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PLEASE NOTE

A

This document refers to proprietary computer software which is pro-
tected by copyright. All rights are reserved. Copying or other repro-
duction of this manual or the related programs is prohibited without
prior written consent of DHI A/S (hereinafter referred to as “DHI”).
For details please refer to your 'DHI Software Licence Agreement'.

The liability of DHI is limited as specified in your DHI Software
Licence Agreement:

In no event shall DHI or its representatives (agents and suppliers)
be liable for any damages whatsoever including, without limitation,
special, indirect, incidental or consequential damages or damages
for loss of business profits or savings, business interruption, loss of
business information or other pecuniary loss arising in connection
with the Agreement, e.g. out of Licensee's use of or the inability to
use the Software, even if DHI has been advised of the possibility of
such damages.

This limitation shall apply to claims of personal injury to the extent
permitted by law. Some jurisdictions do not allow the exclusion or
limitation of liability for consequential, special, indirect, incidental

damages and, accordingly, some portions of these limitations may

not apply.

Notwithstanding the above, DHI's total liability (whether in contract,
tort, including negligence, or otherwise) under or in connection with
the Agreement shall in aggregate during the term not exceed the
lesser of EUR 10.000 or the fees paid by Licensee under the Agree-
ment during the 12 months' period previous to the event giving rise
to a claim.

Licensee acknowledge that the liability limitations and exclusions
set out in the Agreement reflect the allocation of risk negotiated and
agreed by the parties and that DHI would not enter into the Agree-
ment without these limitations and exclusions on its liability. These
limitations and exclusions will apply notwithstanding any failure of
essential purpose of any limited remedy.
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1 Tutorials Overview

In this Step-By-Step Training Guide you will find tutorials organized in the fol-
lowing categories:

e Model Manager Tutorials

e MOUSE Tutorial

e SWMM Tutorial

o  Water Distribution Tutorials

Below follows a brief overview on the tutorials and where to find the data for
them.

Model Manager Tutorials

A number of step-by-steps on how to import data by using either the
import/export wizard or the advanced import/export mode. An example on
how to export data is also given. Data is provided in Examples\ModelMan-
ager. Also a tutorial on how to use the Collection System Toolbox is provided.

MOUSE Tutorial

A step-by-step on how to build a simple MOUSE model within MIKE URBAN
from scratch and run a simulation and view the results. Data is provided in
Examples\CollectionSystemMOUSE\Tutorial1.

SWMM Tutorial

A step-by-step on how to build a simple SWMM model within MIKE URBAN
from scratch and run a simulation and view the results. Data is provided in
Examples\CollectionSystemSWMM\Example3.

Water Distribution Tutorials
A number of step-by-steps covering various aspects of Water Distribution

modelling with MIKE URBAN. Data is provided in Examples\WaterDistribu-
tion and the subfolders found here.

The expert in WATER ENVIRONMENTS "
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Import of data: Importing ArcView Shapefiles )

2 Model Manager Tutorials

2.1 Import of data: Importing ArcView Shapefiles

This tutorial takes you step-by-step, illustrating how to use MIKE URBAN to
import and export ArcView water distribution and sewer network data.The
first part will show how to the import data using the import wizard directly (a
collection system is used in the example) - and the latter sections will show
how this is done in the advanced mode (for both water distribution and collec-
tion system).

MIKE URBAN can import and export network data as ESRI ArcView shape
files, allowing the network data to be directly imported and exported into and
from ArcView. For example, by exporting the water distribution or sewer net-
work model from MIKE URBAN as an ArcView shape file (.SHP), a GIS data-
base can be quickly developed for a client. Once this data has been imported
into the GIS application, join operations can be performed with other data-
base tables. By using geocoding, SQL, and topological queries, the GIS sys-
tem can provide a wide range of useful thematic maps of water pressure,
water quality constituent concentration, etc.

The GIS data used in this tutorial is of an actual water distribution and sewer
network from a major metropolitan city. This lesson demonstrates the proce-
dure for exporting and importing GIS data from and back into MIKE URBAN.
The project that is used in this lesson is shown in Figure 2.1.

Figure 2.1 The water distribution and sewer network from a major metropolitan
city, which is used in the lesson

The expert in WATER ENVIRONMENTS 13
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2.1.1

GIS Water Distribution Network Data

Most municipal GIS systems that contain water distribution network data only
store information concerning the pipe data (i.e., location, size, age, etc.) and
do not contain information concerning starting and ending junction nodes,
pumps, demand patterns, etc. This is because these GIS databases are
mainly used for inventory asset management and not for water distribution
network modeling. If they do contain data on storage tanks, valves, and
pumps, the data stored has to do with inventory management and equipment
maintenance—and not information that MIKE URBAN WATER can use for
modeling.

Therefore, although MIKE URBAN exports all of the water distribution net-
work link and node information (i.e., pipes, valves, pumps, junction nodes,
storage tanks, and reservoirs) to the ArcView shape file, most municipal GIS
users are typically only interested in the exported pipe information. Because
of this GIS data shortage, MIKE URBAN has been developed so that it does
not require any other information than pipe information when importing GIS
data for defining a water distribution model. MIKE URBAN will automatically
determine the water distribution topological references while it imports the
GIS pipe data. However, this requires the modeler to add information defining
the storage tanks, reservoirs, pumps, and valves that make up the water dis-
tribution network.

GIS Storm- and Wastewater Network Data

Contrary to water distribution GIS systems, GIS systems which contain
storm- or wastewater collection network data usually contain information con-
cerning both network pipes and nodes. This is because the nodes (man-
holes) are physically present in the collection system networks and are not
fictive as in the water distribution networks.

However, it is seldom the case that explicit information about the starting and
ending nodes for pipes (which is essential for the network topology) is availa-
ble. Moreover, the nodes contained in the GIS typically do not physically coin-
cide with the starting and ending points of the pipes: a pipe frequently
extends over several nodes, as well as no nodes are present at the starting or
at the ending points of a pipe. As it is the case with water distribution GIS sys-
tem, the lack of exact network topology information is due to the fact that
most GIS systems have been established with the view of inventory asset
management and not for numerical modeling.

MIKE URBAN has been developed to support import of such deficient GIS
data and automatic creation of the correct network topology.

Step-by-Step: Using the import/export wizard

To import ArcView GIS wastewater network data into MIKE URBAN, start by
creating a new project or opening an existing project. We will create a new
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project in this tutorial by selecting File | New and defining the project name
and the unit system. Note that it is also possible to use existing model, such
as water distribution model to add the wastewater data to it.

1.

The Create New Project dialog box will appear as shown in Figure 2.2.

Select the subdirectory in which to save data, specify the filename
IMPORT.MDB and select «OK».

& Create Mew Project

Look in: | ImpartShp - O Y = T
= Mame : Date modified Type
she Mo itermns match your search,
Recent Places
Desktop
w=all
Libraries
Computer
o 1 ¢
‘”k Databaze name:  import.mdb -
MNetwork
Fiesoftyps:  [MIKE UREAN Database [*mdb] «] [ cancel |
[ Open as read-only
‘Working Mode Coordinate System
@ Collection System To view or change the zettings for the coordinate
system, press 'Edit Coordinate System’.
RIICSE WARMIMG! nat all zettings can be changed later.
[] 5wl
[7] Agset Edit Coordinate System
(1 W ater Distribution
Madel Unit Spstem
Jra— [sicusToM -
Figure 2.2 Create new project dialog box

2.

Next, select File | Import and Export. This will display the Import dialog

as shown in Figure 2.3. Press ‘Next’ to continue.

The expert in WATER ENVIRONMENTS
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<% Import/Export Wizard

—-ne Welcome to the Import / Export

[E=N Nl

Wizard

This wizard guides you through the process of
importing, exporting data and creating user
specified import or exports,

< Back [ Mexk = ][ Cancel

Figure 2.3  The start page of the import wizard

3. Choose to import from ESRI Shape and select the directory where the
shape files are located, see Figure 2.4. The default installation of MIKE
URBAN will mean that the shape files for this tutorial are found in the
example folder: \Examples\ModelManager\Tutorial1. Press ‘Next’ to con-

tinue.

<% Import/Export Wizard

Mode
@ Use Wizard

() Use Advanced

Irnpork-Export:

@ Impart from

() Export ko

Select Import or Export

() Load ImportExport config file

=N Nl

ESRI Shape ~ | C\Program Files (x@61\DHI20164MIK B

MOUSE

[ < Back ” Mexk = ][ Cancel

Figure 2.4 Specifying format and files to import from

MIKE URBAN - © DHI A/S
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4. Now specify the name of the import job configuration. This will allow you
to reuse the import at a later stage, see Figure 2.5. Press ‘Next’ to con-
tinue.

<% Import/Export Wizard EIE@
Specifying Job Configuration

Job and Table Configurations

@ New Job ImportFromshape
() Edit Job

() Copy Job

() Delete Job

() Rename Job

[ Topolagy

Snap kolerance:

[ < Back ” Mexk = ][ Cancel

Figure 2.5 Specifying the job configuration

5.  Choose the transfer settings for the import job (refer to chapter on
import/export on these settings). As data is being imported into a new
empty database the ‘Import and Replace’ option is being used, see
Figure 2.6.

The expert in WATER ENVIRONMENTS 17



<% Import/Export Wizard EI [=] @

Select Job Settings
Transfer Mode
@ Replace existing data
Only append to existing data
Append and update existing data
Only update existing data

Delete existing data
Settings

@ Import from Expork ko

ESRI Shape | C:\Program Files {x86)\DHI2016\MIKE URBAM\Examplesil _

| < Back || Mexk = || Cancel

Figure 2.6 Specifying the transfer mode

6. You now need to create a table configuration for each table that you wish
to import data into, see Figure 2.7. Start by creating one for the nodes
table. Press ‘Next’ to continue. This step will take a couple of seconds.

<% Import/Export Wizard EI [=] @

Specifying Table Configuration

Table Configurations

Current Job ImportFromshape | . ImportFromshape

‘@ Mew Table Config ModesImport|
Edit Table Config
Copy Table Config
Delete Table Config
Rename Table Config

Mo changes on section level

Info: When pressing [Mext] data will be loaded this process may take some time,

| < Back || Mexk = || Cancel

Figure 2.7  Specifying the table configuration

7. Select the source table, i.e. where data comes from, and select the tar-
get table, i.e. where data is imported into. The source table for the nodes



A

is the shapefile named cs_nodes.shp, the target table is the nodes table
for MOUSE, msm_Node. See also Figure 2.8. Press ‘Next’ to continue.

Import of data: Importing ArcView Shapefiles

x
Select Source, Target and Transfer Mode

Select Source Table: Select Target Table:

Ics-nodes j

™ Replicate Source Datastruckure in Target

Transfer Mode
{+ Import and Replace Source ID |_>< j
" Update Target I |_>< j
" Update and Append
" Append

< Back | Mext = Cancel

Figure 2.8 Selecting source and target tables

8. Now you need to map data. This is done by first pressing the ‘Automap’
button. Automap will map identical variable names as these are
assumed to be mapped to each other. If this is not the case the assign-
ments can be changed. For the other fields the assignment needs to be
done as seen in Figure 2.9. Press ‘Next’ to continue.

The expert in WATER ENVIRONMENTS
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Assignment Specification

Target |Source &
SHAPE Shape A
MUID
Typeha
InvertLevel
» GroundLevel M
Diarneter DIAMETER i
Source Lnit [] Specify Units
[ < Back ” Mexk = ] [ Cancel

Figure 2.9  Assignment specification for the nodes table

9. You will now be prompted if you have more table configurations to con-
tinue with or if you are ready to proceed with import. As you wish to
import the pipes as well, choose to continue with adding table configura-
tions, Figure 2.10, and press ‘Next'.

Table Configuration Completed?

(@ Continue ko add or edit table configurations

(") Stop editing Table Configurations For this Job

[ < Back ” Mexk = ][ Cancel

Figure 2.10 Continue to add table configurations

10. The table configuration for the pipes table needs to done now as shown
in . Press ‘Next’ to continue.

MIKE URBAN - © DHI A/S
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<% Import/Export Wizard EI [=] @
Specifying Table Configuration

Table Configurations

Current Job ImportFromshape [=- ImportFromShape
ModesImport

(@) Mew Table Config pipesImport|
() Edit Table Config

() Copy Table Config

() Delete Table Config

() Rename Table Config

~) Mo changes on section level

Info: When pressing [Mext] data will be loaded this process may take some time,

[ < Back ” Mexk = ][ Cancel

Figure 2.11  Adding a new table configuration for the pipes

11. Select the source table, i.e. where data comes from, and select the tar-
get table, i.e. where data is imported into. The source table for the pipes
is the shapefile named cs_pipes.shp, the target table is the nodes table

for MOUSE, msm_Link (for further on the tables please refer to MIKE

URBAN Tables documentation). Press ‘Next’ to continue.

<% Import/Export Wizard EI [=] @
Select Source, Target and Transfer Mode

Select Source Table: Select Target Table:

cs-pipes -

Transfer Mode

(@ Replace existing data Source ID _FromMadsID
() Only append ko existing data Target ID _FromiodsID
() Append and update existing data
) Only update existing data
[ < Back ” Mexk = ] [ Cancel

Figure 2.12  Selecting source and target tables
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Model Manager Tutorials

12. Now you need to map data for the pipes. This is done by first pressing
the ‘Automap’ button. Automap will map identical variable names as
these are assumed to be mapped to each other. If this is not the case the
assignments can be changed. For the other fields the assignment needs
to be done as seen in Figure 2.13. Press ‘Next’ to continue.

