and configure other
options.

« Import Shapefile — Choose the Shapefile you would like to import, and choose the Key/Label
Field to specify the column in the Shapefile that contains the matching element labels in the
network. Define as many field links as necessary. For each link, specify the network
attribute, the associated Shapefile column, and the Unit in which the Shapefile attribute is
stored.

« Create Shapefile Connection? -Choose whether or not you want to establish a Shapefile
Connection. The Shapefile Connection allows you to update the Shapefile with values from
your model, or to update your model from the Shapefile.

While using the wizard, you can move forward or backward through the process to make changes
by clicking the Next and Back buttons. Click the Finished button when you are done making
changes to import Shapefiles.

To access the Import Shapefile Wizard, select File\Import\Shapefile from the pull-down menu.
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Select Element Types

The Select Element Typesvindow is used for selecting the types of network elements that are of
interest when importing and exporting Shapefiles, or when creating a Shapefile Connection. The
window contains alist of network element types, and a check box precedes each type.

To select an element type for Shapefile Import, Export, or Connection, put a check mark in the
corresponding box.

Shapefile Synchronization Options

Several options are available to customize the Shapefile synchronization process. The Shapefile
Synchronization Options are available for editing in the Import Shapefile Wizard and editing a
Shapefile Connection.

The first group of options is only available when editing a Shapefile Connection. These options
are exactly the same as their counterparts in Database Synchronization Options, and are as
follows:

*  Prompt before add
* Prompt before remove

Unlike the Database Synchronization Options, the Shapefile Synchronization Options do not allow

for optionally adding or removing elements. When synchronized, Shapefiles and the model will

contain exactly the same number of records for the specified element type. For example, suppose

a Shapefile contains a record for the junction labeled ‘J-1'. When this Shapefile is synchronized
into the model, the model will automatically add a junction labeled ‘J-1’" if none currently exists.
Likewise, if ‘J-1' is removed from the model and then synchronized out to the Shapefile, the
record for ‘J-1" will automatically be removed from the Shapefile. You have no control over this.

The rest of the options are available during$hapefile Import Wizard and from theShapefile
Connection Editor.

Shapefile Unit — Choose a unit from the available list. This is the unit of the spatial data in the
Shapefile. For example, if the X- and Y-coordinates of the Shapefile represent feet, choose feet
from the choice list. If they represent meters, choose meters. This unit must be the same for every
Shapefile in the Shapefile Connection. If you wish to import Shapefiles that have different spatial
data units, create a separate connection for each unit.

When Missing Connectivity Data

As noted in thel able Link Editor topic, to create a pipe from an external file it is necessary for a
pipe to have a start node and stop node associated with it. Typically, these "connectivity"
associations are created by synchronizing the ‘+ Start Node’ and ‘+ Stop Node’ attributes of the
pipe. Since a Shapefile contains spatial data, it is also possible to establish these associations
based on the location of nodes relative to the end points of the pipe. The following options allow
you to customize this behavior:

» Establish By Spatial Data — Check this box to configure the synchronization so that any
missing connectivity data (start node, stop node, or both) for a pipe will be established from
the spatial data if possible.

» Tolerance — This value represents the distance to be searched when trying to locate nodes for
establishing connectivity for a pipe. All nodes within the tolerance of a pipe’s end point will
be collected and the closest node will be selected for connection.

e Create Nodes if None Found — Check this box if you would like nodes to be created during
the synchronization when no nodes are found within the specified tolerance of a pipe’s end
point. If this box is not checked, and no nodes are found within the tolerance, the pipe will not
be created because it has insufficient connectivity data.
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Import Shapefile Link Editor

The Import Shapefile Link Editor is similar to the Database Table Link Editor. Refer to that
topic for detailed information on the following Shapefile Link parameters:

» Shapefile —Location of the file that is being referenced by the Shapefile link. Thisisidentical
to the Database File parameter of the Table Link Editor .

« Key/Label Field — Key by which the entire Shapefile/model mapping is defined.
« Field Links - Identical to the Field Links group of the Database Table Link Editor.

Create Shapefile Connection

The Create Shapefile Connection window provides an opportunity during a Shapefile Import or
Shapefile Export to specify that a persistent connection containing the Shapefile Links and
Synchronization Options be created. This Connection can be used at a later time to synchronize
the model and the Shapefiles. The Create Shapefile Connection window has the following
parameters:

e Add Shapefile Connection — Check this box if you wish to add a persistent Shapefile
Connection to the Shapefile Connection Manager. By default this box is checked.

e Label — Specify an alphanumeric label for the Connection. This field is only editable when
the Add Shapefile Connection box is checked.

To access th&hapefile Import Wizard, selectrile\l mpor t\Shapefile from the pull-down menu.

Shapefile Import Example
Follow these steps to import one or more Shapefiles into a new or existing model:

1. From theFile menu, seledtmport\Shapefile to access themport Shapefile Wizard.

2. Choose the element types that you wish to import by clicking one or more of the check boxes
in the list, then click th&lext button.

3. Configure the options for this import. First, select the unit for the spatial data of the
Shapefile. Then, if appropriate for your situation, click Establish by Spatial Data check
box in theWhen Missing Connectivity Data group, and enter a value in thelerance field.
For more information regarding these options, refer to the section on Shapefile
Synchronization Options. Click tidext button to proceed to the Shapefile Link Editors.

4. You will be presented with almport Shapefile Link Editor for each element type you
chose to import. Perform the following steps for elanport Shapefile Link Editor:

Enter the name of the Shapefile you wish to import for the specified element type. Click the
ellipsis (---)outton to interactively browse for and select your Shapefile.

Choose the Key/Label Field to define the column in the Shapefile that maps to the element
labelsin the model.

Define as many field links as necessary by selecting the model attribute and the associated
Shapefile column and unit, if appropriate. Use the Selectbutton for making the selection
process more efficient. Click the Next button.

5. Click the Add Shapefile Connectioncheck box if you wish to create a persistent link
between the Shapefile(s) you are importing and the model. 1f you choose to create a Shapefile
Connection, enter an alphanumeric label to identify the connection. Click the Finished button
to import the Shapefiles.
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13.2.5 Export Shapefile Wizard

This program has the capability of exporting network elements in the ESRI Shapefile Format. The
ESRI Shapefile is actually three files that together define the spatial and non-spatial attributes of a
map feature. In the case of Haestad Methods hydraulic models, map features are network
elements (e.g. pipes, junctions). Exporting Shapefiles creates brand new files. If you are
exporting a Shapefile to a directory that already contains a Shapefile of the same name, the
existing Shapefile will be completely overwritten. 1f you wish to update the Shapefile rather than
overwriting it, use the Shapefile Connection feature.

The major components of the Wizard are as follows:

« Select Element Types -€hoose the type of network elements you wish to export. Each type
of network element will have its own Shapefile associated with it. This component is identical
to the Import Wizard'$Select Element Types component.

e Export Shapefile Link Editor — Enter a name for each Shapefile you wish to create. Each
Shapefile name must be no more than eight characters in length, and should not be duplicated.
Define as many field links as necessary. For each link, specify the network attribute. The
shapefile variable will default to a preset calue which can be edited.

« Create Shapefile Connection -€hoose whether you want to establish a Shapefile Connection
for this Shapefile or not. The Shapefile Connection allows you to update the Shapefile with
values from your model, or to update your model from the Shapefile. This component is
identical to the Import Wizard'€r eate Shapefile Connection component.

While using the Wizard, you can move forward or backward through the process by clicking the
Next andBack buttons. When you are finished defining the Shapefile, clickihished button
to create it.

To export a specific network element type as a Shapefile, cliolesExport\Shapefile from the
pull-down menu. This opens tishapefile Export Wizard.

Export Shapefile Link Editor

The Export Shapefile link editor is similar to theDatabase Table link editor, with the
following differences:

Shapefile — The name and location for the file that is being exported. The Shapefile name is
limited to eight characters.

The Field Links group is used to specify the attributes and Shapefile column headings that you
wish to export, as follows:

e Model — Each item in this column is an attribute in the model that is being exported to the
Shapefile. The list of available attributes depends on the type of table.

« Shapefile — Each item in this column is a column heading in the Shapefile being created,
which correlates to the item in the model being mapped. By default, the heading are set to an
all-capitals abbreviation of the attribute name, with spaces and periods replaced by the
underscore character. The column heading can be changed, but must be less than ten
characters long and cannot contain periods.

7 The spatial data in the Shapefiles being created will be in the current display unit for
map coordinates. For example, if the X and Y or Northing and Easting valuesin the
model are displayed in meters at the time of the export, then the spatial data in the
Shapefiles created will also be in meters.
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The values for the exported attributes will be in the current display units for that
attribute. For example, if a junction elevation attribute is displayed in feet at the time of
the export, the Shapefile will contain that value in feet.

Shapefile Export Example
Follow these steps to export one or more Shapefiles from the model:

1. From the File menu, select the Export\Shapefile menu item to access the Export Shapefile
Wizard.

2. Select the element types that you wish to export by clicking one or more of the check boxesin
thelist, then click the Next button.

3. You will be presented with an Export Shapefile Link Editor for each element type you
chose to export. Perform the following steps for each Export Shapefile Link Editor ;

4. Enter the name of the Shapefile you wish to create for the specified element type. Click the
ellipsis (...)button to interactively browse for a directory in which to store the Shapefile.

5. Define as many field links as necessary by selecting the model attribute and providing a name
for the associated Shapefile column. Use the Selectbutton for making the selection process
more efficient. Click the Next button.

6. Click the Add Shapefile Connectioncheck box if you wish to create a persistent link
between the Shapefile(s) you are exporting and the model. If you choose to create a Shapefile
Connection, enter an alphanumeric label to identify the connection. Click the Finished button
to export Shapefiles.

Sharing Shapefile Connections between Projects

When WaterCAD works with shapefile connections, it is using a file with a .HSC extension,
which stores the information regarding the shapefiles and field mapping for each element type.

When you open a WaterCAD project file (WCD), WaterCAD first looks for a file in the same
directory and with the same filename but with the .HSC extension. If it finds this file, it uses the
shapefile connectivity information contained therein. If it does not find this file, it defaults to a
filein the installed WaterCAD directory called WTRC.HSC.

Sharing Shapefile Connections between Projects

If you are working on a local drive, and you have several project files that all reference common
Connection information, let your project files automatically default to the WTRC.HSC file. Any
connectivity changes that you work on in one project will be automatically reflected when you
open any other project.

If there are severa people working on different projects on different computers, but they still wish
to have common connectivity information, the appropriate .HSC file can be copied (and renamed
if necessary) to the individual local drives.

Preventing Shapefile Connectivity Sharing between Projects

There are times when shared connectivity can be more cumbersome than helpful such as when
there are many projects, each with different database connectivity. At these times, it is more
useful to have the connectivity associated with one specific project, rather than with all projects.
To do this, smply copy the WTRC.HSC file from the installed WaterCAD directory to the same
location as your project file, and rename it to the same name as your .WCD file.
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13.2.8

For example, if your WaterCAD project file is PROJECT1.WCD, rename WTRC.HSC to
PROJECT1.HSC. The connections in PROJECT1.WCD can then be modified without the effects
being reflected in any other projects.

Shapefile Format

An ESRI Shapefile actually consists of three separate files that combine to define the spatial and
non-spatial attributes of a map feature. The three required files are as follows:

* Main File — A binary file with an extension of .SHP. It contains the spatial attributes
associated with the map features. For example, a polyline record contains a series of points,
and a point record contains X- and Y-coordinates.

* Index File — A binary file with an extension of .SHX. It contains the byte position of each
record in the main file.

« Database File — A dBase Il file with an extension of .DBF. It contains the non-spatial data
associated with the map features.

All three files must have the same file name with the exception of the extension, and be located in
the same directory.

Shapefile Connection Example
Follow these steps to connect one or more Shapefiles to the model:

1. From the~ile menu, selecBynchronize\Shapefile Connections.

2. If you do not have any connections currently defined, you will be asked if you want to create
a new one now. Sele¥tes. If you already have one or more connections defined, you will go
to the Shapefile Connection Manager. Click Add to access thé&hapefile Connection
Wizard.

3. Provide an alphanumeric label to uniquely identify this new connection. ClicKekte
button.

4. Choose the element types that you wish to import by clicking one or more of the check boxes
in the list and click th&lext button.

5. Configure the options for this connection. First select the unit for the spatial data of the
Shapefile. Then, if appropriate for your situation, click Hstablish by Spatial Data check
box in theWhen Missing Connectivity Data group, and enter a value in thelerance field.
For more information regarding these options, refer to the section on Shapefile
Synchronization Options. Click tidext button to proceed to tHshapefile Link Editors.

6. You will be presented with almport Shapefile Link Editor for each element type you
chose to import. Perform the following steps for elanport Shapefile Link Editor:

7. Enter the name of the Shapefile to which you wish to connect for the specified element type.
Click theellipsis (---)outton to interactively browse for and select your Shapefile.

8. Choose the Key / Label Field to define the column in the Shapefile that maps to the element
labels in the model.

9. Define as many field links as you want by selecting the model attribute and the associated
Shapefile column and unit if appropriate. Use the Selectbutton for making the selection
process more efficient. Click the Next button.
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10.

11.

12.

Check the Synchronize Shapefile Connectiobox if you wish to synchronize the connection
immediately upon clicking the Finished button.

If the Synchronize Shapefile Connectiorbox is checked, choose whether you want to
Synchronize In to the model from a Shapefile, or Synchronize Out to the Shapefile from the
model.

Click the Finished button to synchronize the connection (if the Synchronize Shapefile
Connection box is checked), or return to the Shapefile Connection Manager
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Exchanging Data with CAD Software

14.1

14.11

AutoCAD Polyline to Pipe Conversion

Polyline to Pipe Conversion Overview

This feature alows you to quickly construct a network based on the entities contained in an
AutoCAD drawing. Although thisfeatureis called Polyline to Pipe, Line and Block entities can be
converted as well. Polylines and Lines can be converted to pipes and Blocks can be converted to
any available node type.

Building a model based on graphical elements can be an error-prone process. This is due to the
fact that a drawing can appear to be correct visually, but may contain problems that are not readily
apparent. For example, what appears to be a single line in a drawing could in fact be made up of
many line segments, or it could be made up of 2 lines, one directly on top of another.

To help aleviate some of the problems that you may encounter during the import process, a
comprehensive drawing review is aso performed. During the conversion process, the network is
analyzed and potential problems are flagged for review. After performing the conversion, the
Drawing Review window will alow you to navigate to and fix any problems that are
encountered.

you begin.
You can import entities into an existing project. Polylines will automatically be

prior to performing the import.

drawing prior to performing the conversion. Look for entities that should not be
converted, such as leader lines, and move them to their own layer. Turn off layers th4
you do not wish to convert. Do a quick review of your drawing and correct any potential
conversion problems that you may find.

—

After performing the conversion, we recommend that you use the converted file as
DXF Background. This will greatly enhance your review process. If you change thg
entities in your background drawing to a gray color from within AutoCAD, it will make
it easier to distinguish between foreground elements and background entities.

D

17

The Polyline to Pipe conversion cannot be undone. Be sure to save your project befare

connected to nodes within the specified Tolerance. You can add nodes to your projegt

Stand-Alone mode issues — You should take some time to clean up your AutoCAD
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AutoCAD mode issue — You can interactively convert individual entities to pipes by
using the Layout Tool.

14.1.2 Converting your Drawing in Multiple Passes

Depending on how your drawing layers are set up, you may be able to save yourself a considerable
amount of data entry time by converting your drawing in multiple passes.

For example, if your 12" pipes are located on a "12InchPipes' layer, 18" pipes are on a
"18InchPipes’ layer, etc., you can import layers one at atime. Just set up your prototypes prior to
importing that layer.

To assist you in this process, your conversion settings will be retained between imports.
Therefore, on subsequent passes you will simply need to revise your prototypes and specify the
next layer to be imported.

This same technique can be used when importing blocks.

14.1.3 Polyline to Pipe Wizard

The Polyline to Pipewizard will guide you step-by-step through the process of converting your
entities to elements.

« Step 1 —Theimport behavior depends on the mode in which you are working:
Sand-Alone — Specify the DXF file that you would like to import.

AutoCAD — This step is skipped -- you will be asked to select the entities to convert before
accessing the Wizard.

* Step 2 — Specify the polyline to pipe conversion options.

* Step 3 — Specify how T-intersections are to be handled.

* Step 4 — Specify how blocks should be converted (optional).
* Step 5- Configure prototypes.

* Step 6 — Specify the layers to be imported.

To access the Polyline to Pipe Wizard:
Stand-Alone mode — Sele€il e\l mpor t\Polyline to Pipe from the main menu.

AutoCAD mode — Seledidit\Change Entitiesto Pipesfrom the main menu.

Polyline to Pipe Wizard — Step 1 (Stand-Alone mode only)
This step allows you to specify the DXF file to be imported.

g If you are running in AutoCAD mode, this step will be skipped. AutoCAD mode users
will be asked to select the entities to be converted before accessing the Polyline to Pipe
wizard.

« DXF Filename — Specify the name of the DXF file you would like to import. UseBihavse
button to select the file interactively.
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e DXF Unit — Specify the DXF conversion unit (the unit that your DXF file is in). For example,
if your drawing is in metric, specify meters (m). If your drawing is in architectural units,
specify inches (in).

Polyline to Pipe Wizard — Step 2
This step allows you to specify the following Polyline to Pipe conversion options:

» Connectivity tolerance — Polylines whose endpoints fall within the specified tolerance will be
connected to the same node. A default tolerance is supplied based on the current scale. This is
generally a good starting point, but you may wish to increase or decrease this default tolerance
depending on your particular drawing. If you complete the conversion process and find that
the tolerance was not correct (pipes that should be connected were not, or vise versa), you may
wish to repeat the conversion process using a new tolerance.

» Specifying which entities to convert — You can optionally convert Polylines, Lines, or both.
You generally want to convert both Polylines and Lines. However, if your drawing is set up so
that Polylines are always used to represent pipes and Lines are used for annotation purposes,
you may wish to convert only Polylines.

« Handling missing nodes at polyline endpoints — A pipe can only be created if there is a node
at both endpoints. If a node cannot be found at a polyline endpoint, a node must be added.
Otherwise, the pipe cannot be converted. This option allows you to specify whether or not a
node is created, and, if so, the default type of element to create.

In general, you will want to create a default node at polyline endpoints. However, if your network
already contains nodes at polyline endpoints, or if your drawing contains blocks at polyline
endpoints that are to be converted to nodes, you may wish to specify that the polyline not be
converted. Polylines that can not be converted, because one or both end nodes are missing, will be
flagged for review at the end of the conversion process.

If the conversion does not yield the desired results, you can repeat the conversion process
using different settings. Be sureto save your project before performing the conversion.

Polyline to Pipe Wizard — Step 3
This step allows you to specify how T-intersections (pipe split candidates) should be handled.

Nodes that fall within the specified tolerance of a pipe are referred pipasplit candidates.
There are two ways to handle these:

* Join the pipes at the intersection — The pipe-split candidate will be used to split the
intersecting pipe.

» Do not join the intersecting pipes — Pipe-split candidates will be flagged for later review
using theDrawing Review window.

Thetolerancethat you specify in Step 2 will also be used for T-inter section processing.

Polyline to Pipe Wizard — Step 4 (Optional)
This step allows you to optionally convert AutoCAD blocks to nodes.

