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1 ABOUT GISPIPE

GISpipe

Glpipeis an integrated GiBased Water and Stormwater/Sewer Network Analysis Software program.
Glpipeis an advanced, usdriendly software solution that seamlessly integrates GIS, EPANET, and

SWMM, making it ideal

for the design, analysis, and operation of water supply and

stormwater/sewerage systems. Developed based on Geographic Information Systé®)s t(@
software includes key components such as the water distribution netwmrdtellingtool EPANET, the
stormwatermodellingtool SWMM, and surface runoff models.

WAYyo2{2FiQa

YA&daArz2y A&z ol &SR 2y (KS géspatsdly a A dS

systems, to deliver worldlass tools for water distributiomodellingand analysis. The goal is to
develop industryleading software that empowers engineers, utilities, and planners to design and
manage efficient, reliable, and sustainable wadiéstribution networks.
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Some of the key features ofl pipeinclude:

1. Integrated GIS Hydraul

icmodelling

GISpipe combines Geographic Information Systems (GIS) with the proven analytical engines of EPANET
(for water distribution) and SWMM (farewerage and stormwater) into a single platform.

1 No need for thirdparty GIS software such as AutoCAD or ArcView

1 Native spatial data integration streamlines your workflow

1 Map-basedmodellinginterface simplifies network visualization and updates

2.

Intuitive graphicaluserinterface (GUI)

GISpipe is designed for engineers and planners, not just programmers.
1 Dragand-drop design with realime map feedback
1 Simple toolbars and logical workflows reduce the learning curve
1 Visual errorchecking and result interptation directly on the map
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3. Efficientdata management andediting tools

Save time with smart data management:
1 Built-in tools for data import/export, cleaning, and validation
1 Features like undo/redo, batch editing, pipe splitting/merging, and node adjustment
1 Seamless integration of attribute data (e.g., demand, elevation, pipe material)

4. Fast andaccuratesimulation
Leverage powerful hydraulic and hydrologic simulations:
1 Highspeed performance even for large networks
1 Accurate hydraulic calculations usimglustry-standard algorithms
9 Visual results display: pressures, flows, velocities, headlosses, water age, and more

5. Onestop solution
GISpipe eliminates the need for multiple tools:
1 Design, analyse, and optimize water and stormwater/sewer systems in e sing
environment
1 Easily switch between EPANET and SWMM workflows depending on your project
1 Ideal for municipalities, consultants, and utility operators

6. Projectplanning andliifecyclemanagement
Plan beyond hydraulics:
1 GISpipe helps assess design alternativeompare scenarios, and support asset
management
1 Export results and reports for documentation and decigioaking
9 Useful for both greenfield designs and rehabilitation projects

pipe is built with a usexcentric design philosophy. Its mode!
and intuitive graphical user interface (GUI) minimizes the lear
curve, allowing users to begin working productively with minir
training. Tasks such as network layout, data entry, and m
execution are presented in a logical and accessible mar
AAIAYATFAOLIyGft e NBRdAzZOAY 3 LINR:
INTUITIVE AND seasoned engineer or a firitne user,the softwareensures a

EASY TO USE smooth and guided experience throughout.

pipe is optimized to handléarge and complex datasets wit

speed and precision. By integrating GIS data directly into

modelling workflow, users can quickly validate existi

infrastructure layouts, perform hydraulic and hydrologic analys

and calibrate models using reabrld data. The platform support:

batch operations and highpeed simulations, making it possik

FAST AND to complete detailed pipe network plans and scenario analy
ACCURATE faster than ever, while maintaining the highest level of accura
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/ Engineers often require the dity to adjust and refine model:
2

quickly, andGl|5pipe delivers with a suite of advanced editir
tools. Features such as undo/redo, copy and paste, pipe split
and point merging enable users to manipulate network geome
effortlessly. The software algncludes live feedback on change
allowing users to immediately visualize the impact of edits. A
POWERFUL running a simulation, results such as pressure, flow, and surcl

EDITING TOOLS levels can be displayed directly on the map, making it eas
assess system performee and identify issues.

pipe eliminates the need for external CAD or GIS software

AutoCAD, ArcView, or thiplarty plugins. All essential function

from spatial data handling and netwonkodelling to result

visualization, are fully integrateidito a single environment. Thi

not only simplifies the software ecosystem but also enstL

compatibility and seamless performance across the en

ALL-IN-ONE workflow. With G| %ipe, users can manage the entire lifecycle

SOLUTION a water or stormwater/sewer system modeplan, design,
analyse, and report, without leaving the application.

1.1 Relationship with EPANET

pipe uses EPANET 2.2 as its underlying computational engine. All hydraulic and water quality
simulations are executed through the EPANET framework, ensuring compatibility with industry
standard modelling approaches.

While EPANET uses a schematic {georeferenced) map,Gl$pipe incorporates true spatial
referencing (e.g., UTM zones, EPSG codes), allowing the user to modebriegbipe networks over
topographic or cadastrdlase map® DL { LJA LIS | f & 2asiSifterfécy Iy dffetng:! b 9 ¢ Q&

1 Enhanced data table interfaces for rapid inspection and editing

1 GlSbased topology management and attributigiven controls

1 Integrated tools for batch editing, validation, and visual filtering

Users familiar with EPANET willdfiG|pipe intuitive, with the added benefit of realorld spatial
context and streamlined workflows.

1.2 Relationship with EPAWMM

pipe integrates EPA SWMM 5.2 as its computational engine for stormwater and surface runoff
simulations. All hydrologic and hydraulic routing calculations, including runoff generation, infiltration,

and flow through stormwater networks, are processed using SWMM LINR2 @Sy Y2 RSt f Ay 3

Whereas SWMM traditionally relies on a schematic interfagépipe provides a fully georeferenced
modelling environment, enabling the representation of stormwater elements (e.g., subcatchments,
junctions, conduits, storagenits) over higkresolution GIS maps and layers.
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GISpipe
pipe enhances the standard SWMM interface through:

Spatiallylinked subcatchment delineation tools and automatic network connectivity.

Rainfall and land use data integration with batch import/expoonirstandard formats.
Embedded timeseries and climatology assignment per node or subcatchment.

Thematic mapping of simulation results (e.g., runoff, ponding, depth profiles) using intuitive
colour legends.

= =4 =4 =4

Users experienced with SWMM will find the transit to Gl pipe seamless, while benefiting from an
enriched spatial interface and improved workflow for scenario creation, validation, and reporting.
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2 SYSTEM REQUIREMENTS
Systenrequirements folinstalling andunning G| $ipe.
Operatingsystem
1 Windows- Windows 10 or later (64it recommended)
9 Linux- Ubuntu 20.04 or compatible distribution (for advanced users)
1 macOS Not natively supported (may work using emulation/virtualisation, but not officially

recommended)

Hardware requirements

Component Minimum requirement Recommended requirement
Processor | Dualcore 2.0 GHz Quadcore 3.0 GHz or higher
RAM 4GB 8¢16 GB

Storage 500 MB for software + project fileg SSD with 2 GB free space

Graphics Integrated graphics supported Dedicated GPU for largkatasets

Display 1280x%768 resolution 1920%1080 or higher

Software dependencies and additional requirements

1 .NET Framework 4.8 or later (for Windows users)

1 QGIS 3.x (optional, for visualisation and export)

9 Administrator rights for installation

1 Internetconnection for software activation, updates, and cloud integration features (if used)

Licensing and activation

1 Requires a valid license key from the developer or distributor.
1 Offline activation options may be available upon request.
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3 INSTALLING THIROGRAM

Step 1: Obtain thenstallation package
1 Download the latest version of thelpipe installer from the official website or from your
software provider.
1 Ensure the downloaded .exe is from a trusted source.

Step 2: Systenpreparation
9 Verifythat the system meets the minimum requirements (see previpasagrapl.
1 Ensureto have:
0 Administrative rights to install software.
o .NET Framework 4.8 or later installed (usually comes with Windows 10+).

Step3: Run theinstaller
1 Doubleclick theGISpipe_Setup.exe file.
9 Follow the orscreen instructions
0 Accept the license agreement.
0 Choose the installation directory (default is usualhyP@gram FilesGISpipe).
0 Select any optional components if prompted (e.g., database integration, examples).

Step4: Activate thesoftware

1 After installation, launchs|pipe.

1 Under theHelpmenu click orRequest for use
o Enter your email address
o Enter your company name
o Enter your phone number
o Click on theDkaybutton

1 The request will be sent to activate the softi@aonce confirmation of payment has been

received.

Step5: Verifyinstallation
9 Open a test project or import sample pipeline shapefjd®vnloadable from the website).
1 Ensure tools and features load without error.
1 Confirm output generation (e.gigports, network layout, hydraulic calculations)
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4 PURCHASING THE SOFTWARE

The software will function in demo version but onte Software protection dongles detected by
the software it changes to a full working program. The demo version is lifrgtexdot allowing saving
analysingand some advance functions

Full license

1 Onetime single license activation fee
9 Unlocks all core features and modules:

(0]
(0]
(0]
(0]

Full GISased pipe network design tools

EPANET and SWMM integration for hydraulic and hydrologicdeélling
Advanced editing and analysis tools

Full project save/export capabilities

9 Includes 12 months of:

(0]
(0]

Software updates
Emaitbased technical support

Annual subscription fee
Paid from year 2mwvard ensures:

1 Continued access to updates and improvements
1 Ongoing technical support
9 Access to new features and useiquested enhancements
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Warning

This computer program is protected by copyright law and international treaties. Unauthorized
reproduction or distribution ofthis program, or any portion of it, may result in severe civil and
criminal penalties and will be prosecuted to the maximum extent possible under law.
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6 GETTING STARTED

Welcome toGlpipe ¢ a powerful software tool designed for the hydraulic analysis and management
of pipe networks using geographic information system (GIS) integration. This section withguider
through the initial setup and provide the foundational steps needed egib using the program
effectively.

'GIS based EPANET and
SWMM integration software

pipe can be run by double clicking on the program iC(:g),
in the Windows Program Manager. il

Themain screen will be shown as depicted-igure6-1 below.

@ GlSpipe - m} X
File Ellt Water Distribution Metwork Model ~ Storm Water Management Model  Surface Runoff Model  Tools  Help HE Layer Property Search... Q
©
Options
Edit Facilities Shape Operation Layer Operation Clipboard -~
Layers x 2D | 3D
42 Import = Export FH Table @
D Layer Name EP3G

K 4 m )
‘Werking Mode - Select Click Xy Scale 1 1 Map EPSG - Unknown Expire Day: 303

Figure6-1: GISpipemain screen
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7 DL{tLtO9Q{ z2hwY{t! /9

ThissectionRA 8 Odza4Sa (GKS SaaSyidAalrft FSFddz2NBa 2F DL { LA L
the program (Main Menu Area, the Layer Control Panel, Map Viewer, Time Control Area and Status
Bar). It also shows how to set program options.

@3 GlSpipe - a *
File Edit  Water Distribution Network Model  Storm Water Management Model  Surface Runoff Model — Tools  Help :::] Layer Property Search... =}
Options
Edit Facilities Shape Operation Layer Operaticn Clipboard ~
Layers ® 20 | 3D
-ﬁ Import Export Table -\’.', %
| Layer Name EPSG

H 4 | )
‘Werking Mode - Select Click Xy Scale 1: 1 Map EPSG - Unknown Expire Day: 303

Figure7-1: Main screenayout and katures
Main Menu Area

It consists of the menu bar and toolbar for management of the software.
1 Menu Bar (Topnost row)
Contains standard menukile, EditTools, Help
Plus,domainspecific modulesiVater Distribution Network Model, Storm Water Management
Modeland Surface Runoff Model
1 Toolbar (Below Menu Bar)
This area of the Main Menu Area provides qeackess icons for key operatiodepending on the
choice of the selected menu.

Layer Control Panel (Left Pane)

This is an area that controls the layers that performs functions such as switching layers on and off or
importing or exporting layers.

1 Import/ Export / Tabldo assist in managinglS layers

9 Layer Listlisplays all loaded spatial layers with their EPSG coordinate system.

1 Users can toggle visibility, manage attributes, or apply symbology here.
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Map Viewer (Right Pane)

2D / 3D tabsallowing user toaggle between 2D and 3D spatial views.
1 Navigation toolsuch ad?an, zoom, select, and edit features.
1 Displays the visual representation of the imported GIS data.

Time ControlArea(Bottom-Left)

Used for simulations involving tin{fExtended Period Simulation®.g., events, animations).
Gontrols include play, pause, stop, and time step navigation.

Status Bar (BottorrRight)

This area shows the current coordinates, scale, expiration date
1 Working Mode (e.g., Select, Edit)
9 Click XY (cursor coordinate tracking)
9 Scale and Map EPSG (projestand zoom control)
This provides redime feedback on spatial positioning and tool status.

File menu

The Filemenu contains commands for opening and saving data files andefting the preferred
language The commands for th&ilemenu are shown irFigure7-2 below. It also shows a list of
recently worked on projects.

File

Recent Documents
Mew Project
1 Thembalethu.pgp
B . 2 Kamea-Kakula WEM_pgp
Open Project
1]
H Save Project
o
h'D Save Project As

Language

Figure7-2: File menu

1 NewProject - Creates a new GISpipe project (file extension *.pgp)

1 Open Project - Opens an existing project

1 Save Project - Saves the current project

1 Save Project As Saves the current project under a different name

1 Language - Set the language to preferred lgnage (English or Korean)

GISpipeg User manual 11



GISpipe

Edit menu
Selecting theeditmenu will show the relevant toolbar which depends on what type of layer the user
is workingon i.e., the screen GUI changes according to the selected layer.

When the selection is on a layeotljer than Water Distribution Network Model, Storm Water
Management Model or Surface Runoff Model) the toolbar optitirag will be availableare as shown
in Figure7-3.

Edit Water Distribution Network Model  Storm Water Management Model  Surface Runoff Model  Tools Help B8 Layer Property Search... Q
+ 7, o o
‘e Transforms T} Remove Outside of Polygon Area
Add Edit [ Polygon Merge
Shape ' Vertices
Edit Facilities Shape Operation Layer Operaticn ~

Figure7-3: Edittoolbar options

1 Add Shape

Simply select the layer on whiehshape wants to be placegdress the
Add Shapéutton, and add the shape to the map. For a line or polygon,
clickright mouse button to finishPressng the ESC key while adding,
the drawing is cancelled.

dick the EditVerticesbutton and select a shape to edit on the mdp
will change to a dotted lineandthe shapecan be changed byoving

the green dot.

Clicking the green dot removes the clicked vertex and clicking between
the solid lines adds the vertex.

1 Split Pipe - A function to divide a pipe.

9 Transforms - Moving of axis oscales.

1 Remove Shapes This function removes selected shapes.

9 Edit Vertices

Water DistributionNetwork Model
When working on the Water DistributioNetwork Model selectingeditmenuwill show the editing
functions associated with the water distribution model as shawFigure7-4.

Edit Water Distribution Network Model Storm Water Management Model Surface Runoff Model Tools Help B Layer Property Search
Junction FPipe Edit Vertices B Copy
O : n @Junctlcn Remowal c e
I:l Reservoir O Pump A Label a( Cut
E_ank P valve £4 Transforms &3 femsm i :: Select All
Edit Facilities Shape Operation Layer Operation Clipboard

Figure7-4: Water Distribution Network Model edit functions
These functions are described in more detail in Sedi@n
Storm Water Management Model

When working on the Storm Water Management Model selecting Edit menu will show the editing
functions associated with the storm water management model as showigure7-5.

Edit Water Distribution Metwork Model Storm Water Management Model Surface Runoff Model Tools Help :::] Layer Property Search.
o OJuncticn H Storage £ Crifice 17 Edit Vertices
€2 Rain Gage
W Outfall i Conduit e Weir A Label [®] Assign Junction to Subcath =i
B subcatch. 0 Divider O Pump £ Outlet 4_\an£fc|m:
Edit Facilities Shape Operation Layer Operation | Clipboard

Figure7-5: Storm Water Management Model edit functions

These functions are described in more detail in SectibA
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Surface Runoff Model
When working on the Surface Runoff Model selectiudjt menu will show the editing functions
associated with the surface runoff model as showFRigure7-6.

Edit Water Distribution Network Model Storm Water Management Model Surface Runoff Model Tools Help ] Layer Property Search Q,

9 Rain Gage OJunction

ohTime Plot [ Water Level 8 Select Al

Edit Facilities Shape Operation Layer Operation Clipboard ~
Figure7-6: Surface Runoff Model edit functions

These functions are described in more detail in Sectibn

Water Distribution Network Modelmenu

When working on Water Distribution Network Models selectifigter Distribution Network Model
Menu will show theanalysis and viewinfunctionsassociated with the water distribution model as
shown inFigure7-4.

File Edit Water Distribution Metwork Model Storm Water Management Mode| Surface Runoff Model Tools Help B Layer Property Search
“#: Assign Meter to Junction ﬁg Hydraulics ‘_) Quality Nodes - O @ Medel Validation % Service Scope an Graph v
thl Pattern see
@ Trace Meter Location D Times ol Controls Links - 3| @Eevation Verification 94
) ) RCuves FRun 1 en ) . Other
EEH Demand Table BBEnergy P Calibration Analysis |Contour - (3| 3% Network Group 3] Features~ | ™= Pipes
Model Settings AnlysisE&Simulation Report Optimization

Figure7-7: Tool bar options when selecting the Water Distribution Network Model Menu
Theseanalyses and viewing functions are describethbre detail in Sectiof.

Storm Water Management Modeainenu

When working on Storm Water Management Models selectigrm Water Management Model
Menu will show theanalysis and viewing functiomssociated with thevater distribution model as
shown inFigure7-8.

File Edit Water Distribution Network Medel Storm Water Management Model Surface Runoff Model Tools Help i3] Layer Property Search
2 gfHydraulics Y Time Series  mdll Transects o1 |; Subcatch - (3| @ Medel Validation i Graph
é??: D Times shd Time Patterns & Climatology = — Modes - (3| 8% Netwerk Group Ry Profile Plot
ff’;f';ff Dcurves &, Controls & Quality e Ai‘a,s Links - (3| % Service Scope B Bxport
Model Settings Process Models Analysis Report

Figure7-8: Tool bar options when selecting thBtorm Water Management Model Menu
Theseanalyses and viewing functions are described in more detail in Sedfto@and10.6.
Surface Runoff Modeinenu

When working on Surface Runoff Models selecBugface Runoff Mod&lenu will show theanalysis
and viewing functionassociated with the surface runoff model as showFRigure7-8.

File Edit Water Distribution Metwork Madel Storm Water Management Model Surface Runoff Model Tools Help i3] Layer Property Search... Q
§+ £ Settings ’
) il Pattem
Generate Run
Model  SEOverlap ¥ pnapsic
Model Analysis A

Figure7-9: Tool bar options when selecting the Surface Runoff Model Menu

Theseanalyses and viewing functions are described in more detail in Selction
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Selecting thél'oolsmenu will provide the user with specific tools relatedthe DEM data, Shapefiles
and generating of basins or streams as showrigure7-10.

File Edit Water Distribution Metwork Medel Storm Water Management Model Surface Runcff Model Tools Help
@& Importing SRTM30M DEM From Server E f’ @-’- F_l_ Y N
B Generate DEM(Digital Elevation Model) Export Raster To Convert Excel Get Building Generate Voronoi Generate
Image Vector File Te ShapeFile FromWeb  Layer frem Junctions  Basin & Stream

Figure7-10: Tool bar options when selecting the Tools Menu

Help menu

Selecting theHelpmenu will provide the user wittoolbar options related to the use of the software

as well as the licensing therea$ shown irFigure7-11.

File Edit Water Distribution Metwork Model Storm Water Management Model Surface Runoff Model Tools Help
ER-ANON = 2 B & o
Abcut Home Manual Tutorial Change Remowe Request Maowve Academic
Page Email Email foruse Computer Code
=

Figure7-11: Help menu tool bar options

Clicking theDptionstoolbar button @ provides the user with a set of preference that can be set as
shown inFigure7-12. The options relate to what the user preference isdorollingwith the mouse,
the setting of Auto length on or off, cursor, map background colour and keyboard short cut keys.

g

v | Show delete objects dialog

+' | Node elevation closest node elevation

« | Auto length

Scroll Mode - |Touch -
Cursor Map Background Color
Selection Precision(pixel}: |8 - ® White
Cursor Sizefpixel) : 200 -
selection Color: (NN ~

CTRL + Move the Shape : Copy Shape.

CTRL + Shape Selection : A new shape is selected while preserving the existing selection

SHIFT + Junction + Mouse Wheel in Default S5election : Connection Tracking.

SHIFT + CTRL + Junction + Mouse Wheel in Default 5election : Upstream/Downstream Tracking.

SHIFT+ Node : The shortest route between two nodes is selected.

Figure7-12: Optionsscreen
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8 GRAPHICAL INFORMATION SYSTEM

8.1 What is a Geographic Informatio8ystem (GIS)?

A Geographic Information System (GIS) is a tool that allows users to collect, manage, analyse, and
display spatial or geographic data. In the context of GISpipe, GIS is fundamental for creating and
working with water distribution networks argtormwater systems that are geographically referenced.

It links data to a specific location, whether a pipe junction, reservoir, valve, catch basin, or terrain
feature, allowing users to visualize and analyse how infrastructure interacts with the en@nbnm

In waterrelated modelling, most spatial data, such as pipe routes, ground elevation, land use, rainfall
zones, and service boundaries, have a geographic component. GISpipe uses this data to enable tasks
such as locating leaking pipelines, assessitmgmwater flow paths, sizing detention basins, or
planning upgrades to distribution systems. For example, a GIS layer showingguoghion elevation

data can be combined with vectdmased storm drain networks to identify flow accumulation zones or
undersized culverts.

GIS technology allows all these differe
types of information, raster data like digiti
elevation models (DEMSs), and vector data |
pipelines and land parcels, to be overlaid
top of one another on a single map. |
treating locationas the key index variable
GISpipe enables users to perform advant
spatial analysis, such as calculating press
zones, estimating runoff contributions fror
impervious surfaces, or assessing 4
hydraulic connectivity between subsystems : _Terrain model (DEM)-
GIS goes fardyond just mapping. It serves :
a system of record, integrates data fro
diverse sources, enables rich spatial analy
and facilitates data communication throuc
intuitive visualizations such as thematic ma
and dashboards.

Base map

These capabiliies mak&lS an indispensable tool in hydrology, environmental engineering,
stormwater management, and municipal water services.

8.2 Coordinate Systems

Accurate spatial representation in GISpipe depends on the correct use of coordinate systems. A
coordinate system p@A RS& |  FNI YSg2N] F2N) RSFAYAy3a 20 (7
fundamental to integrating and analysing spatial data.

At a broad level, there are two main types of coordinate systems used in GIS:
1 Geographic Coordinate Systems (GER)ese defindocations using a spherical model of the
Earth, typically in degrees of latitude and longitude.
f Projected Coordinate Systems (PCS}¥ KS&S bFfl GdSyb GKS -9 NIKQ3
dimensional plane, using mathematical transformations to express positiohsear units
such as meters. This is essential for engineering design and spatial analysis.
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GISpipe allows the user to select and specify the coordinate systeny ddiyer Figure8-1).

Select Coordinate System b 4
e
B3

F

EPSG | Coordinate System Unit

32733 WGS 84 F UTM zone 335 m

22293 Cape / Lo33 m

227291 |Cape / Lo3l m

22289 Cape [/ Lo29 m

22287 |Cape / Lo27 m

22285 | Cape f Lo25 m

22783 |Cape / Lo23 m

22281 | Cape / LoZ1 m

22279 |Cape / Lolg m
tearch |outh Africa

View on map CK Cancel

Figure8-1: Coordinate System

8.3 Understanding Map Projections

To represent the Earth's curved surface on a flat map or screen, a mathematical transformation called
amap projection is required. All map projections introduce some distortion, whether of area, distance,
shape, or direction. Selecting the correct projection is critical in GISpipe to ensure spatial accuracy,
especially for tasks like calculating pipe lersgthnalysing flow directions, or determining catchment
boundaries.

Some projections, like the Mercator, are useful for navigation because they preserve direction, but
they distort area, particularly near the poles. Others, like eguah or equidistant mjections,
preserve area or distances along specific lines but may distort shape. For localized hydraulic or
engineering modelling, Transverse Mercator projections are often preferred because they minimize
distortion over small regions.

Selecting an appmriate projection is critical for ensuring spatial accuracy, especially in hydraulic
modelling tasks such as pipe length calculations, catchment analysis, or flow direction assessment.
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For example:
1 The Mercator projection preserves direction but sigwifity distorts area near the poles.
1 Equadarea projections maintain true area relationships, making them suitable for land use
analysis.
9 Transverse Mercator projections minimize distortion in small regions and are commonly used
for engineering and cadastrmapping.

GISpipe supports projectieaware workflows and provides tools for assigning and transforming
coordinate systems of spatial layers. This is particularly important when integrating data from multiple
sources or conducting precise hydradlimulations. For example, a terrain dataset in a projected CRS
can be aligned with a pipeline network in another CRS usingibuitinsformation tools.

In South Africa, the modern standard is the Hartebeesthoek94 (HB94) coordinate system, based on
the WGS84 ellipsoid. It is divided inted2gree longitude zones with corresponding EPSG codes (e.g.,
EPSG:2053 for Lo29). Accurate CRS selection ensures that all components of a model, e.g., pipe
alignments, terrain elevations, and rainfall catchment, fit tge seamlessly.

When combining spatial data from multiple sources, such as survey drawings, satellite imagery, and
scanned topographic maps, differences in their underlying coordinate systems and projections can
cause misalignment. GIS software addrestbeés by reprojecting layers to a common coordinate
system, ensuring spatial consistency.

This process is essential for water distribution modelling in GISpipe, where overlaying layers such as
elevation (from DEMS), pipe networks (vector), and land uséngomust align precisely for accurate
analysis.

8.4 Spatial Data FormatsCapturing and Scales

GIS data is generally stored in two primary formats:

1 Raster- Gridded data made up of cells or pixels. Commonly used for continuous data like
elevation, land cover, or temperature.

1 Vector - Uses discrete geometriepoints, lines, and polygonso represent features like
junctions, pipelines, tanks, and pressuomes.

Regardless of format, spatial datasets must be georeferentdiefed to a coordinate systemto
ensure spatial consistency and enable meaningful analysis.