<% Import/Export Wizard

Assignment Specification

=N Nl

Target
MUID

TypeMao

UpLevel

DwiLevel
3 Length

UpLevel_C

Source -
Clear Assignments
Advanced Edit

SHAPE_LEMG hd

Source

Saource Unit

Clear Linit

I < Back “ Mexk = II Cancel

Figure 2.13  Assignment specification for the pipes table

13. You will now be prompted if you have more table configurations to con-
tinue with or if you are ready to proceed with import. As you are done
choose to stop adding or editing tables, Figure 2.14, and press ‘Next’.
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<% Import/Export Wizard EI [=] @

Table Configuration Completed?

() Continue ko add or edit table configurations

(@) Stop editing Table Configurations For this Job

[ < Back ” Mexk = ][ Cancel

Figure 2.14  Stop adding table configurations

14. The prompt will ask if the import job is complete or if you wish to add
more jobs. As you are done, choose as shown in Figure 2.15.

<% Import/Export Wizard EI [=] @

Job Configuration Completed?

() Continue to add or edit jobs

@ Proceed with impart/export of data

[ < Back ” Mexk = ][ Cancel

Figure 2.15 The job configuration is complete

15. You can choose to save the configuration file for later use and to toggle
jobs and table configurations on/off in the execution as shown in
Figure 2.16. Press ‘Next’ to continue.
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+ Impart/Export Wizard

Select Jobs for Execution

E--ImportFromShape
ModesImport
pipesImport

Save configuration file

[ < Back ” Mexk = ][ Cancel ]

Figure 2.16  Selecting jobs for execution and saving of configuration file

16. The final page - press ‘Finish’ to execute the import, Figure 2.17. This
may take some time depending on the amount of data being imported.

Wizard

‘fou are now ready to execute the task,

[=- ImpartFromShape
ModesImport
ipesImport

[ < Back. ” Finish ][ Cancel ]

Figure 2.17  Final wizard page, press ‘Finish’ to execute import

The result of the import is seen in Figure 2.18.
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<% Ci\lsersimikeadmintDocumentsiModeliManagerdmportShptimport mdb [Base] E@

|

Figure 2.18 The result from the import.

2.1.2 Importing Water Distribution Data - using the advanced mode

To import ArcView GIS water distribution network data into MIKE URBAN,
start by creating a new project or opening an existing project. We will create a
new project in this tutorial by selecting File | New and defining the project
name and the unit system.
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1. The Create New Project dialog box will appear as shown in Figure 2.19.
Select the subdirectory in which to save the data, specify the filename

IMPORT.MDB and select «OK».

Create New Project ﬂﬂ
Saven: | 5 Importshe x|« @ efE-
File name: I\mpon Save I
Save as type: |MIKE UREAN Database (“mdb) =l Cancel
Working Mode Coordinate 5.
" Collection System To wiew or change the settings far the coordinate
spstem, press Gdvanced.
¥ iouse WARMING! nat all settings can be changed later
I= Shhind
= et Edit Coordinate Spstem |
% \water Distribution
¥ Model W
IV Asset ’7 ‘

Figure 2.19 Create new project dialog box

2. The ArcView shapefiles to be imported can be displayed in MIKE
URBAN and thus it is possible to check the graphical representation of
data, database structure and field attributes. To display the ArcView
shapefile, select the Insert Layer tool (Edit|Insert Layer). This will display
the Insert Layer dialog box as shown in Figure 2.20. Select Zoom Extent
to display the entire layer of the external data.

Insert Layer

Look in: [E CiiUsersimikeadminiDocuments '] et | v By E| EI L&

==l

L 3WD.mdb

L 3WD-CSmdb
| es-nodes.shp
| c3-pipes.shp
=

Mame: wid_pipes.shp

Show of bype: [Datasets and Lavers

[ Cancel

]

Figure 2.20 Insert Layer dialog box
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3. To view the ArcView data attributes, select Tools | Identify to open the
Identify tool and click the objects in the Map window to browse the data

fields and values.

=¥ C:\Program Files\DHI}MIKE URB Impork. =10] |
=
=
Identify Results |
Layers: |<Tnprmnsl layers j
=l wd_pipe: [Location: (35515 BE0347 145345 DB7E6()
o Field [ Value
FID 183
Shape Palyline
OBJID 2357
K| TEXT 3306

DIMETER 43

L 1.401
MATERIAL
TaG

Figure 2.21  Identify tool

4. Next, select File | Import and Export. This will display the Import dialog
box as shown in Figure 2.22. In the Import and Export dialog box, select
the WD-ImportSHP-Pipes option and then select the source directory in
which the source ArcView shapefile is located. The transfer mode allows
you to either import the shapefiles as a new project, append it to the
existing model data, or update the existing model data from the shape-
files. Select Import and replace existing data.
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B Import/Export Default Read Only Settings (WD-TImportSHP-Pipes&Modes)

O Import MOUSE

O Impart Swkik

O Import EPAMET

O &ppend MIKE LIRBAN

[ Export MOUSE

[ Export Stk

[ Export EPAMET full

[ Export EPANET without vertices

O WDHmportSHP-Pipes

O C5-mportSHP-Fipesit odes
O WDHmport<ML-Pipes

O WD-Expart ta Shapefiles

[ C5-Expoit to Shapefiles

O CS-Update From Pipe Design

[ Connector To Project

O Connector To Simple PFS
[ Connectar Ta Simple XML
[ Connector To Shapefiles

[ Backup Ta Simple XML
[ Restore From Simple =ML

Basic Source Target | Bridge Topology

Source

C:\Program Files [xB6)DHIN201EAMIKE URBANMmportShy
Target
RunTime ‘Workspace

Transfer Mode

@ Replace existing data

(7) Only append to existing data

() Append and update existing data
() Only update existing data

") Delete existing data

Apply B Show Detalls

==
L)
L)

Figure 2.22

Import and Export dialog box

The user defined format settings will now appear as shown in
Figure 2.23. First, it is necessary to select the source shapefile name
such as “WD_Pipes*
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O Import MOUSE Basic Azsighment | Source Target
O Irnpoart Sk

[ Import EPAMET

"
[ Append MIKE URBAN Seurce  wd_pipes

B0

Target mw_Pipe

Table Config. Made

@ Replace existing data
Only append to existing data
Append and update existing
Only update existing data

[ Export MOUSE

[ Export Stk

[ Export EFAMET full

[ Export EPAMET without vertices

O 'WD-ImpantSHP-Pipes

WD - mportSHP-FipestModes Source Filter
Gipes Source Sorting
e [ Modes
[ CS-mportSHP-PipestNodes Source Distinct
[1/D-ImpatxML Pipes Load Target Data Before Conversion

[ 'WwD-Expart to Shapefiles
[ C5-Export bo Shapefiles
[ E5-Update From Pipe Design

Save Target Immediately After Conversion

[ Connector To Froject

[ Connector Ta Simple PFS
[ Connectar Ta Simple ML
[ Connector To Shapefiles

[ Backup Ta Simple 2$ML
[ Restore From Simple kL

TE' /| Show Details

F

6.

igure 2.23  Basic settings for Pipes dialog box

The user defined import dialog settings are also used to select which
attribute fields contained within the ArcView shapefile correspond to the
equivalent MIKE URBAN database fields. We will use the following
assignment to use the original GIS data in MIKE URBAN, note that the
keyword “shape” is used to import the GIS geometry while the other
assignments are used to import the field values. In this example, we will
be storing the original GIS ID (OBJID) in both MUID and ASSETID fields
of MIKE URBAN, so that the ASSETID will maintain the link to the origi-
nal GIS ID even if the pipe will be splitin MIKE URBAN.

shape = shape

MUID = OBJID

ASSET = OBJID
DESCRIPTION = TEXT
DIAMETER = DIAMETER
MATERIAL = MATERIAL

L = LENGTH



| Import/Export import Settings (WD-ImportSHP-Pipes&Nodes/Pipes)

O Import MOUSE

O Import Stk

[ Impart EPAMET

[ Append MIKE URBAN

[ Expart MOUSE

O Export Stw/hihd

[ Export EPANET full

[ Expaort EPANET withaut vertices

O WDHmportSHP-Pipes
Wh-ImportSHP-PipestNodes

O CS-ImportSHP-Pipesit odes
O WD mport<hL-Fipes

O WD-Export to Shapefiles

[ CS-Export to Shapefiles

[ C5-Update From Fipe Design

[ Connectar Ta Praject

[ Connector To Simple PFS
O Connector To Simple <ML
[ Caonnectar Ta Shapefiles

O Backup To Simple <ML
[ Restore Fram Simple =ML

| Apply

I

Basic ‘Ass\gnment Source Target

shape = shape
diameter = diarmneter
material = material
muid = objid

asset = abjid
description = text

[E=3 e

Figure 2.24  Assign Database Attributes for Pipes dialog box

7.

As discussed previously, water distribution network GIS databases typi-
cally do not have a junction node attribute data that cross-reference with
the pipe attribute data defining the starting and ending junction nodes.
However, the starting and ending junction node information is necessary
when defining a water distribution network to be modeled by EPANET.
MIKE URBAN handles this by automatically defining junction nodes after
importing the pipe data, and will assign a starting and ending node to
each imported pipe. This allows MIKE URBAN WATER to easily import
any type of line or polyline data to define the water distribution network
pipe layout, since the nodal and topological cross-references are auto-
matically established.

Select “Postprocess Network Topology*“ (see below) to create the pipe
starting and ending nodes automatically and to build-up the network

topology.
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5| Import/Export import Settings (WO-ImportSHP-Pipes&hodes) EI@
[ Impart MOUSE Basic Source Target | Bridge Topology
[ Import Stw/hdbd
[ Import EPANET Postprocess Network. Topology
[ A4ppend MIKE URBAN
Settings:
[ Expart MOUSE Name Value
[ Expart SWwikdi
] Export EFANET ful MetwarkMame i _net
[ Export EPANET without vertices JunctionN ame mw_junction
Orphantl arme: T_net_junctions

O WD-lmportSHP-Pipes Tempame topaotemp
‘WD-mportSHP-Pipesthlodes EdgeMams w_pipe

[ Pipes SnapTolerance 01

« ] Modes .
[ £5 I mpoitSHP FipestModes FinalSnap oAl
O WD-Import<ML-Pipes Prefiz
[ WD-Erport to Shapefiles RemoveTinpEdges true

[ CS-Export ta Shapefiles
[ C5-Update From Pipe Design

[ Connector To Project

[ Cannectar To Simple PFS
[ Connector To Simple =ML
[ Connector To Shapefiles

[ Backup To Simple =ML
[ Restore From Simple =ML

I ) I8

Figure 2.25 Topology settings

9. Select <OK> to import the ArcView shapfiles. MIKE URBAN will then
import the shapefile data (i.e., DBF, SHP, and SHX files) and construct a
graphical representation of the water distribution system.

Prepared input and Output Files

Completed input and output files were provided for this lesson. These files
are located in TUTORIAL1 directory:

1. WD_PIPES.SHP, WD_PIPES.DBF, WD_PIPES.SHX. These files are the
input ArcView Shapefiles with the water distribution pipe network. These
files are used as the starting files for this lesson.

2. WD.MDB. This file is the output file with the imported water distribution
network.

Reviewing Import Results
The Map window of MIKE URBAN will display both original ArcView shape-

files (as reference layer) and model pipes i.e. the result of the import proce-
dure, as shown in Figure 2.26.
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Figure 2.26 Imported model

2.1.3 Importing Wastewater Network Data - using the advanced mode

To import ArcView GIS wastewater network data into MIKE URBAN, start by
creating a new project or opening an existing project. We will create a new
project in this tutorial by selecting File | New and defining the project name
and the unit system. Note that it is also possible to use existing model, such
as water distribution model to add the wastewater data to it.
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1.

IMPORT.MDB and select «OK».

& Create Mew Project @
Look in: | ImpartShp - O Y = T
= Mame : Date modified Type
b Mo itermns match your search,
Recent Places
Desktop
w=all
Libraries
Computer
o 1 ¢
‘"&* Databaze name:  import.mdb -
MNetwork
Fiesoftyps:  [MIKE UREAN Database [*mdb] «] [ cancel |
[ Open as read-only
‘Working Mode Coordinate System
@ Collection System To view or change the zettings for the coordinate
system, press 'Edit Coordinate System’.
RIICSE WARMIMG! nat all zettings can be changed later.
[] 5wl
[7] Agset Edit Coordinate System
(1 W ater Distribution
Madel Unit Spstem
Jra— [sicusToM -

Figure 2.27  Create new project dialog box

2. The ArcView shapefiles to be imported can be displayed in MIKE

A

The Create New Project dialog box will appear as shown in Figure 2.27.
Select the subdirectory in which to save data, specify the filename

URBAN and thus it is possible to check the data graphical representa-

tion, database structure, and field attributes. To display the ArcView

shapefile, select the Insert Layer tool (Edit|Insert Layer). This will display
the Insert Layer dialog box as shown in Figure 2.28. Select Zoom Extent
to display the entire layer of the external data.
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Insert Layer

Look in:

()
[E CiilUsersimikeadminiDocuments v] =1 | % v| £ Ej| Bl O & E’

| 34WD.mdb
| 34WD-CS.mdb

-

\=Jwd_pipes.shp

Mame: cs-nodes.shp; cs-pipes.shp

Show of bype: [Datasets and Lavers

7

[ Cancel

]

Figure 2.28 Insert Layer dialog box

3. To view the ArcView data attributes, select View | Info to open the Info
tool and click the objects in the Map window to browse the data fields

and values.

=10l

Identify Results

Lapers: I <Top-mast lager>

= cs-pipes
RS 4002z 0

[Location: [-B5565. 727283 145955881597

Field

FID
Shape

SHAPE_LENG 4
OBJID 540022 0

DISMETER

Figure 2.29 Info tool

4. Next, select File | Import and Export. This will display the Import dialog
box as shown in Figure 2.30. In the Import and Export dialog box, select
the CS-ImportSHP-Pipes-Nodes option and then select the source direc-
tory in which the source ArcView shapefile is located. The transfer mode
allows you to either import the shapefiles as a new project, append it to

34
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A

the existing model data, or update the existing model data from the
shapefiles. Select Import and replace existing data.