If you would like to convert blocks to nodes, activate Yegtoggle. A table with two columns
will appear, allowing you to map the AutoCAD blocks you would like to convert to any of the
available node element types. TAatoCAD block column provides you with a list of available
blocks to convert. ThElement column provides you with a list of available node element types.
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14.2

14.2.1

For each AutoCAD block you would like to convert, specify the type of node element you would
like to create.

When you select an AutoCAD block, the preview pane will display the graphical
representation of that block. This step will be skipped if there are no AutoCAD Blocks in
your drawing.

Polyline to Pipe Wizard — Step 5
Before performing the conversion, you may wish to configure your prototypes with default data.
During the conversion process, elements will be created using the specified defaults.

Click abutton to configure the defaults for the associated element.

Polyline to Pipe Wizard — Step 6

Specify the layers that contain the entities you would like to convert. Use the Preview button to
preview the elements on the selected layers. This step can be used in conjunction with the
Prototype step to allow you to convert your drawing in multiple passes.

It is recommended that you process your drawing prior to performing the import. |If
your drawing contains layers that you do not wish to import, turn them off from within
AutoCAD and they will be ignored during the import process.

Polyline Conversion Problem Dialog

This feature is present in stand-alone mode only. This dialog displays the reason that a polyline
was not converted after running the Polyline to Pipe Wizard

Drawing Preview
Use the Preview button to view the elementsin your DFX file that will be converted.

Next to the Preview button is a checkbox labeled Only include elements that will be converted

Turn the toggle on to preview the entities that will be converted. The entities to be converted are
based on the settings you specified in the Polyline to Pipe Wizard, such as type of line entities,
blocks, and layersto be converted.

Turn the toggle off to preview all entities.

Import/Export of DXF Files

Import a DXF from AutoCAD or MicroStation

To import background graphics in Stand-Alone mode from another drafting program, you must
first export a DXF file from your CAD program. This step is usualy as smple as selecting an
item from a pull-down menu in that program, such as File\Export\As DXF, or similar command.
Once the DXF file has been created, it can be imported into this program as follows:

1. Select the File\import\DXF Background command from the pull-down menu to access the
Import DXF File diaog.

2. Select the DXF file you wish to import, and click the Open button.
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14.2.2 Exporting a DXF file

A project file can be saved in a format that can be used by AutoCAD and other common CAD-
based applications. When you use the Export command, a window appears so that you can enter
the file name, drive, and directory of the DXF file you are saving. A status bar appears at the
bottom of the screen asthefile is being exported.

To export the drawing plan view, select the File\Export pull-down menu option.

g You will be able to redefine all elements, except pipes, as blocks in AutoCAD. Pipes w|
be exported as polylines, so you will be able to set their line weight in AutoCAD.

14.2.3 Redefining WaterCAD Blocks in AutoCAD

If you would like to change the appearance of these blocks in your AutoCAD drawing, you can
redefine them as follows:

To begin, start AutoCAD and create thirteen separate drawing files named HMI_CKV.DWG,
HMI_CSRC.DWG, HMI_FARW.DWG, HMI_PSDWG, JUNCTION.DWG, TANK.DWG,
RESERVOIR.DWG, PUMP.DWG, PRV.DWG, PBV.DWG, PSV.DWG, FCV.DWG and
TCV.DWG. Savethese drawingsin your AutoCAD directory.

Open the existing drawing that contains the network blocks.

1. Atthe AutoCAD "Command:" prompt, type INSERT and press enter.

2. Atthe"Block Name:" prompt, type JUNCTION=C:JUNCTION.DWG and press enter.
3. At thispoint, the block has been redefined and you can cancel this command.

4. Repesat these steps for the other named blocks.

Refer to your AutoCAD documentation for more information on Redefining Blocks.

14.2.4 Advanced DXF Import Techniques

To import the network DXF file into an existing AutoCAD drawing file, you will have to perform
acouple of preliminary steps:

1. Inyour existing drawing, at the AutoCAD "Command:" prompt, type (regapp "WTRC") and
press Enter. Thiswill register the program application ID. Be sure to include the parenthesis.

2. Define blocks named HMI_CKV, HMI_CSRC, HMI_FARW, HMI_PS, JUNCTION, TANK,
RESERVOIR, PUMP, PRV, PBV, PSV, FCV and TCV.

Y ou are now ready to import aWaterCAD DXF file into your existing AutoCAD drawing.

NI To save time, you can perform the above steps in a new AutoCAD drawing file and save
it with the name WaterCAD.DWG. Now, instead of performing the above steps, simply
insert this new drawing into your existing drawing file immediately before importing a
network DXF file.

|/
[

Refer to your AutoCAD documentation for more information on Importing DXF files.
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Chapter 15

Additional Features
of the AutoCAD Version

WaterCAD features optional support for AutoCAD R14 and AutoCAD 2000 integration. Y ou can
determine if you have purchased AutoCAD functionality for your WaterCAD by using the
Help\About menu option. Click the Registration button to view the feature options that have
been purchased with your application license. If AutoCAD support is enabled then you will be
able to run your WaterCAD application in both AutoCAD and Stand-Alone mode.

The AutoCAD functionality has been implemented so as to be essentially identical to that offered
with the Stand-Alone base product. Once you obtain familiarity with the Stand-Alone mode, you
will not have any difficulty utilizing the product in AutoCAD mode.

In AutoCAD mode, you will have access to the full range of functionality available in the
AutoCAD design and drafting environment. The standard environment is extended and enhanced
by an AutoCAD ObjectARX WaterCAD client layer that allows you to create, view, and edit the
native WaterCAD network model while in AutoCAD.

Some of the advantages of working in AutoCAD mode include;

e Layout network pipes and structures in fully scaled mode in the same design and drafting
environment that you use to develop your engineering plans. You will have access to any
other third party applications that you currently use, along with any custom LISP, ARX, or
VBA applications that you have developed.

* Use native AutoCAD insertion snaps to precisely position WaterCAD elements with respect to
other entitiesin the AutoCAD drawing.

e Use native AutoCAD commands such as ERASE, MOVE, and ROTATE on WaterCAD
model entities with automatic update and synchronization with the model database.

e Output contours to your AutoCAD drawing.

» Control destination layers for model elements and associated label text and annotation, giving
you control over styles, linetypes, and visibility of model elements.
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15.1

15.1.1

15.1.2

15.1.3

15.1.4

AutoCAD Environment

AutoCAD Mode Graphical Layout

In AutoCAD mode, Haestad products provide a set of extended options and functionality over that
available in Stand-Alone mode. This additional functionality is provided to complement the
advanced power available in the AutoCAD environment. Generally, it provides enhanced user
control over general application settings and options and extends the command set, allowing user
modification of the presentation of Haestad Methods software model elements within AutoCAD.

Key differences between AutoCAD and Stand-Alone mode include;

» Element Editing functionality has been extended by adding the Scale Elementsand Rotate
Labels commands, accessible under the Edit\Modify Elements pull-down menu, and the
Change Widthsunder the Edit\Modify Pipes pull-down menu.

e You can control the appearance and destination of all model elements using the Element
Properties command under the Tools pull-down menu.

» Though right-click context menus are now standard with AutoCAD 2000, a Right-Click
Context Menu Option has been added to provide optiona conformity with the Stand-Alone
mode of operation in AutoCAD R14.

Toolbars

In AutoCAD mode, this command toggles the display of the program toolbars. The following
toolbars are available:

e« Command Tools— Enables the Commands Toolbar for quick access to the main commands,
including computations, table and graphic reports, Quick View, and direct access to the
Haestad Methods Web Site.

« Layout Tools— Enables the Layout Toolbar for access to the Tool Palette.

e Analysis Toolbar — Enables the Analysis Toolbar in order to display the current scenario and
provide quick access to the Scenario Manager and Cost Manager. It also displays the current
time step and time step viewing controls (WaterCAD Only).

To toggle the display of the Haestad toolbars, sé@lectbar s from the View menu.

Drawing Setup

When working in the AutoCAD mode, you may work with Haestad Methods’ products in many
different AutoCAD scales and settings. However, Haestad Methods’ product elements can only
be created and edited in model space.

Symbol Visibility

In AutoCAD mode, you can control display of element labels using the checkboxDmaieng
Options dialog.

The following commands allow you to customize the drawing by turning the visibility of flow
arrows and labels on or off:

e To turn on the element labels, typ&/ TRCLABEL SON
e To turn them off, typeWTRCLABEL SOFF
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15.1.5

15.2

15.2.1

In AutoCAD, it is possible to delete element label text using the ERASE command. You
should not use ERASE to control visibility of labels. If you desire to control the
visibility of a selected group of element labels, you should move them to another laye
that can be frozen or turned off.

-

See Rebuild Figure Labels for more information on restoring labels that have beel
erased using the native AutoCAD command.

Rebuild Figure Labels

When running WaterCAD in the AutoCAD mode, it is possible to delete associated element label
text entities. Element labels which have been erased can be sdlectively undeleted using the
command WTRCREBUILDLABELS .

AutoCAD Project Files

When using WaterCAD in AutoCAD mode, there are two files that fundamentally define a
WaterCAD model project:

e Drawing File (DWG) — The AutoCAD drawing file contains the custom entities that define
the model, in addition to the planimetric base drawing information that serves as the model
background.

e Model File (WCD) — The native WaterCAD model database file that contains all the element
properties, along with other important model data. WaterCAD .WCD files can be loaded and
run using the Stand-alone mode. These files may be copied and sent to other WaterCAD users
who are interested in running your project. This is the most important file for the WaterCAD
model.

The two files will have the same base name. It is important to understand that aichphng
the drawing file is not sufficient to reproduce the model. You must also preserve the associated
WCD file.

Since the .WCD file can be run and modified separately from the .DWG file using Stand-Alone
mode, it is quite possible for the two files to get out of sync. Should you ever modify the model in
Stand-Alone mode and then later load the AutoCAD .DWG file, the WaterCAD program will
compare file dates, and automatically invoke its built-in AutoCAD Synchronization routine.

Drawing Synchronization

Whenever you open a WaterCAD-based drawing file in AutoCAD, the WaterCAD model server
will start. The first thing that the application will do is load the associated WaterCAD database
(\WCD) file. If the time stamps of the drawing and database file are different, WaterCAD will
automatically invoke its synchronization check. This protects against corruption that might
otherwise occur from separately editing the WaterCAD database file in Stand-Alone mode, or
editing proxy elements at an AutoCAD station where the WaterCAD application is not loaded.

The synchronization check will occur in two stages:

» First, WaterCAD will iterate across all the drawing model elements and compare their state
with that held in the server model. Any differences it discovers will be listed. WaterCAD
enforces network topological consistency between the server and the drawing state. If model
elements have been deleted or added in the .WCD file during a stand-alone session, or if proxy
elements have been deleted, the application will force the drawing to be consistent with the
native database by restoring or removing any missing or excess drawing custom entities.
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15.2.2

15.3

15.3.1

15.3.2

« After network topology has been synchronized, the application will compare other model and
drawing states such as location, labels, and flow directions. Again, it will list any differences
between the drawing client and server data, and a message box will pop up giving you an
opportunity to indicate which state, drawing or model server, should be adopted during the
second stage of synchronization.

Y ou can run the Synchronization check at any time using the command WTRCSYNCSERVER.

Saving the Drawing as Drawing*.dwg

AUutoCAD uses Drawing*.dwg as its default drawing name. Saving your drawing as the default
AutoCAD drawing name (for instance Drawingl.dwg) should be avoided, as it makes overwriting

model data very likely. When you first start AutoCAD, the new empty drawing is titled
Drawing*.dwg, regardless of whether or not one exists in the default directory. Since Haestad
Methods’ modeling products create model databases associated with the AutoCAD drawing, the
use of Drawing*.dwg as the saved name puts you at risk of getting the AutoCAD drawing and
Haestad Methods modeling files out of sync.

If this situation is forced to occur (save on quit for example), smply restart AutoCAD,
use the open command to open the Drawing*.dwg file from its saved location, and use
the save as command to save the drawing and model data to a different name.

WaterCAD Element Properties

When working in the AutoCAD mode, this feature will display a tabbed dialog with grids
containing different model element types and their associated properties, along with the properties
of the element’s label and annotation. To modify an attribute, double-click each associated grid
cell. Setting changes made in this dialog will be used for any newly created elements. If the
Apply to Existing Figures box is checked, modifications made in this dialog are performed on a
global basis. Property changes will be performed on all elements of the given type. To restrict
global changes to a certain layer for a particular element type, use the "*current*" option setting
for the attribute of interest.

To change the layer of an element, selamiis\Element Properties from the pull-down menu.

Select Layer

When running in AutoCAD mode, this dialog appears when you double-click the layer name
("*current*" by default) in theLayer column of theElement Properties dialog. This is accessed

by selectingTools\Element Properties from the pull-down menu. It displays a list of the
available layers and their properties from the current AutoCAD drawing. Click the appropriate
field to select a layer. The "*current*" option will use whatever layer is set to current in your
AutoCAD drawing.

Select Text Style

When running in AutoCAD mode, this dialog appears when you double-click the text style name
("*current*" by default) in theText Style column of theLabels and Annotation tabs of the
Element Properties dialog. This is accessed by selectihgols\Element Properties from the
pull-down menu. It displays a list of the available text styles and their properties from the current
AutoCAD drawing. Click the appropriate field to select a text style. The "*current*" option will
use whatever text style is set to current in your AutoCAD drawing.
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15.4 Working with Elements

15.4.1 Edit Element

In AutoCAD mode, this menu selection will open an element editor for any specific element.
Select Edit\Edit Element, then select an element, or type "L" at the command line for alist of
elements to select from. This command is also available by choosing the Select tool, then right-
clicking the drawing pane.

The Edit Element command works with the current selection to allow you to generate filtered
reports. Refer to Selecting Elements (AutoCAD Mode) for more information on working with
selections.

15.4.2 Deleting Elements

In AutoCAD mode, this command removes al elements in the current selection. Refer to
Selecting Elements (AutoCAD Mode) for more information on working with selections.

15.4.3 Modifying Elements

In AutoCAD mode, these commands are selected from the Edit pull-down menu. They are used
for scaling and rotating model entities.

Scale Elements

In AutoCAD mode, this menu selection resizes an element based upon a scale factor. After
choosing this command, select an element or group of elements, and enter the scale factor to be

applied.
To access the scale elements command, select Modify Elements from the Edit pull-down menu.

Rotate Labels

In AutoCAD mode, this menu selection rotates the figure label. After choosing this command,
select an element or group of elements, and enter the desired rotation in degrees.

Modify Pressure Pipes

Pipes may follow a non-linear alignment, since in pressure systems minor losses can be safely
lumped with friction losses without significantly affecting model accuracy. WaterCAD uses the
following specialized commands for editing pipesin AutoCAD:

« Insert Bend — Use this command to add a bend to a pipe. In AutoCAD, you will be prompted
to select a pipe to bend. Select the pipe and the location you want the bend to appear. The pipe
alignment will automatically conform to this location.

« Remove Bend — Use this command to remove a specific bend from a pipe. In AutoCAD, you
will be prompted to select a pipe and the specific bend to remove.

« Remove All Bends — Use this command to completely straighten a pipe that contains bends.
In AutoCAD, you will be prompted to select a pipe, and all bends will disappear.

e Change Widths — Use this command to change pipe widths. After choosing this command,
select a pipe or group of pipes and enter the desired width. Note that the width entered is
equivalent to the AutoCAD polyline width.
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15.5

15.5.1

15.5.2

15.5.3

15.5.4

Working with Elements Using AutoCAD Commands

WaterCAD Custom AutoCAD Entities

The primary AutoCAD-based WaterCAD element entities — pipes, tanks, reservoirs, pumps and
valves — are all implemented using ObjectARX custom objects. Thus, they are vested with a
specialized "model awareness" that ensures that any editing actions you perform will result in an
appropriate update of the model database.

This means that you can perform standard AutoCAD commands as you normally would, and the
model database will be updated automatically to reflect these changes.

It also means that the model will enforce the integrity of the network topological state. Therefore,
if you delete a nodal element such as a junction, its connecting pipes will also be deleted since
their connecting nodes topologically define model pipes.

Using ObjectARX enables the implementation of highly specialized editing actions that are not
available with standard AutoCAD entities. Two examples of this specialized behavior are element
morphs and pipe splits. Again, these modifications will trigger an automatic update of the model
network topology and associated element properties.

Using ObjectARX technology ensures the database will be adjusted and maintained during Undo
and Redo transactions.

A custom model element has certain native text entities associated with it for displaying label and
annotated property values. These associated label and annotation entities may be edited separately
from the model element itself. However, most drawing edits made directly to a model element will

be applied in the appropriate fashion against its associated label and annotation entities. Thus, if
you drag an element to a new location, the annotation and label locations will update as well.

AutoCAD Commands

When running in AutoCAD mode, Haestad Methods’ products make use of all the advantages that
AutoCAD has, such as plotting capabilities and snap features. Additionally, AutoCAD commands
can be used normally. For example, Haestad Methods’ elements and annotation can be
manipulated using common AutoCAD commands.

Explode Elements

When using WaterCAD in AutoCAD mode, running the AutoCAD explode command will
transform all Haestad custom entities into equivalent AutoCAD native entities. When a Haestad
custom entity is exploded, all associated database information is lost. Be certain to save the
exploded drawing under a separate filename.

Use Explode to render a drawing for finalizing exhibits and publishing maps of the model
network. You can also deliver exploded drawings to clients or other individuals who do not own a
Haestad Product license, since a fully exploded drawing will not be comprised of any ObjectARX
proxy objects. See Working with Proxies for more information on this topic.

Moving Elements

When using WaterCAD in AutoCAD mode, the AutoCAD commands Move, Scale, Rotate,
Mirror and Array can be used to move elements. Refer to Selecting Elements for more details on
this topic.

To move a node, execute the AutoCAD command either by typing it at the command prompt or
selecting it from the pull-down menu. Follow the AutoCAD prompts, and the node and its
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15.5.6

15.6

associated label will move together. The connecting pipes will shrink or stretch depending on the
new location of the node. Thisisthe only way to move pipes.

Moving Element Labels

When using WaterCAD in AutoCAD mode, the AutoCAD commands Move, Scale, Rotate,
Mirror and Array can be used to move element text labels. Refer to the help topics Selecting
Elements and Working with Selectionsin AutoCAD.

To move an element text label separately from the element, click the element label you wish to
move. The grips will appear for the label. Execute the AutoCAD command either by typing it at
the command prompt or selecting it off the tool palette. Follow the AutoCAD prompts, and the
label will be moved without the element.

Shap Menu

When using WaterCAD in AutoCAD mode, the Snap menu is a standard AutoCAD menu that
provides options for picking an exact location on an object. Refer to the standard AutoCAD help
system for more information.

Undo / Redo

In AutoCAD mode, you have two types of Undo/Redo available to you. From the Edit menu, you
have access to WaterCAD Undo and Redo. Alternatively, you can perform the native AutoCAD
Undo and Redo by typing at the AutoCAD command line. The implementations of the two
different operation types are quite distinct.

The menu-based undo and redo commands operate exclusively on WaterCAD elements by
invoking the commands directly on the model server. The main advantage of using the specialized
command is that you will have unlimited undo and redo levels. This is an important difference,
since in layout or editing it is quite useful to be able to safely undo and redo an arbitrary number
of transactions.

If you use the native AutoCAD undo, you are limited to a single redo level. The
WaterCAD undo/redo is also faster than the native undo/redo. If you are rolling back
WaterCAD model edits, it is recommended that you use the menu-based undo/red
implementation.