Incorporating data into GIS involves data capture. Native digital datasets (e.g., GPS,eshdpafil
drawings) can be directly imported. Analogue sources, such as paper maps or scanned plans, require
digitising and georeferencing before use. Proper scale management is also crucial. Scale refers to the
NFGA2 06S0G6SSy | YI LicundRisgtande In/elytheeting Rorkfio§ main@imidgl f
consistent scale ensures reliable measurements, particularly when assessing distances, elevations, or
hydraulic gradients.

GISpipe facilitates consistent data integration through coordinate systenagesment, scale control,
and projection handling, enabling engineers to build robust, accurate hydraulic models and carry out
effective spatial analysis for water infrastructure planning and design.
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9 WATER DISTRIBUTIBETWORKIODEL

A typical GISpipmodellingworkflow for a water distribution network model includes the following
steps:

Create or import base layers (pipes, junctions, reservoirs, tanks

This step involves setting up the foundational components of the netv
either manually or bymporting from external GIS, CAD, or database fi
Accurate spatial and structural representation at this stage ensures
the network topology is valid and complete.

Assign attributes such as elevation, diameter, demand, and sta

Eachnetwork element must be defined with hydraulic and operatiol
parameters to reflect realvorld conditions. This includes node elevatiol
pipe diameters, expected demand at junctions, and operational st
(open/closed) of valves and pumps.

Editand validate the network using map tools and tables

- .-y - . \
Visual editing allows users to reposition elements and correct connec }Q\ =
or attribute errors using a mapased interface. Validation tools the g H_|=F=
check for data inconsistencies such as unconneciedes, zerdength '

pipes, or missing attributes.

Set simulation parameters, including time patterns and controls

Simulation settings such as duration, hydraulic time steps, and w
quality parameters are configured in this step. Control rudesl time
patterns (e.g., diurnal demand curves or pump schedules) are
assigned to reflect temporal variations.

Run the simulation ljydraulic or water qualityusing the EPANE
engine)

The hydraulic and/or water quality simulation is executsihg EPANET -
solver. It computes flow rates, pressures, tank levels, and concentra 11
across the network over time using iterative numerical techniques like

Gradient Algorithm

View results graphically (e.g., contours, graphs, tables)

Postprocessing tools enable the analysis of results using caloded AL
contours, interactive graphs, and summary tables. These visualize
help identify problem areas such lsv-pressurezones ohigh-water age
regions.

Export simulationoutput or INP files for documentation or furthel
analysis

The results and model configuration can be saved or exported in star
formats (e.g., *.INP, *.PGP, *.CSV) for reporting or sharing with ¢
software programs This ensures reproducibility, andsupports
collaborative workflows.
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9.1 Hydraulic and quality analysis model

9.1.1 Hydraulic Simulation Model

DL{LALIS dziAftAasSa 9t!b9¢Qa KE&RNIdzZ AO &aAYdzZ I GAZ2Yy
for a fixed set of reservoir levels, tank levels, arader demands over a succession of points in time.

From one time step to the next reservoir levels and junction demands are updated according to their
prescribed time patterns while tank levels are updated using the current flow solution. The solution

for heads and flows at a particular point in time involves solving simultaneously the conservation of

flow equation for each junction and the headloss relationship across each link in the network.

¢tKA& LINRPOS&aasx 1y26y I a aK aeRuNdsdsingad ltefafive teabrtiqiielto/ OA y 3 ¢
a2t @S GUKS y2yftAYSIENI SljdzZt GA2ya Ay@2ft 3SR® 9t ! b9¢ &
The hydraulic time step used for extended period simulation (EPS) can be set by the user. A typical
value is 1 hourShorter time steps than normal will occur automatically whenever one of the following
events occurs:

1 The next output reporting time period occurs

1 The next time pattern period occurs

1 A tank becomes empty or full

1 A simple control or ruldased control is divated

9.1.2 Water Quality Simulation Model

Basictransport

GISpipe utilises the water quality engineEPANEWhich uses a Lagrangian timssed method to
simulate how discrete parcels of water move and mix through the pipe network. Each pipe is filled
with a series of nofverlapping segments whose quality is updated at every water quality time step.
These steps are shter than hydraulic steps to capture dynantiehaviour and involve applying
reactions, updating mass balances at nodes, and creating new segments when inflow concentrations
change significantly. Flow reversals are handled by reordering segments, andgwaliéy at nodes

is computed based on cumulative inflow from all contributing segments.

Mixing in storage tanks

GISpipe utilises the water quality engine of EPANET which provides four tank mixing models:

1 Complete Mixing; Assumes instant and uniform rimg throughout the tank.

1 Two-Compartment Mixing; Splits the tank into two completely mixed zones to simulate
short-circuiting and dead zones.

1 FIFO Plug FlovAssumes water flows in and out in the same order, like a pipeline; no mixing
occurs.

1 LIFO Plud-low ¢ Water enters and exits from the bottom in reverse order; useful for
standpipes.

These models allow flexibility to represent various physical tank behaviours more accurately.
Water quality reactions
Reactions can occur in the bulk flow or along thpe wall:

! Bulk Reactions follow"horder kinetics and can include growth, decay, or reactions with

limiting concentrations. GISpipe allows users to input the rate coefficient, reaction order, and
limiting concentration as needed.
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1 Wall Reactions depenadn the concentration in the bulk and the surfatmevolume ratio of
the pipe. Reaction rates can be zewr first-order and are influenced by pipe roughness,
YFEGSNRAFES FYyR F3Sd ¢KS g1t f¢ NBI OGA2Yy O2STTA
characteistics using empirical relationships.

Water age and source tracing

Water age is modelled as a zesader growth process, where each second adds one second to the
age of water, providing a general indicator of water freshness. For source tracing, thed treadks

the proportion of water at each node originating from a designated source, treated as a 100%
concentration of a nofeactive constituent. This helps evaluate blending patterns and source
contributions throughout the network over time.

9.2 Building awater Network Model

This section outlines the stdpy-step process for constructing a hydraulic water distribution network
within GISpipe, from establishing the base layout to configuring simulation parameters for accurate
system analysis.

9.2.1 Working with Layers

GISpipe offers robust layer management tools to support hydraulic, stormwater, and runoff modelling.
This section explains how to work with layers, including importing data, assigning coordinate systems,
managing geometry, and accessing lagpecifc properties.

Importing Layers and Data

When starting a new project, users can either:
9 Digitize features manually using mbpsed drawing tools, or
1 Import existing GIS datasets, such as:
0 Shapefiles (.shp)
GeoJSON (.geojson)
CSV files with coordina@lumns
Raster files for DEMs (e.g., .tif)
INP files for EPANET or SWMM network import
SeeAppendix Afor a list of supported formats
1 To import a shapefile,avigate tothe Layer Control Panel (left pane) and click onlthport
button, =
1 Selectand openthe file and choose the geometry typ@Vaterworks, Sewer or Otheras
shown inFigure9-1.
Assign it to a GISpipe object category (e.g., JunctRipss, Sewer Lingstc).
Define field mappings such as diameter, elevation, or roughness.

O O OO

=a =4

GISpipeg User manual 20



GISpipe

Mapping Field X
Layer Infomation
File Name : Water meter layout
CSTMR_ID
Smelter meter
Concentrator m
Layer type
Waterworks
Water Transmission Line Water Distribution Main Service Connecticn Valve Water Meter
Fire Plug Pressure Gauge Flow Gauge District Metered Area Service Reservoir
Intake Station Purification Plant Booster Station Pipe Depth
Sewerage
Main Sewer Lateral Sewer Sewerage Manhole Drainage Spout Subcatchmer
Other
Contour or Altitude Building Road Area Road Area
@) Other (Save) Other (Reference)
Mapping Field
Cancel
Figure9-1: Mapping field type selection
Layer Types and Geometry
Each object type has a predefined geometry:
Table9-1: Layer types and geometry
Layer Geometry Description
Junctions Point Model demand points and connection nod:
Reservoirs Point Represents fixethead sources
Tanks Point Model storage with variablevater level
Pipes Line Convey water between nodes
Pumps/Valves Line Represent special hydraulic links
Labels Point Optional annotation layer
Catchments Polygon | Used in stormwater and runoff models
Streams/Basins  Line/Poly For DEM and terratbasedanalysis
SWMM Elements Various Sewer elements like manholes and lateral
Background Maps Raster Google Maps, Bing, OpenStreetMap
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Layer Toolbar Functions

Icons at the top of the layer panels shown ifrigure9-2, provides various functionalities, as listed in
Table9-2 to integrate different Igers into the project.

Layers X
"E Import g:)Expn:l't ﬁ_alzle \,‘.'.,, \.,‘.'# + 4
Layer Mame EPSG

Figure9-2: Layer toolbar

Table9-2: Layer toolbar functions

Option Description

2= Import Add shapefiles, INP files, raster datad many other file formatsA list of
the different files that can be imported is providedAppendixA.

& Export Depending on the selected layer type, the layer can be exported tc

following file formats.

1 Water network: EPAnet 2 INP, EPAnet 2 NEPRAnet 3 INRhapefile
(seeFigure9-3) and DXF

1 Stormwater/Sewer network: SWMM INP and Shapefile

1 Any other (polygon, line, point, subcatchment, DMAgté¥ meter etc):

Shapefile
E Table View and ediwvalues in theattribute tablesseeFigure9-4.
® Add Add a new layer. Various options will be provided as depict&ibjinre9-5.
€. Delete Delete the selected layer from the map.
+ Move up Move selected layer up in the display order.
¥+ Move down Move selected layer down in the display order.

Visibility toggle  Enable odisable a layer's visibility.

Export Shapefile b

Time

Export Layers

| Junctions v | Pipes
| Reservoirs +| Pumps
w'| Tanks w'| Walves
»'| Pumps to Point Shape
v | Valves to Point Shape

oK Cancel

.................................

Figure9-3: Exporting to shape file (example of water network)

As an example, the user has options of the information of the components of a water distribution
network thatshould be included in the compiled shape file S&gure9-3.
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= = O x
foo E| ] [ i

DMA Mapping  DMA Elevation Batch Input  Excel Batch Input  Saye To Excel
Junction{564) | Reserveir(1) | Tank(8) | Pipe(577) | Pump(17} | Valve({10}

|Enter text to search_ |
Drag a column header here to group by that column
wp | Juncticn ID | X-Coordin | Y-Coordin: | Description Tag | Elevation[mj| Base Demand | Demand Pattern | Demand Cate| Emitter Coef | Initial Qua | Source Qui
K1-J507 30201991 879597208 142600 0.00 1 0
K1-J613 302033.51 |8795959.16 | Plant workshop 142600 042 3 1 [v]
K1--DSW8 30029138 B8793575.08 1368.00 005 3 1 0
K1-110 30129527 879485362 1407.00 0.00 1 0
K1-1374 30073559 879400499 1396.00 0.00 1 [v]
K1-1337 30079378 |8794000.67 1394.00 0.00 1 0
K1-J204 303035.15 8795797.13 143400 0.00 1 0
K1-J508 30409189 879588178 143800 0.00 1 0
K1-J614 305479.005 879730112 144400 0.00 1 0
K1.1279 3IM847 57 |RTA5R1T RS 143700 non 1 0
11566
Figure9-4: Attribute table
Background | Waterworks | Sewerage  Cthers Background | Waterworks | Sewerage | Others
(®) Google Map(Satellite) | @) EPAnet
[._) Google Map(General) DA
|__J) Bing Map Water Transmissicn Line
[__) Cpen Street Map Water Distribution Main
Service Connection
Walve
Water Meter
Fire Flug
Pressure Gauge
Flow Gauge
Service Reservoir
Intake Station
M ewmifimmdimem Ml —md
Add Layer ‘ | Add Layer |
Background | \Waterworks | Sewerage | Others Background = Waterwerks | Sewerage | Others
L) SWMM @) Point
Main Sewer [_J) LineString
Lateral Sewer |_) Polygen
Sewerage Manhole
Drainage Spout
Subcatchment
Add Layer | | Add Layer

Figure9-5: Adding of layers (Background, Waterworks, Sewerage, Others)
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Attribute Tables and Data Extraction

Each vector layer can be opened in a tabular vidwrethere are functionalitiesKigure9-6), where
users can:

1 View, filter, and group data

1 Edit values (e.g., elevation, demand, roughness)

1 Exportto Excel or CSV

1 Perform batch inpubr batch editing

1 Use tools such as DMA Mapping, Valve ID assignment, or Contour tagging.
The attribute table can be viewed by clicking on Trablebutton BB on the Layer toolbar.

Fix) E - . et

DMA Mapping  DMA Elevation Batch Input  Excel Batch Input  53ve To Excel

]

..................................

['.—-: a Colur neager nere T group by that oolur

Figure9-6: Attribute table functionalities
Creating New Layers

Users can create new editable layers by clicking onAithebutton €, on the Layer toolbar. Various

options will be available on 4 different tabs as depicte&igure9-5

Tabs:

1 Background: Add base maps like Google Maps, Bing Map or Open Street Map.

1 Waterworks (EPANET layers): A new EPANET network layer with junctions, pipes, tanks, valves,
meters, etc., ospecific layers related to the water network model such as Water Meten, Flo
gauges etc.

1 Sewerage (SWMM layers)naw SWMM network with junctions, outfalls, conduits, veegtc.,
or specific layers such &4ain/Lateral sewers, manholes, subcatchmeets.

9 Others: Generic vector types like Points, Qriags and Polygons.

Click theAdd Layebutton to include the new layer in your workspace.
Layer Context Menu Options

Rightclicking on a layer opens the context memsidepicted irFigure9-7.
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Layers x
"E Import QExpmt ﬁ_alzle \.,‘.'.,, \,‘.‘# + 4

Layer Mame EPSG
V|« Main Sewer 32735

o -ﬁNE’ ' " nown

< T cat v  Layer Enable

| 7 Sty
+ | 3 Bas

Layer Properties...

1
‘»”

Specify coordinate system...

< |[«
@p a

Coordinate system Transformation... i

<
R
[ %]
=

Layer Copy...

“4 o

Layer Remowve

Figure9-7: Layers context menu
This enables the user to select features as listethinle9-3.

Table9-3: Layers context menu

Option Description

Layer Enable Turn layer visibilitpn/off.

Layer Properties Open a dialog with detailed settingseeTable9-4).
Specify Coordinate System 5STAYS GKS f (se@FghiEDas).LINE 2 S (
Coordinate System Transformation Reproject the layer to another EP&@8eFigure9-16).
Layer Copy Duplicate the selected layer.

Layer Remove Delete the layer from the map.

Layer Properties Dialog

The Layer Properties dialog provides key consatsh as listed ifable9-4 and the window shown in
Figure9-8.

In the Properties dialog window, the user can also open a saved style such as Thematic Tool Kit
(*.ttkstyle), Initialization File (*.ini) or Styled Layer Descriptor (*.sld) whichddferent types of files
used for storing styling and configuration information.

If a certain style has been sep by a user this can also be sayied*.ttkstyle format), for later use in
other projects.

The parameters which can be changed will dependhe layer type, Raster or Vector or Other type
off layer.
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Table9-4: Layer property settings
Option
General Tab
Parameters
Caption

Coordinate system

Painting(see Figure9-8)

Base map

Cached paint

Ignore shape parameters

Multipass rendering
(slower)

Prefer styling from config
file

Transparency

Interpretation

Info

File information

User comments

GISpipe

Description

The display name or title of the layer as it appeiswrshe map
legend or layer listSeeFigure9-8.

Specifies the spatial reference system (SRS) or projection us
the layer,such as WGS 84, UTM Zone 35S, or EPSG:432¢
ensures that the layer aligns properly with other spatial data
maps. If the coordinate system is incorrect or missing, featt
may appear in the wrong location or not at all.

Specifies whether the layer serves as a base map (i.c
background reference layer like satellite imagery or terrain). E
maps rendebeneath operational layers and are not interactive
Enables or disables the use of a cached-(pralered) version of
the layer for display. This improves rendering performance
avoiding redrawing the layer each time the view changes.
When enabled, the software disregards shagmecific properties
such as size, orientation, or border styling defined in the data.
is useful when a consistent or simplified rendering style is des
across all features, regagatls of individual geometry attributes.
Allows the use of multiple rendering passes for comg
symbology (e.g., layering shadows, outlines, gradients)
produces highguality visual effects but may slow dow
performance dudo repeated processing.

Prioritizes style settings from an external configuration
(e.g., .ttkstyle, .ini, or .sld) over default or manual settings.
This ensures consistency across projects or environment
applyingpre-defined styling rules.

Sets the transparency level of the layer (from fully opaque to 1
transparent) which allows layers beneath to be partially visil
enabling better visual integration or overlay comparison.
5STAYySa K2g GKS tFre&SNna RIG
such as raster bands, categorical data, or elevation moc
Options are Default, Pixel or Grichis guides the software on ho
to handle and display the data meaningfully, based on its &k
intended use.

Displays metadata about the data source file associated with
layer, format (e.g., Shapefile, GeoTIFF), size, last modified
and encoding.

A freetext field where users can add notedescriptions, or
observations related to the layer. This is to provide contt
documentation, or reminders for future users or collaborato
such as data provenance, intended use, limitations, or sp¢
considerations.
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Sectiors Tab
Visible(seeFigure9-9)
Sectiors

Section

Minimum scale

Maximum scale

3D (seeFigure9-10)
Treat Layer as 2D

Treat Layer as 3D Object:

Normalized Z

Scale Z (%)

False Z

Pixel(seeFigure9-11)
Colours

Bands

Transparency

GISpipe

Represents logical groupings or thematic divisions within
layer, often used to manage complex datasets with-categories
or to toggle visibility of specific parts of the data. This enal
better organization and selective display of content within 1
layer, such as grouping features by type, function, or zone.
Sets the smallest map scdlee., most zoomed out) at which th
layer or section will be visible. This prevents clutter on the ma|
hiding detailed layers when the user is too zoomed out to
them meaningfully. For example, only show hydrants wi
zoomed into neighbourhood levebeeFigure9-9.

Sets the largest map scale (i.e., most zoomed in) at which the
or section will be visible. This hides layetsw zoomed in too far
which can improve performance and relevance. For exampl
regional water network might disappear when zoomed into str
level.SeeFigure9-9

Renders the layer in a flat, twdimensional view using only

(longitude) and Y (latitude) coordinates. This is suitable for n
thematic and topographic maps wheresghtion or depth is not
relevant. Simplifies visualization and improves performance.

Enables threalimensional rendering of the layer by incorporati
Z-values (elevation or depth). This is useful for visualizing teri
infrastructure or subsurface networks in 3D scenes.

Adjusts all Zralues relative to a base elevation (often grou
level), converting absolute heights to relative ones. This is us
when data contains absolute elevation values but neealdée
visualized relative to the surface.

Multiplies all Zvalues by a scaling factor (in percent) to enhal
or compresses Vvertical exaggeration to improve Vvis
interpretation of elevation differences, especially in flat terrain
Assigns an artificial or fixedvalue to features that lack true
elevation data which allows neglevated features (e.g., 2D line
or points) to be placed at a desired height in the 3D sce
avoiding overlap or hiding.

Defines how pixel values are mapped to display colours, ei
through colour Red, Green, Blue, Brightness, Contrast etc.
enhancesinterpretation by assigning meaningful or visua
distinct colours to pixel values.

Specifies which raster bands (e.g., Red, Green, Blue, Alph
used for display or analysis. This allows control over i
composition. Common configurationscinde:

Adjusts the overall transparency of the raster layer or sets spe
pixel values to be transparent (e.g., No Data areas). This impi
map readability by allowing background layers to show throt
or by hiding irrelevant or misgndata areas.
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Grid(seeFigure9-12)

Grid Section
Grid Band

Shadow

Antialiasing

Minimum / Maximum

Value
Height Threshold

Minimum / Maximum

Value
Ramp
Min/Max/Legend

Smooth colours

GISpipe

Selects which raster band to display (Default or 1). Useful
multi-band datasets.

Select to add shadow effect to grid rendering for better vis
depth.

Select to smooth out jagged edges in the raster rendering.
Defines the data value range to be rendered and visualized.
values outside this range may be clipped

Similar to grid min/max, but may be used for visualizing a spe
elevation band (e.g., for hillshading or analysis thresholds).

Displays and allows editing of value classes and 1
correspondingolourbands.

Toggles between a smooth gradient and sharp colour chal
between classes.

Grid Ramp Wizard Options (sEgure9-13)

Simple classification

Unique values

Continuous values

Minimum/Maximum

value
Use middlevalue

Start Colour, Middle
Colour, End Colour

Add new ramp to
existing ramp
Use HSL

Ramps

Reverse
Discrete

Show all
Level every
Legend every

Advancectlassification

Method

Classes

Used for direct linear or continuous scaling between min and |
values. The user chooses start, middle, and end values for c
gradation.

Applies acolourto each unique raster value (used for categori
data).

Applies a gradient scale to a continuous range (e.g., elevatic
temperature).

Sets the value range faolourramping.

Allows defining a midpoint value for@Golourgradient transitions.
Define the gradient colours used in the colour ramp.

Combines the new ramp with previously defined ones.

Enables smoother transition by using HBaturatiorLightness
colour space.

Choose from predefined palettes (e.g., Autumn, Terr:
Greyscale).

Select to reverses the colour ramp.

Select to display colour classesdastinct bands without gradien
blending.

Select to display all ramp options for selection.

Defines spacing between data value contour levels.

Defines spacing between legend labels displayed on the mag
Allows more refined control, such as classification methc
number of classes, and band selection.

Determines how the data range is divided. Natural Breaks w
minimize variance within classes and maximizes variance bety
clases. Other methods may include Equal Interval, Quan
Standard Deviation, etc.

Number of colour intervals or groupings to divide the raster d
into
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Interval
Band

Start Colour, Middle
Colour, End Colour
Add new ramp to
existing ramp

Use HSL

Ramps

Reverse
Discrete

Show all

Statistics Calculatioq
Fast Scan

Statistics Calculatioq
Full Scan

GISpipe

Automatically calculated based on data range and classifice
method; defines thestep size

For multiband rasters, select which band to classify (e.g., Ba
= elevation in DEM).

Define the gradient colours used in the colour ramp.

Combines the new ramyith previously defined ones.

Enables smoother transition by using HBaturationLightness
colour space.

Choose from predefined palettes (e.g.,
Greyscale).

Select to reverses the colour ramp.

Selectto display colour classes as distinct bands without grad
blending.

Select to display all ramp options for selection.

Quickly estimates the raster stats (min/max, etc.). Faster, but
accurate.

Scans the entire raster for precise statistics. Slower,
recommended for accurate classification.

Autumn, Terri

Raster: SRTM 30M b 4
+ = X v a Parameters
General Cantion
Sections RTM 30M
w Visible
Grid Coordinate System
3D WGES 34 Pseudo Mercator (epsg:3857) Select
Painting
Basemap Transparency
| Cached Paint IDD—V
Ignore shape parameters —sEa
i default w
Multipass rendering (slower!)
| Prefer styling from config file
Info
File information
Band Interleaved by Line Format - (BIL/SPOT)
3570 x 3631; 16 bit; 1 band(s) I
Extent :
User comments
&= @
Wizard ... e K| | Cane Apply

Figure9-8: Layer properties
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Other x
+ - X v a Section
General
Sections
Visible Minimum scale
|1= 1000 ~ | Current || ¥
Maximum scale
|1: 50 000 - | Current | X
Figure9-9: Layer properties Visible settings
Raster: SETM 30M b4
+ = ¥ w a
General Treat layer as 2D
Sections ® | Treat layer as Elevation Madel (DEM)
w WYisible
Grid Treat layer as 3D Objects
3D
Mormalized Z:
off it
Scale Z (%)
100
False Z:
Om L
= B
Wizard ... OK Cancel | i Apply

Figure9-10: Layer property Visible (3D) settings
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Raster: b4
+ = X v A Brightness Contrast
General i i
Sections
v Vigible Inversion Grayscale Histogram
Pixel Contrast enhanced
3D
Bands
Red band Green band Blue band
2 w default default v
Alpha band Page
3 wt 1 wr
Transparency
+
= [ ]
X
= O Reset
Wizard ... QK Cancel Apply

Figure9-11: Layer propertyg Visible (Pixel) settings
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Raster: SRTM 20M x
t - X v a Grid
General
) Grid band
Sections
w Visible default e Shadow Antialiasing
Grid
E Minimum value Maximium value
744 1713
Height threshold
Minimum value Maimium wvalue
744 1713
Ramp
Min Max Legend
+
X
|:| Smooth colors
Ok Cancel Apply

Figure9-12: Layer property Visible (Grid) settings

GISpipeg User manual

32



GISpipe

GISpipeg User manual

Grid Ramp Wizard X Grid Ramp Wizard X
[ ! Unique values . Continuous values
List of uniques Minimum valug
a 744
. Simple dassification Maximum value
| | Advanced dassification 713
Use middle value
1228.5
v
<< Previous Mext == | | Cancel << Previous Cancel
Grid Ramp Wizard X Grid Ramp Wizard x
. Level every
® ) Color 0.69
Start color Middle caolor End color
Legend every
|. DODOFF  ~ ‘ ‘. OFFOD0 ~ ‘ ‘ B oo - ‘ s s
D Add new ramp to existing ramp Use HSL
| : ! Ramps
EE Autumn
Reverse Discrete Show all
| << Previous | | Cancel | << Previous | | oK | | Cancel
Figure9-13: Layer propertyg Visible (Grid) settingg Wizard (Simple Classification)
Grid Ramp Wizard * Grid Ramp Wizard *
Method Classzes Interval
[ | Simple dassification Matural Breaks W 5 W 193.4
Band
1 v
<<previous | | mext>> || cancel <<previous | | Next>> | | cancel
Grid Ramp Wizard x Grid Ramp Wizard X
() Color Statistics calculation required X
Start color Mi End color
=
Add new ramp to existing ramp Use HSL \._/ Fastscan
- (@) Full scan of the layer (slower!)
|/ Ramps B
S Autumn
Reverse Discrete Show all | Cancel |
| QK | | Cancel | << Previous | | [0]4 | | Cancel |
Figure9-14: Layer propertyg Visible (Grid) settingg Wizard (Advanced Classification)
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These tools help users visually classify and interpret raster datadlewgtion, runoff), and customize
how information is displayed in GISpipe.

Coordinate System Settings

When working with spatial data in GISpipe, it is essential to assign the correct coordinate reference
system (CRS) to ensure accurate alignmemasurements, and spatial analysis. The coordinate
system defines how geographic coordinates are projected onto a flat surface.

To specify the coordinate system of a layer, right click on a layer to show the Layers context menu
(Figure9-7).

Left click on theSpecify Coordinate Systamption to show the Select Coordinate System window
(Figure9-15) where theEPSG code for a newly imported layer (e.g., EPSG:3857 for Web Mercator,
EPSG:32735 for WGS 84 UTM Zone &bthe se(Table9-5).