7| Impart/Export Default Read Only Settings (C5-ImportSHP-Pipes&Modes)

[ Import MOUSE

O Import Sywhdbd

[ Import EFAMET

[ &ppend MIKE URBAN

[ E=port MOUSE

[ Export S'whibd

[ E=port EFAMET full

[ E=port EPAMET without vertice

O WD-mportSHP-Pipes
O WD-mportSHP-PipesiModes
C5-mportSHP-PipesiModes

Modes

O WD mport<tL-Pipes

O WD-Expoart to Shapefiles

[ C5-Expoart to Shapefiles

[ C5-Update From Pipe Design

[ Connector To Project

[ Connector To Simple PFS
[ Connector Ta Simple XML
[ Connector Ta Shapefiles

[ Backup To Simple *<ML
[ Restore Fram Simple #<ML

4 I 2

[F=5 Eol 5
Basic Source Target Bridge Topology
Source
C:\Program Files (=86\DHIN201E\MIKE URBAM \ImpartShp E
Target
RunTime Work space E

Transfer Mode

1 Replace existing data

) Only append to existing data

@ Append and update existing data
) Only update existing data

_1 Delete existing data

[ Losstotign, 5] UIsrowe

Figure 2.30

Import and Export dialog box

5. The user defined format settings will now appear as shown in
Figure 2.31. First, it is necessary to select the source shapefile name
such as “CS_Pipes*

The expert in WATER ENVIRONMENTS
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[ Import MOUSE Basic Agsignment Source Target
O Import Sywhdbd

[ Import EFAMET

[ &ppend MIKE URBAN Serme

Target msm_Link

B

[ E=port MOUSE

[ Export S'whibd

[ E=port EFAMET full

[ E=port EPAMET without vertice

Table Config. Maode

@ Feplace existing data
Only append to existing data
Append and update exizting

) Only update existing data
O WD-mportSHP-Pipes

[0 '#D-mportSHP-PipestModes | Source Filter

C5-mportSHP-PipesiModes Source Sorting

MNodes Source Distinct
O WD mport<tL-Pipes

O WD-Expoart to Shapefiles

[ C5-Expoart to Shapefiles

[ C5-Update From Pipe Design

Load Target Data Before Conversion

Save Target Immediately After Conversion

[ Connector To Project

[ Connector To Simple PFS
[ Connector Ta Simple XML
[ Connector Ta Shapefiles

[ Backup To Simple *<ML
[ Restore Fram Simple #<ML

4 1 2

F

6.

igure 2.31 Basic settings for Pipes dialog box

The user defined import dialog settings are also used to select which
attribute fields contained within the ArcView shapefile correspond to the
equivalent MIKE URBAN database fields. We will use the following
assignment to use the original GIS data in MIKE URBAN, note that the
keyword “shape” is used to import the GIS geometry while the other
assignments are used to import the field values. In this example, we will
be storing the original GIS ID (OBJID) in MUID. Note that you can also
store the original GIS ID (OBJID) in ASSET field in MIKE URBAN.

shape = shape

MUID = OBJID
DIAMETER = DIAMETER
MATERIAL = MATERIAL

LENGTH = SHAPE_LENG
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2| Import/Export Default Read Only Settings (CS-ImportSHP-Pipes&Modes/Pipes) EI@
[ Import MOUSE Basic: | Assignment | Source Target
O Import Sywhdbd
L] Impart EPANET E?aanﬁ':t;rs—hgfa?neter i
[ &ppend MIKE LURBAN muid = objid

[ E=port MOUSE

[ Export S'whibd

[ E=port EFAMET full

[ E=port EPAMET without vertice

O WD-mportSHP-Pipes

O WD-mportSHP-PipesiModes
C5-mportSHP-PipesiModes
Fipes

Modes

O WD mport<tL-Pipes

O WD-Expoart to Shapefiles

[ C5-Expoart to Shapefiles

[ C5-Update From Pipe Design

[ Connector To Project

[ Connector To Simple PFS
[ Connector Ta Simple XML
[ Connector Ta Shapefiles

[ Backup To Simple *<ML
[ Restore Fram Simple #<ML

4 I 2

C_ w9

length = shape_leng

Figure 2.32 Assign Database Attributes for Pipes dialog box

7.

“CS_Nodes*

The expert in WATER ENVIRONMENTS

Next, we will define the settings for importing sewer manholes (nodes).
First, it is necessary to select the source shapefile name such as
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"

B] Import/Export Default Read Only Settings (C3-ImportSHP-PipeséModes/Modes)

[ Impaort MOUSE

[ Impart Shwibdbd

[ Import EFAMET

[ Append MIKE URBAN

[ Export MOUSE

[ Export Shwhdbd

[ Export EFAMET full

[ Export EPAMET without wertice

1 WD ImportSHP-Fipes

1 WD-ImportSHP-FipesiModes
C5-mportSHP-PipesiModes
Fipes

[¥] Modes

[ WD-Import<tL-Fipes

[ WD-E=port to Shapefiles

[ CS-E=port to Shapefiles

[ C5-Update From Fipe Design

[ Connector To Project

[ Connector To Simple PFS
[ Connector To Simple XML
[ Connector To Shapefiles

[ Backup Tao Simple ML
[1 Restare From Simple kL

4 I 2

Apply

Basic Aszsighment Source Target

Source csnodes
Target msm_Mode

Table Config. Maode

@ Feplace existing data

) Only append to existing data
1 Append and update existing
) Only update existing data

Source Filter
Source Sorting
Source Distinct

[ Load T arget D ata Before Conversion

[T Save Target Immediately After Conversion

Show Detailz

Figure 2.33  Basic settings for Nodes dialog box

8.

The user defined import dialog settings are also used to assign which

attribute fields contained within the ArcView shapefile correspond to the
equivalent MIKE URBAN database fields. We will use the following
assignment to import manholes.

shape = shape

MUID = OBJID

DIAMETER = DIAMETER

INVERTLEVEL= INVERTLEVE

GROUNDLEVEL = GROUNDLEVE
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2| Import/Export Default Read Only Settings (CS-ImportSHP-Pipes&Modes/Modes) EI@
O Impart MOUSE Basic | Assignment | Source | Target
O Import Sywhdbd n h
shape = shape -
D:ﬂmpmtsmr:g[lHBAN MoiD - 0BJID
L Appen DIAMETER= DIAMETER
INVERTLEVEL= INVERTLEVE
[ Expart MOUSE GROUNDLEVEL = GROUMDLEVE
[ Export S'whibd

[ E=port EFAMET full
[ E=port EPAMET without vertice

O WD-mportSHP-Pipes
O WD-mportSHP-PipesiModes
C5-mportSHP-PipesiModes
: Fipes
i ] Modes
O WD mport<tL-Pipes
O WD-Expoart to Shapefiles
[ C5-Expoart to Shapefiles
[ C5-Update From Pipe Design

[ Connector To Project

[ Connector To Simple PFS
[ Connector Ta Simple XML
[ Connector Ta Shapefiles

[ Backup To Simple *<ML
[ Restore Fram Simple #<ML

4 I 2

C_ w9 :

Qo

Figure 2.34  Assign Database Attributes for Nodes dialog box

9. Select “Postprocess Network Topology* (see below) to allow MIKE
URBAN to create the pipe starting and ending nodes and to build-up the
network topology.

Basic || Topology |

¥ Postprocess Network Topology

Settings:

Name |Value
NetwarkMame msm_rel]
JunctionMame msm_node
OrphanM anme msm_net_junctions
Temphame topatemp
EdgeMame msm_link
SnapTolerance o1

FinalSnap 01

Figure 2.35 Topology settings

10. Select <OK> to import the ArcView shapfiles. MIKE URBAN will then
import the shapefile data (i.e., DBF, SHP, and SHX files) and construct a
graphical representation of the water distribution system.

11. construct a graphical representation of the collection system.
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Automatic creation of nodes

Nodes i.e. sewer manholes were imported from the “cs-nodes.shp* shapefile
and they were linked to the adjacent links as a part of the topology post-pro-
cessing. Note, that it is also possible to create these nodes automatically i.e.
without importing them from the shapefile.

In order to create beginning and ending link nodes automatically, check-off
importing of “Nodes” in the import task definition.

Prepared input and Output Files

Completed input and output files were provided for this lesson. These files
are:

1. CS_PIPES.SHP, CS_PIPES.DBF, CS_PIPES.SHX. These files are the
input ArcView Shapefiles with the wastewater pipe network. These files
are used as the starting files for this lesson.

2. CS_NODES.SHP, CS_NODES.DBF, CS_NODES.SHX. These files are
the input ArcView Shapefiles with the wastewater manholes. These files
are used as the starting files for this lesson.

3. CS.MDB. This file is the output file with the imported wastewater distribu-
tion network.

Reviewing Import Results

The Map window of MIKE URBAN will display both original ArcView shape-
files (as reference layer) and model pipes i.e. the result of the import proce-

dure, as shown in Figure 2.36.
Ll

I

Figure 2.36  Imported model
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2.2  Export of data: Exporting MIKE URBAN Data to ESRI
Shapefiles - using the advanced mode

To export a water distribution or wastewater network from MIKE URBAN pro-
jects to ArcView Shapefiles:

1. Select File | Import and Export to display the Import and Export dialog
box, as shown in Figure 2.37. In the Import and Export dialog box, create
the new Task “Export-SHP*.

Import/Export ImportExport Settings {(SHP-export) E, ]
O Import MOUSE ‘Basic | Source ‘ Target | Bridge ‘
O Irnpart Sk e
[ Import MIKENET -
[ Import EPANET IHunTlme Warkspace _I
Target:
[ Export MOUSE |C “Program Files\DHIWMIKE URBAN\mportShp _I
[ Export Stk
[ Export EPAMET - Transfer Maode
% Import and replace exsting data
[ 'wD-mportSHP-Fipes 1 Append into existing data
0w ImpartSHP-PipesiModes © Import and update eristing data

O WD -Impoixh L-Fipes

[~ Selected Orly
[ Connectar Ta Praject

[ Connector To Simple PFS
[ Connector Ta Simple XL
[ Connectar Ta Shape Files
[ Lesson1-expart
5HP-expo

[ Lesson02-expart

[ Lesson02b-export

[ Lesson-import

[ Leszon02-import

[ Lesson02b-import

Apply |,| ¥ .Show Details

Figure 2.37  Import and Export dialog box

Define the source and target data; use “RunTimeWorkspace* for the source
data and select the directory into which the ArcView shapefiles will ne
exported from MIKE URBAN.

2. Click <OK>. MIKE URBAN will export the whole network geometry into
shapefiles i.e. both WD and CS mode features. The shapefiles

Once the water or wastewater network has been exported to ArcView GIS,
the pipe network layout can be updated (i.e., pipes added, deleted, moved,
resized, edited, etc.) within the GIS whenever there are changes to the water
distribution network. If an updated analysis of the water or wastewater net-
work system is required, the water distribution network contained within
ArcView GIS can be exported back into MIKE URBAN and re-analyzed.

Prepared input and Output Files

Completed input and output files were provided for this lesson. These files
are:
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WD-CS.MDB This file is the input file with the water distribution and
wastewater network, which will be used for export to the ArcView shape-
files.
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2.3.1

2.3.2

A

Toolbox

Introduction

Urban stormwater flood modelling can be carried out using a 1D/1D or a
1D/2D approach. The 1D/1D approach has a simplified representation of the
overland surface hydraulics compared to the 1D/2D approach.

With the 1D/1D approach, simulation times are considerably shorter com-
pared to the 1D/2D approach and is therefore more suitable for detailed
design option runs. However configuring the 1D/1D model is more time-con-
suming than the 1D/2D model.

A 1D/1D stormwater model is typically made up of three main components:
the underground sewer/stormwater system, the overland flow system, and
rainfall-runoff hydrology.

The CS Toolbox is a new set of tools developed to specifically address some
normally time-consuming aspects of building a 1D/1D stormwater model.

The stormwater tools focus on building the stormwater model within a 1D
framework, which include:

e Lateral Snapping of Nodes according to the DEM

e Cross Section Extraction from the DEM

e Auto Connection of Overland Network to Storm Water Network

e Sequential Labelling of Nodes

e Catchment Slope and Length

The 4 first tools can be activated from the menu “Tools | Toolbox” or the

“Toolbox” toolbar. The last tool can be found under the Catchment Tools
menu.

The data for this tutorial can be found in the folder: Examples\ModelMan-
ager\CSToolbox.

Lateral Snapping Tool

Overview

When digitising an overland flow path in MIKE URBAN, whether it is along
the gutter in a road or the invert of a waterway, it is difficult to locate nodes
along the exact invert of the flow path.

The Lateral Snapping tool has been developed for moving selected nodes in
MIKE URBAN and snapping them laterally to the lowest DEM value along a
Lateral Snapping Alignment.
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' | Tools Window Help

€ Identify.. CTRL+SKIFT+I | cmo u |[MOUSE

+ | MOUSE Manholes 2L ‘

User Tools L4

Customize L4

Layout and Advanced GIS...

Selection L4

Send Data 4
3% Interpolation and Assignment...
M Assign Status Flags...
Y Simplification...

General SQL Command... snapped.
| DEMlayer:
&% Scenario Manager... =
[ Climate Change Tool... Snapping distance:
[& Project Check Tool...

Eé Meodel Configuration...
whi Rebuild Network
Q Compact Database

Tracing

Toolbox

EAu‘to Connection...

Only selected nodes with one or two connected links will be

Language lerava[vrrpmecnen:|F

Update ground levels.
Update invert levels.

10 [Meter]

s |

Lateral Snapping...

o Sequential Labelling...