Whenever you invoke a native AutoCAD undo, the server model will be notified when any
WaterCAD entities are affected by the operation. WaterCAD will then synchronize the model to
the drawing state. Wherever possible, the model will seek to map the undo/redo invocation onto
the model server's managed command history.
pending undo or redo transactions held by the server, WaterCAD will flush the command history.
In this case, the model will synchronize the drawing and server models.

If you undo using the AutoCAD command and you end up restoring Water CAD
elements that have been previously deleted, morphed, or split, some model state
attributes such as diameters or elevations may be lost, even though the locational and
topological state is fully consistent. This will only happen in situations where the
Water CAD command history has been flushed. In such cases, you will be warned to

check your data carefully.

If the drawing’s state is not consistent with any
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15.7

15.7.1

15.7.2

15.7.3

Converting Native AutoCAD Entities to WaterCAD
Elements

Converting Native AutoCAD Entities

WaterCAD features powerful tools dedicated to assisting you in building WaterCAD models from
existing AutoCAD drawing information. In addition to the standard GIS shapefile conversion
options, there are two specific commands available in the AutoCAD platform that will be
especialy useful to the AutoCAD modeler:

« Layout Pipe Using Entity
e Change Entitiesto Pipe

Layout Pipe Using Entity
In addition to the standard options available under the Pipe layout command (accessed by clicking

the El button in the WaterCAD Tools toolbar, or by selecting the Tools\Layout\Pipe menu
option), you may elect to use an existing AutoCAD line, polyline, or arc as a template to define an
equivalent WaterCAD pipe or series of pipes.

While you are in the Pipe Layout command, you may invoke the Entity conversion option by
using the ‘Entity’ keyword, or by selecting ‘Entity’ from the right-mouse button context menu.
Once selected, you will be prompted to choose an entity to use as a basis for a new pipe, and
conditionally specify the type of nodal WaterCAD element(s) to use at each end of the pipe.

This command is extremely useful for constructing pipes that follow a curved alignment
In these cases, use an arc as the defining template entity for the pipe creation.

Change AutoCAD Entities to Pipes

When running WaterCAD in AutoCAD mode, this special AutoCAD command allows you to use

a selection of AutoCAD entities — arcs, lines, polylines, and blocks — as a defining template set for
the creation of equivalent WaterCAD elements. This command performs the element generation
in batch fashion. You are prompted for the selection of entities to convert, and the selection is
followed by the Polyline to Pipe Conversion Wizard that leads you through a sequence of steps
defining the basis of the batch conversion. The actual steps to be followed in the Wizard are fully
described in the AutoCAD Polyline to Pipe Conversion topic.

Thisis an automated batch process that requires some care and attention with respect to
the selection set that is going to be used as a basis for generating actual Water CAD
model elements. For instance, it may be desirable to select like-sized pipe elements
during each pass. This way, you can use the prototyping capabilities to their greatest
advantage. A little time spent in planning and strategizing a series of individual
conversion stepswill go a long way toward preventing confusion, which could necessitate
later re-conversions.

The Change Entities to Pipes command is accessed from tBdit\Change Entities to Pipes
pull-down menu.
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15.8

15.8.1

15.8.2

Special Considerations

Import WaterCAD

When running WaterCAD in AutoCAD mode, this command imports a selected WaterCAD data
(.WCD) file for use in the current drawing. The new project file will now correspond to the
drawing name, i.e. CurrentDrawingNameWCD. Whenever you save changes to the network
model through WaterCAD, the associated .WCD data file is updated and can be loaded into
WaterCAD 4.0 or higher.

To import aWaterCAD model into AutoCAD, select File\Import\WaterCAD .

Working with Proxies

If you open a WaterCAD drawing file on an AutoCAD workstation that does not have the
WaterCAD application installed, you will get an AutoCAD Proxy Information message box. This
is because the executable logic for managing the AutoCAD entities is not available, and the
WaterCAD modeling elements are not associated with the WaterCAD native database.

WaterCAD proxy objects can be moved and erased. However, doing so will put the drawing state
out of sync with the model database if the drawing is saved with its original name. If this happens,
and you later reload the drawing on an AutoCAD station that is running a WaterCAD application,
the application will automatically attempt to reconcile any differences it finds by automatically
loading its Database Synchronization routine.
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A1

Appendix A

Frequently Asked Questions

Tips are available in the following categories:

I mporting/Exporting
Modeling

Display

Editing

Extensive, up-to-date tips are available at your finger tips by clicking th<ﬁ| button.
This will take you to Haestad Methods web site, where you will be able to look u

Frequently Asked Questions (FAQs) in our KnowledgeBase and do a search on any

keyword(s). This is available if you are participating in the ClientCare program.

If the information you need is not available in this section, click the Search tab at the toy
of the Help window for an index. To make your work easier, WaterCAD and the Help
system are designed to be used together. If you have a high resolution display monitg
you will probably find it helpful to size the frames of both the program and the Help
windows so that they fit side by side. Then, while using the program, you can use tk
right mouse button or the Help button in any dialog box to update the Help window with
context-sensitive Help.

D

=

e

Import/Export Tips

The following tips will be covered in this section:

Importing Data from Previous WaterCAD/Cybernet Versions
Transitioning from Cybernet v2

Importing EPANET Data

Importing KY PIPE Data

Importing Spot Elevations

Exporting Spot Elevations
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~N You can import data from virtually any model using our intuitive and powerful
@ Database and Shapefile Connections feature.

A.1.1 Importing Data from Previous WaterCAD/Cybernet Versions

Cybernet v1 drawing

No support is available for importing a Cybernet v1 drawing directly into WaterCAD v4. If you
want to import a Cybernet v1 drawing, load it into Cybernet v2 (for DOS) and re-save the data as
a Cybernet v2 drawing. The data can then be imported into WaterCAD v4 following the
procedure described below.

Cybernet v2 drawing

If you are running WaterCAD v4 in AutoCAD mode, simply open the drawing that contains the
Cybernet v2 data. The import Wizard of WaterCAD v4 will automatically begin importing the
data.

If you are running WaterCAD v4 in Stand Alone mode, you must first convert the Cybernet v2
drawing into a special C2W file format that can then be imported into WaterCAD v4. This is
accomplished by using one of the C2W tilities inside any of the following AutoCAD versions:
AutoCAD 12, 13 Dos, 13 Windows, 14, or 2000. Consult the C2W utilities Help for specifics on
its use.

g Because the color coding legend is comprised of native entities, the built-in conversion|is
unable to automatically remove legend elements. In WaterCAD v3.0 and up in
AutoCAD mode, color coding legends are block inserts. If your Cybernet v2 drawing
contains legends, you must manually edit these out of the drawing.

When using the C2W utility in AutoCAD 12 or 13, there are certain limitations to the
amount of data imported:

— Only Cybernet v2 base data is imported. No change records in Cybernet scenari¢s
are supported.

— Cybernet multi-point pump curves are not supported. The C2W utility converts the
pump to a standard three-point curve pump. This may not be the optimum solution
for the multi-point curve. Validate the points chosen, and consider manually
entering the multi-point data.

— Cybernet demand patterns are not imported. However, junction node demand type
data is imported. Use the Pattern Manager to enter the Cybernet Extended Period
Simulation GDF curves.

WaterCAD/Cybernet v3 Files

Simply open the WaterCAD v3 file, or import the .WCD file as you normaly would in
WaterCAD/Cybernet v3. The .WCD file will be automatically converted to the WaterCAD v4
format. Once you save this file in WaterCAD v4, it can no longer be opened in
WaterCAD/Cybernet v3.
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A1.2

Transitioning from Cybernet v2

This section is intended to offer you some insight about the tools in this version of WaterCAD that
are different from Cybernet v2 methods.

We have seen the questions that arise in technical support. We designed WaterCAD v3 and v4
specifically to help our users avoid many of these problems, while offering even more flexibility
and amuch friendlier interface.

Working with the Graphical Editor

One of the first differences is the interface, aside from just the difference of it being a Windows
application. WaterCAD v4 actually has two interfaces, one for AutoCAD (called WaterCAD’s
AutoCAD mode), and our own CAD-style stand-alone interface (called WaterCAD’s Stand-Alone
Mode).

This offers an amazing amount of flexibility, especially since both interfaces can be used with the
exact same hydraulic model. Organizations now have the flexibility to allow AutoCAD users and
non-AutoCAD users to work with the same model, without struggling through any type of
intermediate conversion. Even the style of the two interfaces is similar with identical toolbars and
menus.

Whereisthe Modeling Control Center (M CC)?

The Modeling Control Center in Cybernet v2 served two purposes: tabular reporting and scenario
management (including calculation). In WaterCAD v4, these same purposes are served by two
separate objects, which are each orders of magnitude better than anything that has come before:
FlexTables and Scenario Management.

Report Tables (Flex Tables)

In Cybernet v2, you were provided with a tabular view of the network that was a bit inflexible and
tedious at times. WaterCAD v4's FlexTables provide tabular reporting tools that are so powerful
and flexible that you can perform your typical tasks in less time than it used to take you just to
enter the MCC.

With features like sorting, filtering, and global editing, you can review and adjust your data in a
fraction of the time it used to take, and with none of the hassle. Even the variables and sequences
that are presented in tabular form are totally customizable to fit your needs.

Scenario M anagement

Cybernet v2 had two levels of definition: the base data as entered in the AutoCAD interface or
through the Edit menu in the MCC, and scenario changes as entered through the Setup Analysis
menu. Although this was far better than any competing scenario management, it was very limited
and certainly not oriented toward data-reuse.

WaterCAD v4 has a whole new outlook on scenarios, stemming from the basic principle that
every system has unknowns. If there is only one unknown, such as junction demand, for example,
the options are quite simple. With the addition of more unknowns, the options quickly become
difficult to manage. How can a modeler keep track of so many unknowns? Through alternatives
and inheritance.

Alternatives are collections of very specific data, such as junction demands, or pump and valve
operational settings. A scenario references a certain combination of these alternatives, similar to a
slot machine rolling different symbols in and out of each position. Rather than several similar
scenarios each holding onto individually adjusted data, they can instead each reference some of
the same alternatives (just as several slot machine combinations can show the same symbol). This
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not only allows for far more flexibility, it also greatly reduces the amount of data that is handled,
and improves accuracy.

Inheritance is another attribute of WaterCAD v4’s scenario management that adds a level of
functionality that has never existed before. In Cybernet v2, each scenario essentially "inherited"
data from the base model, unless a specific change was made. As mentioned above, this is fine for
individual changes, but it falls apart for subsequent changes. Consider, for example, a system that
is to have pipes replaced in phases. Phase | changes inherit from the base model, but then what
happens for Phase 11?7 Repeat all of the changes from Phase |, and add the changes for Phase 11?
And then again for Phase 1l1? It is too easy to overlook a change and make simple typographical
errors.

In WaterCAD v4, there is no limit to the extent of inheritance that could exist. To follow the
example given above, Phase Il simply inherits its data from Phase |, and then has whatever
changes are specific to Phase Il rehabilitation. Likewise, Phase Il inherits from Phase Il, and so
on. Best of all, if something changes in Phase I, that change is inherited through the hierarchy
such that all of the children (Phase Il, Phase lll, etc.) reflect the new data.

There is a scenario tutorial for the stand-alone editor, and there is a scenario Wizard to help you
through your first few scenario creations. Once you have seen what alternatives and inheritance
can do for your model, you will be glad that you spent a few minutes getting familiar with them.

Using the Scenario M anager

Scenario functionality is extended even further by the presence of comparative tools, such as
graphing. Scenario results can be directly compared graphically, plotting all of the scenarios on
the same axes. This means that determining the effects of things such as system expansion, future
demand increases, and pipe deterioration can all be seen within seconds of running the models.

Combined with batch runs, which is running several scenarios in sequence, scenario management
has reached a level that most modelers have only dreamed of until now.

Demand Alter natives

With the new scenario management, demand loading also has all new flexibility. Rather than
being limited to Avg. Day, Max Day, Peak Hr., User 1 and User 2, there are an unlimited number
of demand alternatives available in WaterCAD v4. You can still have global demand and global
roughness factors for your WaterCAD v4 model, so you can make minor adjustments during
calibration without having to generate new alternatives.

Composite Demands

As well as having an unlimited number of demand alternatives, there is also no limit to the number
of different demand types you can have. Cybernet v2 was limited to five demand types (1, 2, 3, 4,
and Fixed), but WaterCAD v4 allows as many different types necessary. Also, demands can have
alpha-numeric labels, such as "Residential", "Commercial”, and "Industry XYZ." This enables
you to model service connections with much more detail, because you can specify diurnal demand
patterns for any number of special individual customers.

In addition to demands, WaterCAD v4 also provides inflow, or flows that are introduced into the
system.

Perhaps the best improvement for demands, however, is the ability to attribute more than one type
of demand to a given junction node. An unlimited number of different customer types can all
contribute to the total demand at a single junction, so there is no need to estimate an equivalent
demand type or add another demand type to a "fake" junction immediately adjacent to another
node.
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Links to Graphical Information Systems (GIS) and Databases

One of the most exciting developments of the software industry in the 1990’s has been the push for
data reuse. Constantly improving database capabilities, published file formats (such as the
Shapefile format), and even tools as simple as the Windows clipboard are all contributing to a
level of data sharing that has never been seen before. WaterCAD v4 is right there on the leading
edge.

With WaterCAD v4's new database connectivity, your hydraulic model can easily be linked to
virtually any major database, spreadsheet, or GIS product currently in use today. Shapefile
wizards and flexible database linking tools make the process simple and straightforward, without
anchoring you to a specific database layout or units system.

Control Valves

Cybernet v2 provided you with three types of controlling valves: Pressure Reducing Valves
(PRV's), Pressure Sustaining Valves (PSV's), and Flow Control Valves (FCV'’s).

WaterCAD v4 expands the options to include two additional types: Pressure Breaker Valves
(PBV's) that create a constant headloss across the valve, and Throttle Control Valves (TCV's) that
allow you to adjust minor loss coefficients based on system pressures, HGL's, or time.

Cybernet v2 also allowed a valve setting of "Maintain Always" for PRV's and FCV's. These
settings were primarily used to simulate a pump for preliminary design work. Through numerous
support calls and dozens of inaccurate models, however, we found that this feature was often
misused, resulting in frustration. These "Maintain Always" settings are no longer supported in
WaterCAD v4. Instead, we offer a wider variety of pump options to encourage modelers to make
better educated guesses and better preliminary design decisions.

Pumps and Pump Curves

Cybernet v2 pumps can be categorized as one of three types: constant horsepower, three-point, and
multi-point (up to eleven points).

In WaterCAD v4, three-point pump curves are still fully supported, as are multi-point pump
curves. In fact, there is no limit to the number of points you can enter to approximate the pump's
exponential curve.

Although we continue to discourage the use of constant horsepower pumps (for many of the same
reasons we discouraged the use of "Maintain Always" setting for valves), this type of pump is still
available in WaterCAD v4. However, do not use one unless you have actually looked at a
constant horsepower curve. It only resembles the shape of a typical pump curve over a very short
range near the best efficiency point, and diverges from this curve rapidly as the curve becomes
asymptotic to both the head and discharge axes.

If you are performing a preliminary design or if you have another purpose that requires you to
estimate pump characteristics based on insufficient data, consider using a one-point pump curve.
This allows you to enter the design point and approximate a curve based on a typical pump curve.
Of course, nothing beats having actual pump test data so you can generate a truly accurate
representation of your pump, and, subsequently, an accurate representation of the remainder of
your system.

Conclusion

WaterCAD v4 has many more features and enhancements, found in every dialog and button. The
following are a two very important points that we would like to emphasize as you prepare to use
WaterCAD v4 for the first time:
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e Tutorials are available in the Stand-Alone editor for a deeper introduction to nearly every
topic, and there is context-sensitive on-line Help available from anywhere in the program by
pressing the F1 key, or by clicking a Help button.

e Don't be afraid to explore. Some of the best features can be easy to overlook. Remember,
whenever you see an ellipsis (...) button it means that a specia feature is available. Play with
the model, and most importantly, start to enjoy modeling again.

A.1.3 Importing EPANET Files

From the pull-down menu, select File\import\Network and choose EPANet (inp). Then, from
the File\Open diaog, select the file you would like to import. During the import procedure, you
will be prompted for a map scale factor. You may also be asked to specify the Unit of
Concentration.

g In EPANET, pumps and valves are modeled as links. In this program, they are
graphically modeled as node elements. Hence, during an import, each EPANET valyje
and pump link is replaced by two pipes and one pump or valve element. This will not
affect the behavior of these elements in your system.

In EPANET, tanks can have an optional inactive volume parameter. If this parameter is
omitted from the input file or a zero is entered for this parameter, the EPANET
numerical engine will compute an inactive volume based on the tank's diameter and th
minimum level. To mimic this behavior, this software will calculate the inactive volume
and display it in the tank data upon import of the file. When using this software, it is
important to remember that zero inactive volume means zero inactive volume, and not
some internally computed value.

11

A.1.4 Importing KYpipe Data

This program supports the import of KY pipe 1.0, 2.0 and 3.0 data sets. |If the data set does not
include geometry data, all nodes will be assigned a coordinate of (0,0). This has no effect on the
hydraulic state of the model. Pipe lengths will not be computed based on the coordinates of the
end nodes, but will be taken directly from the K'Y pipe data set.

This program only supports the import of the pipes and nodes of a KY pipe model. You must
insert pumps, valves, and tanks into the current project.

A.1.5 Importing Spot Elevations

A series of spot elevations can be imported from an ASCII text file, which might be generated
from a survey data recorder or another software program. These ASCII files can contain a
combination of the information that is required for spot elevations, such as the label, coordinates,
and elevation. Thefieldsin the text file are usually separated by either blank spaces or commeas.

A.1.6 Exporting Spot Elevations

All of the spot elevations in the current project can be exported to an ASCII text file, from which
they can be brought into a spreadsheet, word processor, or other program. These ASCI| files can
contain a combination of the information that is required for spot elevations, such as the label,
coordinates, and elevation. The fields in the text file are usually separated by either blank spaces
or commeas.
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A1.7

A2

A2.1

Importing Database and Shapefile data created with WaterCAD v3

As a result of overwhelming user feedback, as well as through a review of common technical
support questions, Haestad Methods has decided to make a fundamental change in the way
pump/valve connectivity is modeled. These elements are now handled as nodes, whereas they
were previously represented as links in database and GIS connections prior to the release of
WaterCAD v4. Unfortunately, this change will impact existing users who have built database
connections using WaterCAD Version 3.5 and earlier. However, a survey of our customers has
shown that nodes are the natural and preferred way to represent a pump or valve in a database.
The change is driven by the desire to improve and enhance the mapping of these elements onto
GIS and enterprise data. Haestad Methods has invested significant effort to separate the model
representation of pumps and valves from the user view of these elements.

Specific changes are as follows:

e Pumps and valves were formerly to be represented in the model as links, with To and From
Node attributes. Now pumps and valves are represented as nodes, with To and From Pipe
attributes.

e Pumps and valves exported to the Links Table will not be restored to the model. If the user
tries to import a Link Table containing pumps and valves, the items in the table will be created
as new pipes of zero length and at coordinates of (0,0).

e The import of pump and valve tables will work as expected, with the exception of the items
listed above.