Select Coordinate System b 4

e Nre)

=

B

-

EPSG | Coordinate System Unit

32733 |\WGS B4 / UTM zone 335
22293 Cape / Lo33
22291 |Cape / Lo31
22789 Cape / Lo29
22287 | Cape / Lo27
22285 Cape f Lo25
22283 |Cape / Lo23
22281 Cape / Lo21
2227% | Cape / Lol%

YT T e S| 1T

3(3 /3|3 |(32:3 |3 (3

Search [2outh Africa

Wiew on map CK Cancel

Figure9-15: Coordinate System
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Table9-5: Coordinate System

Parameter Description

EPSG A uniqueidentifier for the coordinate system.

Coordinate System Typically includes the datum and the specific projection zone
Unit Measurement unit (e.g., meters).

Steps to select the correct CRS
1. ldentify thegeographiaegion
9 Inthis case, a project locaténl South Africa is highlighted on the map.
9 A user can search for a country to narrow down the search for the most appropriate CRS
system to select.

2. Choose the appropriate CRS
1 For South Africa, the recommended modern coordinate system is Hartebeesthoek94
(HB94), based on the WGS84 ellipsoid.
9 This system is split into Lo (Longitude) zones spaced every 2 degrees. Example zones:
0 Lol9 (EPSG:2051) for areas around 19E
0 Lo29 (EPSG:2053) for areas around 29E
0 Lo31 (EPSG:2054) for areas around 31°E, etc.
3. Matchzone withprojectlocation
9 Find the longitude of your project site and select the corresponding HB94 / Lozone.
example:
o If your site is located at ~29E longitude, use Hartebeesthoek94 / Lo29
(EPSG:2053).
o Ifitislocated at ~31°E, choose Lo31 (EP@&3R
4. Legacysystems

1 Older coordinate systems such as Cape / Lo (EPSG:22277 or EPSG:4222) may still appear.
These are not recommended unless legacy data compatibility is required.

5. Finalselection

91 Click the desired row (e.g., EPSG:2053 for HB94 / L029).
1 ClickOKbuttonto apply the coordinate system.

Tip: Click theView on mapbutton to visually confirm the coverage of each CRS zone, aiding in the
correct selection based on geographic location.

Coordinate System Transformatmo
Convert a layer from on€RS to another using a transformation dialog box (e.g., from 3857 to 32735).

To transform the coordinate system of a layer, right click on a layer to show the Layers context menu
(Figure9-7).

The Coordinate System Transformation window will be displayed as shdviguire9-16.
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Convert Coordinate ) 4

Source EPSG (22285

Target EPSG (2051

oK Cancel

Figure9-16: Coordinate System Transformation

GISpipe

The currentSourceEPSG is displayadd the Target ESPG can be entered in the input box or selected

by clickingonthellipsed X0 G2 GKS NAIKG 27

(Figure9-15).

9.2.2 Physical components

0KS Ay Lz

02E

g2

GISpipemodels a water distribution system as a collection of links connected to nodes. The links
represent pipes, pumps, and control valves. The nodes represent junctions, tanks, and reservoirs.

Figure9-17 below illustrates how these objects can be connected to one another to form a network.

- Reservoir
‘-

Pump

Pipe

Tank

Junction

o>

- A

il
v

Figure9-17: Components

Junctions

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

network. The basic input data required for junctions are:
9 Elevation above some reference (usuallyameea level)
1 Water demand (rate of withdrawal from the network)
91 Initial water quality

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

9 Hydraulic head (internal energy per unit weight of fluid)
1 Pressure
1 Water quality

GISpipeg User manual
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Junctions can also:

Have their demand vary with time

Have multiple categories of demands assigned to them

Have negative demands indicating that water is entering the network

Have pressure driven demand

Be water quality sources where constituents enter tiework

Contain emitters (or sprinklers) which make the outflow rate depend on the pressure

= =4 =4 =4 -4 =9

Reservoirs

Reservoirs are nodes that represent an infinite external source or sink of water to the network. They
are used to model such things as lakes, riversuigdwater aquifers, and tidns to other systems.
Reservoirs can also serve as water quality source points. The primary input properties for a reservoir
are its hydraulic head (equal to the water surface elevation if the reservoir is not under pressdre) a

its initial quality for water quality analysis. Because a reservoir is a boundary point to a network, its
head and water quality cannot be affected by what happens within the network. Therefore, it has no
computed output properties. However, its headnche made to vary with time by assigning a time
pattern to it (see Sectiof.2.6).

Tanks

Tanks are nodes with storage capacity, where the volume of stored watevary with time during a
simulation. The primary input properties for tanks are:

1 Bottom elevation (where water level is zero)

9 Diameter (or shape if neaylindrical )

T Initial, minimum and maximum water levels

9 Initial water quality

The principal outputsomputed over time are:
9 Hydraulic head (water surface elevation)
1 Water quality

Tanks are required to operate within their minimum and maximum levels. GISpipe stops outflow if a
tank is at its minimum level and stops inflow if it is at its maximum I&aiks can also serve as water
guality source points.

Emitters

Emitters are devices associated with junctions that model the flow through a nozzle or orifice that
discharges to the atmosphere. The flow rate through the emitter varies as a function pfaksure
available at the nodeEmitters are used to model flow through sprinkler systems and irrigation
networks. They can also be used to simulat&kage in a pipe connected to the junction (if a discharge
coefficient and pressure exponent for the leadsicrack ofoint can be estimated) or compute a fire
flow at the junction (the flow available at some minimum residual pressure).

In the latter case one would use a very high value of the discharge coefficient (e.g., 100 times the
maximum flowexpected)r YR Y2 RAF& GKS 2dzyOiAz2yQa StSgriAazy
pressure targetGISpipetreats emitters as a property of a junction and not as a separate network
component.
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Note: The pressurfiow relation at a junction defined by an emitter should not be confused with the
pressure demand relation when performing a pressure driven analysis (PDA).

Pipes

Pipes are links that convey water from one point in the network to hentGISpipe assumes that all
pipes are full at all times. Flow direction is from the end at higher hydraulic head (internal energy per
weight of water) to that at lower head. The principal hydraulic input parameters for pipes are:

Start and end nodes

Diameter

Length

Roughness coefficient (for determining headloss)

Minor headloss coefficient

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

= =4 =4 =4 -4 A

The status parameter allows pipes to implicitly contain shutoff (gate) valves and cheeke{nom
valves (which aw flow in only one direction).

The water quality inputs for pipes consist of:
9 Bulk reaction coefficient
T Wall reaction coefficient

Computed outputs for pipes include:

Flow rate

Velocity

Headloss

DarcyWeisbach friction factor

Average reaction rate (ovéine pipe length)
Average water quality (over the pipe length)

=A =4 =4 =8 -8 =9

The hydraulic head lost by water flowing in a pipe due to friction with the pipe walls can be computed
using one of three different formulas:

1 HazenWilliams formula

1 DarcyWeisbach formula

1 ChezyManning formula

The HazetWilliams formula is the most commonly used headloss formula in the United States. It
cannot be used for liquids other than water and was originally developed for turbulent flow only. The
DarcyWeisbach formula is the most thedreally correct. It applies over all flow regimes and to all
liquids. The Chezylanning formula is more commonly used for open channel flow. Each formula uses
a different pipe roughness coefficient that must be determined empirically. With the Bdeistach
formula GISpipe uses different methods to compute the friction factor depending on the flow regime:

1 HagemrPoiseuille formula is used for laminar flow (Re < 2 000).

1 Swamee and Jain approximation to the Colebrédliite equation is used for fully turbulén

flow (Re >4 000).
9 Cubic interpolation from the Moody Diagram is used for transitional flow (2 000 < Re < 4 000).

Pipes can be set open or closed at8et times or when specific conditions exist, such as when tank
levels fall below or above certain g@tints, or when nodal pressures fall below or above certain values.
See the discussion of Controls in Sec8dh6
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Minor head losses (also called local losses) are caused by the added turbulence that occurs at bends
and fittings. The importance of including such losses depends on the layout of therhetnd the
degree of accuracy required. They can be accounted for by assigning the pipe a minor loss coefficient.

Pumps

Pumps are links that impart energy to a fluid thereby raising its hydraulic head. The principal input
parameters for a pump are itgart and end nodes and its pump curve (the combination of heads and
flows that the pump can produce). In lieu of a pump curve, the pump could be represented as a
constant energy device, one that supplies a constant amount of energy to the fluid fomblinadions

of flow and head. The principal output parameters are flow and head gain. Flow through a pump is
unidirectional and GISpipe will not allow a pump to operate outside the range of its pump curve.

Variable speed pumps can also be considered byiffieg that their speed setting be changed under
these same types of conditions. By definition, the original pump curve supplied to the program has a
relative speed setting of 1. If the pump speed doubles, then the relative setting would be 2; if run at
half speed, the relative setting is 0.5 and so on. Changing the pump speed shifts the position and shape
of the pump curve.

As with pipes, pumps can be turned on and off atgeetimes or when certain conditions exist in the
YySGg2N] @ | Lidan alksbde dedckbed by dsdgyiingd a time pattern of relative speed
settings. GISpipe can also compute the energy consumption and cost of a pump. Each pump can be
assigned an efficiency curve and schedule of energy prices. If these are not supplied dbenf

global energy options will be used.

Flow through a pump is unidirectional. If system conditions require more head than the pump can
produce, GISpipe shuts the pump off. If more than the maximum flow is required, GISpipe extrapolates
the pump cure to the required flow, even if this produces a negative head. In both cases a warning
message will be issued.

Valves

Valves are links that limit the pressure or flow at a specific point in the network. Their principal input
parameters include:
i Start andend nodes
91 Diameter
1 Setting
 Status

The computed outputs for a valve are flow rate and headloss. The different types of valves included
in GISpipearelisted inTable9-6.
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Table9-6: Types of valves

Valve type
Isolating Valve (V)

Check Valve (CV)

Pressure Reducing
Valve (PRV)

Pressure Sustainin
Valve (PSV)

Pressure Breaker
Valve (PBV)

Description

IVs (ball, butterfly, gate) is simulated by
setting in thelnitial Status property of a pipe
It can be either completely open or closed a
are not considered as separate valve links.

CVs (nofreturn, oneway) is simulated by
setting in the Initial Status property of a pip
Select ChecKalve if to ensure the fluid ca
only flow in one direction. CVs are n
considered as separate valve links.

PRVs limit the pressure at a point in the pi
network. GISpipe computes in which of thr
different states a PRRcan be in:

9 Partially opened (i.e., active) to achieve
pressure setting on its downstream sit
when the upstream pressure is above t|
setting

9 Fully open if the upstream pressure
below the setting

9 Closed if the pressure on the downstree
side exceeds that on the upstream sic
(i.e., reverse flow is not allowed)

PSVs maintain a set pressure at a specific p

in the pipe network. GISpipe computes

which of three different states a PSV can be

9 Partiallyopened (i.e., active) to maintai
its pressure setting on its upstream si
when the downstream pressure is belc
this value

1 Fully open if the downstream pressure
above the setting

9 Closed if the pressure on the downstree
side exceeds that on the upsam side
(i.e., reverse flow is not allowed)

PBVs force a specified pressure loss to o«
across the valve. Flow through the valve ¢
0S Ay SAUGKSNI RANBOI
physical devices but can be used to mo
situations where a particular pressure drop
known to exist.

Image

GISpipe
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Valve type Description

Flow Control Valve FCVs limit the flow to a specified amount. T
(FCV) program produces a warning message if t
flow cannot be maintained without having t
add additional head at thealve (i.e., the flow
cannot be maintained even with the vah

fully open).
Throttle Control TCVs simulate a partially closed valve
Valve (TCV) adjusting the minor head loss coefficient

the valve. A relationship between the degr
to which a vale is closed and the resultin
head loss coefficient is usually available fr
the valve manufacturer.

General Purpose | GPVs are used to represent a link where

Valve (GPV) user supplies a special flow head loss
relationship instead of followingree of the
standard hydraulic formulas. They can be u
to model turbines, well dravdown or
reducedflow backflow prevention valves.

Each type of valve has a different type of setting parameter that describes its operating point (pressure

for PRVSPSVs, and PBVs; flow for FCVs; loss coefficient for TCVs, and head loss curve Yal@GRVs).

can have their control status overridden by specifying they be either completely open or completely
closed.! @It @SQa &adl ddza | yR Angahe diSulaiiohn Wydusing lcohtrolo S OK |
statements.

Because of the ways in which valves aredelledthe following rules apply when adding valves to a
network:
1 APRV, PSVor FCV cannot be directly connected to a reservoir or tank (use a length of pipe to
sepaate the two)
 PRVs cannot share the same downstream node or be linked in.series
1 Two PSVs cannot share the same upstream node or be linked in series
i A PSV cannot be connected to the downstream node of a PRV

9.2.3 Types of objects

GISpipe contains both physiadijects that can appear on tHdap Viewer, and nonphysical objects
that encompasslesign and operational information. These objects can be classified as followed:

1. Nodes(JunctionsReservoirs Tank$
2. Links(Pipes Pumps Valve3

3. Maplabels

4. Time Patterns

5. Curves

6.

Controls(Simpleand/or RuleBased
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9.2.4 Addingobjects

GISpipe allows manual digitization of new components directly on the map.

To Add Network elements:
Go to theEdittab (Figure9-18)

Edit Water Distribution Network Model

OJmetiDn i Pipe
|:| Reservoir Pump _A_ Label
E Tank P4 valve

Figure9-18: Edit Tab (adding network elements)

Select the object type:
Junction

Pipe

Reservoir
Tank

Pump

Valve

I O

XQdmo

Or

L

Label

Adding aNode

Select the type of node (junction, reservoir, or tank) andventhe mousecursorto the desired
location on theViewer Mapand clickto place the object on the specified locatidrigure9-19).

2D | 3D

[z - Q & S [ & @ - Visible Layer |v] Label |v| Nodes |v| Links

Figure9-19: Added a junctiomode

Once theobjectwas added it would have been included in the list of objects and its properties can be
set, as shown ifrigure9-20.

Attributes will be autdfilled with default values (editable via the Property Editor, example shown in
Figure9-20).
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Froperties O X
Junction ID 7
¥X-Coordinate 290867 358292682
¥-Coordinate 8804053.10336585
Description
Tag
Elevation (m) 1379
Cemand Categories 1
Demand (ri/hr) 0

Demand Pattern

Emitter Coefficient (CMH/({m)"0.5 0
Initial Quality

Source Quality

Actual Demand (1 hr)
Emitter Flow (rmi/fhr)
Total Head (m)

Preszure (m)

Quality

Pressure Variaticn
Additional Information

Enable ol

MAAA Bl

Figure9-20: Object properties

The user has the option to move the object to a different place by either selecting in in the Map Viewer

FYR RNI}3IIAYy3I AlG G2 + ySg t20FGA2y 2N 6KS 20280
ProperiesEditor. To be able to dgathe object to a new position would however require the user to

first change thecursorselection functiorby clicking on thek = button and changing theursorto the

Selecbption as shown irFigure9-21.

20| 30

i - @™ Q & 8 ] & @ - Visible Layer
Select

Ofx Select a region on the map

®[» Select all connected pipe networks
+[» Select up to closed link networks
+®  Select enable pipe networks

=k Select dizable pipe networks

=[x Select same diameter pipe networks

Figure9-21: Changingursor function

GISpipeg User manual 43



GISpipe

Thecursorpointer would change to a cross with a square block wineving over the Map Viewer
area and change to a cross with a green circle (depending on settingiggege7-12) when hovering
over the objectas showrin Fgure 9-22 and Figure9-23.

B - QR RIIO Q- vibel] [R-TM QR QIO Q- VisbleL

mm|
[N
i
3

Figure 9-22: Mouse cursor over Map Viewer Area  Figure9-23: Mouse cursor over object

Adding a Link

Select the type of linkAjpes, Pumps or Valggigure9-18) and move the mouse cursor to the desired
location on the Viewer Map

Clicki KS Y2dza$S 6KSy 20SNJ GKS fAy1Qa adlI NI y2RSo®

Move mousetotls € Ay 1 Q& Gigkdh thyt Diiei(FiguyedR24).

WL

Figure9-24: Add a pipe link

Tip: Use thdPanand Zoomtools for precise placemer{Figure9-25). Pipes must snap to valid start
and end nodes.

2D | 3D 2D | 3D 2D | 3D 2D | 3D
R-MABRAII & - MARKRA D ¢ |- A& D -HaQa &l &
Pi] Zoom Zoom in Zoom out

Figure9-25: Pan and Zoom tools of Map Viewer Area

GISpipeg User manual 44



GISpipe

If the link is a pipe and thaser requires it to have a curvature or change directimventhe mouse in

G§KS RANBOGAZ2Y 2 dickingit &t thosk itdretiatSpoiRts wherdRiSsEcessary to

OKI y3aS (KS (TheydicRiEK RAWBA2H13 21y ¢F A ¥ b énd ribdeds Sho@n@S NJ (1 K S
Figure9-26.

Figure9-26: Creating a pipe with a curvature
Pressing theight mouse button or the Escape key while drawing a link will cancel the operation.
Use theEdit Vertice«I? tool, available from the Edit Facilities toolbdfigure 9-27) to adjust the

geometry of pipes. As described intermediate points could be added to model curved or offset
alignments and can be moved after initially drawing these on the map.

n Edit Vertices

A Transt X Remove Shapes
% Transforms

Edit Facilities
Figure9-27: Edit Facilities toolbar

Select theEdit Verticesool and then select a pipe with verticaslickingon an intermediate point will
change the colour of the selected point to a red deiglire9-28). Clickand hold in the left mouse
button allows the user to drag it to a new position. Release mouse button when in the correct position.
Rightclickto accept the change.

®
i

ceerg

Figure9-28: Editing vertices

When hovering over a selected link the cursor would change to a green cross as slkagumef-29.
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Figure9-29: Selecting a link

Valves and pumps are added in a similar wlaigure 9-30). These links would require specific
information as described in Secti®2.5as well ag able 9-12 and Table9-13.

Walve

Pump

Figure9-30: Links- Pumps and valves

Additional editing functions can be found by selecting a link or node and right clicking the mouse as
shown inFigure9-31 with functions described iffable9-7.

Bulk pipe

B View Selected Shapes Table (1)

Automatically connect selected junction to pipe

Enable

Dizakle

Change Start Node To End Node

200 »

Generate Junctions at equal intervals along the selected pipe

Inwerse Selection

Selected shape layer operations »

Per

Set Color Selected Shapes
Hide Selected Shapes
Show Hidden Shapes

I

Change Pipe »

Figure9-31: Additional editing functions
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Table9-7: Additional editing functions
Option
View Selected Shapes Table (1)

Automatically connect selecte
junction to pipe

Enable

Disable

Change Start Node To End Node

Generate Junctions at equ
intervals along the selected pipe
Select Source

Select Service Area

Inverse Selection

Selected shape layer operations

SetColourSelected Shapes
Hide Selected Shapes
Show Hidden Shapes
Change Pipe

Adding a Map Label

GISpipe

Description

View all the selected objects in a table format. Value
brackets indicates number of objects selected). A mixt
of objects can be selectedhsultaneously and the simila
objects will be grouped together in tables.

Connects a selected junction (node) to the nearest
chosen pipe in the model. This is useful wheacinga
new junctionas itautomatically snapand links into the
network.

' OGAGEFGSE 2N alGdzNya 2yé
pumps, valves, etc.) so that they are included in
hydraulic simulation.

5SS OGAQFiSa 2N altdaNya 27
objects remain visible in the network but are ignored
the simulation (no flow or headloss is calculated throt
them).

Changes the links begin and end point. Important
pumps and valves.

Junctions will be added along the selected pipe based
distance entered by the user.

Highlights and selects all upstream elements in
network that contribute flow to the currently selecte
node, junction, or pipe. Useful for tracing the origin
water supply.

Selects all downstream elements supplied from i
selected source (junction, reservoir, or tank). This allc
definingquickly the service area fed by a given node.
Reverses the current selection. All unselected obije
become selected, and all selected objects becc
unselected.

Allows operations (copy, move, delete, or edit attribute
to be performed on the layer fothe selected shapes
treating them as a group.

Changes the colour of the selected objects

Hides a selected object

Shows any hidden objects

A link can be changed toRpe, Pump orValve.
Anodecanbe changedo a unction, Reservoir or Tank

To add a label to the maplickthe Labelbutton on theEdit bolbar(Figure9-18).

Clickthe mouse on the map wherée label shoulde placed

Enter thecaptionfor the labeland pess theEnterkey.
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Bulk pipe

Figure9-32: Adding a label to the map

GISpipe

The properties of the label can be changed in the Properties Editor, if the label was seldgted (

9-33).

Bulk pipe

Properties
Caption
¥-Coordinate
Y¥-Coordinate

Font

Bulk pipe

292044 208731706
858041381.56834146
Arial

Figure9-33: Properties of the label

To add anon-visual object (Curve, Time Pattern, Controls) to the network see S&:2dh

9.2.5 Editing Visual Objects

Each component in GISpipe has editable attributes accessible via the Propertyekditgrie shown

in Figure9-34, or the Attribute TableFigure9-35. It is used to edit the properties of objects that can

appear on the Viewer Map (Junctions, Reservoirs, Tanks, Pipes, Pumps, Valves, or Labels).

GISpipeg User manual

48



GISpipe

Properties o X
Junction 1D SV-55-C-3
X-Coordinate 301379.660914871
¥-Coordinate 8796812.09114344
Description
Tag
Elevation (m) 1389
Demand Categories 1
Demand (i /hr) 0.025
Demand Pattern 1
Emitter Coefficient (CMH/({m)"0.5 0
Initial Quality

Source Quality

Actual Demand (r/hr)
Emitter Flow (rd/hr)
Total Head (m)

Pressure (m)

Quality

Pressure Variation
Additional Information

Enable v

Ch A B

Figure9-34: Properties editor (example)

= Kakula WRN — O X
foo E [ i ]
DMA Mapping  DMA Elevation Batch Input  Excel Batch Input  Szve To Excel
Junction(564) | Reservoir(1} | Tank(8) | Pipe(577) = Pump(l7) | Valve(10)

Enter text to search

Drag a column header here te group by that columr
=y | Junction IC | X-Coordini | Y-Coordin: | Description Tag Elevation{m | Base Demand | Demand Pattern | Demand Cate | Emitter Coef | Initial Qua | Source Qui | Actual Demar | Emitter
K1-J3800 305042728 |879728042] 1444720 0.00 1 0
K117 30064852 87940498 139200 0.00 1 0
K1-J-DTP4 305038941 |879730232¢ 144420 307|2a 1 0
K1-1-D32 30310074 879598106 HV Washbay 143100 042 6 1 0
K1-J2 30036545 879348146 1368.00 0.00 1 0
K1-J-DTP3 |305016.11 |879730372( 1444720 101|2a 1 0
K1-1-D37 30310925 879588938 Tyre store 143400 0253 1 0
K1-J-SCPT 305244291 | 879727124 144450 0.00 1 0
K1-15421 302013.56 879595611 142500 0.00 1 0
11566 0.00

Figure9-35: Attribute table (example)

To edit one of these objects, select the object on the Viewer Map or dealigle a cell in the Table
view.

Entered values/changese saved automatically.

Theassociategropertiesof each of these types of objects are describedale9-8 to Table9-14.

Tip: Use thesearch/Filteoption in the table to isolate and bulkdit similar elements.

Note: The unit system in which object properties are expressed depends on the choice of units for
flow rate.Using a flow rate expressed in litres or cubic meters means that SI metric units will be used.
Usinga flow rate expressed in cubic feet, gallons or geet means that US units will be used for all

guantities Flow units are selectely clicking theHydaulics toolbar button (seeFigure9-36) or Unit
on the Status Bar (sddgure9-37). The units used for afiroperties are summarized #ppendixB.
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Hydraulics

@) Demand Driven Analysis
Demand Model - . .
) Pressure Driven Analysis

Flow Units {CMH -
CFs
Headloss Model GFM
| MGD
I IMGD
Specific Gravity AFD
Specific Viscosity LPs
. — LPM
Maximum Trials MLD
Relative Accuracy CMH
CMD
If Unkalanced - o
® ) Continue
Demand Fattern 1
Demand Multiplier 1
Emitter Exponent 05
) No
Status Report | Yes
®) Full

Figure9-36: Hydraulics options

CMD [t/ day)

CMH (ri/hr)

MLD (10%/day)

LPM (E/min)

LPS (£/sec)

AFD (acre-feet/day)
IMGD (10*UKgal/day)
MGD [10%gal/day)
GPM (gal/min) 1

CF5 (ft®/sec)

Flow Unitt | CMH | || clickxy |
Figure9-37: FlowUnit options

The junction properties are provided Trable9-8.

GISpipe

GISpipeg User manual

50



GISpipe

Table9-8: Junction properties

Property
Junction ID

X-Coordinate

Y-Coordinate

Description
Tag

Elevation

Base Demand

Demand Pattern

Demand Categories

Emitter Coefficient

Initial Quality

SourceQuality

Description

A unique label used to identify the junction. It can consist of a
combinationof up to 15numeralsor characters. ltannotbethe sameas
the IDfor anyother node. This is a required property.

The horizontal location of the junction on the map, measured in 1
YILIQ& RA&AGEFYOS dzyAdaod LF ST
network map.

¢tKS OSNIAOIFf t20FGA2Yy 2F GKS 2
distance units. Ifeft blank the junction will not appear on the netwol
map.

Anoptionaltext stringthat describesther significantinformationabout
the junction.

An optional text string (with no spaces) used to assign the junction
category, suclas a pressure zone.

The elevationin meters (feet)above some commonreference of the
junction. This is a required propert§levation is used only to compur
pressure at the junction. It does not affect any other computed quan
The average or nominal demand for water by the main categor
consumer at the junction, as measured in the current flow units
negative value is used to indicass external sourceof flow into the
junction. Ifleft blankthen demandis assumed to beero.

The ID label of the time pattern used to characterize time variatio
demand forthe main category of consumer at the junctiofhe pattern
provides multipliers thaare appliedto the BaseDemandto determine
actualdemandin a giventime period. If left blank then the Default Tim:
Pattern assigned in the Hydraulic Options (Seetiord.4.1) will be used.
Number of different categories of water users defined for the juncti
Click theellipsisbutton (or hit the Enter key) to bring up a special
DemandsEditor which willlet the userassignbasedemandsand time
patternsto multiple categoriesof users at the junction. Ignore if only
single demand category will suffice.