Lateral Snapping: Step-by-Step Procedure

0K | [ Cancel

Data:

« DEM (Digital Elevation Model) grid file (dem.dfs2)

o Hillshade raster for the DEM or any map that may be used for locating
overland flow paths (dem_hillshade.tif)

Procedure:

1. Start MIKE URBAN and create a new MOUSE project (leave all the
options per default).

2. Load background layers. Right click on “Background Layers” at the bot-

tom of the map table of contents and “Insert Layer”. Insert the “dem.dfs2”
and the “dem_hillshade.tif” files. Arrange them so that “dem_hillshade.tif”
is shown above “dem.dfs2.”
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= = Map
Collection System
m O Water Distribution
5@
B dem_hillshade-tif
Value
w High: 254
-
Low:0
= M dem.dfs2
Value
s High: 7245
-
Low: -10

3. Zoom in to the lower-right area of the map where a road could be recog-
nized from the “dem_hillshade.tif” raster as shown in the figure.

4. Start an editing session and select MOUSE Links as the Active Layer for

editing.
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5.

6.

- A

* #m p =i [[MOUSE  ~|MOUSE Links - a i

Create link features. Place the new links along the road feature seen in
the “dem_hillshade.tif’ raster. Double-click on the map in order to create
intermediate nodes between interconnected link segments.

Feature Edit
(Pxt & X | N Ra| € 0 & = |Mouse

To begin using the Lateral Snapping tool, select the newly created nodes
that were generated with the new link features. Note that only the nodes
should be selected.
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#

- E e SEEE Q% 85 ;'m ’
— ,

o0 gl

7. Under “Tools | Toolbox”, select Lateral Snapping.
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Tools Window Help
||_0 Identify... CTRL+SKIFT+1 I‘ |cmo - .

Language » E :
H ~ ¥ : ’)
User Tools » = —' > > i

Customize 4

Layout and Advanced GIS...
Selection 4
Send Data L4

32 Interpolation and Assignment...
P Assign Status Flags...
- Simplification...

General SQL Command...

& Scenario Manager...
& Climate Change Tool...
[& Project Check Tool...
% Model Configuration...
o5& Rebuild Network

q Compact Database

Tracing »
Toolbox 2 [l Cross Section Generation...
¥ Auto Connection...
o Sequential Labelling...

Select the “dem.dfs2” grid as the “DEM layer” in the dialog (and not the
“dem_hillshade.tif” grid as this grid does not represent elevations). Spec-
ify the “Snapping distance” (i.e. 10 m). Press OK. Note that the settings
used in the tool are stored in the file “StormToolSettings.xml” that can be
found in the MIKE URBAN project directory.

Press OK.
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Only selected nodes with one or two connected links will be
snapped.

DEM layer: |dem.dfs2

Snapping distance: 10 [Meter]
Update ground levels.
Update invert levels.

oK ][Cm']

9. The selected nodes are then snapped to the lowest point in the DEM
within a lateral distance of 10 m.

10. In the Lateral Snapping tool dialog, you may choose to update either the
node ground levels or the invert levels. For overland flow path (e.g. street
network) nodes, the “Update invert levels” would be more appropriate,
while for underground stormwater network nodes the “Update ground
levels” option is more fitting.
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Only selected nodes with one or two connected links will be

snapped.
DEM layer:

[dem dfs2

Snapping distance:

10 [Meter]

[ Update ground levels.
Update invert levels.

l

oK HCanDe.I]

Please note that you may not have exactly the same value as shown
below as you couldn’t have drawn the manholes at the exact same

location.

Description:™

Tail level:

«_= MNodes [Base] -

[ RM Tail node

-,

|dentification & connectivity
Asset |D:*
Mode 1D: Node_10

Data source:™
Status:®
Network type:™
X coordinate:
Y coordinate:
Links:

Geometry | Q-H and head loss | 2D overland |

. an=e

s )
<NULL> - Advanced...

175293799 Cloze
594711394
1

Mode type: [ Max. Inflow
Diameter: Sy
Ty
Ground level: B2
Buffer pressure: 0,00
Bottom level: 40,06
Spill coef; 1,00
Critical level:*
Basin geometry
ID: () [ Edt ][ craph
Hode Bottom level | Bround lev]| Diameter | Critical le [Iv] Use I
Manhol 40,08 | BHull= <Null= <Null= MOUSE Clas
Manho 57,03 | BNull= <Null= <Null= MOUSE Clas
Manho 4502 | BNull= <Null= <Null= MOUSE Clas
Manho 40,55 | BHull= <Null= <Null= MOUSE Clas
Manho 40,09 | BHull= <Null= <Null= MOUSE Clas I
3
— = —
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2.3.3 Cross-section Generation Tool

Overview

When overland flow paths are defined as MIKE URBAN links, cross sections
(CRS) need to be assigned for these overland flow links. Often, a standard
road profile will fulfill the modeling requirements. But in other urban flood
modeling situations, individual cross sections are required for open spaces,
rural areas, park areas, etc.

The Cross Section Generation tool uses cross section alignments drawn in a
line feature layer to extract cross sections from a DEM for links intersected by
the alignments. It generates cross sections for each link directly into the cross
section database as well as set the reference between the link and the gener-
ated cross section ID.

Cross-section Generation: Step-by-Step Procedure

Data:
o A MIKE URBAN project file with overland flow network data (Cross_Sec-
tion_Generation.mup)

« DEM (Digital Elevation Model) grid file (dem.dfs2)

e ESRI polyline shapefile for cross section alignments (crs_lines.shp)
Procedure:

1. Open the “Cross_Section_Generation.mup” MIKE URBAN project.

2. Insert the cross section lines layer “crs_lines” in the map under “Back-
ground Layers.” Also add the DEM grid file “dem.dfs2” as a background
layer behind the cross section lines.
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3.

= & Map
= B Collection Systern
& B MOUsE
@ O SWMMS
@ [ AssetCS
@ O Load Allocation Group
& [ Catchment Group
# O 20 Overland Group
@ [ Water Distribution
= B Background Layers
SR ] crs_lines
-
= B dem.dfs?
Walug
i High ;72,43
-

J /

The cross section lines “crs_lines.shp” are polyline features that were
created in ArcMap. They represent estimated alignments and widths of
cross-sections for overland channel segments.

Select the MIKE URBAN links for which you want to extract cross sec-
tions.

MIKE URBAN - © DHI A/S



Toolbox )

Note that the tool will generate CRSs for the selected links. If no par-
ticular links are selected, the tool will generate CRSs for all links inter-
secting existing cross section lines.

4. Start an editing session through “Edit | Start Editing”. Launch the Cross
Section Generation tool through “Tools | Toolbox | Cross Section Gener-
ation...”.
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Tools Window Help

1 ) Identify... CTRL+SKIFT+1

Language
User Tools

Customize

Layout and Advanced GIS...

Selection

Send Data

4B Interpolation and Assignment...

M Assign Status Flags...
A Simplification...
General SQL Command...

@ Scenaric Manager...
ﬁ Clirate Change Tool...
E’ Project Check Tool..
Eé Medel Configuration...
ohi Rebuild Network

q Compact Database

Tracing
Toolbox

Cross Section Generation...
b Lateral Snapping..
%Y Auto Connection...

i Sequential Labelling...

Specify the parameters for the Cross Section Generation tool. Choose
the cross section alignment layer “crs_lines” for “Cross section shapes”.
Choose “dem.dfs2” for “DEM”. Specify the number of sample points at
which the cross section will be extracted (i.e. 20). Alternatively, you may
specify the sample point distance.
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L] Cross Section Generation =N X
Cross section shapes: [c:rs_lines 'l
DEM: (dem dfs2 v
@ Points per CRS: 20
() Max distance between CRS points: 10,0 [Meter]

“wall” height at end of CRS: 15 [Meter]

‘wirite CrsID to links (and set Link Shape to "CRS):
Create slot at the lowest point of the CRS
Depth of the slot: 0.1 [Meter]

Add side walls to the CRS being generated through the “Wall height at
the end of CRS” parameter. This will avoid a MIKE URBAN network
simulation to stop if the water level in an open channel rises above the
defined CRS height. Use a side wall of 1 to 2 meters for an overland
flow path such as a road, and 3 to 5 meters for waterways. Adding
side-walls adds 2 points to the number of CRS points specified in the
tool.

Create a slot at the lowest point of the CRS and specify the depth of
the slot as 0.1 m. If a CRS is very flat, too much numerical water will be
generated when the link is running dry. Thus, a slot can be inserted at
the lowest point of the cross section. Adding a slot adds 2 points to the
number of CRS points specified in the tool.

6. Press OK to run the Cross Section Generation tool. Cross sections are
then extracted into the MIKE URBAN cross section database. The cross
section ID (CRS ID) uses the Link ID (or MUID) from which the cross
section was extracted.
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(i} CRS

a Insert
J Cosee |

OL_057_OL_050
[%Z Open

CRS ID:

CRS type:

Advanced...

Description:

Graph

Marks

CRS graph
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2.3.4 Auto Connection Tool

Overview

When overland flow paths have been digitized and snapped to a correct
alignment, the overland flow links have to be connected to each other (over-
land to overland) or connections have to be made between the overland flow
network and the underground network.

Manually setting up these connections can be tedious and time consuming.
The Auto Connection tool may be used to make this task easier. It has been
developed in a generic way so that it can be used for many different types of
MIKE URBAN modelling projects and not only in storm water 1D/1D model-
ling projects.

The tool can generate connections between the same type of network and
connections between two different types of network. A network can be
defined as i.e. Storm Water, Combined Sewer, Sanitary Sewer or a user-
defined network type. The nodes in the model must assign an appropriate
network type before proceeding to set up the connections.

The Auto Connection tool is initiated from “Tools | Toolbox | Auto Connec-
tion”.

The expert in WATER ENVIRONMENTS 57



58

Tools Window Help

€ ldentify... CTRL+SKIFT+1
Language L4
User Tools L4
Customize L4

Layout and Advanced GIS...

Selection L4

Send Data L
% Interpolation and Assignment...
P+ Assign Status Flags...
4 Simplification...

General SQL Command...

@ Scenaric Manager...
ﬁ Climate Change Tool...
B’ Project Check Teol...
Eé Meodel Configuration...
kL Rebuild Metwork

q Compact Database

Tracing L4

b Lateral Snapping...

Auto Connection...

o Sequential Labelling...

| Cross Section Generation...

Auto Connection: Step-by-Step Procedure

Data:
A MIKE URBAN project file with underground and overland flow network
data (Auto_Connection.mup)
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Procedure:

1. Open the Auto_Connection.mup MIKE URBAN project. The collection
system shown is composed of two types of network—underground and
overland.

B = Map
=] Collection Systern
= MOUSE
=] MOUSE Manholes
+ <all other values»
MetTypeMo
+ “Wastewater
o Storm Water
o Combined
@ 0L
MOUSE Basins
MOUSE Outlets
MOUSE Storage Modes
MOUSE Links
MetTypeMo
— Wastewater
Storm W/ater
Combined
=0l
=] MOLUSE Weirs

=] MOUSE Orifices

&
MOUSE Curb Inlets
MOUSE Pumps
MOLUSE Yalves
[0 MOUSE Boundaries i

Information about the network type can be found in the “Network type” and
“Description” parameters of nodes and links.
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n Modes [Base] = e <

|dentification & connectivity

Inzert
Azzet 100" Data zource:™ Stormtefater_manhc

Made ID: 11338 Status:* Imported - Delete

Model” <MULL> = | WNetwark type:” StormnWater v Advanced. .
I D escription:™ Underground netwc I * coordinate: 1782709.10 Close

[T1 RM Tail node " coordinate:; 5347018.65

Tail level: Links: 3

i1

Geametry | (-H and head loss I 20 overlandl

Mode bype: [T Ma, Inflow

Diameter: 1,0500 Cover
Ground level: 29,09 Type:
0,00
Bottom level: 27,63
1,00
Critical lewvel:®

Basin geamekry

[ [ Edt Graph

] Hode type *| Bottom lev | Ground lev | Diameter | Critical leve| [[1] lUse| »

L =} hanhole| 27 B3 29,09 1,0500 | =pull= Weighted Inle
11347 hanhole 26,30 2507 1,0500 | =pull= Weighted Inle b |
11371 Manhaole 20,09 22 64 11,0500 | =pull= Weighted Inle
11382 Manhole 19,87 2163 41,0500 | =pull= Weighted Inle
11392 anhols 16,07 1834 1,0500 | =Mull= Wisighted Inle
11395 hanhols 19,40 2089 1,0500 | =Mull= Weighted Inle
1_1404 hanhole 17,50 19,82 1,0500 | =hlull= Weighted Inle
11408 hfanhole 14,35 16,07 1,0500 | =hlull= Weighted Inle
1142 hfsnhole 1375 1546 1,0500 | =hlull= Weighted Inle
1 1444 tanhole 14,00 1546 1,0500 | <Mull= Wigighted Inle 15
.1 1AE4 I harbkhnla TR0 =2TT A NN | ~hholl- Wilainaktad Inla
4 L} k

Overland network nodes and links have been assigned a Network type
of “OL” while underground network elements have been assigned a
Network type of “Storm Water”.

Start an editing session. Then, launch the Auto Connection tool through
“Tools | Toolbox | Auto Connection”.
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Tools Window Help

£ Identify... CTRL+SKIFT+I
Language 4
User Tools 4
Customize 4

Layout and Advanced GI5...

Selection 4

Send Data 4
% Interpolation and Assignment...
M Assign Status Flags...
A Simplification...

General SQL Command...

@ Scenaric Manager...
ﬁCIimate Change Tool..
E’ Project Check Teol...
Eé Model Configuration...
whl’ Rebuild Network

q Compact Database

Tracing 4

| Cross Section Generation...
& Lateral Snapping...

Auto Connection...

ot Sequential Labelling...