Modeling Tips

This section presents some FAQ's related to modeling water distribution networks with
WaterCAD. Also, please keep in mind that Haestad Methods offers workshops in North America
and abroad throughout the year. These workshops cover these modeling topics and others in
depth. The following modeling tips are presented in this chapter:

* Modeling a Hydropneumatic Tank

* Modeling a Pumped Groundwater Well

e Pardld Pipes

e Modeling Pumpsin Parallel and Series

e Modeling Hydraulically Close Tanks

e Modeling Fire Hydrants

e Modeling a Connection to an Existing Water Main
» Creating a System Head Curve

» Top Feed/Bottom Gravity Discharge Tank

» Variable Speed Pump Maintaining a Constant Downstream Pressure

Modeling a Hydropneumatic Tank

Hydropneumatic tanks can be modeled using a regular tank element and converting the tank
pressures into equivalent water surface elevations. Based on the elevation differences, the tank’s
cross-sectiona area can then be determined.
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A.2.2

For example, consider a hydropneumatic tank that operates between 50 psig and 60 psig. The
tank’s storage volume is approximately 50 cubic feet.

The tank base elevation is chosen to be equal to the ground elevation, and the pressures are
converted into feet of water (1 psi = 2.31 feet). It is apparent that the tank operates between levels

of 115.5 feet and 138.6 feet. The difference between the levels is 23.1 feet, which brings us to a

needed cross-section of 2.16 square feet.

Modeling a Pumped Groundwater Well

A groundwater well is modeled using a combination of a reservoir and a pump. Set the hydraulic
grade line of the reservoir at the static groundwater elevation. The hydraulic grade line can be
entered on the reservoir tab of the reservoir editor dialog box, or under the Reservoir Surface
Elevation column heading in theser voir Report.

Pump curve data can be entered onRthip tab of thePump editor. The following example will
demonstrate how to adjust the manufacturer’'s pump curve to account for drawdown at higher
pumping rates. Drawdown occurs when the well is not able to recharge quickly enough to
maintain the static groundwater elevation at high pumping rates.

Pump Curve Accounting for Drawdown

—
EStatic
. A

_F'umrped

Head

/s

Discharge

Example:

The pump manufacturer provides the following data in a pump catalog:

Head (ft) Discharge (gpm)
1260 0
1180 8300
1030 12400

Based on field conditions and test results, the following drawdown data is known:

Drawdown (ft) | Discharge (gpm)
40 8300

72 12400

To account for the drawdown, the pump curves should be offset by the difference between the
static and pumped groundwater elevations. Subtract the drawdown amount from the pump head,
and use these new values for your pump curve head data.

The following adjusted pump curve data is based on the drawdown and the manufacturers pump
data.
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A23

A2.4

Head (ft) Discharge (gpm)
1260 0
1140 8300
958 12400

Modeling Parallel Pipes

With some water distribution models, parallel pipes are not allowed. This forces you to create an
equivalent pipe with the same characteristics.

With this program, however, you can create parallel pipes simply by drawing the pipes with the
same end nodes. To avoid having pipes drawn exactly on top of one another, it is recommended
that the pipes have at |east one vertex, or bend, inserted into them.

Pipe Bends

Q-

tLEends

Modeling Pumps in Parallel and Series

Parallel pumps can be modeled by inserting a pump on different pipes that have the same From

and To Nodes. Pumps in series (one pump discharges directly into another pump’s intake) can be
modeled by having the pumps located on the same pipe. The following figure illustrates this
concept:

Pumps in Parallel and Series

Lo 0

Farallel Pumps Series Pumps

If the pumps are identical, the system may also be modeled as a single, composite pump that has a
characteristic curve equivalent to the two individual pumps. For pumps in parallel, the discharge
is multiplied by the number of pumps, and used against the same head value. Two pumps in series
result in an effective pump with twice the head at the same discharge.

For example, two pumps that can individually operate at 150 gpm at a head of 80 feet connected in
parallel will have a combined discharge of 2¢150 = 300 gpm at 80 feet. The same two pumps in
series would pump 150 gpm at 280 = 160 feet of head. This is illustrated as follows:
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Pump Curves of Pumps in Series and Parallel

. * 2 Series
Eﬁgg » Single
= + 2 Parallel
100
it
I 50

]

0 100 200 200 400 500
Discharge (gpm)
7 With pumps in series, it is actually more desirable to use a composite pump than to uge

multiple pumps in the network. When pumps shut off, it is easier to control one pump
Several pumps in series can even cause disconnections by checking if upstream grages
are greater than the downstream grade plus the pump heads.

A.2.5 Modeling Hydraulically Close Tanks

If tanks are hydraulically close, asin the case of several tanks adjacent to each other, it is better to
model these tanks as one composite tank with the equivalent total surface area of the individual
tanks.

This process can help to avoid fluctuation that may occur in cases where the tanks are modeled
individually. This fluctuation is caused by small differencesin flow rates to or from the adjacent
tanks, which offset the water surface elevations enough over time to become a significant
fluctuation. Thisresultsin inaccurate hydraulic grades.

A.2.6 Modeling Fire Hydrants

Fire Hydrant flow can be modeled by using a short, small diameter pipe with alarge minor loss, in
accordance with the hydrant’s manufacturer.

A.2.7 Modeling a Connection to an Existing Water Main

If you are unable to model an existing system back to the source, but would still like to model a
connection to this system, a reservoir and a pump with a three-point pump curve may be used
instead. Thisis shown below:

Approximating a Connection to a Water Main with a Pump and a Reservoir

‘ﬁR;L____EE___JPM P-1 P-3 J-1
ey

The reservoir simulates the supply of water from the system. The elevation of the reservoir should
be equal to the elevation at the connection point.

The pump and the pump curve will simulate the pressure drops and the available flow from the
existing water system. The points for the pump curve are generated using a mathematical formula
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(given below), and data from a fire flow test. The pipe should be smooth, short and wide. For
example, aroughness of 140, length of 1 foot, and diameter of 48 inches are appropriate numbers.

Please note that it is ALWAY S best to model the entire system back to the source. This method is
only an approximation, and may not represent the water system under al flow conditions.

Qr = Qf * [(Hr/Hf)".54]

Where: Qr = Flow available at the desired fire flow residual pressure.
Qf = Flow during test.
Hr = Pressure drop to desired residual pressure (Static Pressure minus
Residual Pressure)
Hf = Pressure drop during test (Static Pressure minus Design Pressure)

Example: Determining the Three-Point Pump Curve

First point:

This point is generated by measuring the static pressure at the hydrant when the flow ( Q) is equal
to zero.

Q=0gpm
H =90 psi or 207.9 feet of head (found from 90 * 2.31)

(2.31 isthe conversion factor used to convert psi to feet of head).

Second point:

The engineer chooses a pressure for this point, and the flow is calculated using the formula below.
The value for Q should lie somewhere between the data collected from the test.

Q="?
H =55 psi or 127.05 feet (found from 55 * 2.31) (chosen value)

Formula:

Qr = Qf * (Hr/Hf)".54

Qr =800 * [((90— 55) / (90 — 22))*.54]
Qr = 800 * [(35 / 68)".54]

Qr = 800 * [.514".54]

Qr =800 * .69

Qr =558

Therefore,
Q =558 gpm
Third point:
This point is generated by measuring the flow ( Q ) at the residual pressure of the hydrant.

Q =800 gpm
H = 22 psi or 50.82 ft. of head (from 22 * 2.31)
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Pump curve values for this example:
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Head (ft)

Discharge (gpm)

207.90

0

127.05

558

50.82

800

A.2.8 Creating a System Head Curve

A system head curve is a graph of the increase in head across a system as flow increases. The

curve can be used to find an appropriate sized pump for a system, or to find a pump’s operating
point. The operating point is at the intersection of the system head and pump head curves.

Pump and System Head Curve

Head

Pump Head

L = — = System Head

Flomwy

To create a system head curve, you must first replace your pump with two nodes with a gap

between them, as shown below.

Model Modification for Creating a System Curve

Before

After

Clutflonw Inflowe
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A.2.9

Next, apply a demand to the node that would be the suction side of the pump and an inflow to the
node that would be the discharge side of the pump. An inflow can be applied to a node by
changing the demand in the Type column of the Demand table to inflow. Now run the model.

After running the model, click the suction side node and record the Hydraulic Grade. Then, click
the discharge side node and record the Hydraulic Grade. The difference between the two is the
change in head at that flow.

Repeat the above steps to find the change in head for severa different flows. Then, graph all of
the points to create the system head curve.

Top Feed/Bottom Gravity Discharge Tank

A tank element in WaterCAD is modeled as a bottom feed tank. Some tanks, however, are fed
from the top, which is different hydraulically and should be modeled as such.

Top Feed/Bottom Gravity Tank

Elevated Tank

To distribution system

aE

L

Fesermir

To model atop feed tank, start by placing a pressure sustaining valve (PSV) at the end of the tank
inlet pipe. Set the elevation of the PSV to the elevation of the tank inlet. The pressure setting of
the PSV should be set to zero to simulate the pressure at the outfall of the pipe.

Next, connect the downstream end of the PSV to the tank with a short, smooth, large diameter
pipe. The pipe must have these properties so that the headloss through it will be minimal.

The tank attributes can be entered normally using the actual diameter and water elevations.

The outlet of the tank can then proceed to the distribution system.
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Example Layout

Py Tank
R i
P-3
Fump 56
- L B ' B0
Reservoilr J-1 J-2

A.2.10 Pump Maintaining a Constant Downstream Pressure

To model a variable speed pump that is set to maintain a constant downstream pressure you will
want to use a multiple point pump curve. Enter the points so that the maximum pump head is the
downstream pressure to be maintained and the curve remains relatively flat until the pumps
maximum discharge. Then the curve should taper down to its maximum flow rate. With this curve
the pump will discharge flow at the same pressure up until its maximum speed, when its discharge
head will decrease with any increase in discharge.

Alternatively, to model the effect of a variable speed pump you can model a pump with artificially
high design, shutoff, and max operating heads. Then let a PRV downstream of the pump regulate
the head down to the setting of the variable speed pump.

Another method is to regulate the discharge head of the pump by varying the pumps relative speed
factors by using pump controls in concordance with the Affinity laws.

A.3 Display Tips
The following display tips will be discussed in this section:
» Changing Unitsin a Column
» Controlling Element and Label Sizing
« Color Coding Elements

* Reusing Deleted Element Labels

A.3.1 Changing Units in a Column
In a Table you may change the units of al the data within any column. To change the units:

3. Select Use Local Unitsfrom the Options menu in the Tabular Report dialog.
4. Right-click the column heading, or any data item within a column.

5. Select the Properties option from the pop-up menu.
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A3.2

A33

A34

A4

6. Change the units and select OK. All data items in that column will change to the selected
units.

The change of units affects only the data in the Table. It DOES NOT change the unif

[7)

within your network design.

Controlling Element and Label Sizing
To change the size of element symbols and labels:

7. Select Tools\Optionsfrom the pull-down menu and select the Drawing tab.

8. In the Annotation Multipliers group, change the Symbol Size Multiplier to modify the
element size, and the Text Height Multiplier to modify the label size. Smaller numbers will
make the element symbols and text decrease in size.

These changes will affect all symbols and text, including color coding legends, but will not have
any effect on pipe lengths.

Color Coding Elements
To color code the el ements:

1. Select Tools\Color Coding...from the pull-down menu, or click the Color Coding button on
the tool bar.

2. Inthe Color Coding dialog, select the attribute you would like to color code.

3. Click the Initialize button to automatically build a range of colors. You may decide to
modify these default ranges.

4. Click OK to color code the drawing.

All link or node elements and their labels will be colored based on the specified ranges. You can
also use the Color Code button to quickly set up and modify Color Coding Options. A Color
Coding Legend may be inserted into the drawing by using the Legend tool located on the Tool
Palette.

Reusing Deleted Element Labels
To make the program reuse the label for a deleted element:

1. Select Tools\Element Labelingfrom the pull-down menu.

2. Enter the ID number for the deleted element in the Next field for the appropriate type of
element.

3. Click OK.

4. Add anew element in the drawing editor.

Editing Tips

The following tipswill be discussed in this section:
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A4.1

A4.2

A4.3

» Special Mouse Tips
* Lay out a Pipe as a Multi-segmented Polyline
* MakeaPipeinto a Multi-segmented Polyline

Mouse Tips
The right mouse button can be used to:

» Select unitsand precision for displaying data.
» Get context-sensitive Help for dialog boxes and data entry fields.

*  Open apop-up context menu of command options for an element.

Laying out a Pipe as a Multi-segmented Polyline

When laying out pipes using the Pipe Layout tool, this program will allow you to draw pipes with
multiple bends by using the Control key on your keyboard.

To draw a pipe with bends:
1. Click the Pipe Layouttool to begin laying out your network.

2. Movethe mouse to the desired location, and click to insert the first element.

3. Thelayout tool will rubber-band, indicating that a pipe will be inserted when the next element
is added.

In Stand-Alone mode:

1. At thispoint, hold down the Control key. The cursor appearance will change to crosshairs to
indicate that pipe bends will be added.

2. While holding the Control key down, click to insert any number of pipe bends.
3. When you are through adding pipe bends, release the Control key.

4. The appearance of the cursor will change to reflect the next element to be added.
5. Click with the mouse to terminate the pipe and add the next element.

In AutoCAD mode:

1. Select Bendfrom the right-click menu.
2. Draw the pipe as you would draw a polyline.

3. Right-click and select the end node of the pipe.

Changing a Pipe into a Multi-segmented Polyline
To make a straight pipe into a multi-segmented polyline:

In Stand-Alone Mode:
1. Right-click the pipe to which you would like to add a vertex.
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2. From the context menu, select the Bend\Add Bendmenu item.

3. A vertex will be added to the pipe. You may then move the vertex by dragging with the
mouse.

In AutoCAD Mode:
1. Select Edit from the Main Menu.

2. Select Modify Pipe.

3. Select Insert Bend.

4. Click the location in the pipe where you want the bend.
5

Use the AutoCAD Move command to move the bend in the pipe.

—F 3
There is no limit on the number of vertices that a pipe may have.
i@/i In Stand-Alone mode, you can remove vertices by selecting the pipe. Right-click the
vertex you wish to remove, and select the Bend\Remove Bend menu item.

A1%

In AutoCAD mode, you can remove vertices by selecting Edit\ Modify Pipes\Remov
Bends from the pull-down menu. Select the pipe and the location of the bend that yo
would like removed.

c
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Appendix B

WaterCAD Theory

WaterCAD is a state-of-the-art software tool primarily for use in the modeling and analysis of
water distribution systems. However, the methodology is applicable to any fluid system that has
the following characteristics:

» Steady or gradually-varying turbulent flow.
» Incompressible, Newtonian, single phase fluids.
« Full, closed conduits (pressure systems).

Examples of systems with these characteristics include potable water systems, fire protection
systems, well pumps, and raw water pumping.

The WaterCAD algorithms are anticipated to grow and evolve to keep pace with the state of the
practice in water distribution and water quality modeling. Because the mathematical solution
methods are being continually extended, this manual deals primarily with the fundamental
principles underlying these algorithms, and focuses less on the details of the implementation of the
algorithms.

Acknowledgements

WaterCAD was designed, developed and programmed by Haestad Methods’ staff of Software
Engineers and Civil Engineers. This program is intended to represent the latest technology in
Windows-based Water Distribution Analysis and Design.

WaterCAD’s numerical computations are based on research conducted by the U.S. Environmental
Protection Agency (EPA) Drinking Water Research Division, Risk Reduction Engineering
Laboratory, its employees and consultants. As a result, WaterCAD will generate results consistent
with the EPA computer program "EPANET 1."

B.1 Pressure Network Hydraulics

B.1.1 Network Hydraulics Theory

In practice, pipe networks consist not only of pipes, but of miscellaneous fittings, storage tanks
and reservoirs, meters, regulating valves, pumps, and electronic and mechanical controls. For
modeling purposes, these system elements are organized into the following categories:

* Pipes— Transport water from one location (or node) to another.
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« Junctions Nodes— Specific points, or nodes, in the system at which an event of interest is
occurring. This includes points where pipes intersect, where there are major demands on the
system such as a large industry, a cluster of houses, or a fire hydrant, or critical points in the
system where pressures are important for analysis purposes.

* Reservoirs and Tanks — Boundary nodes with a known hydraulic grade that define the initial
hydraulic grades for any computational cycle. They form the baseline hydraulic constraints
used to determine the condition of all other nodes during system operation. Boundary nodes
are elements such as tanks, reservoirs, and pressure sources.

« Pumps - Represented as nodes. Their purpose is to provide energy to the system and raise the
water pressure.

* Valves — Mechanical devices used to stop or control the flow through a pipe, or to control the
pressure in the pipe upstream or downstream of the valve. They result in a loss of energy in
the system.

An event or condition at one point in the system can affect all other parts of the system. While this
complicates the approach that the engineer must take to find a solution, there are some governing
principles that drive the behavior of the network, including the Conservation of Mass and Energy
Principle, and the Energy Principle.

The two modes of analysis are Steady-State Network Hydraulics and Extended Period Simulation.
Regardless of the mode used, this program solves for the distributions of flows and hydraulic
grades using the Gradient Algorithm.

The Energy Principle

The first law of thermodynamics states that for any given system, the change in energy is equal to
the difference between the heat transferred to the system and the work done by the system on its
surroundings during a given time interval.

The energy referred to in this principle represents the total energy of the system minus the sum of
the potential, kinetic, and internal (molecular) forms of energy, such as electrical and chemical
energy. The internal energy changes are commonly disregarded in water distribution analysis
because of their relatively small magnitude.

In hydraulic applications, energy is often represented with units of energy per unit weight,
resulting in units of length. Using these length equivalents gives engineers a better feel for the
resulting behavior of the system. When using these length equivalents, the state of the system is
expressed in terms of head. The energy at any point within a hydraulic system is often represented
in three parts:

» Pressure Head: ply
» Elevation Head: z
« Velocity Head: V?2g
Where: = Pressure (Nfmb/ft?)

p
y = Specific weight (N/rf) Ib/ft®)
z = Elevation (m, ft)
V = Velocity (m/s, ft/s)
g = Gravitational acceleration constant (itss’)

These quantities can be used to express the headloss or head gain between two locations using the
energy equation.
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B.1.3

B.1.4

The Energy Equation

In addition to pressure head, elevation head, and velocity head, there may also be head added to
the system, by a pump for instance, and head removed from the system due to friction. These
changes in head are referred to as head gains and head losses, respectively. Balancing the energy
across two points in the system, we then obtain the energy equation:

2 2
ﬁ+zl+—vl +hy =
Y 29

Where: p = Pressure (N/m? Ib/ftd)
y = Specific weight of the fluid (N/m?, Ib/ft®)
z = Elevation at the centroid (m, ft)
V = Fluid velocity (m/s, ft/s)
g = Gravitational acceleration (m/s’, ft/s%)
h, = Head gainfromapump (m, ft)
h. = Combined headloss (m, ft)

5
|

The components of the energy equation can be combined to express two useful quantities, which
are the hydraulic grade and the energy grade.

Hydraulic and Energy Grades

Hydraulic Grade

The hydraulic grade is the sum of the pressure head ( p/y) and elevation head ( z). The hydraulic
head represents the height to which a water column would rise in a piezometer. The plot of the
hydraulic grade in a profile is often referred to as the hydraulic grade line, or HGL.