Discharge coefficient for emitter (sprinkler or nozzle) placedmttion.
Thecoefficient represents the flow (in current flow units) that occurs
a pressure drop of 1 psi (or metet)eave blank if no emitter is preser
See the Emitters topic in Secti®r2.2for more details.

Water quality level at the junction at the start of the simulation peric
Can bdeft blank if no water quality analysis is being made or if the l¢
is zero.

Quiality of any water entering the network at this location. Clickthe
ellipsisbutton (or hit the Enter key) to bring up the Source Quality Ed
(seeSection9.2.6below).

The reservoir properties are providedTable9-9.
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Table9-9: Reservoir properties

Property
Reservoir ID

X-Coordinate

Y-Coordinate

Description
Tag
Total Head

Head Pattern

Initial Quality

Source Quality

Description
A unique label used to identify the reservoir. Itcan consistof a
combinationof up to 15 numerals or characterid.cannot be the same
as the ID for any other node. This is a required property.
The horizontal location of the reservoir on the map, measuredin
the Y I Ldlis&ance units. If left blank the reseir will not appear on
the network map.
The vertical location of the reservoir on the map, measured in
YILQa RAAGEFYOS dzyataoe LF ST
network map.
An optional text string thatescribes other significant informatio
about thereservoir.
An optional text string (with no spaces) used to assign the reservc
a category, such as a pressure zone
The hydraulic head (elevation + pressure head) of water in
resenoir in feet(meters). This is a required property.
The ID label of a time pattern used to model time variation in
NB a S Nigedl. A édd2 dlank if none applie$his property is useful i
the reservoir represents a tim to another systemm whose pressure
varies with time.
Water quality level at the reservoiCan be left blank if no water quali
analysis is being made or if the level is zero.
Quality of any water entering the network at this locatioBlick the
ellipsisbutton (or hit the Enter key) to bring up the Source Qua
Editor(Figure9-40).

The tank properties are provided Trable9-10.

Table9-10: Tank properties

Property
Tank ID

X-Coordinate
Y-Coordinate
Description
Tag
Elevation

Initial Level

Minimum Level

Description

A unique label used to identify the tank. It can consist of a

combinationof up to 15 numerals or characterft.cannot be the same
as the ID for any other node. This is a required property.

¢KS K2NAT 2y dlf t20FGA2Y 2F (K

scalingunits. If left blank the tank will not appear on the aatrk map.
Theverticallocation of the tank on the map, measuredin the Y' I LJ
scalingunits. If left blank the tank will not appear on the network mg
Optional text string that describes other significant information ab
the tank.

Optional text string (with no spaces)usedto assignthe tank to a

category,suchas a pressure zone

Elevation above a common datum in feet (meters) of the bottom s
of thetank. This is a required property.

Height in feet (meters) of the water surface above the bottc
elevation of thetank at the start of the simulation. This is a requir
property.

Minimum height in feet (meters) of the water surface above f
bottom elevation that will be maintainedrhe tank will not be allowe
to drop below this level. This is a required property.
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Property
Maximum Level

Diameter

Minimum Volume

Volume Curve

Mixing Model

Mixing Fraction

Reaction
Coefficient

Initial Quality

Source Quality

GISpipe

Description

Maximum height in feet (meters) of the water surface above
bottom elevation that will be maintainedlhe tank will not be allowe
to rise above this kel. This is a required property.

Thediameterof the tank in feet (meters). Forcylindricaltanksthis is
the actual diameter. For square or rectangulartanks, it can be an
equivalentdiameterequal to 1.128 times the square root of theoss
sectional areaFor tanks whose geometry will be described by a ct
(see below) it can be set to any value. This is a required property.
The volume of water in the tank when it is at its minimum level, in c
feet (cubic meters).This is an optional property, useful mainly 1
describing the bottom geometry of negylindrical tanks where a fu
volume versus depth curve will not be supplied (see below).

The ID label of a curve used to describe the relation betwaaik
volume andvater level. If no value is supplied then the tank is assut
to be cylindrical.

The type of water quality mixing that occurswithin the tank. The
choicesnclude

- MIXED (fully mixed)

- 2COMP (twecompartment mixing)

- FIF((irst-in first-out plug flow)

- UFO (lasin first-out plug flow)

See the Mixing ModelSopicin Section9.1.2for more information.
¢KS FTNIOGA2Y 2F (GKS GF y1 Qa-oufiep
compartment of the twecompartment (2COMP) mixing modeCan
be left blank if anther type of mixing model is employed.

The bulk reaction coefficient for chemical reactions in the tahine
units are 1/days. Use a positive value for growth reactions anc
negative value for decay. Leaveblank if the Global Bulk reaction
coefficientspecifiedin it K S  LINRRa@ti®r&@Iptidaswill apply.See
WaterQualityReactionsn Table9-24 for more information.

Water quality level in the tank at the start of the simulatioGan be
left blankif no water quality analysis is being made or if the leve
zero.

Quality of any water entering the network at this locatioBlick the
ellipsisbutton (or hit the Enterkey)to bringupthe SourceQualityEditor
(seeFigure9-40).

The pipe properties are provided Trable9-11.

Table9-11: Pipe properties

Property
Pipe ID

Start Node
End Node
Description

Tag

Description

A unique label used to identify the pipk.can consist of a combinatio
of upto 15numeralsor characters. Itannotbe the sameasthe IDfor

anyotherlink. This is aequired property.

The ID of the node where the pipe begins. This is a required prop:
The ID of the node where the pipe ends. This is a required proper
An optional text string that describes other significanformation

about thepipe.

An optional text string (with no spaces) used to assign the pipe
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Property

Length
Diameter

Roughness

Loss Coefficient

Initial Status

Bulk Coefficient

Wall Coefficient

Note:

GISpipe

Description

category perhaps one based on age or material

The actual length of the pipe in feet (meters). This is a requ
property.

The pipediameter in inches (mm). This is a required property.
The roughnesscoefficient of the pipe. It is unitless for Hazen
Williams or ChezyManningroughnessand hasunits of millifeet (mm)
for DarcyWeisbachroughness. This is a required property.
Unitless minor loss coefficient associated with bends, fittings,
Assumed 0f left blank.

Determineswhether the pipe is initially open, closed,or containsa
checkvalve.If a check valve is specified then the fldikection in the
pipe will always be from the Start node to the End node.
Thebulkreactioncoefficientfor the pipe. Timeunitsare 1/days. Use
positivevaluefor growth andanegativevaluefor decay Leaveblankif
the GlobaBulkreactioncoefficientfrom the LINR? 2F&&xtiofDiptions
will apply. SeeWater Quality Reactionsn Table 9-24 for more
information.

Thewall reactioncoefficientfor the pipe. Timeunitsare 1/days. Use
positivevaluefor growth andanegativevaluefor decay Leaveblankif
the Global Wall reaction coefficient from the LINE 2 Rdactions
Optionswill apply.SeeWater Quality Reactions ihable9-24 for more
information.

Pipe lengths can be automatically computed as pipes are added or repositioned on the Viewer Map.
If the AutolLength setting is turned ooggle this setting QEff, by clicking theDptionstoolbar
button and CheckingUncheckinghe Autolength (seeFigure7-12). Be sure to provide meaningful

dimensions for the/iewer Mapbefore using the Autd.ength feature.

The pump properties are provided Treble 9-12.

Table 9-12: Pump properties

Property Description

Pump ID A unique label used to identify the pumplt can consist of ¢
combination ofup to 15 numerals or characterid.cannot be the same
as the ID for angther link. This is a required property.

Start Node ThelD of the node on the suctionsideof the pump. Thigs arequired
property.

End Node The ID of the node on the dischargeside of the pump. Thisis a
requiredproperty.

Description An optional textstring that describes other significant informatic
about thepump.

Tag An optional text string (with no spaces) used to assign the pump
category perhaps based on age, size or location

Pump Curve The ID label of the pump curve used to describe telationship

between the head deliveredby the pump and the flow through the
pump. Leavélankif the pump will be a constant energy pump (s
below).
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Property
Power

Speed

Pattern

Initial Status
Efficiency Curve

Energy Price

Price Pattern

GISpipe

Description

The power supplied by the pump in horsepower (kw). Assumes
the pumpsupplieghe sameamountof energyno matter whatthe flow

is. Leavablankif a pump curve will be used insteadse when pumg
curve information is not available.

The relative speed setting of the pump (unitless). For example, a s
setting of 1.2 implies that theotational speed of the pump is 20!
higher than the normal setting.

¢KS L5 t+ro0St 2F | dGAYS LI GdGSN
The multipliers of the pattern are equivalent to speed settings.
multiplier of zero implies that the pump ivibe shut off during the
corresponding time period. Leave blank if not applicable.

State of the pump (open or closed) at the start of the simulation per
¢KS L5 fF0Sftf 2F GKS OdzWe$o-watds

efficiency(inpercent)asafunctionof flow rate. Thisinformationisused
onlyto compute energy usageleave blank if not applicable or if th
3t 260Ff LlzYLl) STFFAOASYOe &dzLJLX A

Table9-25) will be used.

Theaverageor nominalprice of energyin monetaryunits per KW-hr.

Usedonly for computingthe costof energyusage. Leavblankif not

applicableor if 1 KS 3t 206+t @ f dzS & dzLJLX

Options Table9-25) will be used.

The ID label of the time pigrn used to describe the variation in ener
price throughout the day.Each multiplier in the pattern is applied f
0 KS LldzY Li®ricetddgt&milkd time-of-day pricing for the

correspondingperiod. Leave blank if not applicable or if the glol
LINKOAY 3 LI GGSNY &LISOATA STRbleR-95)

will be used.

The valve properties are providedTiable9-13.

Table9-13: Valve properties

Property
ID Label

Start Node

End Node
Description
Tag

Diameter
Type

Description
A unique label used to identify the valve. It can consist of a combin:
of upto 15numeralsor characters. Itannotbe the sameasthe IDfor
anyotherlink. This is a required property.
ThelDof the nodeonthe nominalupstreamor inflow sideof the valve.
(PRVsand PSVamaintain flow in only a single direction.) Thisis a
requiredproperty.
The ID of the node on the nominal downstream or discharge sic
the valve This is a required property.
An optional text string that describes other significant informat
about thevalve.
An optional text string (with no spaces) used to assign the valve
category perhaps based on type or location.
The valve diameter in inches (mm). This is a required property.
The valve type (PRV, PSV, PBV, FCV, TCV, or GP&hl&aé for
descriptions of the various types of valves. This is a required prop

GISpipeg User manual

55



GISpipe

Property Description
Setting A required parameter for each valve type tliscribes its operationg
setting:

PR\- Pressure (psi or m)
PSV\ Pressure (psi or m)
PBV- Pressure (psi or m)
FCV\ Flow (flow units)
TCV- Loss Coeff (unitless)
GPV-ID of head loss curve

Loss Coefficient | Unitless minor loss coefficient that applies when the valve is
completelyopened. Assumed O if left blank.

Fixed Status Valvestatusat the start of the simulation. If setto OPENor CLOSEI
then the control setting of the valve is ignored and the valve behe
as an openor closed linkrespectively.If set to NONE, then the valy
will behave as intended. & f @x8d3ttusand its setting canbe
madeto varythroughout a simulation by the use of control statemen
LT | @It@SQa adl Gdz thénitdanBeimads |
active againusinga controlthat assigns a hew numerical setting to i

The label properties are provided Trable9-14.

Table9-14: Label properties

Property Description

Caption ¢KS 1 6StQa G(SEl®

X-Coordinate The horizontal location of the upper left cornertbé label on the map
YSIF&dZNBR Ay GKS YILIQa aolkfAiy3

Y-Coordinate The vertical location of the upper left corner of the label on the m
measuredh Yy G KS YI LIQa aO0OFfAy3 dzyal

Font Launched C2y (G RAFE23 OGKFdG Fft263
and style.

9.2.6 Editing NonVisual Objects

Curves, Time Patterns, Contraed Calibratiorhave special editors that are used to define their
properties. To edit one of these objects, from tBettings Toolbatlickon the object (se&igure9-38)
to edit.

Edit Water Distribution Metwork Model Storm Water Management

‘®: Assign Meter to Junction Qo Hydraulics E} Quality
@7'3:5 Meter Location 'L'D'_imes & Controls

T
BH Demand Table 04 Energy F:" Calibraticn B Curves

Model Settings
Figure9-38: Nonvisual objectssettings

ihl Fattern

In addition, the Property Editor for Junctions contains an ellipsis button in the field for Demand
Categories that brings up a special Demand Editor when cli€kgdré9-39).
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Demands for junction K1-J-DTP7 b4
Demand Demand Pattern Categories Customer [D Ratio
396 2a
+ — CK Cancel

Figure9-39: Demand Categories Editor

Similarly, the Source Quality field in the Property Editor for Junctions, Reservoirs, and Tanks has a
button that launches a special Source Qudtttor (Figure9-40). Each of these specialized editors is
described next.

Source Editor 4

Source Quality

Time Pattern || -

Source Type

@) Concentration
Mass Booster
Setpoint Booster
Flow Paced Booster

oK Cancel

Figure9-40: SourceQuality Editor
Curves Editor
The CurveEditor is a dialog form as shownkigure9-41. To use the Curve Editor, enter values for

the itemsas listed inTable9-15. The Curve Editor can be used to enter a Volume, Pump, Efficiency or
Headloss curve by simply selecting the tab at the top of the dialog form.
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:3 Edit Curve
Vﬂumsﬁ:éﬁ%ﬁ%ﬁéEmderyﬁl Headloss(0)

Curve Name KWPk-125-500 Flow( 1 /hr) 0
Description | K5B KWPK-125-500 Head(m) 70
Curve Mame KWPk-65-315 Flow(tri fhr) 0
Description  K5B KWPk-85-315 Head(m) 317
Curve Mame Elsume-100-80-160 Flow(rri fhr) 0
Description Head(m) il6
Curve Name TempL Flow]{rri/hr} 0
Description | KSB KWPk-85-315 (320 imp¢ Head(m] 385
Curve Mame Temps Flow( i /hr} 0

All Check Add Delete Select Shape

Chart

{Ts)

200
85
.
305
40
314
40
368

40

63
40
30

&l

312

&0
36
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L
(=]

(= I |
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]

S -]
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3t
5

Figure9-41: Curves Editor

A Volume Curve determines how storage tank volume (Y) varies as a function of water level (X). It is
used when it is necessary to accurately represent tanks whose-segtisnal area varies with height.
The lower and upper water levels suigal for the curve must contain the lower and upper levels

between which the tank operates.

A Pump Curve represents the relationship between the head and flow rate that a pump can deliver at

its nominal speed setting. Head is the head gain impartedeoatater by the pump and is plotted on
the vertical (Y) axis of the curve in head units. Flow rate is plotted on the horizontal (X) axis in flow
units. A valid pump curve must have decreasing head with increasing flow.

An Efficiency Curyenly used foenergy calculationgjetermines pump efficiency (Y in percent) as a
function of pump flow rate (X in flow units). Efficiency should represent-teiwater efficiency that

takes intoaccount mechanical losses in the pump itselfl theelectrical losses il K S

If not supplied for a speciffpump, then a fixed global pump efficiency will be used.
A Headloss Curve is used to described the headloss (Y) through a Gameade Valve (GPV) as a

function of flow rate (X). It provides the capalyilito model devices and situations with unique
headlossflow relationships, such as reduced flovbackflow prevention valves, turbines, and well

draw-down behaviour.

LJdzY LJQ a

Select the curve that needs to be entered (by selecting the tab at the top of the diafogm) and
click on theAddbutton to generate a blank curve that can be populat8anilarly, a specific curve can
be selected (checking the box next to the curve) and click o#letebutton. Selecting a curve or
multiple curves (checking the box)dulicking on theChartbutton will plot the selected curve(s) as
depicted inFigure9-42, an example of a pump curvelick on theSavebutton to save the entered
curves and click on th€losebutton to close the Edit Curve Editor.
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Table9-15: Curves Editor

ltem Description
Volume
Curve name A unigue name that can be used to refer to this specific curve
Description Optional description of what the curve represents
Height The height (units is linked to the selected flamits)
Volume The volume (units is linked to the selected flow units)
Pump
Curve name ID label of the curve (maximum of 15 numerals or characters)
Description Optional description of what the curve represents
Curve Type Type of curve
Head The pumpindnead, corresponding to a specific flow, i.elY ¥oint on the
curve (units is linked to the selected flow units)
Flow The flow, corresponding to a specifiemping headi.e., XY point on the
curve (units is linked to the selected flow units)
Efficiency
Curve name A unigue name that can be used to refer to this specific curve
Description Optional description of what the curve represents
Flow The flow rate, corresponding to a specific efficiency (units is linked tc
selected flow units)
Efficiency The efficiency, corresponding to a specific flow rate (units is linked tc
selected flow units)
Headloss
Curve name A unigue name that can be used to refer to this specific curve
Description Optional description of what the curvepresents
Flow The flow rate, corresponding to a specific headloss (units is linked t
selected flow units)
Headloss The headloss, corresponding to a specific flow rate (units is linked t
selected flow units)
= Chart — O *
E

v @ KWPk-125-500
W — KWPk-125-500

] 50

100

180 200 250 300 350 400 450 500

Figure9-42_:”_Cha.rt of_purhp curve
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Pattern Editor

A Time Pattern is a collection of multipliers that can be applied to a quantity to allow it to vary over

time. Nodal demands, reservoir heads, pump schedules, and water quality sopute ¢an all have

time patterns associated with them. The time interval used in all patterns is a fixed value, set with the
LINEP2SO00GQa ¢AYS hLIiAz2yad 2A0KAY (GKAAa AYOGSNBFT ||
ofits nominalvalueand KS LJ G G SNy Q& Ydzf GALX ASNI F2NJ G KFG GAYS
utilize the same time interval, each can have a different number of periods. When the simulation clock
exceeds the number of periods in a pattern, the pattern wraps aroundstrgt period again.

The Pattern Editor, displayed figure9-43, edits the properties of a time pattern object. To use the
Pattern Editor, enter values for the itemss listed inTable9-16. A small chart is drawn above the
column for each entered pattern, séegure9-43.

= Pattern Editor - O X
Enter text to search All Check 1 2 3 4
Pattern Name Average Time™. Patterns 1 2 E =

e N EEA L I .

025

015 025

030 025

Blo|le| ale| alE
W W W W o M

da 100| |pas 025
4 '_3; :-;; 1 738 ;;;
- 100| |00 1 78 045
21 100 |15 1 78 045
Patl 1.00| (230 78 045
Pat3 100/ |245 1 003 045
et Time Add Delete Select Shape Chart Multiplier
Figure9-43: Pattern Editor
Table9-16: Pattern Editor
ltem Description
PatternName Unique name of the tim@attern.
Description Optional description oivhat the pattern represents
Multipliers Multiplier value for each time period of the pattern.

Click on theSet Timebutton (Figure9-43) to set theDuration Start Timeand Time Stefas shown in
Figure9-44. Click on theAdd button to generate a blank pattern (column) that can be populated.
Similarly, a specific pattern can be selected (checking the box next to the Pattern Name) and click on
the Deletebutton.
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Set Time b4

Duration 43:00

Start Time 0000

Time Step (15

Cancel

Figure9-44: Set time dialogue form

Selecting a pattern or multiple patterns (checking the box next to the Pattern Name) and clicking on
the Chartbutton will plot the selected pattern(sds depicted irFigure9-45, an example of a pump
curve. Click on th8avebutton to save the entered curves and click on @lesebutton to close the

Time Pattern Editor.

=1 Chart

1.8

1.7
8 v 3a
15 —— T T

14 ‘ (- ‘
1.3 |

12 | ‘
11 ‘

1
| |
0.8
07 ‘
06 ‘

05 |

| |
0.3
0.2 ‘ ‘
0.1

0 B 10 1 20 25 30 35 40 4 BO 55 60 65 TO 75 80 &5 90 95

Figure9-45: Time pattern chart

Right click anywhere on the ChaRigure9-45) will show the various options to modify tieeneral

look (colours views and titl¢, Horizontal Axis (minimum, maximum, incremergsid lines& title),
Vertical Axis (minimum, maximum, increments, grid lines & title), Legend (position, colour, size,
framed & visibility) and Series (series, title, symbology of lines, markers and labels) as depicted in
Figure9-46.
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Graph Opticns X Graph Options X Graph Options

GErEra\; Horizontal Axis | Vertical Axis | Legend | Series General [} is | Legend | Series General | Horizontal Axis éVErtl:a\Axnsi Legend | Series

Panel Celor [ wnite ~ Minimum 000 {0.00) Minimum 005 {0.05)
Background Color [Jwmee . Maximum 9500 85.00) Maximum 180 (150)

Increment: 0.00 Auto-Scale Increment 0.00 Auto-Scale
View in 3-D E— E——
= +| Grid Lines ~| Grid Lines
3D Effect Percent 15 =
Aais Title Change Font Auds Title Change Font
Main Title Change Font
TChart
o ][ oo oy ][ o
Graph Options X Graph Options X

General  Horizontal Axis | Vertical Axis LE;E General | Horizental Awis | Vertical Axis | Legend | Series

| -
Position Right b Change Font.

= 3a
Color [ ] wnite ~ P

Lines | Markers | Labels

Symbol Width (% of Label Width) 20 =
e
Framed v Shadowed v
Wisible ol Transparent
Size 1 =
Check Boxes v —

Close
Figure9-46: Graph options
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Controls Editor

The Controls Editor, shown Figure9-47, is a text editor window used to edit both simple and rule
based controls.

= Controls = O X

Simple | Rule Based

Apply Close

Figure9-47: Control Editor
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Controls are statements that determé how the network is operated over time. They specify the
status of selected links as a function of time, tank water levels, and pressures at select points within
the network. There are two categories of controls that can be used:

1 Simple Controls

1 RuleBased Controls Simple Controls

Simple Controls
Simple controls change the status or setting of a link based on:

w ¢KS gFGESNItS@St Ay I Gl yj
w ¢KS LINBa&Ad2NBE Fd | 2dzyOlGAzy
w ¢CKS GAYS Ayid2 (GKS aAvydZ I GAz2y

w ¢KS GAYS 2F RI &
They are statements expressedane of the following three formats:

LINK | x | status IF NODE y | ABOVE/BELOW @z
LINK | x | status AT | TIME t

LINK | x | status AT | CLOCKTIMI ¢ | AM/PM

where:

x = alink ID label

status = OPEN or CLOSED, a pump speed setting, or a control valve setting
y = anodelD label

z = a pressure for a junction or a water level for a tank

t = a time since the start of the simulatigdecimal hours or hours:minutes)

¢ = a 24hour clock time

There is no limit on the number of simple control statements that can be used.
Note: Level controls are stated in terms of the height of water above the tank bottom, not the
elevation (total head) of the water surface.

Note: Using a pair of pressure controls to open and close a link can cause the system to become
unstable if the pressureettings are too close to one another. In this case using a pair offgled
controls might provide more stability.

RuleBased Controls
RuleBased Controls allow link status and settings to be based on a combination of conditions that
might exist in thanetwork after an initial hydraulic state of the system is computed. Here is an example
of a RuleBased Control. This set of rules shuts down a pump and openpasbypipe when the level
in a tank exceeds a certain value and does the opposite when tkéitebelow another value.
RULE 1
IF TANK 2 LEVEL ABOVE 6.0
THEN PUMP 10 STATUS IS CLOSED
AND PIPE 55 STATUS IS OPEN
RULE 2
IF TANK 2 LEVEL BELOW 3.9
THEN PUMP 10 STATUS IS OPEN
AND PIPE 55 STATUS IS CLOSED
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Source Quality Editor

The Source Qualitigditor is a popup dialog used to describe the quality of source flow entering the
network at a specific node. This source might represent the main treatment works, a well head or
satellite treatment facility, or an unwanted contaminant intrusion. Theatjeborm, shown irFigure

9-48, contains the following fieldS able9-17).

Source Editor X

Source Quality

Time Pattern | -

Source Type
@ Concentration
Mass Booster
Setpoint Booster
Flow Paced Booster
oK Cancel

Figure9-48: Source Editor

Table9-17: Source quality parameters

Field Description

Source Quality Baseline or average concentration (or mass flow rate per minute
sourceg leave blank to removéhe source

Quality Pattern ID label of time pattern usedto make sourcequality vary with time,
leave blank if not applicable

Source Type Select either:
- Concentration

- Mass Booster
- Setpoint Booster
- Flow Paced Booster

A water quality source care designated as a concentration or booster source.

1 A concentration source fixes the concentration of any external inflow entering the network,
such as flow from a reservoir or from a negative demand placed at a junction.

1 A mass booster source adds a fixaass flow to that entering the node from other points in
the network.

1 A flow paced booster source adds a fixed concentration to that resulting from the mixing of
all inflow to the node from other points in the network.

1 A setpoint booster source fixes tltencentration of any flow leaving the node (as long as the
concentration resulting from all inflow to the node is below the setpoint).

The concentratiodype source is best used for nodes that represent source water supplies or
treatment works (e.g.reservoirs or nodes assigned a negative demand). The betygtersource is
best used to model direct injection of a tracer or additional disinfectant into the network or to model
a contaminant intrusion.
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9.2.7 Other modelling parameters

GISpipe provideadditional useful functionalities such as assigning a meter to a jundtasing meter

location and viewing/editing of the demand table. These functionalities can be accessed from the

Water Distribution Network Model Toolbar as depictedrigure9-49.

Edit Water Distribution Metwork Model Storm Water Management

E[:Emand Table
Model

‘®: Assign Meter to Junction QDH}-'drauIic: E Cuality
@ Trace Meter Location

ihl Fatterm

'L'D'_il‘ﬂes & Controls
Curves
& Energy P calibration A Curves

Settings

Figure9-49: Water Distribution Network Model

Assign meter to junction

This dialog boxFigure9-50, is for assigning water meter points (from the GIS water meter layer) to

junctions in the water distribution model. This step links customemand (from meters) to the
hydraulic modelseeTable9-18.

Assign meta to juncticn

Assign Type

(®) iAllocating meters to the entire pipe network!

Accianed
Assigned to Junction i

Allocate meters to selected pipe networks

Assign only selected meters

Ok Cancel

Figure9-50: Assign meter to gunction

Table9-18: Assign meters to junctions

ltem

Assigntype
Allocating meters to
the entire pipe
network

Allocate meters to
selected pipe
networks

Additional options
Assign only selected
meters

Assigned to Junction
in Water Pipe along
Supply Pipe

Description

All meters in the meter layer are assigned automatically to the nee
junctions inthe full network. Use this when you want a complete allocat
across the model.

Only the meters within the useselected pipe network(s) are allocated
the corresponding junctions. Use this when working osubnetwork or
when testing a smaller area.