3. Specify the settings for the Auto Connection tool. Select “OL” for the
“From nodes” and “Storm Water” for the “To nodes” to generate connec-
tions going from the overland to the underground network.

rE Auto Connection E@gw
From nedes: [OL V]
To nodes: [Storrn Water V]
Search radius: 20
Newlinktype:  [MOUSE Orfice v
New link prefix: OL_SW_Conn
Level offset: —DD5 [Meter]

[ OK || Cancel |
[

Setting the network type for the “From nodes” and “To nodes” gives
more control over the setting-up of connections and also defines the
direction of positive flow (From “From nodes” to “To nodes”). For con-
nections from the overland to the underground network the positive
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flow direction should always be from overland to the underground
storm water network.

Give a value for “Search radius” (e.g. 20 m). The search radius allows
the tool to set up connections only between “From node” and “To node”
elements at a distance within the search radius from each other. The
given value for “Search radius” must be positive.

Select “MOUSE Orrifice” for the “New link type” parameter. Connections
between overland and underground networks are usually orifices or
storm water inlets. Connections between elements of the overland flow
network are usually described by weirs.

Define a prefix for the IDs of the new connections to be generated by the
tool. For example, use “OL_SW_Conn” for connections between the
overland and storm water networks.

Specify a “Level offset” of 0.05 m. It is recommended that a small offset
of around 0.05 m is inserted between overland and underground net-
works. This offset ensures that flow is not always running through the
connections.

Press OK to run the Auto Connection tool. After the new connections are
generated, an option for saving a selection file (*.mus) for the connected
nodes will be given.



Toolbox

-
\Z Auto Connection

From nodes:

Te nodes:

Search radius:

Noew link type:

New link prefix:
Level offset:

Check the new connections that have been generated by opening the

“Orifices” editor through “MOUSE | Orifices”.

9. Repeat the process above to make connections between elements of the

overland network.

F
E Auto Connection

From nedes:
To nodes:
Search radius:
New link type:

Mew link prefix:
Level offset:

oL )
o -
»
[MOUSE Weir -]
OL_OL_Conn
D [Meter]
0K ] [Coneel. ]
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The auto connection generation can be controlled by selecting nodes before
launching the tool. The tool will make connections for only the selected
nodes. If no node is selected, generation of connections will be attempted for
all nodes according to the specifications.

An example of connections generated using the Auto Connection tool for a
1D/1D collection system model is shown below.

= = Map
= Collection Systern
=] MOUSE
= FOUSE Manhales
MNetTypeMo
@ Wastewater
(D) Storrmn Water
(2 Cornbined
@ oL
MCUSE Basins
MOUSE Outlets
MOUSE Storage Modes
=] MOUSE Links
MNetTypeMo
— Wastewater
== Shorm Water
Combined
=0l
=] MOUSE Weirs
= MOUSE Orifices
L

The green network represents the underground Storm Water network and the
red network represents the Overland flow network. The overland network is
connected to the stormwater network by orifices while the overland network
elements are connected to each other by weirs.

2.3.5 Sequential Labelling Tool

64

Overview

The Sequential Labelling tool is used for easy and systematic re-labelling of
nodes and links in MIKE URBAN. When an overland flow or other type of net-
work is digitised in a MIKE URBAN model, it is often required to provide IDs
that are descriptive and intuitive. The IDs are often made up of street name,
network type, sub-catchment identifier, etc. depending on the particular nam-
ing convention used. Specifying names for model components can be a tedi-
ous task and the Sequential Labelling tool is used for this purpose.

A format for the automatically assigned IDs can be specified for selected
nodes or links in the map. Label prefixes and suffixes may be given together
with sequential numbering parameters.
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Sequential Labelling: Step-by-Step Procedure

Data:
« A MIKE URBAN project file with collection system data (Sequential_La-
belling.mup)

Procedure:
1. Load the MIKE URBAN project Sequential_Labelling.mup.

2. Start an editing session.

3. Select the overland flow network nodes that will be re-labelled. To select
these nodes, open the Nodes editor through “MOUSE | Nodes and
Structures”. Click the “Advanced” button and select the option “Select by
attribute.” Select items for which “NetTypeNo = 4”.

Select by Attribute - - l&]

Select from layer:
Select method: Create a new selection

[DataSource] -
[Description]

[SubModelMo] K
[MetTypeMa] b
[Element_5] =

(=] NULL

| o
B8
Get Linique Values | Go To:

SELECT * FROM msm_Node WHERE:
[MetTypeNa] = 4| L

Clear ][ Verify ]’ Help ]l Load... ]l Save... ]

T

LS —

The Sequential Labelling tool only works for selected items.

4. Launch the Sequential Labelling tool through “Tools | Toolbox | Sequen-
tial Labelling”.
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6.

Tools Window Help

€ Identify.. CTRL+SKIFT+1

Language
User Tools

Customize

Layout and Advanced GIS...

Selection

Send Data
% Interpolation and Assignment...
P+ Assign Status Flags...
4 Simplification...

General SQL Command...

@ScenarioManager...
ﬁCIimate Change Tool...
@'Project Check Teol...
Eé Meodel Configuration...
kL Rebuild Metwork

q Compact Database

Tracing

3

I Cross Section Generation...

Specify the settings for the Sequential Labelling tool. Specify a label pre-
fix (e.g. OL_) that will be descriptive for the selected items. Set a start
number for the sequential numbering as well as a minimum number of
digits for the sequential numbering. A label suffix can also be specified.

b Lateral Snapping...
Eﬂuto Connection...

Sequential Labelling...

Check that the example preview of the label is as desired.

rfﬁ‘,‘ Sequential Labelling E@g‘
Labels will apply to selected elements.
Map layer: MOUSE Modes v]
Label Prefix: oL
Start Number: 1
Minimum Digits: |3 5
Label Suffix: _A
Example: OL_001_A
[ OK || Cancel
b

Press OK to run the tool.
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7. Open the Nodes editor through “MOUSE | Nodes and Structures” to see
the results of the sequential labelling operation.

F ki
o= MNodes [Base] E@ﬁ

Identification & connectivity

Insert
Aszet D Data source:”
Mode 1D: QL_oo Status <MULL> -

Model * <NULL: = | MNetwokctype*  |OL ~| | Advanced..
Description:™ Qverand network X coordinate: 175248759

[ RM Tail node Y coordinate: 5947049,89
Tail lewel: Links: 3
Geometry |Q-H and head loss | 20 overland | 1
MNode type: [ Max. Inflow
Diameter: 5,0000 Caver
Type: Momal  ~]

Ground level: 38,67 ¥pe bicgmad d

0,00
Bottom level: 33,67

1,00

Critical level:®
Basin geometry I

B Edit Graph

Node 1D * ode type *| Bottom lev) Ground lev| Diameter | Critical leve| [] - '
OL_001_A Manhole| 33,67 3867 5,0000 | <Null= No Cross Se | [
oL _002_A WManhole 2429 2529 5,0000 | <MNull= No Cross Se |
oL _003_A Manhole 10,33 15,33 50000 | =Nulk= No Cross Se
0L 004 A WManhole 7,96 12,96 5,0000 | <Null= No Cross Se
OL_ 005 A Manhole 742 12,42 5,0000 | <Nulk= No Cross Se
0L _006_A WManhole 6,74 11,74 5,0000 | <Nul= No Cross Se
oL _007_A WManhole 14,95 19,99 5,0000 | <MNull= No Cross Se
oL 008 A IManholz 2472 2972 5,0000 | <Null= No Cross Se
0oL 008 A WManhole 24 61 29,61 5,0000 | <Null= No Cross Se
oL _010_A WManhole 16,39 21,39 5,0000 | <Mul= No Cross Se
oL 011 A WManhole 17.88 2283 5.0000 | <Nul= Mo Cross Sel ™

F

e - =

8. Follow the same produce to re-label overland flow network links.

2.3.6 Catchment Slope and Length Tool

Overview

The Catchment Slope and Length tool is used for automatically estimating
the slope and length of a catchment using catchment delineation information,
elevation data from a DEM and flow path lines within a catchment. Catchment
length and slope data are needed for some types of rainfall-runoff models,
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and the tool estimates hydrological parameters for each catchment in a con-
sistent, documented and reproducible way.

The Catchment Slope and Length tool is initiated from the Catchment Tools
menu in MIKE URBAN under MOUSE or SWMM, depending on the collection
system model being used, or from the Catchment Tools toolbar.

MOUSE Simulation Model Results View Tools W

| wZn Modes and Structures... CTRL+ALT+N
&= Pipes and Canals... CTRL+ALT+P

| Il Weirs... CTRL+ALT+W
& Orifices... CTRL+ALT+O

] Storrmwater Inlets L4

{ =@ Pumps... CTRL+ALT+U

| il Valves...

: ﬁu Emptying Storage Nodes...

Catchments & catchment parameters

Catchment Tools ' Catchment Delineation Wizard...

R ‘Fmd Catchment Overlaps
‘ Find Catchment Gaps
Boundary Conditions L4 ] ]
| . . Bj:3 Catchment Connection Wizard...
Repetetive Profiles L4
] 2D Overland Flow * | BE Show All Connected Catchments
F 20 Overland Tools * | B2 Show All Disconnected Catchments
Control L4
Water Quality L4
Long Term Statistics * | D Catchment Processing...
B0 | aterials.. Catchment Slope and Length...

E Local Head Losses...

CRS & Topography L4
1 Curves & Relations...
Load Allocation L4

Catchment Slope and Length: Step-by-Step Procedure

Data:
e A MIKE URBAN project with network and catchment data (Catch-
ment_Slope_Length.mup)

o« DEM (Digital Elevation Model) grid file (dem.dfs2)

o ESRI line shapefile for flow path/slope lines (Catch_Slope.shp)
Procedure:

1. Open the “Catchment_Slope_Length.mup” MIKE URBAN project.
2. Add the DEM grid file “dem.dfs2” as a Background Layer.
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A

Obtain digitized line shapes representing typical flow paths or slope lines
within catchments for your model and add it as a background layer in
MIKE URBAN. In this example, the “Catch_Slope.shp” file contains the
information about catchment slope lines. Add the “Catch_Slope.shp” file
as a background layer in the map.

£ = Map ;
= Collection System ’/.-"
O MOUSE
00 SWMMS X

[ Asset CS

[ Load Allocation Group
= Catchment Group / A
Catchment Processing Group 4 /
= Catchments ///_’. g
/

O 2D Overland Group
= O Water Distribution

O Model / \
[ Asset WD ISR G QR

= Background Layers 4
=] Catch_Slope ‘\
O dem.dfs2 //

Flow paths can be drawn from the load point or towards the load point
but a consistent methodology should be used in a project. A multiple
number of slope lines can be defined for each catchment and the slope
and length is calculated as an average slope and length of all lines
completely within the catchment.

An example from a model is provided below where catchment flow
lines have been drawn in a shape file (red lines). In this case the lines
have been drawn from the inner catchment towards the load point.
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& Catchment Slope and Length

| Siope tinelayer [caten_sicpe
Siope line direction iowards: | Downstream -

i | Minimum slope: 20 [PerThousand]
DEM: [dom sz

|| [#) Overwrite existing values

Start an editing session in MIKE URBAN.

Ensure that there are records for catchments in the Kinematic Wave (B)
parameters table. View this table through “MOUSE | Catchments &
catchment parameters | Kinematic Wave (B)".
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MOUSE Simulation Model Results View Tools Window Help

| aCn Nodes and Structures... CTRL+ALT+N FIN Y a |<\;. S Re | a
- & Pipes and Canals... CTRL+ALT+P

i Weirs.. CRL-ATW [ XA e 1 m» -
| & Orifices... CTRL+ALT+0
1 Stormwater Inlets »

= Pumps... CTRL+ALT+U

e Valves..,

G“ Emptying Storage Nodes...

Catchments & catchment parameters &) Catchments... CTRL+ALT+C

Catchment Tools * | £ Catchment Connections...

-

Runoff Models (&8 Time-Area (A)...

Boundsry Conditions y | IE] Kinematic Wave (B)...

N W Linear Reservair (C)...

Repetetive Profiles

] (% UHM..
1 2D Overland Flow * | f Additional Flow & RDL..
] 20 Overland Tools L4
F Control L4
Water Quality L4
1 Long Term Statistics L4

B8 Materials...

& Local Head Losses...

CRS & Topography L4
| Curves & Relations...
Load Allocation 4

If the Kinematic Wave (B) parameters table is empty, generate records
by clicking on “Advanced | Generate model records.” This will gener-
ate Kinematic Wave (B) parameter records for all the catchments listed
in the Catchments table.
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6.

-
ER Kinematic Wave (B) [Base] E@g
Catchment ID: imp1 et
Catchment area: 1,080 Delete
Length: 116.345 Slope: G035 Advanred
Contributing surfaces Select by attribute...
Impervious Pe Unselect all
Steep  Flat Low M Copy to clipboard
E 0.00 100,00 000 0, .
b - - - - Paste from clipboard
Hydrological parameters Report to XML...
Parameter set: -DEFALLT- Generate model records
Use local parameters v Showall..
Marring rumber: (80,0 |[70.0 (30,0 ][3d Show selected
v Default layout
Catchment Length Slope Parameter | AlSteep AlFlat -
¥ [ imp1 116,345 190,39 | -DEFAULT- 0,00 100,00 | [
imp149 113,490 128,53 | -DEFAULT- 0,00 100,00 |
imp150 125167 126,62 | -DEFAULT- 0,00 100,00
| | imp151 206,720 50,71 | -DEFAULT- 0,00 100,00 &
imp152 101,856 33,27 | -DEFAULT- 0,00 100,00
imp153 117,245 70,55 | -DEFAULT- 0,00 100,00 '
imp2 119,068 114,60 | -DEFAULT- 0,00 100,00 |
imp22 168,833 51,34 | -DEFAULT- 0,00 100,00 |
imp23 82,398 55,87 | -DEFAULT- 0,00 100,00
imp3 172,572 04,56 | -DEFAULT- 0,00 100,00
|impez 130,235 186,30 | -DEFAULT- 0,00 100,00 ~
N [ | 3

Launch the Catchment Slope and Length tool through “MOUSE | Catch-
ment Tools | Catchment Slope and Length”.