Energy Grade

The energy grade is the sum of the hydraulic grade and the velocity head ( V¥2g ). Thisis the
height to which a column of water would rise in a pitot tube. The plot of the hydraulic grade in a
profile is often referred to as the energy grade line, or EGL. At a lake or reservoir, where the
velocity is essentially zero, the EGL is equal to the HGL, as can be seen in the figure below.
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EGL and HGL

B.1.5 Conservation of Mass and Energy

Conservation of Mass

At any node in a system containing incompressible fluid, the total volumetric or mass flows in
must equal the flows out, less the change in storage. Separating these into flows from connecting
pipes, demands, and storage, we obtain:

Z QinAt = z Qoutlt+AVs

Wheree Qn = Total flow into the node (m?s, cfs)
Qour = Tota demand at the node (m?/s, cfs)
AVS = Changein storage volume (m?, ft)
At = Changeintime(s)

Conservation of Energy

The conservation of energy principle states that the headlosses through the system must balance
throughout the loop at each point. For pressure networks, this means that the total headloss
between any two nodes in the system must be the same regardless of what path is taken between
the two points. The headloss must be sign consistent with the assumed flow direction (i.e. gain
head when proceeding opposite the flow and |ose head when proceeding with the flow).

Conservation of Energy

I I ]
p—-—

\. /




Appendix B — WaterCAD Theory 269

B.1.6

B.1.7

The same basic principle can be applied to any path between two points. As shown in the figure
above, the combined headloss around a loop must equal zero in order to achieve the same
hydraulic grade as at the beginning.

The Gradient Algorithm

The gradient algorithm for the solution of pipe networks is formulated upon the full set of system
equations that model both heads and flows. Since both continuity and energy are balanced and
solved with each iteration, the method is theoretically guaranteed to deliver the same level of
accuracy observed and expected in other well known agorithms such as the Simultaneous Path
Adjustment Method (Fowler) and the Linear Theory Method (Wood).

In addition, there are a number of other advantages that this method has over other agorithms for
the solution of pipe network systems:

e The method can directly solve both looped and partly branched networks. This gives it a
computational advantage over some loop-based algorithms, such as Simultaneous Path, which
reguire the reformulation of the network into equivalent looped networks or pseudo-loops.

« Using the method avoids the post-computation step of loop and path definition, which adds
significantly to the overhead of system computation.

e The method is not numericaly unstable when the system becomes disconnected by check
valves, pressure regulating valves, or modeler’s error. The loop and path methods fail in these
situations.

« The structure of the generated system of equations allows the use of extremely fast and reliable
sparse matrix solvers.

The derivation of the Gradient Algorithm starts with two matrices and ends as a working system
of equations.

Derivation of the Gradient Algorithm

Given a network defined by N unknown head nodes, P links of unknown flow, and B boundary or
fixed head nodes, the network topology can be expressed in two incidence matrices:

A T
A1z = Az (P x N) Unknown head nodes incidence matrix

and

A T
A10 = Ao (P x B) Fixed head nodes incidence matrix

The following convention is used to assign matrix values:

A1) = 1,0,0r-1 if flow of pipe i enters, is not connected, or leaves node j,
respectively.

Assigned nodal demands are given by:

T _
q' =[d3.9z,.-,AN] (1 x N) nodal demand vector
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Assigned boundary nodal heads are given by:

T _
Hi " =[H1 Mz Higl (1 4 B fixed nodal head vector

The headloss or gain transform is expressed in the matrix:

T/AYy =
F Q) =[fnf2..... Tp] (1 x P) non-linear laws expressing headlosses in links

fi =(Q))
These matrix elements that define known or iterative network state can be used to compute the

final steady-state network represented by the matrix quantities for unknown flow and unknown
nodal head.

Unknown link flow quantities are defined by:

T _
Q" =[Q1Q2.-Qp] (1 x P) unknown link flow rate vector

Unknown nodal heads are defined by:

T_
HY =[HyH,. HN] (1 x N) unknown nodal head vector

These topologic and quantity matrices can be formulated into the generalized matrix expression
using the laws of energy and mass conservation:

AoH+F(Q) = -AqoHs¢

A1pQ=q

A second diagonal matrix that implements the vectorized head change coefficients is introduced It
is generalized for Hazen-Williams friction losses in this case:

%<1|Ql|nl_1

R2|Qz|nz_1

>
s
[
1
I Y |

moOoOoOodg

np-1
Re|Qe[™ H
Thisyields the full expression of the network response in matrix form:;

[(A11 AlZDmE:E'AlOHfE
2 O0HD 0 a9 0O

To solve the system of non-linear equations, the Newton-Raphson iterative scheme can be
obtained by differentiating both sides of the equation with respect to Q and H to get:
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INAp, A QO G-dEQ
0 0=0,. 0
A1 O %’HD 0dq

with

z
1
oDoooog

=
=]
N
Oooooo

>
o

The final recursive form of the Newton-Raphson algorithm can now be derived after matrix
inversion and various algebraic manipulations and substitutions (not presented here). The working
system of equations for each solution iteration, k, is given by:

H = _(A21N_1A11_1A12)_1{A21N_1(Qk + An_lAlon )+(Q _A21Qk}

Q =(1-NT)Q“ - NTA, (A H ™ + AyH,)
The solution for each unknown nodal head for each time iteration is computationally intensive.
This high speed solution utilizes a highly optimized sparse matrix solver that is specifically
tailored to the structure of this matrix system of equations.

Sources:

Todini, E. and S. Pilati, "A gradient Algorithm for the Analysis of Pipe Networks', Computer
Applications in Water Supply, Vol. 1 — Systems Analysis and Simulaficalited by Bryan
Coulbeck and Chun-Hou Orr, Research Studies Press LTD, Letchworth, Hertfordshire, England.

The Linear System Equation Solver

The Conjugate Gradient method is one method that, in theory, converges to an exact solution in a
limited number of steps. The Conjugate Gradient working equation can be expressed for the
pressure network system of equations as:

AXx=Db

where:

x = Hk*1

- -1
b= ‘{Ale YQ  + A AH) +(g- A21Qk}
The structure of the system matrix A at the point of solution is:
A=Anu(NAL) A =AyDA,

and it can be seen that the nature of the topological matrix components yields a total working
matrix A that is:
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e Symmetric
» Positive definite
o  Stidtjestype

Because of the symmetry, the number of non-zero elements to be retained in the matrix equals the
number of nodes plus the number of links. This results in a low density, highly sparse matrix
form. It follows that an iterative solution scheme would be preferred over direct matrix inversion,
in order to avoid matrix fill-in which servesto increase the computational effort.

Because the system is symmetric and positive definite, a Cholesky factorization can be performed
to give:

A=LL"

where L is the lower triangular with positive diagonal elements. Making the Cholesky
factorization allows the system to be solved in two steps:

y= Lo

x=(L")y

The use of this approach over more general sparse matrix solvers that implement traditional
Gaussian elimination methods without consideration to matrix symmetry is preferred, since
performance gains are considerable. The algorithm utilized in this software solves the system of
equations using a variant of Cholesky’s method which has been optimized to reduce fill-in of the
factorization matrix, thus minimizing storage and reducing overall computational effort.

Pump Theory

Pumps are an integral part of many pressure systems. Pumps add energy, or head gains, to the
flow to counteract headlosses and hydraulic grade differentials within the system.

A pump is defined by its characteristic curve, which relates the pump head, or the head added to
the system, to the flow rate. This curve is indicative of the ability of the pump to add head at
different flow rates. To model behavior of the pump system, additional information is needed to
ascertain the actual point at which the pump will be operating.

The system operating point is based on the point at which the pump curve crosses the system
curve representing the static lift, headlosses due to friction and minor losses. When these curves
are superimposed, the operating point can easily be found. This is shown in the figure below.
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System Operating Point

Furip-Cure

Clperating Faint

HEAD

System Curve

FLOWRATE

As water surface elevations and demands throughout the system change, the static head (Hs) and
headlosses (HL) vary. This changes the location of the system curve, while the pump
characteristic curve remains constant. These shifts in the system curve result in a shifting
operating point over time.

Variable Speed Pumps
A pump’s characteristic curve is fixed for a given motor speed and impeller diameter, but can be

determined for any speed and any diameter by applying the Affinity Laws. For variable speed
pumps, these Affinity Laws are presented as:

Q_m hy _ nlg

Where: Q
h
n

Pump flowrate s, cfs)
= Pump head (m, ft)
= Pump speed (rpm)

Effect of Relative Speed on Pump Curve

H:z: -"-1-H1

HEAD

M

FLOWRATE
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Constant Horsepower Pumps

During preliminary studies, the exact characteristics of the constant horsepower pump may not be
known. In these cases, the assumption is often made that the pump is adding energy to the water at
a constant rate. Based on power-head-flowrate relationships for pumps, the operating point of the
pump can then be determined. Although this assumption is useful for some applications, a
constant horsepower pump should only be used for preliminary studies.

Pump Type
This software currently models six different types of pumps:

Design Point (One-Point}- A pump can be defined by a single design point (Hd, Qd). From
this point, the curve's interception with the head and discharge axes is computed as Ho =
1.33+Hd and Qo = 2.00-Qd. This type of pump is useful for preliminary designs, but should not
be used for final analysis.

Standard (Three-Point) — This pump curve is defined by three points — the shutoff head
(pump head at zero discharge), the design point (as with the single-point pump), and the
maximum operating point (the highest discharge at which the pump performs predictably).

Standard Extended — This is the same as the standard three-point pump, but with an extended
point at the zero pump head point. This is automatically calculated by the program.

Custom Extended — The custom extended pump is similar to the standard extended pump, but
allows you to enter the discharge at zero pump head.

Multiple Point — This option allows you to define a custom rating curve for a pump. The
pump curve is defined by entering points for discharge rates at various heads. Since the general
pump equation, shown below, is used to simulate the pump during the network computations,
the user-defined pump curve points are used to solve for coefficients in the general pump
equation:

Y=A-(BxQ°)
Where: Y = Head(m,ft)
Q = Discharge (ffs, cfs)
A,B,C = Pump curve coefficients

The Levenberg-Marquardt Method is used to solve for A, B and C based on the given
multiple-point rating curve.

Constant Power — These pumps may be useful for preliminary designs and estimating pump
size, but should not be used for any analysis for which more accurate results are desired.

Whenever possible, avoid using constant power or design point pumps. They are often
enticing because they require less work on behalf of the engineer, but they are much less
accurate than a pump curve based on several representative points.

It is not necessary to place a check valve on the pipe immediately downstream of a
pump, because pumps have built in check valvesthat prevent reverse flow.
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B.2

B.2.1

Valve Theory

There are severa types of valves that may be present in a pressurized system. These valves have
different behaviors and different responsibilities, but all valves are used for automatically
controlling parts of the system. They can be opened, closed, or throttled to achieve the desired
result.

Check Valves (CV’s)

Check valves are used to maintain flow in only one direction by closing when the flow begins to
reverse. When the flow is in the specified direction of the check valve, it is considered to be fully
open. Check valves are added to the network on a pipe element.

Flow Control Valves (FCV’s)

A flow control valve limits the flow rate through the valve to a specified value in a specified
direction. These valves are commonly found in areas where a water district has contracted with
another district or a private developer to limit the maximum demand to a value that will not
adversely affect the provider’s system.

Pressure Reducing Valves (PRV’S)

Pressure reducing valves are often used for separate pressure zones in water distribution networks.
These valves prevent the pressure downstream from exceeding a specified level in order to avoid
pressures that could have damaging effects on the system.

Pressure Sustaining Valves (PSV’s)

Pressure sustaining valves maintain a specified pressure upstream from the valve. Similar to the
other regulating valves, these are often used to ensure that pressures in the system (upstream, in
this case) will not drop to unacceptable levels.

Pressure Breaker Valves (PBV’s)

Pressure breaker valves create a specified headloss across the valve, and are often used for model
components that cannot be easily modeled using standard minor loss elements.

Throttle Control Valves (TCV’s)

Throttle control valves simulate minor loss elements whose headloss characteristics change over
time.

Friction and Minor Losses

Friction Method Theory

Energy Losses in Pipes

The energy loss (h)) in a piping system may be due to a combination of several factors. The
primary cause of energy loss is due to friction between the fluid and the conduit wall. Since this
friction is present throughout the length of any given pipe, the energy grade line and hydraulic
grade line drop continuously in the direction of flow.

Secondary causes of energy loss are due to localized areas of increased turbulence and disruption
of the streamlines. These disruptions are caused by valves, meters, or fittings, and are called
minor losses. These minor losses are often negligible relative to friction losses, and may
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sometimes be ignored in an analysis. While the term "minor" is a reasonable generalization for
most large-scale water distribution models, it may not always be the case. In piping systems that
contain numerous fittings relative to the total length of pipe, the minor losses may have a
significant impact on the energy losses.

Friction Losses

There are many equations that model friction losses associated with the flow of a liquid through a
pressure pipe. The three most commonly used methods are:

* Hazen-Williams
» Darcy-Weishach (Jain’s)
e Manning

The Darcy-Weisbach method is applicable to a wide range of fluids, while the Hazen-Williams

and Manning's equations are based on empirical development and are only applicable for water
modeling. All of these methods calculate friction losses as a function of the fluid’s velocity and a
measure of the pipe’s resistance to flow (roughness).

Typical pipe roughness values for all of these methods are shown in the Roughness Table at the
end of this chapter. Of course, these values may vary depending on the manufacturer,
workmanship, age, and many other factors.

Friction Loss Methods

Hazen-Williams Equation

The Hazen-Williams Formula is frequently used in the analysis of pressure pipe systems (such as
water distribution networks and sewer force mains). The formula is as follows:

Where: Q = Discharge in the sectiorf/éncfs)

C = Hazen-Williams roughness coefficient (unitless)
A = Flow area ( ft)

R = Hydraulic radius (m, ft)

S = Friction slope (m/m, ft/ft)

k

= Constant (0.85 for SI, 1.32 for US).

Darcy-Weisbach Equation

Because of its non-empirical origins, the Darcy-Weisbach equation is viewed by many engineers
as the most accurate method for modeling friction losses. It most commonly takes the following
form:

2
he =fEY"
D 2¢g
Where: h = Headloss (m, ft)
f = Darcy-Weisbach friction factor (unitless)
D = Pipe diameter (m, ft)
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L = Pipelength (m, ft)
V = Flow veocity (m/s, ft/s)
g = Gravitational acceleration constant (m/s’, ft/s%)

For section geometries that are not circular, this equation is adapted by relating a circular section’s
full-flow hydraulic radius to its diameter:

D=4R
Where: R = Hydraulic radius (m, ft)

This can then be rearranged to the form:

Q:AE;/BgBRf—EB

Where: Q = Discharge @fs, cfs)

A = Flow area (f ft)

R = Hydraulic radius (m, ft)

S = Friction slope (m/m, ft/ft)

f = Darcy-Weisbach friction factor (unitless)
g

= Gravitational acceleration constant (s

The Swamme and Jain equation can then be used to calculate the friction factor.

Swamme and Jain Equation:

1.325

f=
0
HIWEV + 5'77 0.9 %Z
g 3.7D R
Where: f = Friction factor (unitless)
k = Roughness height (m, ft)
D = Pipe diameter (m, ft)
Re = Reynolds number (unitless)

The friction factor is dependent on the Reynolds number of the flow, which is dependent on the
flow velocity, which is dependent on the discharge... As you can see, this process requires the

iterative selection of a friction factor until the calculated discharge agrees with the chosen friction
factor.

The Kinematic Viscosity is used in determining the friction coefficient in the Darcy-
Weisbach Friction Method. Thedefault unitsareinitially set by the software.
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Manning's Equation

Manning's equation is one of the most popular methods in use today for free surface flow (and,
like Kutter's equation, is based on Chezy's equation). For Manning's equation, the roughness
coefficient in Chezy’s equation is calculated as:

n

Where: C = Chezy's roughness coefficient{s ft/%s)
R = Hydraulic radius (m, ft)
n = Manning’s roughness (unitless)
k = Constant (1.00 #is, 1.49 ¥/s)

Substituting this roughness C into Chezy's equation, we obtain the well-known Manning’s
equation:

0 _K o r2/3 512
n

Where: Q = Discharge {fs, cfs)

k = Constant (1.00 s, 1.49 f%/s)
n = Manning’s roughness (unitless)
A = Flow area (f ft)

R = Hydraulic radius (m, ft)

S = Friction slope (m/m, ft/ft)

Chezy's equation is reviewed later in this section.

Manning’s roughness coefficients are the same as the roughness coefficients used in
Kutter's equation.

Colebrook-White Equation

The Colebrook-White equation is used to iteratively calculate for the Darcy-Weisbach friction
factor:

Free Surface

k 251
+

= 2log(k o+ 251
Jf 14.8R R Af
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Full Flow (Closed Conduit)

L gk 251,
J 12.0R Ry

Where: Re = Reynolds Number
k = Darcy-Weisbach roughness height (m, ft)
= Friction factor (unitless)
R = Hydraulic radius (m, ft)

Chezy's Equation

Chezy’s equation is rarely used directly, but it is the basis for several other methods, including
Manning’s equation and Kutter's equation. Chezy’s equation is:

Q=CIALRIB
Where: Q = Discharge in the sectiort/ancfs)

C = Chezy's roughness coefficient'{its, ft/%/s)
A = Flow area ( ft)

R = Hydraulic radius (m, ft)

S = Friction slope (m/m, ft/ft)

Minor Losses

Minor losses in pressure pipes are caused by localized areas of increased turbulence that create a
drop in the energy and hydraulic grades at that point in the system. The magnitude of these losses
is dependent primarily upon the shape of the fitting, which directly affects the flow lines in the
pipe.

The equation most commonly used for determining the loss in a fitting, valve, meter, or other
localized component is:

2
hm = KV_
29

Where: b = Loss due to the minor loss element (m, ft)
V = Velocity (m/s, ft/s)

g = Gravitational acceleration constant (itss’)
K = Loss coefficient for the specific fitting

Typical values for the fitting loss coefficient are included in the Fittings Table at the end of this
chapter.

Generally speaking, more gradual transitions create smoother flow lines and smaller headlosses.
For example, the figure below shows the effects of a radius on typical pipe entrance flow lines.
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Flow Lines at Entrance

B.3 Water Quality Analysis

In the past, water distribution systems were designed and operated with little consideration of
water quality, due in part to the difficulty and expense of analyzing a dynamic system. The cost of
extensive sampling and the complex interaction between fluids and constituents encourages the
use of numerical modeling for predicting water quality.

Water Quality Solution Algorithm

This software implements the Eulerian Discrete Volume-Element method (DVEM) to solve the
numerical constituent transport problem for the system being analyzed. The method requires, as

basic input, the complete solution for the distribution of flows (magnitude and direction) for the

network links and nodes at each discrete time step that occurs over an extended period simulation

(EPS). The EPS results generate a sequence of hydraulic steps, which are then reformulated into a
distribution of hydraulic states encapsulated within discrete volume-elements by this software’s

DVEM algorithm. The constituent concentration is determined at each discrete volume-element in
the system for every quality time step over the full duration of the simulation. The assumption is
made that there is complete mixing across finite distances, such as at a junction node or a short
segment of pipe.

The model for solving the constituent transport problem can be used to predict other water quality
parameters including age and trace.

B.3.1 First-Order Reaction Rate Function

The first-order reaction rate expression is most commonly used for modeling constituent decay
and growth processes in batch reactions. The first-order function has the form:

R(Ci)=kC
Where: R = Rate of reaction of constituent (mg/l.s)
k = Reaction rate coefficient of concentration decay (negative) or
growth (positive) (1/s)
C = Concentration of substance in liquid (mg/l)

The reaction coefficient is zero for conservative substances.