Instead of allocating all meters in the layer, only the currently sele:
subset of meters will be assigned to junctions. This is useful when matr
controlling which meters are linked.

Ensures that meters are linked to a junction that lies directly along
supplying pipe (rather than just the nearest junction by distance). i$las
more hydraulically correct allocation when working with complex netwol
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Trace meter location

TheTrace meter location dialog windois shownFigure9-51. This function allows the user to see
which meters and demands are connected to which junction and allows the user to drag and drop the
meter to the desired junction which changes the assignment to the new junctiorkigase9-52.

Trace Meter Location b4

Pipe network can be selected

telected Meter | Duplicaten Customer D

= Customer 1D Demand

Dragging and dropping the meter to the desired junction
changes the assignment junction.

Figure9-51: Trace meter location dialog window

Visible meter demand Pipe network can be selected
Selected Meter | Duplicaten Customer ID
= | Customer ID Demand

= 10016

=)
=]

Dragging and dropping the meter to the desired junction

D—,_‘_\_\_H—

Figure9-52: Dragging and dropping the meter onto new junction
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DemandEditor

The Demand Editor ghownin Figure9-53. It is used to assign base demands and time patterns when
there is more than one category of water user at a junction. The editor is invoked from the Property
Editor by clicking the ellipsis button (or hitting tEaterkey) when the Demand Categoriesldidas

the focus.

Demands for junction K1-J-D61 b 4
Demand Demand Pattern Categories Customer D Ratio
0.125 3
05 7 =

| | $3 Mone | | [& Edit
v Pattern Name Pattern
1
: M
2a J ~
+ | - \J

on

Figure9-53: DemandTableEditor

The editor is a table containing five columns. Each category of demand is entered as a new row in the

table. Rows are added or deleted by clicking oa * or = buttons. The columns contain the
following information:

1
T

T
1
T

Demand: baseline or average demand for the category (required)

Demand Pattern: Pattern name (can be s3eletced from drop down list, as skkaguine9-53).
This is used to allow demand to vary with time (optional).

Categories: text label used to identify the demand category (optional)

Customer ID: Used to define the category/user.

Ratio:The ratio of thedemand of each customer of the total demand at the specific junction.
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Note: By convention, the demand placed in the first row of the editor will be considered the main
category for the junction and will appear in the Base Demand field of the Propetoy.Edi

A summary of all the Demands and Categories, Demand patterns linked to every junction is shown by
clicking on theDemand Tabl¢oolbar button Figure9-38). This will provide an overview of all the
demands, patterns, categories, emitter flows, emitter coefficients, District Metered Areas (DMA) as
depicted inFigure9-54.

This Demand Table provides advanced functionality allowing demand values to be imported from
Microsoft ExcelRigure9-55), click on thédemand Input in Exclkutton, change the viewed values by
clicking on theCategory Distributiobutton and setting the preferencé-{gure9-56) to filter the table.

= Demand Table = O X
Demand Input In Excel Category Distributicn Emitter Distributicn Deelete Category Enter text to search Enter text to demand <=
Junction ID Categories Customer ID Ratio | Business Sectors | Demand Patter | Demand Customer Demand | Emitter Flow Emitter Coeffide | DMA Service Node

SM-1127 Base Demand 0.00 0.00 0.00
SM-SOPSDWh Base Demand 0.00 0.00 0.00
SM-1132 Base Demand 0.00 0.00 0.00
SM-1120 Base Demand 0.00 0.00 0.00
SM-SOP21DWa  Base Demand 0.00 0.00 0.00
SM-SOPSDWa Base Demand 0.00 0.00 0.00
SM-SOP17DWb  Base Demand 0.00 0.00 0.00
SM-190 Base Demand 0.00 0.00 0.00
SM-SOP18DWb  Base Demand 0.00 0.00 0.00
SM-179 Base Demand 0.00 0.00 0.00
SM-SOP7DWa Base Demand 0.00 0.00 0.00
SM-SOP20DWb  Base Demand 0.00 0.00 0.00
SM-50P1 Base Demand 0.00 0.00 0.00
SM-S0P4 Base Demand 0.00 0.00 0.00
SM-1118 Base Demand 0.00 0.00 0.00
SM-1117 Base Demand 0.00 0.00 0.00

6 308.00 0.00 0.00

Figure9-54: Demand Table

= Excel Batch Input = O X

Open Excel File +'| Remove existing data

Junction

@ Meta Customer ID

Junction ID
Epanet Key Field Asget ID
DMA Name
Service Node
Excel Key Field
Description
Tag
Elevation

Base Demand
Pattern

Emitter Coeff,
Emitter Exponient
Initial Quality

Excel Sectors Field

Clove:
Llose

Figure9-55: Excel Batch Input
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Distributed Flow b 4

Distributed by pipe length ratio.

Category Name ||

Time Pattern -

Total Flow(CMH)

Ok Cancel

Figure9-56: Category Distribution
9.3 Editing Tools

9.3.1 Map Tools and Navigation
Undo and Redo

This is one of the most useful functions in GISpipassist the user to edit the netwarlSimply click
on the buttans above the menu bdo undo or redo the last step.

Undo )
Redo Gy
Options

GISpipe allows the setting of some of the general preferer

of the program by clicking on th®ptionsbutton on the @
Toolbar, which will displafigure9-57 with descriptions of _
the meaning of theses settings providedliable9-19. Opticns

Table9-19: Description of Option settings
Option Description

When drawing a pipe, snap may help the cursor lock texsting node or
Use snap feature | pipe, ensuring alignment of elements in the network model. It ma
network building more accurate and efficient.
When enabled, the software will display a pop dialog asking the user t
confirm before deletig selected objects. This dialog indicates the object
be deleted and offer the options "Yes" and "No". When disabled, objectt
deleted immediately without confirmation, which may speed up workflc
but increases the risk of accidental loss.
Automatically assigns a node's elevation based on the elevation of

Show delete
objects dialog

Nodeelevation nearest existing node. Useful when importing or creating nodes witt

closest to node specified elevations. It automatically fills in missing elevation data ansl

elevation maintains topographic continuity in a model when elevation data
incomplete.

If the Auto length setting is turned (Check box is ticked) then drawing a
link will automatically determine the length of that pipe based on the st
of the map. Be sure to provide meaningful dimensions for the Viewer I
before using the Autd.ength feature.

Auto length
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Option

Scroll Mode

Cursor
Map Background
Colour

GISpipe

Description

The user has 3 options:

- Classic: Uses standard motdmssed scrolling. Scrollbars beha
traditionally; users click and drag the scrollloaruse the scroll wheel.

- Touch: Optimized for touch input. Scrolls like a mobile/tablet interfe
swiping moves the view, often with inertia (momentum). Scrollbars r
be hidden or overlaid.

- Hybrid: Combines both Classic and Touch modes. It detects plug
method (mouse or touch) and adapts accordingly.

The Selection Precision, Cursor Size and Selection Colour can be set
One of two options can be selectétlhite or Blackby selecting the radic
button

:

| Auto length

tcroll Mode : | Touch

Cursor

~"| Show delete objects dialog.

| Node elevation closest node elevation

Selection Precision(pixel) :

Cursor Size(pixel} : (200

Selection Color : _ -

CTRL + Move the Shape : Copy Shape.

CTRL + Shape Selection : A new shape is selected while preserving the existing selection

SHIFT + Junction + Mouse Wheel in Default Selection : Connecticn Tracking.

SHIFT + CTRL + Junction + Mouse Wheel in Default Selection : Upstream/Downstream Tracking.
5HIFT+ Mode : The shortest route between two nodes is selected.

Map Background Color

*

(=)

T ®) White

]

Figure9-57: Options
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Table9-20: Object's statuses on the map

A tank which shows
its status (50% full)

A pipe which is
closed on the mag
screen

A pipe which is opet
on the map screen

A valve which is ir
the open position. A
control or itsfunction
could change this
status during ar
extended period
analysis.

A pump which is ir
the open position. A
control orits function
could change this
status during ar
extended period
analysis.

Junction removal

=
-
e
/,/
e

A tank which shows
its status (100% full)

A pipe which alsc
functions as a chec
valve

A pipe with flow
arrow indicating the
direction of flow.

A valve which is ir
the closed position. /
control or its function
could change this
status during ar
extended period
analysis.

A pump which is ir
the closed position. 4
control or its function
could change this
status during ar
extended period
analysis.

GISpipe

ARNANANAN

Select the junction J2 as showrFigure9-58 and drag it towards junction J3 (by holding indefbuse

button). When releasing the mouse button once on the point, junction J2 would be deleted, pipe P2

will be deleted and Junction J1 will now be directly joined to junction J3 with pipe P1.

P1
a) @ O

J1 12

P1
by @

J1

Figure9-58: Removing a junction
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Junction merging

Select junction J3 and drag it towards junction J5 (by holding imieftse button), sed-igure9-59.
When releasing the mouse button once on the point, junction J3 would be deleted and pipe P2 will
now be connected to junction J5.

. J4
P1 P2
a) @ O ® O 5
n J2 J3
@ s
. J4
P1 P2
b) @ O @ 5
n J2
. J6

Figure9-59: Mergingjunctions

Clipboardfunction

The Copy, Cut, Paste functionalities can be selected form the Clipboard tdethae9-60.

L"‘"D [ Copy

3( Cut
Paste .....
inai Select All
Clipboard
Figure9-60: Clipboard functions

Alternatively glecting any object or group of objects and presdiig + Con the keyboard copies
theseobjectsto the clipboard.

PressingCtrl + \pastes these objects.

Thesefunctions can be used between different layers and the objects will be copied ontadtieely
selected layer.
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9.4 Water Distribution Network Model Settings

The Water Distribution Network Model Settings provide the foundational parameters required to
simulate the hydraulic and water quality behaviour of a water supply system. These settings govern
aspects such as simulation time steps, flow routing, pressure i@nts, and quality analysis options
ensuring that the model accurately reflects reabrld conditions and operates efficiently under
various scenarios. Proper configuration of these settings is essential for reliable results and meaningful
analysis.The® Settings can be accessed from Whater Distribution Network Modeloolbar, see
Figure9-61.

Edit Water Distribution MNetwork Model Storm Water Management M
i Assign Meter to Junction  &F Hydraulics &y Quality
il Fattemn
@ Trace Meter Location {9 Times & Controls
BH Demand Table o] Energy F"" Calibration A Curves
Model Settings

Figure9-61: WDNM Settings

The hydraulic, water quality, energy and time settings can be set to analyse the numerical model in a
specificmanner and are described in the following sections.
9.4.1 Hydraulic Options

The Hydraulic options windowBigure9-62, can be accessed by clicking on tiygdraulicdutton on
the Water Distribution Network Modéloolbar.

oF Hydraulics &) Quality Al Dattern E Mo

®) Demand Driven Analysis
Demand Model ) .
Pressure Driven Analysis

Flow Units CMH
Hazen-Williams
Headloss Model ®) Darcy-Weisbach

Chezy-Manning
Specific Gravity 1
Specific Viscosity 1
Maximum Trials 40

Relative Accuracy 0001

If Unbalanced e Et:F_
Continue
Cemand Pattern 1
Demand Multiplier 1
Emitter Exponent 0.5
Mo
Status Report 8 Yes
Full

Figure9-62: Hydraulic options
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Table9-21: Hydraulic options for hydraulic analysis

Option
Demand Model

Flow Units

HeadlossViodel

Specific Gravity
Relative Viscosity
Maximum Trials

RelativeAccuracy

If Unbalanced

Default Pattern

Demand Multiplier

Emitter Exponent

Status Report

Description

Selects between demand or pressure driven analgsBDA or PDA
respectively.

DDA assumes demands are fixed at a gipeimt in time, while PD#
assumes demandweafunctionof pressure.

ThePDAoption canbeusedto find asolution when negative pressures a
present in a DDA.

Unitsin whichnodaldemandsandlink flow ratesareexpressed. Choosin
unitsin gallonscubicfeet, or acrefeet impliesthat the unitsfor all other

network quantities are CustomaryUS. Selectinglitres or cubic meters

causesall other unitsto be SI metric.Use caution when changing flo
units as it might affect all other data supplied to the project. (¢
AppendixB, Units of Measurement)

Formula used to compute headloss as a function of flow rate in a |
Choicesre:

- HazenWilliams

- Darcy-Weisbach

- ChezyManning

Because each formula measures pipe roughness differently, swit
formulas might require that all pipe roughness coefficients be update
Ratio of the density of the fluid being modelled to that of watedateg.
C (unitless).

Ratioof the kinematicviscosityof the fluid to that of water at 20 deg.

C (1.0 centistokes or 0.94 sq ft/day) (unitless).

Maximum number of trials used to solve the nonlinear equations f
governnetwork hydraulics at a given point in time. Suggested value i
Convergenceriterionusedto signalthat asolutionhasbeenfoundto the

nonlinear equations that govern network hydraulidgials end when the
sum of all flonchanges divided by the sum of all link flows is less than
number. Suggested value is 0.001.

Action to take if a hydraulic solution is not found within the maxim
number of trials.Choices are STOP to stop the simulation at this pwir
CONTINUE to usmotherl0trials,with no link statuschangesllowed,in

anattemptto achieve convergence.

ID label of a time pattern to be appliedto demandsat those junctions
where no time pattern is specified.If no such patternexists then
demands will not vary at these locations.

Global multiplier applied to all demands to make total syst
consumption vary upr down by a fixed amount (e.g.,2.0 doublesall

demandsQ.5halveshem,and 1.0 leaves them as.is)

Power towhich pressure is raised whesomputing the flow throughan

emitter device.The textbook value for nozzles and sprinklers is Ulbs
may not apply tgipeleakage.

Amount of status information to report aftean analysis is made. Choic
are:

- NO (no reporting)

- YES (link status changes)

- FULL (normal plus convergence)

Full status reporting is only useful for debugging purposes.

Minimum Pressure| In a PDA, the pressure below which demand is assumed to be zer
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Option Description

Required Pressure In a PDA, the pressure required to deliver the full demand.

Pressure Exponent PDA assumes a pressure demand relation raised to an exponent. Ste
value i0.5.

Max. Head Error | Augments the ACCURACY optiBpecifies the maximuinead loss error
any network link can have for hydraulic convergence to octue.default
value of 0 indicates that no head error limit appliednits of this
parameter are feet (US) or meters (SI).

Max. Flow Change Augments the ACCURACY optiSpecifieshe largest change in flow the
any network element (link, emitter, or pressuidependent demand) cal
have for hydrauliconvergenceo occur. Thealefaultvalueof O indicates
that no flow change limit applies. It is specified based on the cur
projed flow unit setting.

CHECKFREQ This sets the number of solution trials that pass during hydraulic balar
before thestatusof pumps,checkvalves,flow control valvesand pipes
connectedto tanks are once again updatedThe default value is 2
meaningthat status checks are made every other triél.value equal tc
the maximum number of trials would mean that status checks are
only after a system has convergdtlVhenever a status change occurs t
trials must continue since the current solution magt be balanced.)rhe
frequency of status checks on pressure reducing and pressure sust;
valveqdPRVandPSVsisdeterminedbythe DAMPLIMIDption (seeTable
9-22).

MAXCHECK This is the number of solution trials after which periodic status check
pumps, check valves, flow control valves and pipes connected to tanl
discontinued. Instead, a status check is made only after converger
achieved. The default valués 10, meaningthat after 10trials, insteadof
checkingstatus every CHECKFREQ trials, status is checked only
convergence.

DAMPLIMIT This is the accuracy value at which solution damping and status chec
PRVs and PS¥Bould begin.Damping limits all flow changes to 60%
what they wouldotherwise be asfuture trials unfold. Thedefaultis O
whichindicatesthat no dampingshouldbe usedandthat statuscheckson
controlvalvesare madeat every iteration. Dampingiight be neededon
networksthat havetrouble converging,n which case a limit of 0.01
suggested.

Table9-22: Typical values for status checking parameters
CHECKFREQ MAXCHECK  DAMPLIMIT | Remarks

2 10 0 Frequent status checking; tends to produ
solutions in the least number of iterations.
10 100 0.01 Less frequent status checking; might be
needed for networks that have difficult ir

converging.
Max. Trials Max. Trials Convergence | Statuschecksmade only after convergence
Accuracy is achieved; might produce convergence

whenother settings fail.
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9.4.2 Water Quality Options

GISpipe

Water quality options control how the water quality analysis is carried ddih the Settingstoolbar
click on theQualitybutton as shown ifrigure9-63to view the water quality options that can be set.

Hydraulics & Quali
O ydaulics @ QY gy,
(D Times Quality:
0] Energy
Quality Model
E. L T

.

E Modes

Mone
Age
Trace

Chemical

Figure9-63: Qualityoptions

Select the applicabl®uality Modeby selecting the radio button.

If Age was selected thEolerancevalue (described ifable9-23) must be entered as show kigure

9-64.
Quality,
Mone
. &) Age
Cuality Model -
race
Chemical

clerance 0.01

Figure9-64: Quality model- Age

If Trace was selectetie Trace Nodédescribed inrable9-23) must be entered as show Figure9-65.

Quality:
Momne
. Age
Quality Maodel T
@) Trace
Chemical

Trace Mode

Figure9-65: Quality model- Trace

If Chemical was selected, as showrigure9-66, the following additional input parameters were
required: Units, Diffusivity, Tolerance, Quality name (describedable 9-23) and the reaction

parameters (sedable9-24).
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Quality
Quality Model
UInits
Diffusivity
Tolerance

Quality Mame

Bulk Reaction Order
‘Wall Reaction Order
Global Bulk Coeft

Global Wall Coeff

Limiting Concentration

Wall Coeff. Correlatio

=

L=
[

!

ne
Age

Trace
@ Chemical
mgyL

Wl

FIRST

L] (=] (=] (=]

Figure9-66: Quality model- Chemical

Table9-23: Water quality options for water quality analysis

Option
Parameter

Units

Diffusivity

Tolerance

Trace Node

Note: The Quality Tolerance determines when the quality of one parcel of water is essentially the same
as another parcel. For chemical analysis this might be the detection limit of the procedure used to
measure the chemical, adjusted by a suitable factor adtyafJsing too large a value for this tolerance
might affect simulation accuracidsing too small a value will affect computational efficiency. Some

Description

Type of water quality parameter beimgodelled Choices include:

- None (no quality analysis)

- Age (estimate water age)

- Trace(percent flow from node)

- Chemical (compute concentration)

In lieu of ®emical the usercan enter the actual name of the chemic
beingmodelled(e.g., Chlorine).

Mass units used t@xpress concentration.Choices are mg/L ug/l
Units for Age and Trace analyses are fixed at hours and per
respectively.

Ratio of the moleculardiffusivity of the chemicalbeing modelledto
that of chlorineat 20 deg. 00.00112sgft/day). Use2 if the chemical
diffusestwice as fast as chlorine, 0.5 if half as fast, edpplies only
when modellingmass transfer for pipe wall reactions. Set to zero
ignore mass transfer effects.

Smallest change in quality that will causaeaw parcel of water to be
created in a pipe.A typical setting might be 0.01 for chemic:
measured in mg/L as well as water age and source tracing.

ID label of the node whose flow is being trace&pplies only to flow
tracing analyses.

experimentation with this setting might be called for.

Reactioroptions set the types of reactions that ply to a water quality analysand are listed iffable

9-24.
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Table9-24: Reaction options for water quality analysis

Option
Bulk Reaction Order

Wall Reaction Order

Global Bulk Coefficient

Global Wall Coefficient

Limiting Concentration

Wall Coefficient
Correlation

9.4.3 EnergyOptions

Description

Power to which concentrationis raised when computing a bulk
flow reaction rate. Use 1 for firstorder reactions, 2 for seconc
order reactions, etc. Use any negative number for Michat
Menton kinetics. If no global or piggpecific bulk reactior
coefficients are assigned then this option is igrtbre

Power to which concentration is raised when computing a bulk 1
reaction rate.Choices are FIRST (1) for fosder reactions or ZER
(0) for constant rate reactionslf no global or pipespecific wall
reaction coefficierg are assigned then this option is ignored.
Default bulk reaction rate coefficientsassigned to all pipesThis
global coefficientcan be overridden by editing this property for
specifipipes.Use gpositivenumberfor growth, anegativenumber
for decay, or0 if no bulk reaction occursUnits are concentratior
raised to the (in) power divided by days, where n is the bi
reaction order.

Wall reaction rate coefficient 0, assignedto all pipes. Canbe
overridden by editing this property for specific pipésse a positive
number for growth,a negativenumber for decay,or 0 if no wall
reactionoccurs. Units are ft/day (US) or m/day (SI) for finster
reactions and mass/sq ft/day (US) or mass/sq m/daly for zere
order reactions.

Maximum concentration that a substance can grow to or minim
value it can decay taBulk reaction rates will be proportional to th
difference between the current concentration and this valiget
to zero if not applicable.

Factor correlating wall reaction coefficient to pipe roughneSst
to zero if not applicable.

Energy Analysis Options provide default values used to compute pumping energy amghensto
specific energy parameters are assigned to a given pding.Energy Analysis Options can be set by
clicking theEnergybutton on the Settingstoolbar, seeFigure9-67, and the parameters that can be
set are listed and described Trable9-25.

QﬁHydraLllics aQLIa“?}-‘
L‘E)_imss

&3 Energy

¥

Run
Analysis

ithl Pattemn

i~ _—
I Curves

Controls

Calibration
Energy

Pump Efficiency(%) 75
Energy Price 0

| Price Pattern 4

Demand Charge 0

Figure9-67: Energyoptions
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Table9-25: Energy options for hydraulic analysis

Option
Pump Efficiency (%)
Energy Price

Description

Price Pattern
Demand Charge

9.4.4 Times

Default pump efficiency.

Price of energy per kilowatt-hour. Monetary units are not
explicitly represented.

ID label of a time pattern used to represent variations in ene
price with time.Leave blank if not applicable.

Additional energy charge per maximum kilowatt usage.

GISpipe

The Times options windowsigure9-68, canbe accessed by clicking on thienesbutton on theWater
Distribution Network ModelToolbar. Tmes option set values for the various time steps used in an
extended period simulation. These are listed belovable9-26 (times can be entered as decimal

hours or in hours:minutes notation)

QDH}-'draulics .E} Quality
&Ccntrcls

Total Duration
Hydraulic Time Step
Quality Time 5tep
Pattern Time Step
Pattern Start Time
Reporting Time Step
Reporting Start Time

Clock Start Time

SLatIstIc

il Pattern q

- .

@/ Mone
Average
Minimum
Maximum
Range(Max. - Min)

Figure9-68: Times options

Table9-26: Times Options for Hydraulic and Water Quality Analysis

Option
Total Duration

Hydraulic Time Step
Quality Time Step
Pattern Time Step

Pattern Start Time

Reporting Time Step

Description

Total length of a simulation in hourdJse 0 to run a single perio
(snapshothydraulic analysis.

Time intervalbetween recomputation of system hydraulics. Norm
default is1 hour.

Time interval between routing of water quality constituentlormal
default is5 minutes (0:05 hours).

Time interval used with atime patterns.Normal default is 1 hour.
Hours into akltime patterns at which the simulation begins (e.qg.
value of 2meansthat the simulation beginswith all-time patterns
startingat their second hour). Normal default is O.

Time interval between times at which computed results are repori
Normaldefault is 1 hour.

GISpipeg User manual

79



GISpipe

Option Description

Report Start Time Hours into simulation at which computed results begin to be repor
Normaldefault is O.

Clock Start Time Defines the starting time of dayor a simulation run, typically
expressed in 2shour format (e.g., 0:00, 6:00, 18:00).

Starting Time of Day Clock time (e.g., 7:30 am, 10:00 pm) at which simulation be
Default is12:00 am (midnight).

Statistic Type of statistical processingused to summarizethe results of an
extendedperiod simulation. Choices are:
None (current time step results)
Average(time-averaged results)
Minimum (minimum value results)
Maximum(maximum value results)
Range(Max-Min)
Statistical processing is applied to atide and link results obtaine
betweenthe Report Start Time and the Total Duration.

Note: To run a singkperiod hydraulic analyses (also called a snapshot analysis) enter 0 for Total
Duration. In thiscase entries for all of the other time options, witfie exception of Starting Time of
Day, are not used. Water qualignalyses always require that a naaro Total Duration be specified.

9.4.5 Calibration Tools

GISpipe allows the user to compare results of a simulation against measured field data. This can be
done via Time Series plots for selected locations in the network or by special Calibration Reports that
consider multiple locations. Before GISpipe can use such calibration data it has to be entered into a
file and imported into the project.

A Calibratio File is a text file containing measured data for a particular quantity taken over a particular
period of time within a distribution system. The file provides observed data that can be compared to
the results of a network simulation. Separate files shdaddcreated for different parameters (e.g.,
pressure, fluoride, chlorine, flow, etc.) and different sampling studies. Each line of the file contains the
following items:

1 Location ID ID label (as used in the network model) of the location where the measent

was made.
I Time- Time (in hours) when the measurement was made
M Value- Result of the measurement

See example of data set of Pressure head data shown at two nodes for a number of specific different
times Figure9-70).
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. - O X
| | Pressure measurements.txt . +
File  Edit  View o~ =
;PI"ESSUI"E measurements
;Location Time Value
T
SvV-178 B:00 1422
2:08 1418
4:00 1417.5
SV-SM-A-1 3:00 1424
9:00 1421.4
Ln 1, Col 24 162 characters 100% Windows {CRLF) UTF-8

Figure9-69: Example Calibration File

The measurement time is with respect to time zero of the simulation to whiclCHiibration File will

be applied. It can be entered as either a decimal number (e.g., 27.5) or in hours:minutes format (e.g.,
27:30). For data to be used in a single period analysis all time values can be 0. Comments can be added
to the file by placing aesnicolon (;) before them. For a series of measurements made at the same
location the Location ID does not have to be repeated.

The Calibration File can be imported by clickingCafibrationbutton on the Settings toolbar, and will
display the observed Waes and compare these with the computed values as shoviguare9-70.

Nodes can be added or deleted by clicking onAlde or Deletebuttons. The dibration File is added

to the project by clicking on themport button. Checking th&how values on magheck box shows

the results and comparison of the observed and computed values on the Viewer Map for the specific
component.