M
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MOUSE Simulation Model Results View Tools W

ule Valves...
g‘l Emptying Storage Nedes..,

=_n Modes and Structures... CTRL+ALT+M

& Pipes and Canals... CTRL+ALT+P

B Weirs... CTRL+ALT+W

& Orifices... CTRL+ALT+O
Stormwater Inlets »

e Pumnps... CTRL+ALT+U

Catchments & catchment parameters

7 Catchment Tools

3
L - Catchment Delineation Wizard...

Runcff Models

@ Find Catchment Overlaps
4 Find Catchment Gaps

]

Boundary Conditions
Repetetive Profiles

Bt Catchment Connection Wizard...
B Connect To Node

2D Qverland Flow
2D Qverland Tools

* | BE Show All Connected Catchments

* | §E Show All Disconnected Catchments

Control
; Water Quality
Leng Term Statistics

, | &%, Show Connect

Og Catchment Processing...

128 Materials...

& Local Head Losses...
CRS & Topography

TJf| Curves & Relations...

Load Allocation

Catchment Slope and Length...

7. Specify the settings for the Catchment Slope and Length tool.

-
& Catchment Slope and Length

=E)

Slope line layer: [Catch_SIope

7

Slope line direction towards: [Downstream

7

Minimum slope:

20 [PerThousand]

DEM: [demfs2

7

Overwrite existing values.

[

J [ Concel. |

e

Choose the “Catch_Slope.shp” layer as the “Slope line layer.” The
slope line direction is towards the downstream. A minimum slope can
be specified. If the calculated slope is less than the specified minimum
slope then this minimum slope value is used. Finally, select the
“dem.dfs2” file as the DEM layer for the calculation of the slope and

length.

8. Press OK to run the tool. The user has the option of applying the tool
only for some selected catchments. To do this, select the catchments of
interest before launching and running the tool.
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3 MOUSE Tutorial

3.1 Background

Modelling of storm runoff and collection network hydrodynamics in MIKE
URBAN - MOUSE requires understanding of the information requirements. In
this tutorial we will focus on the following elements in defining a MOUSE net-
work and creating a MOUSE model.

Definition of the network data, i.e. nodes, links, basins...

Definition of the catchments

Specifications of the boundary conditions: catchments and network

Running the simulation

o > n -

Results

3.1.1 Data

The available data is a map illustrating roads and houses and the existing
network within the area of interest. Some network data is given on the map -
layout and ground levels (GL) and bottom levels (BL) for the nodes. As we
progress with our model, the necessary additional data will be provided.
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GL[m] | BL[m] — " |GLIm] | BL[m]
13.20 | 10.20 RO
GL[m] | BL[m] Link
1220} 9.20
Node
GLim] | BLIm] GL{m] | BLIm]
B TN 5% | 1050

GL[m] | BL[m]
asing 11.15 7.30

&

Outl

GL[m] | BL[m]
10,00 |7.20

Figure 3.1 Layout of the system and level data for the nodes

The network to be modelled consists of 5 manholes, 1 basin, 1 outlet and 6
links.

3.2 Definition of a MOUSE Network

A MOUSE network within MIKE URBAN can be defined in several ways. In
this example we will use graphical data digitalization combined with manual
typing of data within the different MIKE URBAN editors.

The model will consist of the following elements:

o Nodes (manholes, basin, outlet)

e Circular Pipes

(A detailed description on the MOUSE network data model and the associ-
ated editors can be found in the MIKE URBAN CS user guide).

3.2.1 Step 1: Creating a New Project

Start by creating a new project — File | New. Choose a MIKE URBAN Data-
base of the type mdb.
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Create New Project

2| x|
Look e | (3 MOUSEMode!

R e s ez
e

My Recent
Documents

€

Desklop

L

My Documents

wr
[ Tag
My Computer
- Database name: | MyModel = Creale
VI Files of ype: |MIKE URBAN Database [*mdb] =] Cancel
Placos I Open as tead-only
—Working Mode — Coordinate System
&+ Collection System To view or change the seftings for the coordinate
Vv MOUSE system, press ‘Edit Coordinate System’.
WARNING! not all settings can be changed later.
[~ SwhM
I~ Asset Edit Coordinate System
" Water Distiibution
¥ Model - Unit System
I Asset |si-cusTom |

Now press ‘Edit Coordinate System’ and choose to import information used

for the coordinate system from the available map (i.e. the EXAM.TIF file) by
choosing ‘Import’.
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Spatial Reference u
XY Coordinate System | Domain | Tolerance

ST AR | Type here to search v @ | @E]ﬁ

) ETRS 1989 ETRS-TM38 Blew

) ETRS 1989 ETRS-TM39 Import...
J ETRS 1989 UTM Zone 26N
) ETRS 1989 UTM Zone 27N Clear

J ETRS 1989 UTM Zone 28N |
J ETRS 1989 UTM Zone 29N

3 ETRS1989 UTM Zone 30N

3 ETRS 1989 UTM Zone 31N

#:] ETRS 1989 UTM Zone 32N

A CTDCANGN IIThA Famn I3

Current coordinate system:

ETRS_1989_UTM_Zone_32N
WKID: 25832 Authority: EPSG

| »

Projection: Transverse_Mercator
False_Easting: 500000.0
False_Morthing: 0.0
Central_Meridian: 9.0
Scale_Factor: 0.9996
Latitude_Of_Origin: 0.0

Linear Unit: Meter (1.0}

m

[ ok ][ camcel || pply

4

MOUSE Tutorial

In the dialog that comes up map the folder to where the input data for this
tutorial is found (Examples\CollectionSystemMOUSE\Tutorial1) and choose

the tif-file afterwards:

-
Browse for Datasets or Coordinate Systems

S

Look in: [F—_‘l Tutoriall v] ﬁE.| i

FBHEESD

Name: Exam, tif

Show of type: | patasets and Coordinate Systems vl

[ Cancel ]

Press ‘Add’ and then ‘OK’ on the spatial reference dialog that comes up after-

wards.
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Now you are able to create the project by pressing the ‘Create’ button on the
new project dialog.

3.2.2 Step 2: Loading a Background File

A background image of the modelling area is available as an EXAM.TIF file.
TIF is a raster format, and must therefore be accompanied by a ‘world file’
(the same file name, but the extension TFW). The world file includes the
information about the geographical position, orientation and the size of the
raster.

1.27

0.0

0.0

-1.27
-687998.0
-1056008.0

The TIF file is loaded by using the ‘Insert Layer’ tool hd , and browsing to
the file location. The file is added as a ‘background layer’ into the Table of
Contents. Please note that you might need to connect to the folder where
your layers are stored before your can add these.
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=] Load Allocation Group
El W 5 Paint Loads

.
= ¥ MOUSE Load Allocation

= [ catchment Group %
[] Catchment Processing Group
E1 b catchments

[ water Distribution
= Background Layers
B W Exam.tf

| B =
4 | B

3.2.3 Step 3: Graphical Digitalisation of the Network

80

The Feature Edit toolbar is used for interactively laying out the network com-
ponents of the collection system.

A0 SE M anbo
MOUSE Bazins
MOUSE Outlets

MOUSE Storage Modes
MOUSE Links

MOUSE "Weirz

MOUSE Orifices

MOUSE Curb Inlet

MOUSE Pumps

MOUSE Valve

MOUSE Catchment Connection
Coupled2D Connections
Coupled2D Areaz

C5 Puoint Loads

Catchments

In order to quickly draw a network layout, click on the ‘Create Feature’ tool
(see left margin) from the ‘Feature Edit’ toolbar. The tool will perform the
action on the selected layer of the currently active network (right and left
dropdown box, respectively).
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Adding nodes

Use 1 ** and click once at the map to place the node (according to the fig-

ure of the network). Then, move the pointer and click at a new location.
Repeat until all wanted nodes are created.

Adding links

The tool inserts both the nodes and links. To add a link, click at the first node
to begin, double-click on all intermediate nodes, and double-click on the end
node. Any intermediate single click will be recorded as a vertex of the link
polyline. To end the actual link series, press the Escape key.
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The remaining nodes and links are added using the same procedure. After-
wards, the two nodes are changed into the basin and outlet, respectively,

using the ‘Change feature type’ tool.

Your network layout should now look approximately like this:

Mode_1

Node &

3.2.4 Step 4: Typing Attributes

Having created the nodes and links graphically you can open the
‘MOUSE/Nodes and Structures’ and the ‘Pipes and Canals’ to get an over-
view of your network and to complete the input data needed.
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The ‘Identification and Connectivity’ part for both nodes and links are created
based on your graphical input. You can change the IDs given and add a
description if needed.

With respect to the model needs, all active fields WITHOUT a™* symbol, must
be filled out. Some attributes are provided automatically (as default values)
during the graphical digitalisation, while the others must be filled in manually.
E.g., the data relevant for manholes are:

e Node type (Manhole) — automatically provided

o Diameter (1.0 m) — to be typed in.

e GL, BL (values taken from the Map seen in Figure 3.1)

e Cover Type (Normal) - default

e The Outlet head loss (MOUSE Classic - Engelund) — default
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il

r— Identification & connechivity

Azzet ID:* I— Drata source:* I— b=
Mode ID: W Statug:” m Delete
Modek® lm Metwork bype:® <MULL: j Auvanced...
Description: * I— # coordinate: W Cloze
" R Tail node " coordinate: IW
Tail lesel: I— Lirks: I‘I—

Geametry I G-H and head Iossl 2D Dverlandl

Mode bype: IManhoIe ‘I [ Max. Inflow I

Diameter: l— Caver
Ground level: l— Type: INDrmaI 'l
Bottom lewel: l— ::;lfiroep:essure. T’ZZ

Critical level:* l— ' =

"Basin geomekry

I I—J Edit | Graph |

il

Hode ID Hode type |Bottom leve|Ground Ieugl Diameter |Critical leve [1] Use local
Mode_1 Manhaole | =Mull= =Mull= =Mull= =Mull= MOUSE Class Fz
Mode_4 Manhale |=Mull= =Mull= =Mull= =Puill= MOUSE Clazs Fz
Mode_2 Manhaole |=Mull= =flull= =Mull= =flull= MOUSE Class Fz
Mode_& Manhale | =Mull= =Mull= =Mull= =Mull= MOUSE Class Fz
Mode_8 Basin |=Mull= =Mull= =Mull= =Puill= MOUSE Clazs Fz
Mode_3 Manhale |=Mull= =flull= =Mull= =flull= MOUSE Class Fz
Mode 10 Outlet | =kull= =hull= =Mull= =hull= MOUSE Class Fz

3
| | vl

With regard to Links, you need to specify:

o Geometric properties such as shape (Circular) and size (0.3 m)

o Information about material (concrete), hydraulic friction losses (Man-
ning’s explicit)

By clicking on the ‘Advanced’ button and activating the ‘Recompute’ tool, the
link Length, UpLevel, DwLevel and Slope will be displayed in the grey fields.
These ‘system’ values can be overwritten by typing appropriate values in the
adjacent fields.
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Pipes and Canals [Base]

=101.x]

— ldentification & connectiviy

Agzet 1D I— Cata sounce:” I—
Lirk. D ILlnk_'I— Status:™ lm
Description: I— Mebwark twpe:* lm
From node; W J M

To node; WJM [~ Pressure main

Inzert
Delete

Advanced...

d

Cloze

— Geometrical propertie

Shape: m Length I— I—
Size: UpLevel l— I—
Widt [ Dwlevel [ [
Height: I— Slope: I—
CRS ID: [ | Edt | G|

Topography: I—J Edit GECARES I—

— Hydraulic: friction loszes

I t anning E=plici 'l

M aterial: ICDncrete [Smoath) J Formulaticn:
[~ Use local data
 anning: 850 Eq roughness: ID.DDDEDD

 Miscellaneous

Fegulation | Additional |

[~ Mon return vabve

Link ID* Shape UpLevel Dwilevel Length Size Material* |Form

k |Link_1 Circular=Null= =Mull= <Null= =Mull= Concrete (Sm| Manr
Link_2 Circular |<Null= =Mull= =Null= =Mull= Concrete (Sm|Mann
Link_3 Circular |<Null= =Mull= <Null= =Mull= Concrete (Sm|Mann
Link_& Circular |<Null= =Mull= =Null= =Mull= Concrete (Sm|Mann
Link_& Circular |<Null= =Mull= =MNull= =Mull= Concrete (Sm|Mann
Link_7 Circular |<Null= =Mull= <Null= =Mull= Concrete (Sm|Mann

1]

i

All our pipes are circular. The diameters are given in the illustration above.