Assuming this first-order reaction rate gives a closed form solution to the general constituent
transport equation:
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B.3.2

Ci(x,t+1)=C;(x —u;T, t)ek

Where: T = Water quaity time step (s)
u = Meanflow velocity of the water (nVs, ft/s)
x = Distancein the pipe (positive in the flow direction) (m, ft)

This software implements a first-order reaction rate model that uses a composite reaction rate
coefficient. This effectively simulates reactions occurring in the bulk fluid as well as at the
fluid/pipe wall interface.

Sources:

Rossman, Lewis A., etad., "Discrete Volume-Element Method for Network Water-Quality
Models', Journal of Water Resources Planning and Management, Vol. 119, No 5, Sep/Oct, 1993.

Rossman, Lewis A. and Paul F. Boulos, "Numerical Methods for Modeling Water Quality in
Distribution Systems: a Comparison”, Journal of Water Resources Planning and Management,
Vol. 122, No. 2, Mar/Apr, 1996.

Reaction Rate Model

This software’s reaction model recognizes that the growth or decay of a substance is driven by
reactions occurring both within the bulk flow component and with the material along the pipe
wall. The model uses first-order kinetics to simulate the wall and bulk reactions.

The expression for the general substance decay rate model for eachibrdgiyen below:

R(Ci ) =—kpGj - ks Ci —Cuy, )
ERHi
Where: k = First-order bulk reaction rate constant (1/s)
C = Substance concentration in bulk flow (mg/l)
ki = Mass transfer coefficient between bulk flow and pipe wall (m/s,
ft/s)
Ry = Hydraulic radius of pipe (Diameter/4) (m, ft)
Cs = Substance concentration at the wall (mg/l)

Assuming the rate of reaction at the wall is first order and no net accumulation of material occurs
over the time step, the mass balance at the wall is given by:

ke (Ci —Cuw; ) =kwCuy,
Where: k, = Wall reaction rate constant (m/s, ft/s)

Solving for the wall concentration and substituting into the general decay rate equation above
results in the general first-order reaction rate expression for substance decay:
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Where: K = Overall rate constant equal (1/s)

K can be expressed as:

kwkf

K:kb +
RHiikW +kfj

It follows that dropping the negative sign ahead of K in the equation above will model the growth
of a substance with mass transfer from the pipe wall to the bulk flow.

In this program, the bulk coefficient and wall reaction rate coefficient are supplied by the user as
part of the constituent properties. These are determined empirically using observed reaction rate
data. A typical scenario might have the bulk coefficient being derived from jar tests, and the wall
coefficient estimated over the course of model calibration by adjusting its value to best match
actua observed field concentrations to simulated results.

The mass transfer coefficient is a function of internal pipe hydraulics, and is computed
automatically by the constituent transport algorithm.

B.3.3 Mass Transfer Coefficient

The mass transfer coefficient, which is used to model the constituent transfer between the bulk
fluid and pipe wall, is calculated internally by the modeling engine using the unitless Sherwood
Number as follows:

kf = %
d
Where: ki = Masstransfer coefficient (m/s, ft/s)
D = Molecular diffusivity of substancein fluid (m?s, ft?/s)
S» = Sherwood number (unitless)
d = Pipediameter (m, ft)

For R 22300 (turbulent flow):

Sp =0.023R 8350333

For R <2300 (laminar flow) :

S =365+ 0.0668(d/ L)ReS,
1+0.04[(d/ L) RS, *¢”
Where: Re = Reynolds humber (unitless)
Sc = Schmidt number (v/d) (unitless)
L = Pipelength (m, ft)
q = Flowrae(m?s, cfs)
A = Cross-section flow areaof the pipe (m?, ft9)
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B.3.4

v = Kinematic viscosity of fluid (m?s, ft?/s)

The molecular diffusivity and the kinematic viscosity are supplied by the user.

Sources:
Edwards, D.K., et.al., Transfer Processes, McGraw-Hill, New Your, NY, 1976

Rossman, Lewis A., EPANET Users Manual, Version 1.1, Drinking Water Research Division,
Risk Reduction Engineering Laboratory, USEPA, Cincinnati, Ohio, Jan. 1994.

Accuracy Issues in Water Quality Simulation with this Software

The accuracy of the Discrete Volume-Element method (DVEM) is primarily driven by the size of
the water quality time step, 1. Unless the modeler provides a user override of this calculation
parameter, this software will automatically compute the time step based upon the minimum pipe
travel time in the system. Note that transport across pumps and valves is assumed to be
instantaneous.

During each quality step there should be no dispersion, because the contents of the volume-
elements are maintained as separate and discrete. However, there may be a blending between
hydraulic time steps should the system re-segment to a lower number of volume-elements. This
will occur when the system demands are peaking and link velocities are increasing. This artificial
dispersion is expected and is a consequence of the methodol ogy.

This program provides several water quality parameter options that the modeler may use to control
the segmentation scheme in response to extreme cases in the system. Key situations are described
below:

« Short, high-velocity pipes in system — The presence of these link elements might cause the
model to assume a very small value fowhich could lead to excessively long computation
times in large systems. This effect can be controlled via the Minimum Pipe Travel Time
calculation option. Pipes with hydraulic times shorter than this will experience an artificial
delay in constituent mass transport, resulting in some accuracy loss.

« Long, slow-velocity pipes in system — The presence of these elements can result in a large
number of volume-elements to be generated during the segmentation phase of the algorithm.
This can increase calculation times and place severe demands on the computer system
memory. This situation can be controlled by setting an upper limit on the number of volume-
elements that are generated using the Maximum Pipe Segments option. Mass transport
through links limited by this parameter will occur at a faster rate than in reality, resulting in
some loss of accuracy.

This software will generate a Water Quality Status Log that will provide a table of Quality Time
Steps and Maximum Number of Pipe Segments to give you some guidance in interpreting the
simulation results.

You should remember that because of their approximate nature, computer simulations
are inherently inaccurate in some respects. Consequently, a significant aspect of system
modeling is in determining just how much modeling inaccuracy is acceptable within the
context of the problem being studied. This is frequently governed by calibration input
data availability, accuracy, and reliability, over such issues as inherent limitations in
models or methodologies. Ultimately, the resolution of accuracy concerns resides solely
with the modeler.




284 Appendix B — WaterCAD Theory

B.3.5 Age and Source Trace Analyses

This software uses the built-in Water Quality Constituent transport solver to model the changesin
the age of water and to track source fractions reaching any node over time. To accomplish this,
the model makes the following assumptions:

* Age- The program sets the concentration vaflig,in the basic transport equation to the age

of water, and sets the reaction teR(Ci), to zero. Any new water entering the system at any
source is assigned an age of zero.

» Source Trace — The program tracks the percentage of total flow quantity arriving at any node
in the network from a specified contributing source node. In this analysis, the concentration
value is set to the percent of flow from the node in question, and the reaction rate is set to zero.

T Water age gives a general indication of the overall water quality at any given point in the
system. Age is typically measured from the time the water enters the system from a
reservoir until it reachesa junction.

The water age is computed as:

_ Xj
AJ = Aj—l + u—
i
Where: A = Age of water aj-th node (s)
X = Distance from nodgl to nodg (m, ft)
u = Velocity from nodg-1 to nodg (m/s, ft/s)

If there are several paths for water to travel to the j-th node, the water age is computed as a
weighted average as shown (i designates the pipes with an incoming flow to node j):

L ZQiE“i +§:E
J'_T

Where: Q = Flowrate in pipé (m¥s, ff/s)
A; = Age of water at the start node of pipg)
g Identifying the origin of flow at a point in the system isreferred to as flow tracking, or

trace modeling. In systems that receive water from more than one source, trace studies
can be used to determine the origin percentage breakdown of flow at each point. These
studies can be very useful for determining the area influenced by an individual source,

observing the degree of mixing of water from several sources, and viewing changes in
origin over time.

Sour ce:

Rossman, Lewis A.EPANET Users Manual, Version 1.1, Drinking Water Research Division,
Risk Reduction Engineering Laboratory, USEPA, Cincinnati, Ohio, Jan. 1994.
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B.3.6 Constituent Transport Equations

Assuming constant flow and velocity over a time step, the concentration within link i, at any point
x (in the positive flow direction), and time t, is given by the mass-conservation differential

equation;
0C;(x,t 0C;(x,t
et) 20 _gie o) =0
ot 0x
Where: Ci(x,t) = Concentration of substance in liquid, at the distance x from the
start node of the link i (mg/l/)
x = Distance in the link measure from the start node of the link
(positive in the flow direction) (m, ft)
u = Meanflow velocity of the water (nV/s, ft/s)
R[Gi(x,t)]] = Reaction ratefunction (1/s)

The reaction rate function is typically a first-order rate function.

To obtain a general solution of the basic transport equation, it is necessary to introduce an
analytical time step, 1, which serves as the interval of analysis over which substance

concentrations are advected within link i. This advection distance is expressed as Uit Thistime
step is referred to as the water quality time step.

At nodes, the concentrations are determined by mass-conservation, assuming complete nodal
mixing. The concentration at node k for each outgoing link i (with j representing each incoming
link at node k) is given by:

Z(Qjcj(l-j’t))"'QeCe

S0
J

ci(o.t)=cxlt)=

Where: Cy(t) = Concentration at node k (mg/l)
Lj = Lengthof linkj (m, ft)
Q = Flowraeinlinkj(m?s, ft¥s)
Q. = Externa source flow into node k (m%s, ft/s)
C. = External source concentration into node k (mg/l)

The boundary condition at avariable level tank with an incoming link i can be expressed as:

Cr(t+9)= g € LD+ vr e (0]

Where:  Cq(t)
V(t)

Concentration of the fully mixed tank (mg/1/)
Volume of the tank (mg/l/)
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B.3.7

B.3.8

Q = Flowraeinlinkj (m%s, ft’s)

An outgoing link i of atank is assumed to receive the full mixed tank concentration:
c;(ot+1)=C(t)

These transport equations are solved over the distributed range of volume states that are generated
automatically using the water quality solver's DVEM algorithm implementation.

Once the hydraulic model has been solved for the network, the velocities are known and the
mixing at nodes is known. Using this information, the water quality behavior can be derived using
a numerical method.

Water Quality Modeling Approaches

There are several theoretical approaches available for the solution of water quality models. These
methods can generally be grouped as either Eulerian or Lagrangian in nature, depending on the
volumetric control approach that is taken. Eulerian, which is the method used by this program,
divides the system into fixed pipe segments and then tracks the changes that occur as water flows
through these segments. Langrangian models also break the system into control volumes, but then
track these water volumes as they travel through the system.

Discrete Volume Element Method (DVEM) Algorithm

The discrete volume-element method is based on a plug-flow reactor assumption. The plug-flow
model accounts for advective transport and the kinetics of the constituent reactions within the
plug. According to the physical plug-flow reactor model, each reactor plug will be advected
through the system and composited with incoming plugs at flow-receiving nodes. In the Eulerian
DVEM numerical modeling scheme, this plug movement is simulated by transferring substance
concentration state from one discrete volume-element (a plug) to the next adjacent volume-
element along the direction of flow.

The DVEM proceeds by subdividing each link in the network into a number of equal-sized
elements at every hydraulic event In the simulation, for example, this is a single EPS time step
during which flow and velocity patterns are assumed to remain constant. To preserve accuracy,
the volumetric element for each link over the duration of every hydraulic event must be correctly
computed. To this end, the methodology is parameterized by the water quality tinte. step,
ensure that fluid is not transported beyond the confines of any link within a single analytical step,
the total link volume must be less than the product of link discharge and time step. It follows that
T cannot exceed the shortest travel time through any network link over the analysis interval, as
expressed below (with i representing all links in the network):

e

Where: \'
Q

Total volume of liquid in link (m?, ft%)
Flow rate in link (m%s, f€/s)

Oncet has been established, the number of volume elements and the volume of each element in a
pipei can be calculated as follows:
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Vi
ni:_
Qit
Vi =
n;
Where: n, = Number of volume elementsinlink i

Volume of each volume element in link i (m?, ft%)

<
1

To develop a water quality simulation based on a series of EPS hydraulic intervals, the network
links are individually partitioned into component volume-elements for each hydraulic time step.
Ideally, this partitioning should honor the numerical constraints defined above. Under extreme
conditions this may not be possible, and the modeler may wish to modify the segmentation
scheme by setting practical limits on quality time step, maximum number of segments, or a
limiting hydraulic time interval.

The constituent mass is propagated through the system network over each water quality time step
in four phases:

6. Kinetic reaction — The mass concentration undergoes a kinetic concentration change by
applying the kinetic reaction function.

7. Nodal mixing — The constituent mass and incoming volumes are mixed at nodes.
8. Advection — The constituent mass is transferred between volume-elements.
9. Allocation — The nodal mass is assigned to the first volume-element of all outgoing links.

These steps are graphically summarized below:

Eulerian DVEM

Original Concentrations NI

L [

3—\“
—

Reacted Concentrations

—C ] [

Tt M E—

B.4 Engineer's Reference

This chapter provides you with tables of commonly used roughness values and fitting loss
coefficients

Transport into Nodes

4~ L~

Roughness Values
* Roughness Values, Manning's Equation

* Roughness Values, Darcy-Weisbach (Colebrook-White) Equation

* Roughness Values, Hazen-Williams Equation
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» Typica Roughness Values for Pressure Pipes

Coefficients
« Fitting Loss Coefficient

B.4.1 Roughness Values, Manning's Equation
Commonly used roughness values for different materials are:

Manning's Coefficients n for Closed Metal Conduits Flowing Partly Full

Channel Type and Description Minimum | Normal |Maximum
a. Brass, smooth 0.009 0.010 0.013
b. Steel
1. Lockbar and welded 0.010 0.012 0.014
2. Riveted and spiral 0.013 0.016 0.017
c. Castiron
1. Coated 0.010 0.013 0.014
2. Uncoated 0.011 0.014 0.016

d. Wrought iron

1. Black 0.012 0.014 0.015

2. Galvanized 0.013 0.016 0.017
e. Corrugated metal

1. Subdrain 0.017 0.019 0.021

2. Storm drain 0.021 0.024 0.030
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B.4.2 Roughness Values, Darcy-Weisbach Equation (Colebrook-White)
Commonly used roughness values for different materials are:

Darcy-Weisbach Roughness Heights k for Closed Conduits

Pipe Material k (mm) k (ft)
Glass, drawn brass, copper (new) 0.0015 0.000005
Seamless commercia steel (new) 0.004 0.000013
Commercial steel (enamel coated) 0.0048 0.000016
Commercial steel (new) 0.045 0.00015
Wrought iron (new) 0.045 0.00015
Asphalted cast iron (new) 0.12 0.0004
Galvanized iron 0.15 0.0005
Cast iron (new) 0.26 0.00085
Wood Stave (new) 0.18~0.9 0.0006 ~ 0.003
Concrete (steel forms, smooth) 0.18 0.0006
Concrete (good joints, average) 0.36 0.0012
Concrete (rough, visible, form marks) 0.60 0.002
Riveted steel (new) 0.9~9.0 0.003 - 0.03
Corrugated metal 45 0.15
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B.4.3 Roughness Values, Hazen-Williams Formula
Commonly used roughness values for different materials are:

Hazen-Williams Roughness Coefficients C

Pipe Material C
Asbestos Cement 140
Brass 130-140
Brick sewer 100
Cast-iron
New, unlined 130
10yr. Old 107-113
20yr. Old 89-100
30yr. Old 75-90
40yr. Old 64-83
Concrete or concrete lined
Steel forms 140
Wooden forms 120
Centrifugally spun 135
Copper 130-140
Galvanized iron 120
Glass 140
Lead 130-140
Plastic 140-150
Steel
Coal-tar enamel, lined 145-150
New unlined 140-150
Riveted 110
Tin 130
Vitrified clay (good condition) 110-140
Wood stave (average condition) 120
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B.4.4 Typical Roughness Values for Pressure Pipes

Typical pipe roughness values are shown below. These values may vary depending on the
manufacturer, workmanship, age, and many other factors.

Comparative Pipe Roughness Values

Material Manning's | Hazen- Darcy-Weisbach
Coefficient | Williams Roughness Height
n C k (mm) k (ft)
Asbestos Cement 0.011 140 0.0015 0.000005
Brass 0.011 135 0.0015 0.000005
Brick 0.015 100 0.6 0.002
Cast-iron, new 0.012 130 0.26 0.00085
Concrete:
Steel forms 0.011 140 0.18 0.006
Wooden forms 0.015 120 0.6 0.002
Centrifugally spun 0.013 135 0.36 0.0012
Copper 0.011 135 0.0015 0.000005
Corrugated metal 0.022 45 0.15
Galvanized iron 0.016 120 0.15 0.0005
Glass 0.011 140 0.0015 0.000005
Lead 0.011 135 0.0015 0.000005
Plastic 0.009 150 0.0015 0.000005
Steel:
Coal-tar enamel 0.010 148 0.0048 0.000016
New unlined 0.011 145 0.045 0.00015
Riveted 0.019 110 0.9 0.003
Wood stave 0.012 120 0.18 0.0006
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B.4.5 Fitting Loss Coefficients

For similar fittings, the K-value is highly dependent on things such as bend radius and contraction

ratios.

Typical Fitting K Coefficients

Fitting K Value Fitting K Value
Pipe Entrance 490° Srmooth Bend
Bellmouth 0.03-004 Bend radius fD=4 016- 018
Rounded n1z2-0.24 Bend radiusf D=2 019-0.25
Sham Edied n.a0n Bend radius r D=1 0.35-0.40
Frojecting 0.30
Mitered Bend
Contraction - Sudden a=15" Q.05
D04 =0.80 n1g a=30" 010
D04 =050 0.ar a=45" 0.z0
DDy =0.20 044 a=HR0" 034
Contraction - Conical a=40" 0.a0
Do/Dq = 0.20 0.0a
D04 =0.50 n.or Tee
DD =020 n.og Line Flot 0.30- 040
Branch Flomy 0.74-1.80
Expansion - Sudden
D2/Dq = 0.20 016 Cross
D04 =0.50 &y Line Flot 050
Do/Dy =0.20 n.sz Branch Flow 0.ra
Expansion - Conical
D04 =0.80 n.oz 45" Wiye
D04 =0.50 n.og Line Flot 0.20
DDy =0.20 n13 Branch Flow 0.50
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C.1

Appendix C

Scenario Management Guide

Haestad Methods’ scenario management feature can dramatically increase your productivity in the
"What 1f?" areas of modeling, including calibration, operations analysis, and planning.

By investing a little time now to understand scenario management, you can avoid unnecessary
editing and data duplication. Take advantage of scenario management to get a lot more out of
your model, with much less work and expense.

In contrast to the old manual methods of scenario management (editing or copying data),
automated scenario management using inheritance gives you significant advantages:

e A single project file makes it possible to generate an unlimited numbeWodt "If?"
conditions without becoming overwhelmed with numerous modeling files and separate results.

« Because the software maintains the data for all the scenarios in a single project, it can provide
you with powerful automated tools for directly comparing scenario results. Any set of results
is immediately available at any time.

« The Scenario / Alternative relationship empowers you to mix and match groups of data from
existing scenarios without having to re-declare any data.

« With inheritance, you do not have to re-enter data if it remains unchanged in a new alternative
or scenario, avoiding redundant copies of the same data. Inheritance also enables you to
correct a data input error in a parent scenario and automatically update the corrected attribute
in all child scenarios.

These advantages, while obvious, may not seem compelling for small projects. It is as projects
grow to hundreds or thousands of network elements that the advantages of true scenario
inheritance become clear. On a large project, being able to maintain a collection of base and
modified alternatives accurately and efficiently can be the difference between evaluating optional
improvements and being forced to ignore them.