= Calibraticn Data - O X
Show values on map

Enter text to search Demand(0) | Head(2) | Pressure(0) | Quality(0) | Flow(0) = Velocity(0)

Node 1D Description Computed | | Observed I | Mean Erre Gl Trmr W
by 142274 141917 357 Computed Mean 1422.74 1422.83
WS- 142283 142270 013 Cbserved Mean 1419.17 1422.70
Mean Error 3.57 0.13
Mode ID SV-170 SV-5M-A-L
Description
Set Time Add Delete Select Shape Impaort Export Save Close

Figure9-70: Calibration Data

9.4.6 Adding Controls and Rules

The Controls options windowsigure9-71andFigure9-72, can be accessed by clicking on@untrols
button on the Water Distibution Network ModelToolbar.Controls are statements that determine
how the network is operated over time. They specify the status of seldicteslas a function of time,
tank water levels, and pressures at select points within the network.

There argwo categories of controls that can be used:
1 Simple Controls
1 RuleBased Controls Simple Controls
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A description of the setting of control statements is described in Seétg

= Controls = O X

LINK ©@ OPEN IF NODE 2 BELOW 110
LINK @ CLOSED IF NODE 2 ABOVE 140

Draw Map Apply Close

Figure9-71: Setting Simple Controls

= Controls - O 4

Simple | Rule Based

RULE1

IF TANK K1-T-6254-TK-002 LEVEL ABOVE 4.4

THEM LINK K1-V-VALVE-6254-TK-002 5TATUS IS CLOSED
RULE 2

IF TANK K1-T-6254-TK-002 LEVEL BELOW 3

THEM LINK K1-V-VALVE-6254-TK-002 S5TATUS IS OPEN
RULE 3

IF TANK K1-T-2261-TK-001 LEVEL ABOVE 4.4

THEM LINK K1-V-VALVE-2261-TK-001 STATUS IS CLOSED
RULE 4

IF TANK K1-T-2261-TK-001 LEVEL BELOW 3

THEM LINK K1-V-VALVE-2261-TK-001 STATUS IS OPEN
RULE 5

IF TANK K1-T-2261-TK-010 LEVEL ABOVE 5

THEM LINK K1-V-VALVE-2261-TK-010 5TATUS IS CLOSED
RULE &6

IF TANK K1-T-2261-TK-010 LEVEL BELOW 3.5

Apply Close

Figure9-72: Setting Rule Based Controls
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9.5 Running Simulations

9.5.1 Setting Up a Simulation

There ardour categories of options that control ho®ISpipexnalyses a network: Hydraulics, Quality,
Timesand Energy. To set any of these optiehek on the buttons on the Water Distribution Network
Model toolbar Figure9-73).

Edit Water Distribution Network Model Storm Water Management M
8 Assign Meter to Junction i}p Hydraulics E Quality M Pattern
@“racs Meter Location @_imes Controls
BH Demand Table 0] Energy Calibration A Curves

Model Settings

Figure9-73: WDNM Settings

Table9-27: Simulation options
Simulation option  Description

Hydraulics settings define how flow and pressure are calculated throug
& Hydraulics the network, including solution accuracy, flow units, and converge

criteria, ensuring a reliable simulation of system behaviaaeFigure9-62.

Times settings control the duration, frequency, and scheduling of
(D Times simulation, aligning model results with reabrld operating patterns anc

enabling timebased analysjseeFigure9-68.

Energy settings evaluate the energy consumption and cost associatec
&3 Energy pump operations, supporting assessments of operational effagieand

optimization seeFigure9-67.

Quiality settings determine how water quality constituents (e.g., chlor
& Quality age, source tracing) are tracked and analysed as they move and react:

the distribution systemsee Figure9-63.

9.5.2 Run an Analysis

To run a hydraulic/water quality analysiéck on theRun Analysibutton on the Analysis & Simulation
toolbar (Figure9-74).

’ Pressure - (| @ Model Validation ¥z Service Scope
sss
Friction Factor = 1} ﬂ Elevation Verification 9 DMA lsolation
Run | o . COther
Analysis Contour * LJ| i MNetwork Group B2 Advanced Analysis ¥  Featuresv
Anlysis & Simulation

Figure9-74: Analysis and Simulation
The progress of the analysis will be displayed Run Status windo{igure9-75).
Clickon the Closébutton when the analysis ends.

Any error or warning messages will appeatha RunStatuswindow. When double clicking on any
message in the Run Status window would take the user to that component in the model.
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=1 Run Status — O X

Saving hydraulics at hour - 48:00

Trial 1: relative flow change = 0.309972
Trial 2: relative flow change = 0.005052
Trial 3: relative flow change = 0.000026

maximum flow change = 0.0001 for Link S¥-P221
maximum head error = 0.0000 for Link SV-FP37

9:00:00: Balanced after 3 trials
9:05:00: Balancing the network:
Trial 1: relative flow change = 0.000000
maximum flow change = 0.0000 for Link SV-P58
maximum head error = 0.0000 for Link SV-P77
9:05:00: Balanced after 1 trials
9:10:00: Balancing the netwark:
Trial 1: relative flow change = 0.000000
maximum flow change = 0.0000 for Link SV-P58
maximum head error = 0.0000 for Link SV-P324

9:10:00: Balanced after 1 trials

9:15:00: Balancing the network:

Include Analysis Results in Project File

When you double-click a message to go to that object Close

Figure9-75: Run status

Model Validation

Before running an analysis, users n@nsider running a Model Validation. This will evaluate the
selected model and determine if there are any potential problems that could impact the successful
analysis of the model.

&) Model Validation

Click on th button.

o Mo validation issues found.

Any potential problems will be liste#jgure9-76, which the user can then address.

If the network is correct the user will receive &ssage:

= Model Validation = O X
G:l Cperation Type D Description
@ o \ Junctions 0 There are no reservoirs or tanks at 0 nodes other than junction |D O
i Search Close
— ! 3
L ]

Figure9-76: Validation Evaluation results
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Elevation Verification

The verification of the elevationsasoolwhere GlSpipe compares the entered elevation vabféke
objectswith the Digital Elevation Model (DEM) layer values. To use this furec®M layer needs to
be added.

In a case where no DEM is available the SRTM30M DEM from the Server could be loaded.

From the Tools menu Se|F‘I @ Importing SRTM30M DEM From Server

The comparison of the DEM and the entered elevations is provided in table format as veell as

graphical presentation of a direct comparison, $égure9-77. ThePipe depthcan be entered to
correct for the depth below the surface of the nods it compares it with the ground elevation from
the DEM.

=3 Network Elevation

T T T
Node ID Elevation | Ground Height | Difference

|svsa 138400 137900
|sv-sm-8-9 137700 157200
[sv-ss58 138800 1383.00
sv-sm-8-10 137700 137200
|sv-ss-0-10 137900 138300
|sv-simB-2 138500 138100
[sv-sim-1 138500 138100
[sv-sim-4 138400 138000
|sv-sim-85 138400 138000
|sv-jz297 138400 138000
sv.s204 138500 138100
sv-1204 137800 137400
|sv-ss-L6 137800 137400
|sv-ss-m8 138100 157700
[sv-ss13 137600 138000
sv-ss1 138000 138400
[svssi2 137800 137400 1400

éSV-SS-LA 137800 137400 Ground Heighifm)

Elevation(m)

| Refresh | pipeDepthim) |1 |

Figure9-77: Elevation Verification results table

Network Group

The Network Group feature determines the different network groups in the networéel.

.
From the Tools menu selel a+ Network Group

The feature identifies all thdistinct closed link groups and can organise thegecolour as well as
summarises the number of nodes, in this network and the total pipe length as shdviguire9-78.
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Net. Group Correction

i | [V]closedinknetwork [V Group by Color [ | Enter: Next Record

Net. Operation ’ Ne. ‘ Node Count Pipe Length

0.00

995.09
1865.88
701185

25153.00

8151 - IsoletingivalvEle

GOSEEG

Figure9-78: Network Group results table

Service Scope

The Service Scope analysis determines the areas whideareed by a specific Tank or Reservoir.

= E
From the Tools menu selw

The feature identifies all the distinct network sections which are supplied from a particular source
as shown irFigure9-79.

K3-12874-BH1
K3-6354-TK-005

K3-12874-BH2
K3-6354-TK-006

Figure9-79: Service scope analysis
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DMA Isolation

The DMA Isolation function is used to verify, manage, and simulate the isolatiistidét metered
areas, ensuring they are properly bounded for operational control, leakage detection, and demand
managementA new layer is create(DMA) and the DMA zones/shapes are drawn.

The DMA Isolation function then used to identify and simulatthe hydraulic isolation of a District
Metered Area (DMA) within the distribution network. A DMA is a defined zone in the water supply
system, typically bounded by closed valves and monitored through bulk meters, used to measure
inflows/outflows and managdemand and losses.

% DMA Isolation

Click on the button.

This will evaluate the network based on the defined DMA zones and indicate a&fieiver Map the
different zones. Ithere is a zone which is linked with another DMA zone it will highlight where these
are linkedby means of a larger junction, indicating that it is supplied from the adjacent DMA zone, see
Figure9-80.

20 | 3D

- AR € 0O

Figure9-80: DMA zones with water distribution network

Advanced Analysis

GISpipe provides some additional analysis option. These options can be selected from the Analysis &
Simulation toolbar, by clicking oxdvanced Analystsutton, as shown irFigure9-81.
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q Modes - (1| @ Model Validation ¥z Service Scope cee
Links - E Elevation Verification 9§ DMA Isolation
Run . Other
Analysis Centour - 3| g¢ Metwork Group b Advanced Analysis ¥ Fegtyres v

Anlysis&&Simulation | ¥ Flow Direction Analysis
£ Fire Hydrant Simulation
8 1 & @ - Visible Layer [v| Label [v| Nodes [v| L & Pipe Criticality Analysis

thl Variable Speed Pump

Figure9-81: Advanced Analysis options

Flow Direction Analysis

On the Analysis & Simulation Toolbar, clickalvance Analysigigure9-81) and selecElow Direction
Analysifrom the dropdown menu to show the Flow Direction Analysis wind&igiire9-82).

Flow direction analysis X

A function to find a link whose flow direction is

changed when the state of the link is changed.
Changed of flow direction(99) | State changed link{0)
Link 1D Type Flow Direction
K1-P528 Fipe Bidirectional flow
K1-P433 Fipe Bidirectional flow
K1-P235 Fipe Bidirectional flow
K1-P527 Fipe Bidirectional flow
K1-P456 Fipe Bidirectional flow
K1-P238 Fipe Bidirectional flow
K1-P522 Pipe Bidirectional flow
K1-P459 Pipe Bidirectional flow
K1-F81 Pipe Bidirectional flow
K1-P435 Fipe Bidirectional flow
K1-F77 Fipe Bidirectional flow
K1-F73 Fipe Bidirectional flow
K1-P461 Fipe Bidirectional flow
K1-P420 Fipe Bidirectional flow
K1-P198 Fipe Bidirectional flow

Figure9-82: Flow Direction Analysis

The tool identifies which links will experience a change in flow direction when the state of a particular
link (open/closed, enabled/disabled) is modified. This helps in evaluating operational decisions,
detecting possible backflowsnd understanding the hydraulic impact of link changes on the system
Figure9-83.
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A function to find a link whaose flow direction is
changed when the state of the link is changed.

Changed of flow direction(21) | State changed link(1})
Link ID Type Before State Current State

SW-P51 Pipe CPEM CLOSED

Figure9-83: State changed link Flow Direction Analysis

Fire HydrantAnalysis

GISpipe

On the Analysis & Simulation Toolbar, clickdalvance Aalysis(Figure9-81) and selecFre Hydrant
Analysigrom the dropdown menu to show the Fire Hydrant Analysis wind&vwgire9-84).

Fire Hydrant Simulation x
Juncticn 1D + | Demand [/ Pattern - i e.|,3|>|> """"
Start Time ~ | | End Time ||| View Values
Junction |D Before Pressure After Pressure Pressure Difference

Figure9-84: Fire Hydrant Analysis

This function is to simulate the impact of a fire hydrant on the pressures in the netivailows users

to test the effect of opening a fire hydrant (or simulating a sudden withdrawal of flow) on system
pressures.The inputs and outputsre described iriTfable 9-28. The results are show on the Fire
Hydrant Analysis dialogue bdxgure9-85, and can also be seen on thap viewerwindow.
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Table9-28: Input and output of FireHydrant Smulation

Parameter Description

Input

Junction ID The specific junction (hydrant location) where the fire flow will
applied.

Demand (m7day) The simulated fire flow demand, expressed as an outflow rate. ~
represents the volume of water withdrawn by the fire hydrant.

Pattern An optional demand pattern to apply, if the fire flow is tirdependent

(e.g., varying throughout the simulation).
StartTime / End Time The simulation period during which the fire flow demand is appliec
View Values If checked, the tool displays the calculated pressures before and
applying the fire hydrant demanoh the map viewer window.

Results

Junction ID Reference to the results of the junction

Before Pressure The pressure at the junction before the fire flow demand is appliec
After Pressure The pressure at the junction once the fire flow demand is applied.

Pressure Difference | The drop in pressure du® the fire hydrant withdrawal. This is th
critical result for evaluating system resilience and firefighting capa

Fire Hydrant Simulation X
20 4+ | 1000 Pattern -

Start Time ~ | | End Time s | || Wiew Values

Junction |D Before Pressure After Pressure Pressure Difference

1 11559 11559 000
2 11559 11559 000
3 11559 11559 000
4 11561 11561 -0.00
5 120.30 11038 8432
B 11559 11559 0.00
7 11561 11561 0.00
g 11559 11559 0.00
z 12013 110.07 10.06
10 11561 11561 0.00
11 12366 11179 11 87
12 11557 11557 0.00
13 11559 11559 0.00

A 5T 1557 Y

Figure9-85: Fire Hydrant AnalysisResults

Pipe Criticality Analysis

On the Analysis & Simulation Toolbar, clickavrance Analysi{Eigure9-81) and selecPipe Criticality
Analysisfrom the dropdown menu to show the Pipe Criticality Analysis wind&igyre9-86). The
input parameters and results are listedTiable9-29.
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Pipe Criticality

Critical Pressure{m) Default 1

Closures Start

Time ~

Pipe ID

Select <= Diameters ~ |

Closures End Time ~

Count of Junc. Impacted

Mowve or Select

Figure9-86: Pipe CriticalityAnalysis

Table9-29: Input and output of Pipe Criticality Analysis

Parameter

Input
Critical Pressurém)

Select <= Diameters

Closures Start Time
Closures End Time

View Values

Analysis
Results
Pipe ID
Count
Impacted
Move or Select

of Junc

Description

The minimum allowable pressure (in meters of head) at junction
pressure falls below this threshold during a pipe closure, th
junctions are consideretinpacted.Default 1m

A filter to include only pipes with diameters smaller than or equa
the specified size. This allows analysis to focus on critical smaller |
or laterals.

Defines theperiod over which the pipe closure is simulated. Useful
extended period simulations where the timing of closures ¢
influence results.

If checked, the results (pressures, number of impacted junctions,
are displayed imap viewemwindow.

Runs the pipdoy-pipe closure simulation based on the criteria abov

Identifier of the pipe that was analysed for closure.

The number of junctions where pressure dropped below the spec
critical threshold due to closure of the pipe.

Allows the user to either zoom to (move) or highlight (select)
impacted pipe in the network for further inspection.

The results of ®ipe Criticality Analysére depicted irFigure9-87.
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Pipe Criticali %
g i 230 -> 43066940
RN
25 200 - Analysis 42,00 -» 430668 40

000 ~ | 48:00 ||| View Values

Count of Junc. Impacted

Pipe ID Maove or Select

K1-P302

K1-P308
K1-P270

o
=1

166340

-2 -GG 40

K1-P275
K1-P278
K1-P277
K1-p27

K1-P2E%

v}

[ =T = T < =T =1

[~

K1-P20 13
KLV -WALVE-B254-TKA D
K1-P306 83
K1-P303

188 -r 430665 40

K1-P276 0
K1-P304 83
K1-P268 )
K1-P36l 13
K1-P&00D 0

P LS80S L8045303000
B8 2 BB BB DB BB BB B BB DD B

¥ ATORES AN

Figure9-87: Pipe Criticality results

Variable Speed Pump

On the Analysis & Simulation Toolbar, clickhorance Analys{§igure9-81) and selecVariable speed
Pumpfrom the dropdown menu to show th&arieble Speed Pumpnalysis windowHigure9-88).

= Variable Speed Pump = O X

Pump ID Max. Speed Target Junction Target Pressure

<

K3-6351-PP-001A
K3-6351-PP-001B
K3-PC1-SB
K3-PC1
K3-PB1-5B
K3-PB1
K3-PAl-5B
K3-PAL

K3-PG

K3-PG_SB
K3-PD1

2
2
2
2
2
2
2
2
2
2
2
K3-PF1 2

AN ARSI ES RS IR AN IR ES RS

Pump ID

Time

Figure9-88: Variable Speed Pumfnalysis
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Table9-30: Input and output of Variable Speed Pump Analysis

Parameter

Input
Pump ID

Max. Speed
Target Junction
Target Pressure
Run

Results

Pump ID

Time

Speed Pattern

Pressure

Description

The list of pumps in the model. Select the pump(s) to include in the var
speed analysisCheckboxes used to select.

The maximum allowable relative pump speed (typically expressed as a mult
SoIPT dHé YSEya dzd G2 G6A0S GKS y
The junction/node in the network where the pressure requirement must
satisfied.

The required pressure (in meters of head) at the target junction. The prog
will adjust pump speed to maintain this pressure.

Run button eecutes the analysis and generates tistep results for the selecte

pump(s).

Identifies the pump being analyzed (example:REaL).

The simulation time step (e.g., 0:00, 0:15, 0:30, etc.).

The relative pump speed multiplier required at each time step to maintain
target pressure at the junctiofl.0 = nominal speed, >1.0 = faster, <1.0 = slow
The resulting pressure at the target junction when operating at the calcul
pump speed.

The results of ®ipe Criticality Analys@ére depicted irFigure9-89.

= Variable Speed Pump — O X

Pump ID Mazx. Speed Target Junction | Target Pressure
K3-6351-PP-001A
K3-6351-PP-001B
K3-PC1-3B
K3-PC1
K3-PB1-SB

| K3-PB1
K3-PA1-5B
K3-PAl
K3-PG
K3-PG_SB
K3-PD1
K3-PF1

K3-J57 80

[ R R S R )

Pump ID K3-PB1
Time Speed Pattern Pressure
1:30
1:45
2:00

2:15

2:30

2:45 1.09253145765978

3:00 .09235346181787

=

Close

Figure9-89: Variable

Speed Pump Analysissults
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9.5.3 Viewing Status and Errors

GISpipe will issue specific Error and Warning messages when probler
encountered in running a hydraulic/water quality analysis (@&ppendix D @

for a complete listing). The most common problems are discussed belc

Pumps cannot deliver flow or head

GISpipe will issue a warning message when a pump is asked to operate outside the range of its pump
curve. If the pump is required to deliver more head than its shutoff head, GISpipe will close the pump
down. This might lead to portions of the network bedamdisconnected from any source of water.

Network is disconnected

GISpipe classifies a network as being disconnected if there is no way to provide water to all nodes that
have demands. This can occur if there is no path of open links between a jundtiodemand and

either a reservoir, a tank, or a junction with a negative demand. If the problem is caused by a closed
link GISpipe will still compute a hydraulic solution (probably with extremely large negative pressures)
and attempt to identify the problen link in its Status Report. If no connecting link(s) exist GISpipe will
be unable to solve the hydraulic equations for flows and pressures and will return an Error 110
message when an analysis is made. Under an extended period simulation, it is possiolées to
become disconnected as links change status over time.

Negative pressures exist

When performing a demand driven analysis (DDA), GISpipe will issue a warning message when it
encounters negative pressures at junctions that have positive demards.usually indicates that

there is some problem with the way the network has been designed or operated. Negative pressures

can occur when portions of the network can only receive water through links that have been closed

off. In such cases an additionehrning message about the network being disconnected is also issued.
Alternatively, a pressure driven analysis (PDA) can be performed to determine a hydraulic solution
assuming a presswdemand relationship at junctions. The hydraulic solution foundhaie reduced
2NJ T SNR RSYlFIyRa yR yS3lriAgdS LINBaadaNBa gArAftft oS f
solution since large negative pressures in a network are not physically realistic.

System unbalanced

A system unbalanced condition cancac when GISpipe cannot converge to a hydraulic solution in

some time period within its allowed maximum number of trials. This situation can occur when valves,
pumps, or pipelines keep switching their status from one trial to the next as the searchydrauhc

solution proceeds. For example, the pressure limits that control the status of a pump may be set too
Of2a8 G23SGKSNX» hNJ I LlzyLilQa KSFR Odz2NBWS YAIKG o685
eliminate the unbalanced condition one cany to increase the allowed maximum number of trials or
f22aSy (KS O2y@SNBSYOS I OOdz2N} Oé8 NBIdZANBYSyidio . 2
Hydraulic Options. If the unbalanced condition persists, then another hydraulic ofdiogiledd L T

Unbd | YOSRéZ 2FFSNRE (62 gl ea G2 KFEIYyRES Alo

1. One is to terminate the entire analysis once the condition is encountered.

2. The other is to continue seeking a hydraulic solution for another 10 trials with the status of all
links frozen to their current values. ¢dbnvergence is achieved then a warning message is
issued about the system possibly being unstable. If convergence is not achieved then a
G{eadsSy dzyolftlyOSR¢ gFNYyAy3a YSaarasS Aa AaadzS
the next time period.
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If an analysis in a given time period ends with the system unbalanced then the user should recognize
that the hydraulic results produced for this time period are inaccurate. Depending on circumstances,
such as errors in flows into or out of storage tankss thight affect the accuracy of results in all future
periods as well.

Hydraulic equations unsolvable

Error 110 is issued if at some point in an analysis the set of equations that model flow and energy
balance in the network cannot be solved. This carupgdhen some portion of a system demands
water but has no links physically connecting it to any source of water. In such a case GISpipe will also
issue warning messages about nodes being disconnected. The equations might also be unsolvable if
unrealistic mmbers were used for certain network properties.

9.6 Viewing and Interpreting Results

There are several ways in which database values and results of a simulation can be viewed directly on
the ViewerMap. On the Analysis & Simulation toolbar drop down lisksved the selection of object,
parameter and elements to visualise (degure9-90).

’ Modes -

Links -
Run

Analysis

Contour - 0}

Figure9-90: View results option toolbar
The Viewing options that can be selected and set are showigure9-91.

There are three types of map legends that ¢endisplayed. The Node and Link Legessisociate a
colour with a range of values for the current parameter being viewed on the (segFigure9-92).
The Time Legend displays the clock time of the simulation time period bigwgd. To displathe
legend, select the parameter and ide any of these legend®uble click with the left rmuse button
on the specific legend.

To move a legend to another location:
9 Press the left mouse button over the legend.
1 With the button held down, drag the legend to its new location and release the button.

To edit the Node Legend:

1. Rght-click on theggend if it isvisible.

2. Use the Legend Editor dialog form that appesesFigure9-930 (2 Y2 RA Tablouiskai®l f SISy
intervals.

A similar method is used to edit the Link Legend.
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------------- Show on Map
T Junction
e Layers Reservoir
/! Tank
'i Mo View Mode Walues |:|
! ||Elevation Node ID's []
] Base Demand Size
/| ||Actual Demand
IV .
Modes - O Emitter Flow MNode Size 7
Total Head Size by Value []
Pressure Font Size 7
Chlorine Docimals
Demand 2
Head 2
Pressure 2
Quality 2
_________ Show on Map
e Pipe
/// Layers Pump
d Valve
Link Values |:|
Mo View Link ID's |:|
Diameter Flow Direction
Roughness Size
Bulk Coeff.
Wall Coeff. Link Size 1
Links Flow Size by Value []
VE|.DCItY Font Size 7
Unit Headloss .
Friction Factor Decimals
Reacticn Rate Flow 2
Chlarine Velacity 2
Unit Headloss 2
Friction Factor 3
Reaction Rate 2
Cuality 2
P |Ne Hie-_ug ---------- Export to Layer L=
|| Bt=ration i B
“||Base Demand Resclution (Pixel l_ll}ﬂl |
— '," Actual Demand St ) Filled
Contour - 4 Emitter Flow tyle (@) Line
Total Head Thickness
Pressure .
Chlorine Lines per Level 3

Figure9-91: Viewing options
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Pressure
25.00
20.00
75.00
100.00

m

Setting Nodes view to Pressu

Flow
25.00
50.00
75.00
100.00
CHMH

Setting Links view to Flow

Elewvation
25.00
20.00
75.00
100.00

m

Setting Contour view to Elevatig

Figure9-92: Legend options

The Legend EditoF{gure9-93) is used to set numerical ranges to which different colours are assigned
for viewing a particulaparameter on the network map. It works flows:
1 Numerical values, in increasing order, are entered in the edit boxes to define the ranges. Not

all four boxes need to hawalues.

1 To change a colour, click on its colour band in the Editor and then select a new colour from
the Colour Dialog bathat will appear.

9 Click the Equal Intervals button to assign ranges based on dividing the range of the parameter

at the current time periodnto equal intervals.

1 Click the Equal Quantiles button to assign ranges so that there are equal numbers of objects
within each range, based aralues that exist at the current time period.
1 The Reverse Colours button reverses the ordering of the current set of colours (the colour in
the lowest range becomes that tife highest range and so on).

Legend Editor

Pressure {m)

Egual Intervals

Egal Qualities

Reverse Colors

Figure9-93: Legend Editor

A description of the options that could be displayed as showigare9-91is listed inTable9-31and

shown in an example iRigure9-94.

Table9-31: Display options on Viewer Map

Option

Description

Nodes

Layer- Junction

Toggles visibility of junctions on the map

Layer- Reservoir

Toggles visibility of reservoirs on the map

Layer- Tank Toggles visibility of tanks on the map
Node Values Displays computed results (e.g., pressure, head) at each noc
Node ID's Displays identification labels for nodes

Size- Node Size

Controls the display size of nodes
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Option

Description

Size- Size by Value

Adjusts nale size dynamically based on hydraulic or quality
values

Size- Font Size

Sets font size for nodeelated labels

Decimals Demand

Sets decimal places for demand values at nodes

Decimals Head

Controls decimal precision for hydraulic head values

Decimals Pressure

Controls decimal places for pressure values

Decimals Quality

Sets decimal precision for water quality at nodes

Links

Layer- Pipe Toggles visibility of pipes on the map

Layer- Pump Toggles visibility of pumps on the map

Layer- Valve Toggles visibility of valves on the map

Link Values Displays computed values (e.g., flow, velocity) on each link
Link ID's Displays the identification labels of links

Flow Direction Shows arrows indicating direction of flow in pipes

Size- LinkSize Sets the display thickness of links on the map

Size- Size by Value

Adjusts link thickness dynamically based on hydraulic values

Size- Font Size

Sets font size for lirkelated labels

Decimals Flow

Sets the number of decimal places shownffow

Decimals Velocity

Sets decimal precision for velocity values

Decimals Unit Headloss

Controls decimal places for headloss per unit length

Decimals Friction Factor

Controls display precision of the pipe friction factor

Decimals Reaction Rate

Sets decimals for chemical reaction rates in links

Decimals Quality

Sets decimal precision for water quality in links

Contours

Export to Layer

Exports contour map to a GIS layer for visualization or furthe
processing

Resolution (Pixel)

Sets thepixel resolution for the exported contour map

Style

Chooses between Filled or Line contour styles for the map

Thickness

Defines the line thickness for contour lines

Lines per Level

Specifies how many lines are drawn per contour level
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Figure9-94: Map view hydraulic analysis results

The results as displayed in the map view is based on the simulation for that specific analysis period.
The specific time period that the user wants to display casdbected from the timeline shown at the
bottom of the screen, simply click on the time period block.