We also need to add information about the geometry of

the basin. This is

done under ‘MOUSE/Curves and Relations’. Choose Insert and provide an ID
and the type of curve. Fill in values for the elevation H, the cross section area

Ac and the surface area As to define the physics of the
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||'.F Curves & Relations [Base]

Identification & connectivity

CuvelD:  [Basnal [ et |
Type: Basin Geomety = M
Descripion: | ¥aive Rating Curve - Advanced... |
Time-tuea Curve
Removal Efhciency Grah |
DO Relation
Q0 Relation Close |

Undefined Ll
8| %] 4 | ¥ | B Capacity Curve DdH & Pown ™

| Him] | .Acim®2] | .Asim2] |
7300 0,000 8,000

g 9,300 4,000 8,000
1000 8000 5000

| CuryelD ” |

TACurve1 Tima-Area C |<hul=
TACurve? Time-Ares C |<hull=
|| TACurves3 Time-Area C |<Null=
* [Basin Basin Geomed| <Null=

MOUSE Tutorial

In MOUSE/Nodes and Structures’ select the created basin in the list and

under ‘Basin Geometry’ choose the basin geometry.
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=101 ]

— ldentification & connectivity

[ Rk Tail node

Azzet 1007 I—
Nade ID: [Mode s
M odel: Im
Description: * I—

Data source:*

Status*

Metwork tipe:*

X coordinate:

—

|<NULL> 'I

|<NL||_|_> vI Advanced... |
[87937 51

(e Select geometry ID

Inzert |
Lelete |

cmsp_l

x|

Tiail lewel: I

Lin IGeometr_l,J 1]

=

Mode type: Im
Diameter: IW
\\ﬁ Ground level: IW
Battar level: IT
Critical level: I—

— Basin geometry

- )

— [-H relation

r SR P N

r— Outlet head loss

1D [MOUSE ClassicfEn J

Geometry ID
|

[ Use local data Coeff.:
Eff. flow area: ok I Cancel
Node ID* Node type |Bottom leve| Ground lev g Critical leve! g Us
Node_1 Manhole 12.35 15.35 | =Null= <Null= MOUSE Clazs)
MNode_ 10 Outlet 7.20 10.00 | =Null= <Null= MOUSE Class|
Mode_2 Manhole 10.20 13.20 | =Null= <Null= MOUSE Class|
Node_3 Manhole 820 1220 | =Null= <Null= MOUSE Class)
Node_4 Manhole 7.35 10.35 | =Null= <Nulk= MOUSE Clazs|
Node_& Manhole 10.50 13.35 | =Null= <Null= MOUSE Class)
b (Node 9 Basin 7.30 11.15|Bassin <Null= MOUSE Class|

dl

i

3.3  Definition of Catchments and the Hydrological Model

Catchments are essential for any hydrological model. In MIKE URBAN, the

geographical extent of a catchment is determined by the catchments polygon
perimeter. In this exercise we delineate the catchment area into smaller sub-

catchments to be able to allocate runoff generated on the surfaces into the

nodes in our network.
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3.3.1 Step 1: Delineate the Catchments

JJ’? bt s X |¢;' S [oe ‘_%Jl; - my “MUUSE jll:atchments j

88

First, the catchment layer must be activated. Click on the Create feature
tool in the toolbar to insert a new catchment. Click on the map and draw
a polygon following the contours of your total catchment area. End with
double-click.

Switch to the ‘Split Polygon’ tool ’E to split the catchment into smaller
sub-catchments describing your system with respect to the network. As
shown in the illustration below the total catchment has been split into five
smaller catchments. You will be asked to confirm each split — click OK.
Make sure that the line crosses both boundaries (this is done by making
it too long).
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i x|

-
J) Catchment: Catchment_45plit into: Catchment_5_1 &Catchment_5_2.

A pe— |

3.3.2 Step 2: Connecting Catchments to the Network

In this exercise we will use the computed runoff as an input load to the net-
work model. To do so we need to connect the created catchments to the net-
work.

This can be done in two ways:

1. Manually: Go to MOUSE/Catchments & Catchment Parameters/Catch-
ments. For each catchment, select it in the list, go to MOUSE/Catchment
Tools/Connect to Node, and select the desired node on the map.

2. With the ‘Catchment Connection Wizard’, go to MOUSE/Catchment
Tools/Catchment Connection Wizard.
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x4

2 Connect catchment: Catchment_3_2
\(/ To node Node_&

Yes Mo |

3.3.3 Step 3: Reviewing/Editing Catchments

The ‘Catchment’ editor is primarily used for editing the catchment attributes. It
is possible, but not recommendable, to insert catchments through the editor,
these are then given as schematized quadratic shape.

The ‘catchments’ editor can be accessed through the menu: MOUSE/Catch-
ments & Catchment Parameters/Catchment. Having created your catch-
ments graphically this editor provides an overview and allows you to insert
further data.

3.3.4 Step 4: Defining a Rainfall-Runoff Model

90

In MIKE URBAN the user can quickly prepare a precipitation-runoff model
set-up of desired level of detail and utilize the computed runoff as a load of
the collection network.

It should be noted that runoff computations and its subsequent use as a net-
work load are, in principle two distinct steps in the modelling process.

Steps involved in preparation of a rainfall-runoff model are:

e Definition of MIKE URBAN catchments

o Catchment connections, i.e. specification of the point of runoff inflow into
the network. If this is not done before running the runoff simulations, the
computed results will not be possible to be connected to the network.

o Specification of the hydrological model parameters
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o Definition of the rainfall, i.e. definition of the rainfall boundary condition

e Runoff computations

As we have already defined the catchments and connected them to the net-
work we need to define which hydrological model to use and allocate some
precipitation data.

Hydrological models for urban catchments include two distinct classes of
models:

e Surface runoff models: These are the most common type in urban runoff
analysis. The common characteristic off all the models in this class is that
only surface runoff is computed.

e Continuous hydrological models: These models treat the precipitation
volume balance without any truncation, through more or less complex
concepts. As a result, the generated runoff includes both the overland
and sub-surface runoff components.

MIKE URBAN MOUSE includes a series of surface runoff models and one
continuous hydrological model.

In this exercise we will use the Time Area Method (MOUSE model A) which is
a simple surface runoff model with minimum data requirements.

The data to be used in the model can be accessed for editing in the Time-
Area editor through: MOUSE / Catchments & catchment parameters / Time-
Area (A). This table contains the data records for the Runoff model Time-
Area (A) — one record for each catchment. Per default, all the catchments
which were created so far get automatically the record in the runoff model
table. This is so for all MIKE URBAN tools. However, if catchments polygons
are imported from some external data source, the user must insert the
records (Advanced/Generate model records) or manually. The system take
care automatically that each catchment gets only one record.

The missing parameters are:

Imperviousness — here user must specify the percentage of impervious
area.

Parameter set — the name of the parameter set to be used. The set of hydro-
logical parameters to be used in our Time —Area model have been set as
default values and for now we will not change these values.



EParameters Time-Area _ |D|l|

Farameter set |D: IW
Tirne: of concentration: I?—

Initial logs: ID,DDDE

Reduction factor: W

MOUSE Tutorial

Inzert
Lelete

Adwanced...

i

Cloze

% Time-area curve; IT,&Cuwe‘I

TN

" Time-area coeff.;

O]

-

-DEFALLT- 0,90 0,0006

Parameter | Reduction f| Initial loss |Time of con|Time-area ¢ Time-ﬂ

-1

Time-Area Cu| TACUY

1

I =

The type of Time-Area curve used

in the runoff calculations is specified

through: MOUSE/Curves & Relations

EE Curves & Relations

=0l x|

|dentification & connechivity

Curve 1D; IT.-’-‘«Cuwe1

Inzert

100,000 100,000

=+

Type: ITime-.-’-‘«rea Curve j ﬂl
Description: I advanced... |
Close |
kiR AEIER
AT %] aih [%]
» 0,000 0,000

Curve ID* Type Description
TACUryel Time-Area Cu|=Mull=
TACuUrye2 Time-Ares C [<Mull=
TACUrye3 Time-Area C [ =Mull=

-

i
|»

4
4

3.3.5 Step 5: Defining the Rainfall Boundary Condition

92

Prior to running the model we need to address the issue of boundary condi-

tions.

A boundary condition is defined by

its type and model connectivity. MOUSE

distinguishes between three groups of boundary conditions:

e Catchment Loads and Meteorological Boundary Conditions

o Network Loads
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o External Water Levels
In this exercise we will specify only one boundary condition: Rainfall.
Adding rainfall as a catchment boundary condition

Go to MOUSE|Boundary Conditions|Catchment Loads.... This will open the
‘Catchment loads and meteorological items’ editor.

e Pressinsert to add a new boundary condition

e Insert a proper name (ID)

e Choose the type of boundary connection

e Choose ‘Connection type’ (we use the option ‘All’ because this boundary
condition applies for all our catchments

2 |Catchment loads and meteorological ke 10l =l
Boundary [D: IBC1_F|ainfaII Inzert |
v Apply Delete |
Tupe: I Rainfal j Advarced |
Connection bype: IAII j [ |
1 Data source location —
ltems |
K I
Cl |
” I— oge
 Individual
— List

[~ | Digkritite

Boundary ID Apply Type Connection |Data source Al -
BiC1_Rainfall True Rainfall Al Falz
-

1 | >|_Iﬂ

-

Having defined the boundary conditions, moving to the ‘Boundary items’ edi-
tor allows for a full definition of a boundary item in terms of type, temporal
variation, quantity/quality and temporal validity.

The ‘Boundary ltems’ editor has been designed to operate in conjunction with
the three boundary condition editors. When opened simultaneously with one

of these, this editor displays only the boundary items associated with the cur-
rently activated boundary condition.

e Click on ‘Items’ in the ‘Catchment Load and...” editor
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Insert a new item and type a descriptive item name

MOUSE Tutorial

The Item type is set as default and the Scaling factor to 1 (as default)

E‘;!Boundary items [Base]

: [ECi Rartal .|
IHainfaII
Scaling factar: |1 oo

Boundamny 1D

Item name:

Load type:

— Temporal wariation

|<NULL> 'l

I Rainfall e l Inzert

=10l x|

Item type

I Drefault
[ mde;

=l

J Feuse item...

B Delete

Advanced...

Hawigator...

it

Close

Constant
Im l— = | Gradusllstart up
Sitart fram: I— Sitartup time: IBU—
— Cyclic
Fatterm: I—J I ethod: lm
Walue l—
— Time: serie:
Source type: lm Path: lC:\F'rogramJH}
Time series [0 IFEAIN—
Item |D: ImJ

I Limited walidity interval

=

Sitart; o205 x||ooomod = Erd olm-2005  _x|fononon =

e name |B|:|un|:|ar3|r ID| Hem type | TRAP comp | TRAP fractio| Scaling fact | Load type | Temporal v Mog ~
¥ |Rainfall |EIC1 _Raintall Default| <Mull= =Mull= 1,000 | =kull= Time Seriez/R
| | ]

The temporal variation of the boundary item (rainfall) is specified using a
Time series file.

Specify the ‘Source type’ as DSFO0 and specify the path to the wanted
time series file.

MIKE URBAN - © DHI A/S



MOUSE Simulations )

=lsix]

File Edit Zoom Format Export Window

= TST abular tem Selection Time RAIN [mu-mi RAIN [mu-rn/s]

& Untided 16-05-1953 18:00:00.000 0 Untitled

L RAIN 16-05-1953 18:10:00.000 0 T =

16-05-1953 18:12:00.000
16-05-1953 18:15:00.000
16-05-1953 18:16:00.000 |12,
16-05-1953 18:20:00.000 13,
16-05-1953 18:22:00.000 | 42,
16-05-1953 18:24:00.000
3 16-05-1953 18:27.00.000 | 20.
10 |15-05-1953 18:28:00.000[17.
11 16-05-1953 18:29:00.000 14,
12 |16-05-1953 18:32:00.000 | 10.
13 |16-05-1953 18:32:00.000

™

pn}

e |~ [en [ e [ra =

el

b

14 16-05-1953 18:40:00.000 | 5.
15 16-05-1953 18:47:00.000 | 0.

16 16-05-1k%3 19:00:00.000 0

17 16-05-1953 20:00:00.000 0

18 16-05-1953 21:00:00.000 0

19 16-05-1953 22:00:00.000 0 .

16:00
4 |*] 1953-05-16

34 MOUSE Simulations

Having defined the model data for all catchments, specified the catchment
connections and the boundary conditions, we are now ready to execute simu-
lations.

It should be understood that running the rainfall-runoff (i.e. catchment) simu-
lation and hydrodynamic (i.e. network) simulation are two distinct steps in the
simulating the rainfall effect on the drainage network.

In step 1, rainfall-runoff is simulated.

In step 2, the results of the rainfall-runoff simulation must be specified as a
network boundary condition (i.e. network load) and the hydrodynamic simula-
tion run.

The MOUSE simulations are started from ‘Simulation / Run Mouse...".
The editor is split into five tab sheets:

e General

e  Runoff parameters

o Network Parameters

e Network Simulation Summary
e 2D overland parameters

The ‘Simulation ID’ and ‘Scenario ID’ are found on all five TAB sheets as a
common reference.
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MOUSE Tutorial

Immediately after opening the editor, insert a new simulation and give it a
suitable name. Then, proceed to the specification of relevant simulation
parameters.

On the General TAB page you specify:

e The Name of the simulation (Simulation ID)
o The simulation period (Xx XX XXXX — XX XX XxxX) — use ‘Set max. time’ tool

e The simulation type (Network, Runoff or 2D overland)

Runeff followed by network

Runoff + network (simultaneous)

P Computation o= s
General ‘ Runoff parameters | Network parameters | Network summary | 2D overland parameters|
Simulation 1D: Simulation_1-Runoff
Simulation type Simulation description
(@) Runoff B
~ Network
b

() Network + 2D overand 1
Simulation period Start simulation
[ Info ] [ Set max. time ] |7 Include to batch
Stat: 16051853 @~ 180000 2
Duration: 1] 4 1] ] [dddd] [hh] jmm] [ss]
End: 16051953  [§~ 22:00:.00 =
* nclude [ ol escription ompu i} ompu L ompu il llela 1] ~
¥ | Simulation_1-| False] <Null= [ Runoff| 16-05-1953 | 16-05-1953 | <Null> [ <buik> |

4 .

The Runoff Simulation
On the Runoff Parameters TAB page specify:

e Model Type (T-A curve (A))

e Simulation time step (60 sec)
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Simulation_1-Runoff

=Mull=

-ioix
General Runoff parameters | Metwark parametersl Metwark summaryl 20 overland parametersl
Simulation 10: ISimuIation_‘I -Runoff Inzert |
Scenario |0 IBase Delete |
Model type: lm Cloge |
— Simulation time step———————————————— [~ Additional parameters
Fixed time step: IBD I J
Time step dry weather: IBD ™ Surface quality [SRE)
Time step wet weather: 300 I RDI hot start
Time step FRL: IBD Huot start file:
Time step GAC: [+.00 [ [
— Result
[T Ovenarite
* Include to b| Description | Computatio| Computatio| Computatio] MJL Filena | Conter A| -

-

Falze | =hull=
|

Metwork |01-01-2009 | 01-02-2009
|

=Mull=
-
3 |_|L|

Return to the General TAB and press ‘Start Simulation’. The system starts

with export of model data to MOUSE.