About this Guide

As implemented by Haestad Methods, the depth of scenario management is probably far beyond
what you have ever seen before. With that in mind, this guide is intended as an introduction to the
philosophy and terminology upon which scenario management is based.

This is not intended as a step-by-step guide to using the software. If you are a moderately
experienced Windows software user, you should have no difficulty learning and exploring the
scenario management interface.
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C.2

Excellent tutorials and context-sensitive on-line help are also available within the software itself.
These learning tools will prove to be of tremendous assistance to you for al aspects of the
software, and should certainly not be ignored if you are having difficulty. For more information,
just click the Help button, which is available from anywhere within the program.

In addition, call Haestad Methods for the schedule of workshops.

Before Haestad Methods: Manual Scenarios

Let us begin by understanding the approaches that have historically been used to attempt "What
If?" analyses. Traditionally, there have only been two possible ways of anayzing the effects of
change on a software simulation:

» Change the model, recalculate, and review the results
« Create a copy of the model, edit that copy, calculate, and review the results

Although either of these methods may be adequate for a relatively small system, the data
duplication, editing, and re-editing becomes very time-consuming and error-prone as the size of

the system — and the number of possible conditions — increase. Additionally, comparing
conditions requires manual data manipulation, because all output must be stored in physically
separate data files.

Before Haestad Methods: Manual Scenarios

Build Model Build Model

Edit Copy

o)
Edit Model Review
ﬂj ?
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C.3

C.4

Single Model File, Multiple Model Files,
Single Set of Results Multiple Sets of Results

With Haestad Methods: Self-Contained Scenarios

Effective scenario management tools need to meet these objectives:
e Minimize the number of project files the modeler needs to maintain (one, ideally).

* Maximize the usefulness of scenarios through easy access to resources such as input and
output data, and direct comparisons.

e Maximize the number of scenarios you can simulate by mixing and matching data from
existing scenarios (data reuse)

« Minimize the amount of data that needs to be duplicated to consider conditions that have a lot
in common

The scenario management feature developed by Haestad Methods successfully meets al of these
objectives. A single project file enables you to generate an unlimited number of "What 1f?"
conditions, edit only the data that needs to be changed, and quickly generate direct comparisons of
input and results for desired scenarios.

The Scenario Cycle

The process of working with scenarios is similar to the process of manually copying and editing
data, but without the disadvantages of data duplication and troublesome file management. This
process alows you to cycle through any number of changes to the model, without fear of
overwriting critical data or duplicating important information. Of coursg, it is possible to directly
change data for any scenario, but an "audit trail" of scenarios can be useful for retracing the steps
of acalibration series or for understanding a group of master plan updates.
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C5

C.6

With Haestad Methods: Self-contained Scenarios

Build Model (Base Scenario) Single Model File,

2 Multiple Sets of Results

Calculate Scenario

Edit Scenario Review Results

3

Q

Scenario Anatomy: Attributes and Alternatives

Before we explore scenario management further, a few key terms should be defined:

Attribute — An attribute is a fundamental property of an object, and is often a single numeric
gquantity. For example, the attributes of a pipe include diameter, length, and roughness.

Alternative — An alternative holds a family of related attributes so pieces of data that you are most
likely to change together are grouped for easy referencing and editing. For example, a physical
properties alternative groups physical data for the network’'s elements, such as elevations, sizes,
and roughness coefficients.

Scenario — A scenario has a list of referenced alternatives (which hold the attributes), and
combines these alternatives to form an overall set of system conditions that can be analyzed. This
referencing of alternatives enables you to easily generate system conditions that mix and match
groups of data that have been previously created. Note that scenarios do not actually hold any
attribute data — the referenced alternatives do.

A Familiar Parallel

Although the structure of scenarios may seem a bit difficult at first, anyone who has eaten at a
restaurant should be able to relate fairly easily. A meal (scenario) is comprised of several courses
(alternatives), which might include a salad, an entrée, and a dessert. Each course has its own
attributes. For example, the entrée may have a meat, a vegetable, and a starch. Examining the
choices, we could present a menu as in the following figure:
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C.7

A Restaurant Meal "Scenario”

Salad 1 Meal XYZ Dessert 1
Lettuce & Carrots Salad 1 Entree 1  Dessert 2 Apple Pie
No Dressing No Topping
— —
Salad 2 Dessert 2
Lettuce & Carrots Apple Pie
Thousand Island Ice Cream
P— Entree 1 Entree 2 Entree 3
Salad 3 Beef Chicken Fish Dessert 3
Lettuce & Carrots Baked Potato Rice Rice Chocolate Cake
Blue Cheese Green Beans Green Beans Green Beans Whipped Cream

The restaurant does not have to create a new recipe for every possible meal (combination of

courses) that could be ordered. They can just assemble any meal based on what the customer

orders for each alternative course. Salad 1, Entrée 1, and Dessert 2 might then be combined to
define a complete meal.

Generalizing this concept, we see that any scenario simply references one alternative from each
category to create a "big picture" that can be analyzed. Note that different types of alternatives
may have different numbers and types of attributes, and any category can have an unlimited
number of alternatives to choose from.

Generic Scenario Anatomy

Scenario XYZ
1B 2A ni
i
ﬁ $ """""""""""""" >
1A 1B 2A 2B 2C
Attribute Attribute Attribute Attribute Attribute
Attribute Attribute Attribute Attribute Attribute
Attribute Attribute
Alternative Category 1 Alternative Category 2

Scenario Behavior: Inheritance

The separation of scenarios into distinct alternatives (groups of data) meets one of the basic goals
of scenario management:. maximizing the number of scenarios you can develop by mixing and

matching existing alternatives. Two other primary goals have also been addressed: a single
project file is used, and easy access to input data and calculated results is provided in numerous
formats through the intuitive graphical interface.

But what about the other objective: minimizing the amount of data that needs to be duplicated to
consider conditions that have a lot of common input? Surely an entire set of pipe diameters should
not be re-specified if only one or two change?
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The solution is afamiliar concept to most people: inheritance.

In the natural world, a child inherits characteristics from a parent. This may include such traits as
eye-color, hair color, and bone structure. There are two significant differences between the
genetic inheritance that most of us know and the way inheritance is implemented in software:

* Overiding inheritance

» Dynamic inheritance

Overriding Inheritance

Overriding inheritance is the software equivalent of cosmetics. A child can override inherited
characteristics at any time by specifying a new value for that characteristic. These overriding
values do not affect the parent, and are therefore considered "local" to the child. Local values can
also be removed at any time, reverting the characteristic to its inherited state. The child has no
choicein the value of hisinherited attributes, only in local attributes.

For example, suppose a child has inherited the attribute of blue eyes from his parent. Now the
child puts on a pair of green-tinted contact lenses to hide his natural eye color. When the contact
lenses are on, we say his natural eye color is "overridden" localy, and his eye color is green.
When the child removes the tinted lenses, his eye color instantly reverts to blue, as inherited from
his parent.

Dynamic Inheritance

Dynamic inheritance does not have a parallel in the genetic world. When a parent’s characteristic
is changed, existing children also reflect the change. Using the eye-color example, this would be
the equivalent of the parent changing eye color from blue to brown, and the children’s eyes
instantly inheriting the brown color also. Of course, if the child has already overridden a
characteristic locally, as with the green lenses, his eyes will remain green until the lenses are
removed. At this point, his eye color will revert to the inherited color, now brown).

This dynamic inheritance has remarkable benefits for applying wide-scale changes to a model,
fixing an error, and so on. If rippling changes am desired, the child can override all of the
parent’s values, or a copy of the parent can be made instead of a child.

When are values local, and when are they inherited?

Any changes that are made to the model belong to the currently active scenario and the
alternatives that it references. If the alternatives happen to have children, those children will also
inherit the changes unless they have specifically overridden that attribute. The following figure
demonstrates the effects of a change to a mid-level alternative. Inherited values are shown as gray
text, local values are shown as black text.
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A Mid-level Hierarchy Alternative Change

Alternative Hierarchy Value Alternative Hierarchy Value

Condition 1 100 Change Condition 1 100

L Condition 2 Condition 3 L Condition 2 200

L Condition 3 Value to L Condition 3
& Condition 4 150 200 & Condition 4 150
L Condition 5 Condition 5

C.11

Minimizing Effort through Attribute Inheritance

Inheritance has an application every time you hear the phrase "just like x except for y"'. Rather
than specifying all of the data from x again to form this new condition, we can simply create a
child from x and change y appropriately. Now we have both conditions, with no duplicated effort.

We can even apply this inheritance to our restaurant analogy as follows (inherited values are

shown as gray text, local values are shown as black text):

Salad Alternative Attribute: Attribute:

Hierarchy Vegetables Dressing

Salad 1 Lettuce & Carrots No Dressing
Salad 2 Thousand Island
Salad 3 Blue Cheese

» "Sdad2isjust like Salad 1, except for the dressing.”

o "Sdlad 3isjust like Salad 1, except for the dressing."

the dressing."

Salad 3 could inherit from Salad 2, if we prefer: "Salad 3 is just like Salad 2, except fo

Entree Alternative Attribute: Attribute: Attribute:
Hierarchy Meat Starch Vegetable
Entree 1 Beef Baked Potato Green Beans
L Entree 2 Chicken Rice
L Entree 3 Fish

« "Entrée 2 is just like Entrée 1, except for the meat and the starch.”

« "Entrée 3 is just like Entrée 2, except for the meat."

If the vegetable of the day changes (say from green beans to peas), only Entrée 1 needs {o
be updated, and the other entrées will automatically inherit the vegetable attribute of

"Peas" instead of "Green Beans".
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Dessert Alternative Attribute: Attribute:
Hierarchy Bakery Item Topping
Dessert 1 Apple Pie No Topping

L~ Dessert 2 Ice Cream
Dessert 3 Chocolate Cake Whipped Cream

* "Dessert 2isjust like Dessert 1, except for the topping.”

Dessert 3 has nothing in common with the other desserts, so it can be created as a "roqt
or "base" alternative. It does not inherit its attribute data from any other alternative.

C.12 Minimizing Effort through Scenario Inheritance

Just as a child alternative can inherit attributes from its parent, a child scenario can inherit which
aternatives it references from its parent. This is essentialy still the phrase "just like x except for
y", but on alarger scale.

Carrying through on our meal example, consider a situation where you go out to dinner with three
friends. The first friend places his order, and the second friend orders the same thing except for
the dessert. The third friend orders something totally different, and you order the same med as
hers except for the salad.

The four meal "scenarios" could then be presented as follows (inherited values are shown as gray
text, local values are shown as black text):

Meal Scenario Salad Entree Dessert

Hierarchy Alternative Alternative Alternative

Meal 1 Salad 1 Entree 2 Dessert 3
L Meal 2 Dessert 1

Meal 3 Salad 3 Entree 3 Dessert 2
L Meal 4 Salad 2

* "Meal 2 is just like Meal 1, except for the dessert." The salad and entrée alternatives are

inherited from Meal 1.
« "Meal 3 is nothing like Meal 1 or Meal 2." A totally new "base" or "root" is created.

* "Meal 4 is just like Meal 3, except for the salad." The entrée and dessert alternatives are

inherited from Meal 3.

C.13 A Water Distribution Example

Let us consider a fairly simple water distribution system: a single reservoir supplies water by
gravity to three junction nodes.
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Example Water Distribution System

Although true water distribution scenarios include such alternative categories as initial settings,
operational controls, water quality, and fire flow, we are going to focus on the two most
commonly changed sets of alternatives. demands and physical properties.  Within these
alternatives, we are going to concentrate on junction baseline demands and pipe diameters.

Building the Model (Average Day Conditions)

During model construction, probably only one aternative from each category is going to be
considered. This model is built with average demand calculations and preliminary pipe diameter
estimates. At this point we can name our scenario and alternatives, and the hierarchies look like
the following (showing only the items of interest):

Demand Alternative Hierarchy J-1 J-2 J-3

Average Day 100 gpm 500 gpm 100 gpm

Physical Alternative Hierarchy P-1 P-2 P-3 P-4
Preliminary Pipes 8 inches 6 inches 6 inches 6 inches
Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes

Analyzing Different Demands (Maximum Day Conditions)

In our example, the local planning board also requires analysis of maximum day demands, so a
new demand alternative is required. No variation in demand is expected at J-2, which is an
industrial site. As a result, the new demand aternative can inherit J-2's demand from "Average
Day" while the other two demands are overridden.
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Demand Alternative Hierarchy J-1 J-2 J-3
Average Day 100 gpm 500 gpm 100 gpm
L Maximum Day 200 gpm 200 gpm

Now we can create a child scenario from "Average Day" that inherits the physical alternative, but
overrides the selected demand alternative. As aresult, we get the following scenario hierarchy:

Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes
L "Max. Day Maximum Day

Since no physical data (pipe diameters) have been changed, the physical alternative hierarchy
remains the same as before.

Another Set of Demands (Peak Hour Conditions)

Based on pressure requirements, the system is adequate to supply maximum day demands.
Another local regulation requires analysis of peak hour demands, with slightly lower alowable
pressures. Since the peak hour demands also share the industrial load from the "Average Day"
condition, "Peak Hour" can be inherited from "Average Day". In thisinstance, "Peak Hour" could
inherit just as easily from "Maximum Day".

Demand Alternative Hierarchy J-1 J-2 J-3

Average Day 100 gpm 500 gpm 100 gpm
Maximum Day 200 gpm 200 gpm
Peak Hour 250 gpm 250 gpm

Another scenario is also created to reference these new demands, as shown below:

Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes
Max. Day Maximum Day
Peak Peak Hour

Note again that we did not change any physical data, so the physical alternatives remain the same.

Correcting an Error

This analysis results in acceptable pressures...until it is discovered that the industrial demand is
not actually 500 gpm — it is 1,500 gpm! Because of the inheritance within the demand
alternatives, however, only the "Average Day" demand for J-2 needs to be updated. The changes
will ripple through to the children. After the single change is made, the demand hierarchy is as
follows:
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Demand Alternative Hierarchy J-1 J-2 J-3

Average Day 100 gpm 1,500 gpm 100 gpm
Maximum Day 200 gpm 200 gpm
Peak Hour 250 gpm 250 gpm

Notice that no changes need to be made to the scenarios to reflect these corrections. The three
scenarios can now be calculated as a batch to update the results.

When these results are reviewed, it is determined that the system does not have the ability to
adequately supply the system as it was originally thought. The pressure at J-2 is too low under
peak hour demand conditions.

Analyzing Improvement Suggestions

To counter the headloss from the increased demand load, two possible improvements are
suggested:

e A much larger diameter is proposed for P-1 (the pipe from the reservoir). This physical
aternative is created as a child of the "Preliminary Pipes' aternative, inheriting al the
diameters except P-1's, which is overridden.

« Slightly larger diameters are proposed for all pipes. Since there are no commonalities between
this recommendation and either of the other physical alternatives, this can be created as a base

(root) alternative.

These changes are then incorporated to arrive at the following hierarchies:

Physical Alternative Hierarchy P-1 P-2 P-3 P-4

Preliminary Pipes 8 inches 6 inches 6 inches 6 inches
“ Larger P-1 18 inches

Larger All Pipes 12 inches 12 inches 12 inches 12 inches

Scenario Hierarchy Demand Alternative Physical Alternative

Avg. Day Average Day Preliminary Pipes
Max. Day Maximum Day
Peak Peak Hour
Peak, Big P-1 Larger P-1
Peak, All Big Pipes Larger All Pipes

This time, the demand alternative hierarchy remains the same since no demands were changed.
The two new scenarios ("Peak, Big P-1", "Peak, All Big Pipes") can be batch run to provide

results for these proposed improvements.

Next, features like Scenario Comparison Annotation (from the Scenario Manager) and comparison
Graphs (for extended period simulations, from the element editor dialogs) can be used to directly

determine which proposal results in the most improved pressures.

Finalizing the Project

It is decided that enlarging P-1 is the optimum solution, so new scenarios are created to check the

results for average day and maximum day demands.

Notice that this step does not require
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handling any new data. All of the information we want to model is present in the aternatives we

aready have!

Scenario Hierarchy Demand Alternative Physical Alternative
Avg. Day Average Day Preliminary Pipes
Max. Day Maximum Day
Y Max. Day, Big P-1 Larger P-1
Peak Peak Hour
Peak, Big P-1 Larger P-1
Peak, All Big Pipes Larger All Pipes
Avg. Day, Big P-1 Larger P-1

Also note that it would be equally effective in this case to inherit the "Avg. Day, Big P-1" scenario
from "Avg. Day" (changing the physical aternative) or to inherit from "Peak, Big P-1" (changing
the demand alternative). Likewise, "Max. Day, Big P-1" could inherit from either "Max. Day" or

"Peak, Big P-1".

Neither the demand nor physical aternative hierarchies were changed in order to run the last set of

scenarios, so they remain as they were.

Demand Alternative Hierarchy J-1 J-2 J-3
Average Day 100 gpm 1,500 gpm 100 gpm
Maximum Day 200 gpm 200 gpm
Peak Hour 250 gpm 250 gpm
Physical Alternative Hierarchy P-1 P-2 P-3 P-4
Preliminary Pipes 8 inches 6 inches 6 inches 6 inches
- Larger P-1 18 inches
Larger All Pipes 12 inches 12 inches 12 inches 12 inches
Conclusion

These are the fundamental concepts behind the architecture of Haestad Methods’ scenario
management. To learn more about actually using scenario management in Haestad Methods
software, start by running the scenario management tutorial from the Help menu or from within
the scenario manager itself. Then load one of the SAMPLE projects and explore the scenarios
defined there. For context-sensitive help, pfessr theHelp button any time there is a screen or

field that puzzles you.

Haestad Methods’ scenario management feature gives you a powerful tool for modeling real-world
engineering scenarios when analyzing system response to different demands, reviewing the
impacts of future growth, and iterating to find the least expensive design. That means you will be
able to finish your projects faster, spend less money, and improve your bottom line.
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Appendix D

Haestad Methods Software

Haestad Methods offers software solutions to Civil Engineers throughout the world for analyzing,
modeling, and designing water distribution networks, storm and sanitary sewer networks,
watersheds, culverts, hydraulic structures, open channels, and more. All software is Windows
based, with point-and-click data entry, flexible units, and report quality outputs.

In addition to the ability to run in Stand-Alone mode with a CAD-like interface, three of our

products — WaterCAD, StormCAD and SewerCAD — can be totally integrated within AutoCAD.
These three programs also share numerous powerful features, such as scenario management,
unlimited undo/redo, customizable tables for editing and reporting, customizable GIS, database
and spreadsheet connection, and annotation.

Be sure to contact us or visit our web sitewatw.haestad.com to find out about our latest
software, books, training, and open houses.

WaterCAD

WaterCAD is a powerful, easy-to-use program that helps engineers design and analyze complex
pressurized distribution pipe network systems. You can use WaterCAD to perform a variety of
functions, including steady-state analyses of water distribution systems with pumps, tanks, and
control valves.

WaterCAD is also capable of completing extended period simulations to analyze a piping system’s
response to varying supply and demand schedules, including automated fire flow analyses. Water
quality elements, such as water source, age, and chemical constituent growth and decay can be
tested utilizing WaterCAD’s water quality simulation and analysis functions.

Complex networks of pipes, tanks, pumps, and more can be laid out quickly and easily, whether
you are using the Stand-Alone Windows graphical interface, or running WaterCAD for AutoCAD.
The Scenario Manager allows you to create multiple sets of alternatives and run any number of
scenarios, then view and compare the results.