Alternatively, the time period can be selected from th@p-down list in the Time ControllefFigure
9-95).

The user also has the option to view an animation of the changes which occurs in the distribution
network. The buttons in theTimer controlcan animate the map through time. Click tRerward
button to start theanimation and theStop button to stop it. Click theOption button to view the
Simulated Speed which can be set on the slider bar (+ increasdemrease).

Time |10:15 r

LEKEE BN Nie

| SimulatedSpeed  — M+

Figure9-95: Time catroller

The timeline at the bottom of the Map Viewer area will show each of the time periods analysed. If a
block is light blue it indicates that there were some of the nodes that have experienced negative
pressures during that period. Doubddick the &ft mouse button on the block to reveal all the locations
where negative pressures were experienced in the network as shoigime9-96.
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300m

Time [5:30 “prz3 a4 67 8 w123 45 6 7

H 4 B » O|=

Figure9-96: Extended Period SimulationResults

9.6.1 Viewing Results with a Graph

Analysis results, as well as some design parameters, caielwed using several different types of
graphs. Graphsan be printed, copied to the Windows clipboard, or saved as a data file or Windows
metafile. Table9-32lists thetypes of graphs that can be used to view values for a selected parameter.

Table9-32: Types of Graphs Available to View Results
Typeof plot Description Applies to

Plots value versus timg@Examples Specific nodes or links over all
shown inFigure9-97 and Figure9-99) time periods

Plotsvalue versus distang&Example
shown inFigure9-100)

Plots value versus fraction of object:
at or below the valugExample
shown inFigure9-101andFigure
9-102)

Shows regions of the map where
valuesfall within specific intervals

Time SerieSraph

ProfileGraph A list of nodes at a specific tim
All nodes or links at a specific
time or for all analysed time
periods

FrequencyGraph

Contour Plot All nodes at a specific time

Time Seriegraphsand Profilegraphsrequire one or more objects be selected for plotting. To select
items into theTime Series or Profil8raptsfor plotting:
1 Select the object (node or link) on the Viewer Map. (Time Series Graph Window will remain
visible during this process).
9 Click theAddbutton on the Time Series Graph Window to add the selected item to the list.
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Time Series Graph

The parameters which can be selected to plot in a Time Series graph are liSeduldd-33.

Table9-33: Time series graph parameters

Object Parameter

Nodes Actual Demand

(Figure9-97) Total Head
Pressure
Quality

Demand Deficit (PDA)
Pressure Deficit (PDA)
Links Flow
(Figure9-99) Velocity
Unit headloss
Friction factor
Reaction rate
Quality
Status

An example of a Time Series Graph of nodes and the Pressure vs Time of 3 selected junctions is
depicted inFigure9-97.

The added nodes can also be selected and deleted by clicking dyetb&button and new nodes
can be added by clicking on téeldbutton.

Clicking in the check boxes in the legend above the graph will show or hide the selected node.

The order of the selected nodes can also be changed by clicking diae Upor Move Down
buttons.

Clicking theTableTab(seeFigure9-97) switches to the same selected nodes but shows the results in
table format as show ifigure9-98.
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=1, Time Series Graph = O x
Nodes  Links Chart | Table
Parameter W — K281 ¥ K3-JP24 |7 — K:Hanl
() Actual Demand
() Total Head . ool |
. . | T
86 | | Ii | I,i
() Demand Deficit {PDA} 1 ! : !
() Pressure Deficit (PDA) 84
B2
Node ID Layer Name a0
K3-1261 Kamoa WRMN _ .
kK3-1P24 Kamoa WRHMN _ =
K3-1208 Kamoa WRN _ ? 56
g B4
B2
=]
43
45
¥ —
.
42 U L U u
A0 U_LJ_
| Delete | [} 10 20 i 40 4] 80 70 a0 a0
Time (hours)
| Maove Up | | Move Down |
Figure9-97: Time Series graphNodes
= Time Series Graph — O x
Modes  Links Chart | Table
Barameter Time {hours}) | K3-1261 K3-1P24 K3-120B N
. 0:00 4336 6754 63.34
) Actual Demand
~ 015 4336 £753 £3.33
- 0:30 4336 6751 §3.31
,:::. Quality 045 4336 £7.49 £3.29
[:_:] Demand Deficit (PDA) 100 4336 6748 63.28
.;::;. Pressure Deficit (PDA} 115 4336 6746 £3.26
1:30 4336 6745 63.25
iz e 145 4336 6743 63.23
K3-1261 Kamoa WRN | |la.0g 4336 6742 6322
K3-JP24 Kamoa WRN _ | 1515 4336 67.40 6320
K3-1208 Kamoa WRN — | [l535 4336 6739 63.19
245 4336 §737 £3.17
Add Delete 3:00 4336 6735 63.15
315 4336 £7.34 £3.14
Move Up Mowe Down 3:30 43.36 67.32 63.12
Figure9-98: Time Series graph- Nodes- Tableformat
GISpipeg User manual 102




GISpipe

=1 Time Series Graph — O x
Nodes Links Chart | Table
Parameter
WV — K3-P262 ¥ — K3-P125 ¥ — K3-P247 ¥ — K3-P380 W — K3-P2 W — K3-P203
W— K3Pam2 ¥ K3P#1
Velocity
Unit Headloss A M . -
Friction Factor 300
Reaction Rate
Quality 250
Status I
200 | (| |
Link ID Layer Mame 150
K3-P262 Kamaoa WRN _ . || | |
K3-P125 Kamoa WRN _ % 100 1 ~‘
O
K3-P247 Kamoa WRN _ 3
=3
K3-P380 Kamoa WRN _ Y .l { { .l
K3-P2 Kamea WRN - 0
K3-P203 Kamaa WRN _
K3-P392 Kameca WRHN _ )
K3-F41 Kamoa WRN -
=100
=180
Add Delete 0 10 20 30 40 50 60 70 80 90
Time (hours)
Mowe Up Move Down

Figure9-99: Time Series graphLinks

Profile Graph

To generate a Profile Graph the start and end node should be selected. Click $tathaode and
then the Addbutton, select the end node and click on tAddbutton. All the nodes in between these
nodes are automatically added and the graph is automatically drawn as shdviguire9-100.

= Profile Graph = O x
1780
1700 | 3 Min Total Head
1850 v Avg Total Head
- ¥ — Max Total Head
g 1800 ¥ — Pipe
-% | [V ® Elevation
£ 1580
=
[} _ S—
1800 l
1450 ————w
e o
> ——— —¢
e e
1400 jo—" hd
0 500 1 000 1 500 2000 2500 3 000
Distance(m})
Pipe | Ground Elevation
Type I} Distance Diameter | Elevation Min Total Head | Max Total Head | Avg Total Head
Junction K3-122 0.00 1395.00 1478391 173100 1514.68
Pipe K3-P416 213
Junction K3-J320 53772 1418.00 147748 173100 151345
Pipe K3-P335 213
Junction K3-1214 78984 140500 147681 173100 151288
Pipe K3-P3%6 213
Junction K3-1327 1173.00 142800 147579 173100 151200
Pipe K3-P413 213
Junction K3-113 127476 143200 147552 173100 151177
Pipe K3-P406 213
agd Clear Reverse When you add a start node and add an end node on the map, the node between the start node and the end node is added automatically.

Figure9-100: Profile graph
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The graph displays the Min. Total Head, Avg. Total Head, Max. Total Head, Pipe and Elevation with
option in the legend to display or hide thrgh the toggle buttons.

The user also has the option teversethe direction of the profile plot by clicking on thHeeverse
button. Clicking on th€learbutton will delete all the displayed nodes and show a clear graph.

Frequency Graph

The Frequencgraph displays thealue versus fraction of objects at below the valueas shown in
Figure9-101andFigure9-102.

=, Frequency Graph = O X
Type
All Metwork 100 B
o 95 -~
(O selected Network J’J
80 /
Time 35 ,r‘
0 Current Time 80 '
O All Time 3 ;J
70 et
Nodes  Links &5 f
Parameter . 60
Elevation £ 55
z |
Base Demand g 50 A
g 45 /
Initial Quality o
a0 {"
Actual Demand
35 J
otal Head 20 f
@) Pressure 25 /"'
Quality 20 —
s
15 AR
10 I.J(
541
0
20 40 60 g0 100 120 140

Pressure(m}

Figure9-101 Frequency graplg Nodes- Pressure (Current time)

= Frequency Graph - O X

Type
© Al Network

(O selected Network
Time
O Current Time

© Al Time

Modes  Links

Parameter
Length

Diameter

Parcent(%)

Roughness
Bulk Coeff.
‘Wall Coeff.

Flow

Unit Headloss 15
Friction Factor 10
Reaction Rate

Quality

0 0.2 0.4 06 0.8 1 12 14 18 1.8 2 22 24 26 238
Velocity(mis)

Figure9-102: Frequency graplg Links- Velocity (All time)
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When drawing the frequency plot the user has the option to set the Type:
1 All network
1 Selected network
This will allow user to select only a section of the network for which a frequency diagram is required

When drawing the frequency plot the user has the option to set the Time:

1 Current time(seeFigure9-101)

1 All time(seeFigure9-102)
This will allow user to select onlyspecific time pend or draw affequency diagramwvith all the time
periods analysed.

Table9-34: Frequency graph parameters

Object Parameter

Nodes Elevation

(Figure9-101) Base Demand
Initial Quality
Actual Demand
Total Head
Pressure
Quality

Links Length

(Figure9-102) Diameter
Roughness

Bulk coefficient
Wall coefficient
Flow

Velocity

Unit headloss
Friction factor
Reaction rate

Quality

Note: A Time Series, Profile, or Freque@aphcan be zoomed by holding down the Shift key while
RN} gAy3a T 22Y NBOGIy3aftS gA0GK (GKS Y2dzasSqa ST
right zooms in, drawing from right to left zooms out. Traphcan also be panned in any direction by
holding down the Ctrl key and moving the mouse across the plot with the right button held down.

Right click anywhere on the Grapgfiqure9-97, Figure9-99 and Figure9-101) will show the veous
options to modify the General look (colours, views and title), Horizontal Axis (minimum, maximum,
increments, grid lines & title), Vertical Axis (minimum, maximum, increments, grid lines & title),
Legend (position, colour, size, framed & visibilyyl Series (series, title, symbology of lines, markers
and labels) as depicted Figure9-103.
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Graph Options X Graph Opti % Graph Options
General | Herizontal Axis | Vertical Axis | Legend | Series General Vertical Axis | Legend | Series General | Horizontal Axis é\'ér‘l:e\%ﬂ:ﬁ Legend | Series
Panel Color [ white ~ Minimum 000 0.00) Minimum 005 (0.05)
Maximum 95.00 95.00) Maximum 180 150}
Background Color D ‘White \, = (95.00) [
Increment: 0.00 Auto-Scale Increment 0.00 Auto-Scale
View in 3-D
| Grid Lines /| Grid Lines
3D Effect Percent 15
Aais Title Change Font. Auds Title Change Font
Main Title Change Font
Pressurg|
Graph Options X Graph Options X
General | Horizontal Axis | Vertical Axis |{Legend!| Series General | Horizental Awis | Vertical Axis | Legend | Series
S — Series Seriesl -
Pasition |R\;rt V| : = - Change Font
] Ti 3a
Fhp |Dwmte V| Legend Title
Lines | Markers | Labels
Symbol Width (% of Label Width) 20
style Solid ~
Framed v Shadowed
Color . Mavy —
Wisible v Transparent
Size 1
Check Boxes v E—

Figure9-103 Graph options

The options contained on each tab of the Graph Options di@ingow are described belovn Table
9-35.

Table9-35: GraphOptions GeneralHorizontaland Vertical Axis and Legernthis

Option Description
General
Panel Color Colar ofthe panels KA OK A dzNNR dzy R4 (G KS 13
Background Cols ColwNJ 2 F 3INI LIKQa LI 2G0Ay 3 | NBI
View in 3D Check if graph should be drawn in 3D
3D Effect Percent Degree to which 3D effect is drawn
Main Title ¢SEG 2F 3INILKQA YIFAYy GAaGtS
Font Changes théont used for the main title
Horizontal and Vertical Axis
Minimum Sets minimum axis value (minimum data value is showr
parentheses)Canbe left blank.
Maximum Sets maximum axis value (maximum data value is showi
parentheses). Calpe left blank.
Increment Sets increment between axis labels. Can be left blank.
Auto Scale If checked then Minimum, Maximum, and Increment settings
ignored.
Gridlines Selects type of gridline to draw.
Axis Title Text of axis title
Font Click to select a font fahe axis title.
Legend
Position Selects where to place the legend.
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Option Description

Colaur Selects color to use for legend background.

Symbol Width Selects width to use (in pixels) to draw symbol portion of the leger
Framed Places a frame around the legend.

Visible Makes the legend visible.

Position Selects where to place the legend.

Click theFontbutton to change the font used for the legend. (Other legend properties are selected on
the Legend page of the dialog.)

Select a property of the data serigsu would like to modify. The choices are: Lines, Markers, Patterns
and Labels(Not all properties are available for some types of graphs.)

The data series properties that can be modified on the Series tab are listetlie9-36.

Table9-36: Graph Options Series Tab

Category Option Description
Lines Style Selects line style.
Colour Selects lineolour.
Size Selects line thickness (only for solid line style).
Visible Determines if line is visible.
Markers Style Selects marker style.
Colour Selects marker colour.
Size Selects marker size.
Visible Determines if marker is visible.
Patterns Style Selects pattern style.
Colour Selects pattern colour.
Stacking Not used withGISpipe
Labels Style Selects what type of information is displayed in the lat
Colour { St SO0Ga GKS 02t2dzNJ 2F (K

Transparent Determines if graph shows through label or not.
Show Arrows  Determines if arrows are displayed on pie charts.
Visible Determines if labels are visible or not.

Contour plot

Using theView results option toolbafFigure9-90, the user can select to show the contours. This is a
for example a very useful plot to identify specific areas of high or low pressures as shbBigarim
9-104.

The created contour map can also be exported to a separate layer by clicking Brgbe to Layer
option seeFigure9-91.
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Figure9-104: Contour plot

9.6.2 Viewing Resultsn Tables

There are numerous ways to generate and view the results in table format. Wbeing a graph
(Figure9-97), dicking the Table Tatwitches to the same selected nodes but shows the results in table

format as show irfrigure9-98.

Alternatively selecting the junctions and/or links on the Map viewer window, right clicking on the
window and selecting View Selected Shapes Tate the popup menu, sed-igure9-105, will show

o
1541630166/93 88160133

the results in a table format, as shownkigure9-106.

Pressure
25.00
30.00
35.00
40.00

m

Figure9-105: Selecting junctions and pipes

View Selected Shapes Table (322)

Automatically connect selected junction to pipe
Enable

Disable

Change Start Node To End Node

Generate Junctions at equal intervals along the selected pipe
Select Source

Select Service Area

Inverse Selection

Selected shape layer operations

Set Color Selected Shapes

Hide Selected Shapes

Show Hidden Shapes

Change Junction

Change Pipe
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=3 - O X

Fix) E i 1 ]

DMA Mapping  DMA Elevation Batch Input  Excel Batch Input  Save To Excel

Pipe(165)
Enter text to search
Drag a column header here to group by that column

= | Junction IC | X-Coordin: | Y-Coordin: | Description | Tag Elevation{m | Base Demand | Demand Pattern | Demand Cate | Emitter Coef | Initial Qua | Source Qui | Actual Demar | Emitter Flow | Total Heac | Pressure
SV-143 301147.503( 8796897 84! 138000 000 1 1 0 000 0.00 142094 4054
SV-150 301160:156¢| 8796388 16< 1380.00 0001 1 0 000 0.00 142094 4084
SV-J51 301195.457:| 8797058.02¢ 1382.00 000 1 1 o 0.00 0.00 142034 3834
SV-J52 301207.870¢ 8797072411 138200 0001 1 o 0.00 0.00 142034 3834
SV-153 301246.169%| 8797026.07: 1.384.00 000 1 1 0 0.00 0.00 142099 36.99
SV-154 301268.326<| 8797016.26¢ 138500 0001 1 o 0.00 0.00 142100 36.00
SV-I55 301309.227: 8796952 44! 1388.00 000 1 1 0 000 0.00 142108 3308
SV-156 301337.054:| 8796923 13. 1388.00 0001 1 0 000 0.00 142112 3312
Sv-Je3 3011974163 8797105110 138100 000 1 1 o 0.00 0.00 142082 3952
Sv-led 3013140227 879714282 138100 0001 1 o 0.00 0.00 142089 39.89
SV-J65 301388.6227| 8797186.77( 1.380.00 000 1 1 0 0.00 0.00 142083 40.83
SvV-1104 301307.740¢| 8796895.29: 1386.00 0001 1 o 0.00 0.00 142110 3510
SV-1105 301300.570¢ 8796888 35: 1386.00 000 1 1 0 000 0.00 142110 3510
SV-55-E-7  |301319.210¢| 8796901352 1386.00 0031 1 0 013 0.00 142110 3510
SV-55-E-2  |301286.800¢ B796890.62: 1386.00 0031 1 o 013 0.00 142109 3509

227 1183 0.00 3969

Figure9-106: Viewing results in table format

It must be remembered that the results shown would only be for the specific time step in an extended
period simulation.

9.6.3 Exporting Simulation Results

On theReport Toolbar click on th&xportbutton to save all the simulated results to a Microsoft Excel
file, Figure9-107.

Results.xlsx - Excel D Search
File Home Insert Page Layout Formulas Data Rewview View Help Acrobat 1% Share
Calibri «[11 - = 0, ﬁ{fonditi onal Formatting ~ s L
fl-j 5); = B I U~ A A . ~ o [ Format as Table ~ = /o Et} %
Paste - Alignment | Number Cells | Editing Create PDF  Create PDF and
- ¥ O ﬁ = - = & Cell Styles ~ - - and Share link Share via Qutlook
Clippoard ® Font ] Styles Adobe Acrobat -
Al & £ || Time v
A B C D E F G H 1 1 K L M N -
1 |Time lType ModeID  AssetTyp AssetID  Elevation|Base Dem Initial Qu: Actual DeiEmitter Fl Head(m) Pressure(iQuality DMA
2 |0:00 Reservoir SV-R1 Reservaoir 1430 0 0 -7.81005 0 1430 7.42E-06 ]
3 |0:00 Tank SV-T1 Tank 1420 0 0 5.441157 0 1423 3.000025 ]
4 |0:00 Junction 5V-J40  Junction 1389 0 o] 4] 0 1422988 33.98767 ]
5 |0:00 Junction 5V-J41  Junction 1389 0 o] 4] 0 1422.984 33.98351 ]
6 |0:00 Junction 5V-J42  Junction 1387 0 o] 4] 0 142298 35.98008 ]
7 |0:00 Junction 5V-143 Junction 1385 0 1] [1] 0 1422979 37.9754% 0
8 |0:00 Junction SV-J44  Junction 1383 0 1] [1] 0 1422979 39.9791% 0
9 |0:00 Junction SV-145 Junction 1382 0 1] [1] 0 1422979 40.97874 0
10 |0:00 Junction SV-J46  Junction 1382 0 1] [1] 0 1422978 40.97345 0
11 |0:00 Junction SV-147  Junction 1382 0 1] [1] 0 1422978 40.97815 0
12 |0:00 Junction SV-J48  Junction 1380 0 1] [1] 0 1422978 42.97785 0
13 |0:00 Junction 5V-143 Junction 1380 0 1] [1] 0 1422978 42.97755 0
14 |0:00 Junction SV-150  Junction 1380 0 [1] [1] 0 1422977 42.9774 1] hd
Sheetl @ [ 3
| Ready H m - ] + 100%

Figure9-107: Export to Microsoft Excel Results
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9.6.4 Pipes report

On theReportToolbar click on thé&ipesbutton to view the water pipes result§igure9-108 The
results in each of the columns are listedTiable9-37.

=4 Pipe Repor
Water Pipe | Service Connection
Asset ID Type Material Diameter Length Install Year Valve Count Spply Count | Spply Lengt | Max Pressure | DMA Name | Service No
10011 ‘Water Distribution MOPOOL 80 8.80 1986 1 o 0.00 115.59
10014 ‘Water Distributiol POOL 150 8.55/1986 0 0 0.00 12015
10006 Water Distributiol MOPOOL 642 1156
10009 ‘Water Distributior POOL 737 11493
10002 ‘Water Distributiol MOPOOL 80 33.52 1986 1 0 367 11557
10010 Water Distributiol POOL 23.66
‘Water Distributiol MOPOOL 561
10007 ‘Water Distributiol POOL 150 115922|1986 0 0 0.00 60.15
10013 ‘Water Distributiol MOPOOL 80 3263 1986 0 0 0.00 12176
10003 ‘Water Distribution POOL 100 58.85|1986 1 o 1562 12122
10004 ‘Water Distributiol MOPOO1 80 3223|1986 0 0 0.00 12022
10016 ‘Water Distributiol POOL 100 36.89 1986 0 0 217 11560
10019 ‘Water Distribution MOPOO1 BO 65.60 1986 0 o B216 12292
10000 ‘Water Distributior PO01 80 2241986 1 0 000 11559
10012 ‘Water Distributiol MOPOOL 150 236 12024
10015 ‘Water Distribution POOL 766 12018
10005 ‘Water Distributiol MOPOO1 80 6484 11781
10008 ‘Water Distributiol FOOL 80 3.80 12078
10001 ‘Water Distributior MOPOOL 11220 11962
10018 ‘Water Distributio MOPOO1 80 1339 12118
Figure9-108 Pipes report
Table9-37: Pipes report results

Column Description

AssetlD Unique identifier for the pipe, usually linked to the GIS asset register
Type Classification of the pipe (e.g., Water Distribution)

Material Pipe construction material

Diameter Internal diameter of the pipe

Length Length of the pipe segment

InstallYear Year the pipe was installed, used for age tracking and renewal planning
Valve Count = Number of valves located on or associated with the pipe

Supply Count Number of direct customer connections served by the pipe

Supply Lengtl Total length of serviceonnections attached to the pipe

Max Pressure Maximum pressure experienced in the pipe during simulation

DMA Name  District Metered Area (DMA) that the pipe belongs to

Service No Number of individual service connections (customer meters) linked teige

9.6.5 Energy report

On theReportToolbar click on th&nergybutton to view theEnergy Repontesults,Figure9-109. This
report summarizes the energy performance of pumps in the network, helping identify high energy
users, inefficient pumps, and opportunities for cost savings.

The results in each of thewlumns are listed ifable9-38.

Selecting the Graph Talrigure 9-109), provides a visual comparison of energy and efficiency
performance across all pumps in the system, making it easy to identify the most eéntgsive or
least efficient pumpsseeFigure9-110. This is done by providing 5 different graph options similar to
that in Table9-38.
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= Energy Report = O X
Table | Graph
Pump Percent Utiliztion Average Efficiency Kw-hr/td Average Kwatts Peak Kwatts Cost/day

K3-6351-PP-D01A 100.00 75.00 111 3227 3549 0.00
K3-6351-PP-D01B 100.00 75.00 112 3210 35.30 0.00
K3-PC1-5B 0.00 0.00 0.00 0.00 0.00 0.00
K3-PC1 100.00 75.00 021 1206 40.82 0.00
K3-PB1-SB 0.00 0.00 0.00 0.00 0.00 0.00
K3-PB1 100.00 75.00 023 374 45.96 0.00
K3-PAL-SB 0.00 0.00 0.00 0.00 0.00 0.00
K3-PAL 100.00 75.00 022 630 9.01 0.00
K3-PG 100.00 75.00 015 0.07 0.68 0.00
K3-PG_SB 0.00 0.00 0.00 0.00 0.00 0.00

Figure9-109 Energy Report Table output

Table9-38: Energy reports Output
Field Description
Pump Identifier of the pump being analysed

Percent Utilization Percentage of the total simulation time that the pump was operating
Average Efficiency Average hydraulito-mechanical efficiency (%) of the pump during

kW-hr/ms3

Average kWatts
Peak kWatts

Cost/day

operation.

Energy consumed per unit volume of water pumped (kilovimattirs per
cubic metre)

Average power consumption (kW) of the pump over the simulation peric

Maximum (peak) power demand (kW) recorded during the simulation

Daily cost of operating the pump, based on energy consumption and tal
data

O Peak Kwatts

(O Costrday

=1 Energy Report — O *
Table | Graph
1.4
1.3
(O Percent Utiliztion 1.2
1.1
1
O Average Efficiency 0.9
0.8
0.7
0.6
© ww-nr/d 0.5
0.4
0.3
O Average Kwatts 0.2 . I
in mn 11
o

K3-6351-PP-0014
K3-6351-PP-001B
K3-PC1-5B
K3-PC1
K3-PB1-5B
K3-PB1
K3-PA1-SB
K3-PA1

K3-PG

K3-PG_SB
K3-PD1

K3-PF1

K3-PF1-SB

K3-6851-PP-001B

K3-PE1-SB

K3-PD1-5B

K3-6851-PP-0014

K3-PBT1-5B

K3-PE1

K3-PBT1

Figure9-110 Energy Report Graph output
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9.7 OtherFeatures

On the Results Toolbar click on tBgportbutton to save all the simulated results to a Microsoft Excel
file, Figure9-107.

q MNodes - (3| @) Model Validation #z Service Scope ~r @i Graph ~
Links - (| [Elevation Verification %4 DMA Isolation
Run oy [ Other
Analysis Contour * L}| g4 Metwork Group [ Advanced Analysis ¥ | Features~ ™ Pipes
AnlysisB&&Simulaticn E Bulk Coefficient tir|
n Skelebrator
'E{ - & @ ~ | Visible Layer |+| Label |+| Nedes |+/| Links &) Flow Units Conversion
& Recalculating Pipe Length
P add valve to Net
T Pipe Depth Layer -> EPAnet Elevation

Figure9-111: Other Features

9.7.1 Bulk Coefficient

TheBulk Coefficient windowas shown ifFigure9-112, helps users determine how the bulk reaction
coefficient (Kb)used in water quality modelling, changes with temperature. This is especially relevant
for chlorine decay and other disinfectant reactions.

This tool is selected by clicking on ¢her Featurebutton on theAnalysis & Simulatiotoolbar and
then clickon the Bulk Coefficienbutton.

=1 Bulk Coefficient - O X
Temperature Temperature
(=c} (*c}
Timefhr) Clz{mg/L} Time(hr} Clz{mg/1}
g
=]
5
Time(hr}
=
= 1]
]
1000/ (k)
Add Delete Temperature(*C} Kb Calculate [day-1}

Figure9-112 Bulk Coefficient

Adetailed breakdown of the inputs and outpuase listed inTable9-39.
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Table9-39: Input and output of Bulk Coefficient

Parameter Description

Input

Time (hr) The elapsed time of the test, in hours, farhlorine decay
measurements.

/ £fi o0Y3Ak][ 0 The measured chlorine concentration at that time step. These ve

are typically obtained from laboratory or field tests where a wa
sample is monitored over time.

Temperature (°C) The temperature at which thechlorine decay test is performec
Multiple sets of decay tests can be run at different temperatures
establish temperature dependence.

Add This button ads a new row of input data (time, chlorine concentratic
and temperature).

Delete Removes aelected row of input data.

Temperature (°C) Sets or edits the test temperature associated with the dataset.

Kb Calculate Runs the regression analysis to calculate the bulk reaction coeffi

(Kb) for each dataset.
Results

DNJ LK o/ f i Displays chlorine concentration decay over time for the ente
dataset. The slope of the decay curve is used to estimate the

coefficient.
Graph (In Kb vs Plots the natural logarithm of the bulk coefficient against inve
1000/T) temperature (Arrherus plot). This shows how reaction rates depe

on temperature and allows extrapolation to other temperatures.

/ I £ Odzt I G SR The computed bulk reaction coefficient, shown numerically a
analysis. This coefficient is then used in water qualityulations (e.qg.
chlorine decay modelling).

9.7.2 Skelebrator

The Skelebrator tool, as shown Figure9-113 is used to simplify a complex water distribution
network by selectively removing less significant parts of the system. This process is commonly referred
to as network skeletonization, and litelps reduce computational complexity while retaining the
essential hydraulic characteristics of the network.

This tool is selected by clicking on éher Featurebutton on theAnalysis & Simulatiotmolbarand
then click on theSkelebratobutton.

The Skelebrator simplifies the network by:
1 Removing pipes with diameters smaller than a edefined threshold.
1 Merging junctions where there are minimal elevation differences.
1 Focusing either on the entire network or a selected portion.

This is especiallyseful for large, detailed models where a more abstracted version is needed for
planning or scenario analysis. The information required to apply the skeletonization is liJtablen
9-40.
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Extent of skeletalization

@) All Metwork
Selected Network

Jiamterimm)} 100 e

Remove pipes below the selected pipe diameter.

+'| Pipe Merge

Elevaticn less than 1 {m}

Ok Cancel

Figure9-113 Skelebrator option

Table9-40: Skelebrator input

Option Description

Extent of Choosebetween applying simplification to the entire network or just

Skeletalization selected portion.

Diameter Select, from a dropdown list, theges with diameters smaller than this vall
that shouldbe removed from the model.

Pipe Merge When enabled, the software mergesnnected pipes at junctions where tf

elevation change is minor.
Elevation less than Specifies the elevation difference threshold below which junctions cal
merged.

9.7.3 FlowUnits Conversion

This tool is selected by clicking on éher Featurebutton on theAnalysis & Simulatiotmolbarand

then click on thd=low Units Conversidyutton. The project is set to a specific flow usieé Appendix

B). This tool allows the user to change the units and, in this process, change all the demandovalues t
the new units. The Flow Units Conversion wind®&igure9-114, will show the current flow units
(Source Units) and provide a drdpwn list (Target bits) of flow units that the user can select from.
Click on theDkbutton to confirm the conversion.

Flow Units Conwersion »

Source Units: CMD (1 /day)
Target Units :|CMH [t /hr -

oK Cancel

Figure9-114 Flow unit conversion
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9.7.4 Pipe Length Recalculation

This tool is selected by clicking on ther Featurebutton on theAnalysis & Simulatiotwolbarand
then click on theRecalculating Pipe Lengtiutton. Based on the scale all pipe length will be
recalculated. Once complete a confirmation pap windowwill be shown Figure9-115, to confirm
the procedure.

Information b 4

o Complete

Figure9-115 Completed Pipe Recalculatingength procedure

9.7.5 Add Valve to Net

Valves can be added to the network model by importing a valve layer with the positions of the valves.
The valve can be selected in the Viewer mapKgare9-116.

W
i
L ]

Figure9-116: Selecting a valve on the Valve layer

ThisAdd Valve to Netool is selected by clicking on th@ther Featuredutton on the Analysis &
Simulationtoolbar and then click on th&dd Valve to Nebutton. The valve will be inserted into the
network model as shown iRigure9-117.

Figure9-117: Valve added to network

9.7.6 Pipe Depth to EPANET Elevation

This tool is selected by clicking on @&her Featurebutton on theAnalysis & Simulatiotoolbarand

then click on thePipe Depth Layer EPAnet Elevatidoutton. This function automatically converts
GISpipe depth and surface elevation data into EPANET junction elevations, ensuring the hydraulic
model reflects reavorld ground levels.
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From GIS elevation data (DEM, contour layerspipe survey data), the surface elevation at each
pipe/junction location is determinedd Pipe Depth layer is required and when the network model is
selectedclick on thePipe Depth Layer EPAnNet Elevatidiutton to show the dialogue box shown in
Figure9-115. Select if thenformation should be extracted from the DEM or the pipe depth data layer.
Select if the entire networkA(l Networkradio button)or only aSelected Networghould be modified.

Pipe Depth Layer - = EPAnet Elevation *

+ | If you don't have pipe depth data, get it from the DEM{Digitd

Target

@) All Metwork Selected Network

Ok Cance

Figure9-118 Pipe Depth Layer> EPAnet Elevation tool

9.8 Optimization

On theOptimizationtoolbar there are two options to select frolRoughnesandWall Coeff

9.8.1 Roughness automatic calibration

SelectingRoughnesshows theRoughness automatic calibratievindow as depicted ifrigure9-119.
The various input and results parameters are listedlable9-41.

= Roughness Automatic Calibration = m} X

Pipe ID Diameter terial Install Year Velocity under peak fion | Before Roughness Current Roughness RMSE

&
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[ N TR ==
E S 8O S s 8
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Grouping
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s
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£
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Install Year Year interval 5

&
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&
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&
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oo e e
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&
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A ] ] ] & ] ] ]

¥

Figure9-119 Roughness Automat Calibration window
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Table9-41: Roughness automatic calibration

Field / Control

Pipe ID

Diameter

Material

Install Year

Velocity under peak flow
Before Roughness
Current Roughness

All Pipes
Selected Pipes

Diameter

Material

Install Year

Year Interval

Velocity under peak flow:
Velocity Interval

Max. Roughness

Min. Roughness
PVC/PE Max. Roughnes
PVC/PE Min. Roughness
Pipe Material Selector

Run
Apply

RMSE Graph

Current Roughness
(updated)

Description
Pipe Data
Unique identifier of each pipe in the network
Pipe internal diameter
Pipematerial type (e.g., MOP001, PVC/PE)
Year the pipe was installed, used for dggesed grouping
Simulated velocity in the pipe at peak demand
Initial/default roughness value before calibration
Updated/calibrated roughness value after running the tool
Range Options
Apply calibration to the entire network
Apply calibration only to highlighted/selected pipes
Grouping Options
Groups pipes bgiameter for calibration
Groups pipes by material type
Groups pipes by age; interval controlledYsar Intervalffield.
Interval in years for grouping (e.g., 5 years)
Groups pipes by velocity; interval controlledglocity Intervalfield.
Interval in m/s for velocity grouping (e.g., 0.5 m/s)
Constraints
Maximum allowable calibrated roughness value
Minimum allowablecalibrated roughness value
Maximum roughness allowed for PVC/PE pipes
Minimum roughness allowed for PVC/PE pipes
Enables setting constraints for specific pipe materials (e.g., MOP001)
Analyse
Executes the automatic calibration process
Applies the updated/calibrated roughness values to the model
Results
Displays Root Mean Square Error between observed and simulated ¢
(fit check).
Shows the final calibrated roughness values in the table.

9.8.2 Wall coefficient automatic calibration

SelectingWall Coeffshows the Wall Coefficientubomatic Calibrationwindow as depicted ifrigure
9-120. The various input and results parameters are listedlable9-42.
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=] Wall Coefficient Automatic Calibration

Pipe ID Diameter Material Install Year

Velocity under peak fiov | Before Wall Ceoff Current Wall Ceoff RMSE

0.06

range

Pipe ID

Diameter

Material

Install Year

Velocity under peak flow
Before Wall Coeff.
Current Wall Coeff.

All Pipes
Selected Pipes

Diameter

Material

Install Year

Year Interval

Velocity under peak flows
Velocity Interva

Min. Wall Coeff.
Max. Wall Coeff.

Run
Apply

RMSE Graph

Current Wall Coeffupdated)

ff @) All Pipes Selected Pipes
’f Grouping
-_; Diameter
024 Material
T Install Year Year interval
Velocity under peak flows Velecity interval
Constraints
Min Wall Coeft Max Wall Coeft
Run
Figure9-120: Wall CoefficientAutomatic Calibration window
Table9-42: Wall coefficientautomatic calibration
Field / Control Description

Pipe Data
Unique identifier of each pipe in the network
Pipe internal diameter
Pipe material type (e.g., MOP001, PVC/PE)
Year the pipe was installed, used &yebased grouping
Simulated velocity in the pipe at peak demand
Initial/default wall reaction coefficient before calibration
Updated/calibrated wall reaction coefficient after running ttoel
Range Options
Apply calibration to the entire network
Apply calibration only to highlighted/selected pipes
Grouping Options
Groups pipes by diameter for calibration
Groups pipes by material type
Groups pipes by age; interval controlledYar Intervalfield
Interval in years for grouping (e.g., 5 years)
Groups pipes by velocity; interval controlled\d&locity Intervalfield
Interval in m/s for velocity grouping (e.g., 0.5 m/s)
Constraints

Minimum allowable wall reaction coefficient (e.gQ.5)
Maximum allowable wall reaction coefficient

Analyse
Executes the automatic calibratigmocess
Applies the updated/calibrated wall coefficients to the model

Results
Displays Root Mean Square Error between observed and simulate
data (fit check)
Shows the final calibrated wall reactiopefficient values in the table
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10 STORM WATER MANAGEMENT MQD&be completed)

GISpipe integrates th€&ePA Storm Water Management Model (SWMM)o a Geographical
Information System environment. This createslynamic rainfaltunoff simulation model used for
single event or longerm (continuous) simulation of runoff quantity and quality from primarily urban
areasrunning on a GIS platformThe runoff component of SWMM operates on a collection of
subcatchmenhareas that receive precipitation and generate runoff and pollutant Iq&étgure10-1).

The routing portion of SWMM transports this runoff through sgstem of pipes, channels,
storage/treatment devices, pumps, and regulators. SWMM tracks the quantity and quality of runoff
generated within each subcatchment, and the flow rate, flow depth, and quality of water in each pipe
and channel during a simulatigreriod comprised of multiple time steps. Running under Windows,
SWMM 5 provides an integrated environment for editing study area input data, running hydrologic,
hydraulic and water quality simulations, and viewing the results in a variety of formats Hohsde
colour-coded drainage area and conveyance system maps, time series graphs and tables, profile plots,
FYR adGFGAa0GAO0OFE FTNBIldzSyoOe |yl feaSaod Gisgipe duiltdza SND A
storm water management modelst includes istructions on how to build a drainage system model,

how to set various simulation options, and how to view results in a variety of formats. It also describes
the different types of files used by SWMM and provides useful tables of parameter values. Detailed
descriptions of the theory behind SWMMthe engine used in GISpipa)d the numerical methods

it employs can be found in a separate set of reference mar{uaisv.epa.gov/waterresearch/storm
water-managementmodelswmm)

W=7 ~ Urban Wet Weather Flows

Sepame Sanltarv
~Sewer System

(9 -
Sowsr

S\ |

Figure10-1: SWMM USEPA, 2022)

SWMM is used throughout the world for planning, analysis, and design related to stormwater runoff,
combined and sanitary sewers, and other drainage systems. It can be used to evaluate gray
infrastructurestormwater control strategies, such as pipes and storm drains, and is a useful tool for
creating costeffective green/gray hybrid stormwater control solutions. SWMM was developed to help
support local, state, and national stormwater management objectiteeseduce runoff through
infiltration and retention, and help to reduce discharges that cause impairment of waterbodies.
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10.3 Working with projects

10.4 Working with objects

10.5 Working with the viewer map

10.6 Running asimulation

10.7 Viewing results

10.8 Files used by GISpipe
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11 SURFACE RUNOFF MOQELbe completed)

When working on Surface Runoff Models selecgngface Runoff Mod&lenu will show the analysis
and viewing functions associated with the surface runoff model as shio®igurell-1.

File Edit Water Distribution Metwork Madel Storm Water Management Model Surface Runoff Model Tools Help i3] Layer Property Search... Q
%\5 o settings ’
) il Pattem
Generate Run
Model  EOverlap ¥ pnapic
Model

Analysis

Figurell-1: Tool bar options when selecting the Surface Runoff Model Menu
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Selecting thél'oolsmenu will provide the user with specific tools related to the DEM data, Shapefiles
and generating of basins or streams as showRigurel2-1 with descriptions listed imable12-1.

File Edit Water Distribution Network Model Storm Water Management Model Surface Runoff Model Tools Help
&) Importing SRTM30M DEM From Server E fi‘ . JA'S ﬁ+ o> 3
B Generate DEM (Digital Elevation Model) Export Raster To Conwvert Excel Set Get Building Generate Voronei Generate
Image  Vector  File To ShapeFile Elevation  FromWeb  Layer frem Junctions Basin & Stream ¥

Figurel2-1: Tool bar options when selecting the Tools Menu

Tablel2-1: Layer tools

Icon

G} Importing SETM30M

DEM From Senver

Generate DEM
& (Digital Elevation
Model)

Conwvert Excel
File To ShapeFile

JA'S

Set
Elevation

B

Get Building
From Web

Generate Voronoi
Layer from Junctions

&

Generate

Basin & Stream v~

Description

Downloads 3@meter resolution Digital Elevation Model (DEM) data froi
an online SRTM (Shuttle Radar Topography Mission) server. This pro
elevation data for the selected geographic area and is typically used f
terrain analysis or hydraulimodelling

Creates a DEM surface from available elevation data (e.g., points,
contours). This is useful for analysing topography, drainage paths, an
basin delineation in water distribution planning.

Creates a DEM surface from available elevation data, (@oints,
contours). This is useful fanalysingopography, drainage paths, and
basin delineation in water distribution planning.

Converts raster data (pixblased images such as scanned maps or DE
into vector features (points, lines, polygongypically used to digitize
features like pipelines, roads, or contours from a background image.

Transforms coordinate data stored in an Excel file (e.g., node coordin
elevations) into a shapefile format. This enables integration with GIS
systemsand spatial analysis workflows.

Assigns elevation values to nodes or junctions in the water distributior
model, either manually or based on DEM data. Accurate elevation dal
crucial for hydraulic modelling.

Imports building footprints or strctural data from wekbased GIS service
(e.g., OpenStreetMap). This helps visualize infrastructure and assess
impacts in urban water modelling.

Creates a Voronoi (Thiessen) polygon layer based on junctions or not
Each polygon defines the area @ssto a particular node, useful for
estimating demand zones or service areas.

Identifies watershed boundaries and stream paths based on the terral
surface (DEM). Useful for integrating surface runoff, catchment analy:
and planning stormwatemanagement alongside water distribution
systems.
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Importing SRTM30M DEM from server

This tool connects to an online data source (typically NASA or USGS servers) to automatically download
SRTM (Shuttle Radar Topography Mission) Digital Elevation Modewithtaa 30meter spatial
resolution for a selected area. The DEM provides essential topographic information used to
understand the terrain of a region, which directly affects water flow, pressure zones, drainage patterns,
and catchment behaviour. Integraty this elevation data into a GHased model enhances the
accuracy of hydraulic simulations and is particularly valuable for regions without local topographic
surveys.

Clicking on themporting SRTM30M DEM From Setwatton will import the data and create a new
layer calledSRTM 30Mthe name of which can be change®glecting the created layer and setting
its Layer Properties to show a colour ramp of the elevatiigsire12-2 (and inthis case also set the

transparency level to see the Google Earth image behind it.

2D | 3D

EMNARKA D & 9~

———
Lkm

Figurel2-2: SRTM 30M DEM imported from server

Generate DEM (Digital Elevation Model)

This function allows the user to create a custom Digital Elevation Model from local data sources such
as surveyed elevation points, GPS data, or contour lines. It uses interpolation algorithms to generate
acontinuous elevation surface that reflects the terrain's shape. The generated DEM can then be used
for hydrologic and hydraulic modelling, including flow direction analysis, slope calculations, and
defining natural drainage patterns. This tool is essemtiaén more detailed or localized elevation
data is available and preferred over global datasets like SRTM.
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Select a DEMlicking on theéGenerate DEM (Digital Elevation Modalitton the user will receive a
prompt to enter the Cell size as shownFigure12-3. A DEM is a grid of cells, each representing the
average elevation over a square ar&he cell size determines how much ground area eatiftavers.
C2NJ SEFIYLXt Sz | OStt &aAl S 2F mn YSGSNAR YSIya
ground.

SI OK

1 Smaller cell sizes provide more detailed elevation data, capturing finer terrain features.
1 Larger cell sizes result in coarser DEWNtB smoother, more generalized terrain.

Set the Cell Size and click on tBkbutton.

+) % Input x " .
* " Cell Size(m) 10 v
A . — 1

Figurel2-3: Generate DEM Set Cell Size

The DEM will be createffigurel2-4, and listed as a new Layer in the project.

Layers X

Table % \., f ‘
[} Layer Name
& Altitude

'),g, Import Export

2D | 3D

EPSG

Unknown

|[v] B8 iTerrain

Unknown

& SRTM 30M
~
2 GoogleMaps

3857
3857

Figurel2-4: Generated terrain

Export Image

The Export Image tool allows users to captine current view of the GIS project and save it as a raster
image file, such as PNG or JPEG. This is especially useful for preparing visuals for reports, presentations,
or documentation where a snapshot of the model layout, pipe network, or terrain featignequired.

Users can typically select the resolution and extent of the exported image, making it a valuable tool

for communicating the spatial layout and design features of a water distribution or drainage system.

Clicking on théexport Imagebutton will show the dialog window as shown kigure12-5. Set the
following parameters as listed ifable12-2, and click on the OK buttoithe user can then select the
directory and file name where thenageshould be stored
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Export Image

Extent

X Min [280314270295284 | X Max (2807275.81080434

Y Min |-122108183631104 | ¥ Max |-121694872845955 |

Source EPSG |3857 | targetEPSG [3857

Cols |1 : Image Type | TIF .

Rows | Image Size |+ 1024 |

Figurel2-5: Export Image dialog window

Table12-2: Export imageparameters

Parameter
X Min

X Max
Y Min
Y Max

Source
EPSG

Target
EPSG
Cols
Rows

Image Type

Image Size

Description

The minimum X (longitude or easting) coordinate of the bounding box (Kmfte
corner) of the selected spatial extent.

The maximum X (longitude or easting) coordinate of the bounding box (ujuer
corner)of the selected spatial extent.

The minimum Y (latitude or northing) coordinate of the bounding box (Idefer
corner) of the selected spatial extent.

The maximum Y (latitude or northing) coordinate of the bounding box (upgbt
corner) d the selected spatial extent.

The EPSG code of the coordinate reference system used for the input spatia
EPSG:3857 is Web Mercator projection commonly used in web mhjgswould be
the current source of the layer selected

The EPSG code of the coordinate reference system to which the data w
transformed or reprojected.

The number of columns (grid cells horizontally) in the raster grid to be gener
Maximum number is 15.

The number of rows (grid cellertically) in the raster grid to be generatéddaximum
number is 15.

The output format of the image or raster, e.g., TIF (Tagged Image File Format),
supports georeferencingr JPG, PNG & BMP

The resolution or size of theutput image in pixels. In this case, it defines a sqt
image of 1024 x 1024 pixels.

Raster to Vector
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Raster to Vector conversion transforms pikeked data (e.g., scanned maps, aerial photos, or DEMS)
into vector features (points, lines, and poly) that can be edited and analysed in GIS. For example,
contours from a scanned topographic map can be traced and converted into elevation lines, or roads
and infrastructure visible on a satellite image can be digitized into vector paths. This tool agoma
part of the digitizing process, allowing for more efficient creation of geospatial features that are
necessary for modelling and analysis in GISpipe.

When the useselectsa raster layer and click on thiaster to Vectobutton the Tolerance can be set
as shown irFigurel2-6. The tolerance refers to a numerical threshold that determines how precisely
the vector shape follow the boundaries or features in the raster imager example, if a scanned
map of a pipeline igectorizd:

1 Alow tolerance (e.g., 0.5) will trace every minor bend or gixel fluctuation.
1 A high tolerance (e.g., 5.0) will produce straightempsther lines, potentially ignoring minor
deviations.

Figurel2-6: Setting Tolerance for raster conversion

Once the process has been completed a new Vector layer is created as sHeigural2-7.

Layers x || 20| 3D
2 import & Export FH{ Table € &, + & rOoQearle -
Layer Name EPSG N 3

[V SRTM 30M o

T vector 3857

G GoogleMaps 3857

Figurel2-7: Vector layer created

Convert Excel File to Shapefile
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This toolenables the conversion of tabular data from Excel spreadsheets into spatial vector data in
the form of shapefiles. If an Excel file contains columns for coordinates (e.g., latitude and longitude or
X and Y), along with attribute data like elevation, nobBs,lor demand values, this tool creates
corresponding point features in the GIS environment. It is particularly useful for importing survey data,
pump station locations, or customer demand nodes into the GISpipe system, allowing for easy
integration of nonspatial data into a spatialigware model.

Clicking on the&Convert Excel File to Shapefiléton will show the dialog window as shown kigure

12-8. Click on the Open Excel File button and after the file was loaded select which column-is the X
and which is the ¥oordinate. Click on th®Kbutton to create the Shapfile. The user can then select
the directory and file name where the shapefile shob&lstored. It is not automatically added as a
layer. The user has the option to add it to the project using the procedure as describedior9.2.1

:'s‘, Convert Excel File To ShapeFile — O x

Cpen Excel File X-Coordinate 8738986 ~ Y-Coordinate -3285683 695 =
O-AERIAL DTM

738986 -3285683.695 14328
-3285705.142 16436

-3285688.105 1422

Eo ]
e

Figurel2-8: Convert Excel File to S"h-apefile

Set Elevation

The Set Elevation function assigns elevation values to specific nodes, such as junctions, tanks, and
reservoirs, within the water distribution networkElevations can be set manually or derived
automatically from an underlying DEM or contour data. Accurate elevation information is critical for
hydraulic modelling because it affects pressure calculations, head loss, and flow dynamics throughout
the network This tool ensures that every element in the model reflects realistic terrain influences,
improving the fidelity of simulations and design evaluations.

The user can select the layer with the nodes that needs to be obtained from the DEM. Click on the
SetElevationbutton after which the user will be prompted to enter the Pipe Depth as well as select

if this function should only be applied to selected nodes (toggle option) or if it will be applied to all

the nodes in the layer as shownkigurel2-9.

Set the Pipe depth and click on tlbutton. The nodes on the selected layer will all be changed
based on the DEM information.
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Set Elevation b 4 1

Pipe Depth{m) 1

Cnly Selected Modes

Cancel

Figurel2-9: Set elevation

Get Building from Web

This feature connects to online geospatial databasgsch as OpenStreetMap or other public GIS
services to import building footprints and structural data into the project areaisTéllows users to
visualize residential, commercial, or industrial buildings, aiding in estimating water demand, planning
service coverage, or evaluating the impact of infrastructure placement. The buildings are downloaded
as vector polygons and can beedsfor further spatial analysis, such as proximity to pipelines,
population density mapping, or identifying higlemand zones.

Click on theGet Building from Webutton to start the proces$o download this information (this
process can take a few minutdepending on the size of the are#).3D view of the terrain will show
the variations in elevations and structures which are shown based on their heightSigere12-10.

2D | 3D

LHAKRIIT @ - scalezen) |1 j[ Flood(%) [0

Figure12-10: 3D view

Generate Voronoi Layer frorunctions

This tool generates a Voronoi (or Thiessen) diagram from selected network junctions or nodes,
creating polygons arouneach node such that any point within a polygon is closer to its central node
than to any other. These polygons represent service areas or demand zones and are helpful in water
distribution modelling to allocate population, demand, or land use data tonierest supply point.

This spatial partitioning supports network optimization, balancing demand, and locating new
infrastructure more effectively.
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Select the layer with node€llick on theGenerate Vorondiayer fromlunctionsbutton to generate
the Vororoi (or Thiessen) diagrafrom the junctions as shown Figurel2-11.

R-HAaaaile 9

Figurel2-11: Generateal Voronoi Layer from Junctions

Once the process has been completed a néwonoilayer is creatednd its properties can be set as
previously described in Sectiém2.1.

Generate Basin & Stream

The Generate Basin & Stream tool performs hydrologic analysis using elevation data (DEM) to
delineate watershed boundaries and identify natural stream paths. It calculates flow direction and
accumulation based on terrasliope, then defines catchment areas and the likely routes of surface
water runoff. This tool is useful for integrating surface hydrology with piped infrastructure, assessing
flood risk, designing stormwater systems, or planning sustainable drainage. ffiu loelps visualize

how natural terrain influences water movement, supporting comprehensive water resource
management.

Select the layer that contains the DEM dddick on theGenerate Basin & Streabutton after which
the user will be prompted abouhe Precision Generation and the Accuracy can be selected from the
drop-down list (1 to 9) as shown Figurel2-12.

Select *
Accuracy
1 -

Cancel

Figurel2-12: Precision Generation for Basins and Streams
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