SewerCAD

SewerCAD is a powerful design and analysis tool that allows you to lay out a sanitary collection
system, develop and compute sanitary loads, and simulate the hydraulic response of the entire
system, including gravity collection piping and pressure force mains. The program can be run
within AutoCAD, giving you all the power of AutoCAD’s capabilities, or in Stand-Alone mode
utilizing Haestad Methods’ own Windows graphical interface.
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SewerCAD allows you to construct a graphical representation of a pipe network, containing all
your information such as pipe data, pump data, loading, and infiltration. Conveyance element
choicesinclude circular pipes, pipe arches, boxes, and more.

SewerCAD’s flexible load model allows you to analyze dry and wet weather loads separately.
Unit dry loads and peaking factor methods are entirely customizable. The gravity network is
solved using the built-in numerical model, which utilizes both the direct step and standard step
gradually varied flow methods. Flow calculations are valid for both pressure and varied flow
situations, and will solve for hydraulic jumps, backwater, and drawdown curves. SewerCAD’s
flexible reporting feature allows you to customize and print the model results in any type of report,
including plan and profile views for analysis, construction documents, or agency review.

StormCAD

StormCAD allows you to efficiently design and analyze storm sewer systems. Layout tools allow
you to construct a graphical representation of a pipe network containing all of your information,
including pipe data, inlet characteristics, watershed areas, and rainfall data.

StormCAD provides a choice of conveyance elements including circular pipes, pipe arches, boxes,
and more. Inlets are designed and computed using the new FHWA HEC-22 methodology.
Junction hydraulic losses may be calculated automatically using the AASHTO or HEC-22
methodology based on the geometry of the junction. Rainfall information is defined using
Intensity-Duration-Frequency (IDF) in the form of rainfall tables or rainfall equations. Flows are
then calculated using the rational method.

The gravity network is solved using the built-in numerical model, which utilizes both the direct
step and standard step gradually varied flow profile computation methods. Flow calculations are
valid for both pressure and varied flow situations, and will solve for hydraulic jumps, backwater,
and drawdown curves. StormCAD’s flexible reporting feature allows you to customize and print
the model results in any type of report, including plan and profile views for analysis, construction
documents, or agency review.

PondPack

PondPack is a powerful, comprehensive, Windows-based hydrologic modeling program that
analyzes a tremendous range of situations, from simple sites to complex networked watersheds.
The program analyzes pre- and post-developed watershed conditions, and estimates required
storage ponds. PondPack performs interconnected pond routing, and also computes outlet rating
curves with tailwater effects, multiple outfalls, pond infiltration, and pond detention times.

This program can utilize any rainfall duration or distribution. In a single run, it computes
hydrographs for multiple storm events, adds them at junctions, and routes them through reaches
and ponds. PondPack graphically displays many items, including watershed diagrams,
hydrographs, rainfall curves, and IDF curves. All graphics are fully AutoCAD compatible via
DXF export.

PondPack builds customized reports organized by categories, and automatically creates section
and page numbers, tables of contents, and indexes. You can quickly create an executive summary
for an entire watershed, or build an elaborate drainage report showing any or all report items.

CulvertMaster

CulvertMaster helps engineers design new culverts and analyze existing culvert hydraulics, from
single barrel to complex multi-barrel culverts with roadway overtopping. CulvertMaster
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computations use FHWA HDS-5 methodology. This allows you to solve for most hydraulic
variables, including culvert size, flow, and headwater, as well as generate output for rating curves
and tables showing computed flow characteristics.

CulvertMaster provides a choice of culvert barrel shapes, including circular pipes, pipe arches,

boxes and more. Flow calculations handle pressure and varied flow situations such as backwater

and drawdown curves. Design discharge can be calculated using either the Rational or SCS
Graphical Peak Discharge method. Rainfall information is calculated using rainfall tables,
equations, or the National Weather Services’ Hydro-35 data. CulvertMaster’s flexible reporting
feature allows you to print the design and analysis results in report format, or as a graphical plot.

FlowMaster

FlowMaster is an efficient and powerful program for the design and analysis of pipes, ditches,
open channels, weirs, orifices, and inlets. FlowMaster's "Hydraulics Toolbox" can solve or create
rating tables/curves for any variables using the Manning's, Hazen-Williams, Kutter's, Darcy-
Weisbach, and Colebrook-White formulas. FlowMaster's new inlet computations strictly comply
with the latest FHWA Hydraulic Circular Number 22 (replacing Circular 12) and AASHTO inlet
computation guidelines.

FlowMaster offers you the same powerful tools that can be found in WaterCAD, SewerCAD and
StormCAD, such as FlexUnits, FlexTables, and automatic generation of professional quality
reports and graphs.
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Age — Length of time the water has been in the system, which is used as a general water quality
indicator than a measurement of anything specific.

Available Fire Flow — Amount of flow available at a node for fire protection while maintaining
all fire flow pressure constraints.

Base Elevation and Level -Elevation from which all tank levels are measured. For example, a
tank level of two meters represents a water surface elevation two meters above the base
elevation.

Boundary Node —Node with a known hydraulic grade. It may be static (unchanging with time),
such as areservoir, or dynamic (changes with time), such as atank. Every pipe network must
contain at least one boundary node. In order to compute the hydraulic grade at the other nodesin
the network, boundary nodes must be reachable from a boundary.

Bulk Reaction Coefficient —Coefficient used to define how rapidly a constituent grows or
decays over time. It isexpressed in unitsof 1/ time.

Calculated Minimum System Pressure- See minimum system pressure.

Calculated Minimum Zone Pressure— Minimum calculated pressure of all junctionsin the
same zone as the node where fire flow withdrawal occurs.

Calculated Residual Pressure- Calculated pressure at the junction node where the fire flow
withdrawal occurs.

Calculation Unready — An element that does not have all the required information for
performing an analysis.

C-Coefficient — Roughness coefficient used in the Hazen-Williams Equation.

Check Valve — Prevents water from flowing backwards through the pipe. In other words, water
can only flow from thé=rom Node to theTo Node.

Closed/I nactive Status — See valve status.
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Constituent — Any substance, such as chlorine or fluoride, for which the growth or decay can be
adequately described through the use of a bulk reaction coefficient and awall reaction
coefficient.

Context Menu— A pop-up menu opened by right-clicking a project element or data entry field.
Commands on the context menu are specific to the current state of the selected item.

Control Status— A pressure pipe can be either opened or closed. Opened means that flow
occurs in the pipe, and closed means that no flow occurs in the pipe.

Conveyance Element — A pipe or channel used to transport water.

Coordinates— Distances perpendicular to a set of reference axes. Some areas may have
predefined coordinate systems, while other coordinate systems may be arbitrary. Coordinates
may be presented as X- and Y-values or may be defined as Northing and Easting values,
depending on individual preferences.

Cross Section Type — Tanks can have either a constant area cross section or a variable area
cross section. The cross section of a tank with a constant area is the same throughout the depth.
The cross section of a tank with a variable area varies throughout the depth.

Crosshairs— The cursor consisting of two lines that 1ook like aplus sign (+).

Current Storage Volume —The volume of water currently stored in atank. It includes both the
hydraulically active volume and the hydraulically inactive volume.

Database -See externd file.

Database Connection -A connection between WaterCAD and a data source which is
represented by a group of database links. There may be a single linked external file within a
connection, or there may be several external file links within a single connection.

DBMS — An acronym that stands for Database Management System.

Demand- The total demand from an individual junction for the current time period. It is based
on the information from thBemand tab of theJunction Editor.

Design Point — Point at which a pump was originally intended to operate, and is typically the
best efficiency point (BEP) of the pump. At discharges above or below this point, the pumpis
not operating under optimum conditions.

Diameter —The distance between two internal points directly opposite each other in a pipe or a
valve.

Discharge —Volumetric rate of flow given in units of length®/time.

Double-Click — To click the left mouse button twice in rapid succession.
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Drag — To hold down one of the mouse buttons while you move the mouse.

Element — An object such as atank, junction node, or pipe in adrawing.

Elevation —The distance from a datum plane to the center of the element. Elevations are often
referenced with mean sea level as the datum elevation.

Energy Grade Line (EGL) — Sum of datum (base elevation), elevation, velocity head, and
pressure head at a section.

Extended Edit Button — A small button with an ellipsis (...) as the label. Extended edit buttons
are located next to drop-down choice lists, and provide further editing for the associated choice
list items.

External File— Any file outside of this program that can be linked. These include database files
(such as FoxPro, Dbase or Paradox) and spreadsheets (such as Excel or Lotus). Throughout the
documentation, all of these file types will be referred to as "databases” or "external files'
interchangeably.

Extrapolate — To estimate the value of an unknown point based on other known values, with the
desired point lying outside the known range. Often based upon extending the slope of the line
connecting the previous known values to the desired point. See also: interpolate.

Field Links — The actual mapping between model element attributes and columns within each
database table.

File Extension— The period and three characters, typically, at the end of a filename. A file
extension usually identifies the kind of information the file contains. For example, files you
create in AutoCAD have the extension *.DWG.

Fire Flow Upper Limit — The maximum allowable fire flow that can occur at a withdrawal
location. This is a user-specified practical limit that will prevent this program from computing
unrealistically high fire flows at locations such as primary system mains, which have large
diameters and high service pressures. Remember that a system’s ability to deliver fire flows is
ultimately limited by the size of the hydrant opening and service line, as well as the number of
hydrants available to combat a fire at a specific location.

Flow — The calculated value of the pipe, valve, or pump discharge at the given time.

From Node —The pipe's starting node. Positive flow rates are in the direction of "from" towards
"to". Negative flow rates are in the opposite direction.

From Pipe —The pipe that connects to the upstream side of avalve or pump.

Headloss —The energy lost dueto friction and minor losses. The headloss field displays the
pipe, valve, or pump’s total headloss at the given time.
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Headloss Gradient — The headlossin the pipe as aslope, or gradient. This allows you to more
accurately compare headl osses for pipes of different lengths.

Hydraulic Grade — Elevation to which water would rise under zero pressure. For open
surfaces, such as reservoirs and tanks, thisis equal to the water surface elevation. The hydraulic
grade field presents the hydraulic grade for the element at the current time period as cal cul ated
based on the system flow rates and head changes.

Hydraulic Grade Setting — The constraint to which a valve regulates, expressed in units of head
(Length). Depending on the type of valve, it may refer to either the upstream or downstream
hydraulic grade or the headloss across the valve.

I nactive Volume — The volume of water below the minimum elevation of the tank. Thisvolume
of water is always present, even when the tank reaches its minimum elevation and closes itself
off from the system. Therefore, it is hydraulically inactive. It isprimarily used for water quality
calculations.

Inflow and Outflow — Aninflow is a flow into a node from the system, while an outflow is a
flow from the node into the system. A negative outflow is the same as a positive inflow, and a
negative inflow is the same as a positive outflow.

Inheritance — The parent-child relationship used by scenarios and alternatives. Just asin the

natural world, inheritance is used to refer to the situation where an entity receives something

from its parent. For example, we speak of a child inheriting blue eyes from a parent. Unlikein

the natural world, inheritance in scenarios and alternatives is dynamic. If the parent’s attribute
changes, the child’s attribute automatically changes at the same time, unless the value is
explicitly changed in a child.

Initial Settings— The status of an element for a steady-state analysis or the first time stepin an
extended period simulation. Theinitial settings for a pipe, pump, or valve can be set using the
elemental dialogs or atable.

Initial Water Quality — The starting conditions at a node determined by age, trace, or
congtituent concentration. The initial value will be slightly different depending on the analysis

type.

Interpolate — Estimating a value of an unknown point between two known points assuming a
linear relationship. See also: extrapolate.

Invert — Lowest point of a pipe opening. Sometimes referred to as the flow-line.

Label — The unique name by which an element will be referenced in reports, error messages, and
tables.

Length — The distance from a pipe’som Node to its To Node, according to the scaled length
of the pipe. To enter an overriding length, click treer Defined Length field and type in your
desired length value.

Manning's Coefficient — Roughness coefficient used in Manning's Formula.
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M aterial — The selection of a pipe's construction material. This material will be used to
determine a default value for the pipe's roughness.

Maximum Elevation — The highest allowable water surface elevation in atank. If the tank fills
above this point, it will automatically shut off from the system.

Maximum Extended Operating Point —The absolute maximum discharge at which a pump
can operate, with zero head being added to the system. This value may be computed by the
program or entered manually.

Maximum Operating Point — The highest discharge for which a pump is actualy intended to
run. At discharges above this point, the pump may behave unpredictably, or its performance
may decline rapidly.

Messages T he section of an element editor that contains information generated during the
calculation of the model, such as warnings, errors, and status updates.

Messages Light -A light that appears on the Tab of the Messages sheet. Thelight will bered if
errors occurred during the analysis, yellow if there are warnings or cautions, and green if there
are no warnings or cautions.

Minimum Elevation — The lowest allowable water surface elevationin atank. If thetank drains
below this point, it will automatically shut off from the system.

Minimum System Junction —The junction where the cal culated minimum system pressure
occurs.

Minimum System Pressure —The minimum pressure allowed at any junction in the entire
system as result of fire flow withdrawal. If the pressure at a node anywhere in the system falls
below this constraint while withdrawing fire flow, fire flow will not be satisfied. A fire flow
analysis may be configured to ignore this constraint.

Minimum Zone Junction — The junction where the calculated minimum zone pressure occurs.

M inimum Zone Pressure — The minimum pressure to occur at al junction nodes within aZone.

The model determines the available fire flow such that the minimum zone pressures do not fall

below this target pressure. Each junction has a zone associated with it, which can be specified in

the junction’s input data. If you do not want a junction node to be analyzed as part of another
junction node’s fire flow analysis, move it to another Zone.

Minor Loss— The field that presents the total minor loss K-value for a pipe or valve. If an
element has more than one minor loss, each can be entered individually by clicking the Ellipsis
(...) button.

Mouse Buttons —The left mouse button is the primary button for selecting or activating
commands. The right mouse button is used to activate pop-up context menus and help. Note
that the mouse button functions can be redefined using the Windows Control Panel.

Needed Fire Flow— The flow rate required at a junction to satisfy fire flow demands.
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Network Element — An element that forms part of the network model. Annotation elements
such as polylines, borders and text, are not network elements.

Number — The number of parallel conveyance elementsin amodel.

Notes —The field that allows you to enter text relevant to the model. It may include a
description of an element, a summary of your data sources, or any other information of interest.

ODBC —An acronym that stands for Open Database Connectivity (ODBC), a standard
programming interface developed by Microsoft for accessing dataiin relational and non-
relational database management systems (DBM Ss).

On/Off Status —The status of a pump can be either on or off. On means that flow will occur in
the downstream direction, and the pump will add head to the system according to its
characteristic curve. Off means that no flow will occur, and no head will be added.

Open/Closed Status- The status of a pipe can be either open or closed. Open means that flow
can occur in either direction. Closed means that no flow will occur through the pipe.

Outflow — See inflow and outflow.

Percent Full — The ratio of the current storage volume to the total storage volume, multiplied by
100.

Pipe Status — Indicates whether the pipe is open or closed. As input, this determines how the
pipe begins the simulation. As output, it shows the calculated status of the pipe at the given
time.

Polyline— A composite element that consists of a series of line segments. Each line segment
begins and ends at avertex. A vertex may be another element such as ajunction, tank, or pump.

Power —The water horsepower of a pump that is transferred from the pump into the water.
Depending on the pump's efficiency, the actual power consumed (brake horsepower) may vary.

Pressure —The field that displays the pressure for the current time period.

Pressure Setting- The constraint to which a valve regulates, expressed in units of pressure
(Force per Length?). Depending on the type of valve, it may refer to either the upstream or
downstream pressure or the pressure drop.

Pull-Down Menu — A menu of available commands or actions you can perform. A pull-down
menu is usually selected from the menu bar at the top of the main program window.

Pump Status —A pump can have two different status conditions: On, which is normal operation,
or Off, which is no flow under any condition.

RDBMS — See DBMS.
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Relative Speed Factor — The characteristics of a pump relative to the speed for which the pump
curve was entered, in accordance with the affinity laws. A speed factor of 1.00 would indicate
pump characteristics identical to those of the original pump curve.

Residual Pressure -The minimum residual pressure to occur at ajunction node. The program
determines the amount of fire flow available such that the residual pressure at a junction node
does not fall below this target pressure.

Reynold's Number —Ratio of viscous forces relative to inertial forces. A high Reynold's
number indicates turbulent flow, while alow number indicates laminar flow.

Roughness -A measure of a pipe’s resistance to flow. Pipes of different ages, construction
material, and workmanship may have different roughness values.

Roughness Coefficient - A value used to represent the resistance of a conveyance element to
flow. In the Manning's equation, this value is inversely proportional to flow. The smaller the
roughness coefficient, the greater the flow.

Satisfies Fire Flow Constraints — A true or false statement indicating whether or not this
junction node meets the fire flow constraints. A checkmark in the box means the Fire Flow
Constraints were satisfied for that node. If there is no checkmark, the Fire Flow Constraints
were NOT satisfied.

Select — The process of adding one or more elements to an active selection set.

Selection Set The active group of selected elements. A selection set allows editing or an
action, such as move or delete, to be performed on a group of elements.

Shape -The cross-sectional geometric form of a conveyance element (i.e. circular, box, arch,
etc).

Shutoff Point — The point at which a pump will have zero discharge. Typically the maximum
head point on a pump curve.

Size —Inside diameter of a pipe section for acircular pipe. See also diameter.

Starting Elevation — The value that is used as the beginning condition for an extended period
simulation.

Status Pane — The area at the bottom of the window used for displaying status information.

Storage Node -Special type of node where a free water surface exists, and the hydraulic head is
simply the elevation of the water surface above sea level.

Sub Menu— A list of related options that is typically reached by selecting a pull-down menu
item.
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Table Links— A table link must be created for every database table or spreadsheet worksheet
that isto be linked to the current model. Any number of Table Links may reference the same
databasefile.

To Node —A pipe's ending node. Positive flow rates are in the direction of "from™" towards "to".
Negative flow rates are in the opposite direction.

To Pipe —The pipe that connects to the downstream side of a valve or pump.

Total Active Volume —The volume of water between minimum elevation and maximum
elevation of atank. Thisisan input value for variable area tanks.

Total Needed Fire Flow —f you choose to add the fire flow to the baseline demand, the Total
Needed Fire Flow is equal to the Needed Fire Flow plus the baseline demand. If you choose
NOT to add the fire flow to the baseline demand, the Total Needed Fire Flow is equal to the
Needed Fire Flow.

Total Storage Volume— The holding capacity of a tank. It is the sum of the maximum
hydraulically active storage volume and the hydraulically inactive storage volume.

Trace (Source | dentification) — The percentage of water at any given point originated at a
chosen tank, reservoir, or junction.

Valve Status— A valve can have severa different status conditions: Closed (no flow under any
condition), Active (throttling, opening, or closing dependent on system pressures and flows), and
Inactive (wide open, with no regulation).

Velocity — The field that displays the calculated value for a pipe, valve, or pump velocity at a
giventime. Itisfound by dividing the element’s flow rate by its cross-sectional area.

Vertex —An element in atopological network.

Wall Reaction Coefficient —The rate at which a substance reacts with the wall of apipe, andis
expressed in units of length/time.

Water Quality — The field that displays the water quality for the current time period.

Water Quality Analysis — An analysis that can be one of three types: Age, Trace, or
Constituent.
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