&= 59% - Converting T

Cornwerting Tazk "Export MOLSE"

=101 ]

After completed export, the system may come up with some warning

prompts. It is always a good idea to read the warnings and, if necessary,

make appropriate modifications.

If something is not OK with the model data, the system will issue an Error.

Upon studying the reason for error, it must be corrected, and the simulation

restarted.

The expert in WATER ENVIRONMENTS
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pE
Simulation  Charts  Help
Project Mame : | . .MING_COURSES"simple_model_building'Simulation_1-RunaffB aze mex
Started at : [ 2005-06-14 16:31:45 Speed Reduction
Current time : [ 2005-06-14 16:31:45 m
Estimated end at M Xlotmt
il st i/' Calculation ended. Show summary report 7 [v'/N) tarval
bt el
Sirnulation time : —
Simulation end : Mo Tirne Step
[Firished

Each simulation generates a Summary containing some useful information.
The summary can be examined immediately, or later. It is saved in the project

directory in html format.

The result file from Runoff simulation gets the extension CRF (meaning:
catchment result file). When the simulation is finished, the result file is auto-
matically loaded into the memory and is ready for the presentation.

The Network Simulation

Create a new simulation job (to do this you mus press ‘Start Editing’ in the
toolbar), give it an appropriate name, and on the General TAB page, select it

as ‘Network’.

Then, on the Network Parameters TAB page specify:

e Simulation mode (Normal)

o Runoff input, tick on, and specify the *CREF file previously generated by

the runoff simulation.
e Dynamic simulation
e Hot Start (no), tick off)
e Processes (no), tick off

e Results (standard and overwrite)

98
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3.5

1Eomputation

A

=101 %]

General | Funoff parameters  Metwaork parameters | Metwork, summary | 20 overland parametersl

Simulation 1D ISimuIation_2-Network
Sicenario |D: IBase

Ingert |
Delete |
Close |

[ Additional parameters

E—

— Simulation mode: LTS job list———————— — Runoff input
" Nomal I J ¥ Runaff
LTS Generate I Edit I File: ISimuIation_1-Hun0ffBas B
— Dynamic simulation — Haot start
Maodel type: IDynamic Wave vl [ Hat start
fin.  Max  Factor File: I J
Time step: |-| ] IBD |-| a0 Hiat start datebime:
Hour  Min  Sec |om-zona =] fononoo =
Save every ID I‘I ID [~ A0 Bt start
r Processzes
r RrC — Pallutants Sediments

™ Transport (20]
[~ ater quality

[~ Transport [5T]
I | Graded sediments

— Result
v Standard ¥ | LTS statistics [ Dwenrite
[~ User-specifield Contents: I J

< i %

Include to b| Description

Simulation_1-Runoff Falze |=Mull=

Metweork |01-01-2009

01-02-2009

Simulation 2-Metuwark Falze |=Mull=

Metweark |01-01-2009

01-02-2009

Computatio] Computatio| Computatio Ouerv\Alﬂ
-

Result Presentation

By the use of Time series

With MIKE URBAN you can present your results in a number of ways:

By the creation of different Profile plots

Create animations on the horizontal plan

Result comparisons

Create Thematic maps and Statistical analysis

The expert in WATER ENVIRONMENTS

On the Network Summary tab page specify the type of results you would like
to be available in the summary report presented after the network simulation.
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Model Results

B Results Manager...

EPAMET Results

Fire Flow Results

MOUSE Results

Overland Results
SWMMS Results

Water Hammer Results

MOUSE Tutorial

| Open Time Series
Reporting Tool...
Profile Plot L4
Anirmate L4

g Re Statistics
Interpolate to Raster...
Result Comparison L4
Result Conversion L4

o Results Browser... CTRL+BE

3.5.1 Step 1: Loading Results

Per default, after a completed simulation, the system automatically loads the
result file into the memory for the presentation.

The selection of result files to be loaded into the computer memory for the
presentation in MIKE URBAN is done through the menu (Model Results /
Load Results / MOUSE Results... This will access the result files stored in

your specified working directory on your computer.

A dialog with choices of which data types are to load from the result file
appears. If ‘OK’ is pressed with everything selected all items in the result file

will be included.

100
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Results Manager x|

Simulation_1-AunaoffB ase. CRF
Simulation_2-MetworkB aze. PRF

Additional
Cloze |

The result manager provides an overview of the files loaded and allows
removing redundant files.

The following figures illustrate some way of presenting results. Further infor-
mation in presenting results can be found in the MIKE URBAN Model Man-
ager user guide.

3.5.2 Step 2: Viewing Result Time Series

Go to Model Results / Open Time Series (or click on the Time Series

s

button ) and choose the result file and data type from the result selec-
tion dialog.
x|

Result File:

Diata Type: INDdB W ater Level =]

™ List Cancel | Ok |

When choosing ‘List’ in the above dialog for this example a list of all nodes in
the system will appear and you can choose the relevant node for which you
wish to see the water level time series.

If you click ‘Ok’ the cursor will change and include a TS icon and you can
point on a node, link etc. (depending on what type of results you selected) to
display the relevant time series. The cursor changes colour when approaches
to an element containing the selected result type.
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MOUSE Tutorial

-ioix
File Edit Zoom Format Export Window
[=I- TS T abular ltem Selection Time ﬂ Node Water Level [m] ——
B- Simulation_2 NetworkBase.FRF | [1 16-05-1953 18:00:00.000 Untitled

i Mode Water Level 2 16-05-1953 18:01:00.000 H
3 16-05-1953 18:02:00.000 ] :
4 16-05-1953 18:03:00.000 ol b .
5 16-05-1953 18:04:00.000 T E’
L] 16-05-1953 18:05:00.000 j
i 16-05-15953 18:06:00.000 11.0 s e S
8 16-05-15853 18:07:00.000 ]
9 16-05-1953 18:08:00.000 ]
10 16-05-1953 18:09:00[300 100 -7
11 16-05-1953 18:10:00.020 1 |
12 16-05-1953 18:11:00.000 H——— : .........
13 16-05-1953 18:12:00.000 £ + 18:00 20:00 2200
4 | | _>|_I 1953-05-16

3.5.3 Step 3: Profile Plots and Animations

Initially, the profile plots display the network geometry only. Subsequently, the
profile plot may be configured to include the results.

The profile plot is drawn between specified flags. Go to Model Results / Pro-
file Plot and choose: ‘Define Path Flags’

>

The cursor changes to a small flag: [— point to the first node in the profile
and a small flag will be placed. Continue until the path of your profile is unam-
biguously defined. Then, the profile is plotted by choosing ‘Create Profile
Plot’.
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Hiode_t
1
£
i
Node 2 ‘Z
D=0 ‘4
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File Zoom Format Export
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If results are loaded in, the longitudinal profile will be appearing with results
added to the profile plot. For a MOUSE result file the water level will be added
per default. If you wish to show other results or change the layout of the pro-
file go to the profile plot properties dialog (right-click on the profile to get to

the local menu that provides easy access to the property page).

The expert in WATER ENVIRONMENTS
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ZZ LongitudinalProfiles =lo =]

Bz I Symbols and Fonts

Tabularllemsl Labelsl tuiltiple Linksl Haslerllemsl

Add... | Remove | Move Up | Mowe Dovn |

Default Hame | Drizplay Namel Tupe | Line Style | Line "width | Line Color |
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1| | i

— Legend Placement

{* Mo legend Select Font for Legend |

= Inzide profile area Harizantal IFHQht j' Vertical  |Top i

" Outside profile area Harizantal ILeft 'I

Save | Load | ok | Apply Cancel Help

The profile plot may be animated. The actual time of the animation is seen in
the lower right corner of the longitudinal profile.
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3.5.4 Step 4: Adding Result Layers

‘Add Result Layer’ allows for the presentation of results as layers in the map.

x

Result Fils: I Simulation_2-MetwarkBaze. PRF j

Data Type: Link Dizcharge

(]9 I Cancel

L\YF Node_1

By appropriate symbology, the results may be displayed with various effects.
The results in the map can be animated.
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3.5.5 Step 5: Result Statistics

‘Result Statistics’ allows for the calculation of some basic statistics over the
result time series, such as minimum and maximum values.

[ Result Statistics

Riesult File: Simulstion_2Bazs PRF Calcudate
Data Type: | 1
Stalistics Name MMin | Max Accumulated
» Time Step r r -
Volume r r I~
Link elocity - r i
Link Discharge r r ~
Link, ‘W ater Lewvel r r r
Mods \Water Level r r I~

The computed statistics get saved in the database and can be presented in
the map as a statistics layer, e.g. with graduated symbols.
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SWMM Tutorial

Background

Background

4

4.1

4.2 Data
4.21

This example demonstrates how to model a system that conveys both sani-
tary wastewater and stormwater through the same pipes. Systems like these
are known as combined sewer systems and are still quite common in older
communities and cities. During periods of moderate to heavy rainfall the
capacity of these systems to convey and properly treat the combined flow can
be exceeded, resulting in what are known as Combined Sewer Overflows
(CSOs). CSO discharges can cause serious pollution problems in receiving
waters. Contaminants from these discharges can include conventional pollut-
ants, pathogens, toxic chemicals and debris.

The data for this tutorial is found in the Examples\CollectionSys-
temSWMM\Example3 folder of your MIKE URBAN installation. In this folder
you will find the following files:

e A mdb-file with a wastewater model (Example3.mdb) and the corre-
sponding project file (Example.mup)

e An txt-file with a 2 year storm event (TS.txt)

These files are the only files necessary to run through this tutorial.

In this exercise we will be adding 7 catchments and a rain gauge to the exist-
ing wastewater model.

Step 1: Opening the project

Go to File]Open and open the relevant model. This can be done be either
opening the mdb-file (Example3.mdb) or the project file (Example3.mup). If
you open the project file you will need to indicate that you would like to open
this file by selecting files of type ‘MUP’ and press the button ‘Open’:
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< Open
Look in: , example3 - O 5 S b
I MName = Date modified Type Size
e i1 Baample3.mup 23-11-2010 20:57 MUP File an
Recent Places
Desktop
T
L
Henriette
Tamasauskas
A
Computer N m J 2
File name: Example3.mup -
k
- Files of type: MIKE URBAN Project ("mup} - [ Cancel |

Figure 4.1 Opening the wastewater model

The advantage by opening up a project file is that the working mode is set to
SWMM 5 and hence dialogs etc. are set to work with the SWMM 5 model.
The model looks like seen in Figure 4.2 to begin with.

< C:\Program Files\DHI\2011\MIKE URBAN\Examples\CollectionSyste... [ — || = |[=3]

Figure 4.2  Wastewater model in MIKE URBAN

Now we will start by adding the raingauge.
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4.3 Inserting a Raingauge and editing the parameters

The first step is add the raingauge and then the rainfall data. The rainfall data
for a raingauge can be either a user-defined time series or it can come from
an external file (several formats can be used).

In this example, the rainfall data will consist of a synthetic design event that
represents a 2 year storm of 2-hour duration. The 2 year storm is found in the
TS.ixt file. The time series (as found in the text-file) is seen in Figure 4.3. The
txt file follows the standard user-prepared format where each line of the file
contains the station ID, year, month, day, hour, minute, and non-zero precipi-
tation reading, all separated by one or more spaces.

| TSt - Notepad [E=3[ESH =)
File Edit Format View Help

frs2 2007 1 1 00 00 0.29 »
TS2 2007 1 1 00 05 0.25

Ts2 2007 11 00 10 0.38

TS2 2007 1 1 00 15 0.64

TS2 2007 11 00 20 0.81

TS2 2007 1 1 00 25 1.57

TS2 2007 1 1 00 30 2.85

Ts2 2007 1 1 00 35 1.18

TS2 2007 11 00 40 0.71

TS2 2007 1 1 00 45 0.42

Ts2 2007 1 1 00 50 0.35

TS2 2007 1 1 00 55 0.30

Ts2 2007 11 01 00 0.20

TS2 2007 11 01 05 0.19

TS2 2007 1 1 01 10 0.18

TS2 2007 11 01 15 0.17

TS2 2007 11 01 20 0.17

TS2 2007 11 01 25 0.16

TS2 2007 11 01 30 0.15

TS2 2007 1 1 01 35 0.15

TS2 2007 11 01 40 0.14

TS2 2007 1 1 01 45 0.14

TS2 2007 1 1 01 50 0.13

TS2 2007 11 01 55 0.13

4 I3

Figure 4.3  The time series as it looks in Notepad

The graphical representation of the rainfall is seen in Figure 4.4.
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2year [in]

Rainfall

0000 01:00
2007-01-01

Figure 4.4 Graphical representation of the rainfall

Step 1: Inserting the rain gauge

When you insert a rain gauge you would like to see it appearing on the map.
Hence make sure to toggle on the display of the rain gauge in the TOC (as
seen in Figure 4.5).

= SWHMS Catchment To Catchment

= # SWMMS Rainfall
O

Figure 4.5  Toggling on the visibility of the rain gauge layer

Start an edit session (Edit|Start Editing). Using the 'Feature Edit' toolbar
insert a 'SWMM5 Raingauge' at an approximate location north of the waste-
water system, by using the 'Create Feature' cursor (see Figure 4.6).
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LIt X |0 [ Com o o [ ) I -] | '

Create festure

Figure 4.6  Use the ‘Create feature’ to insert the raingauge

=T, C:\Program Files\DHI\2011\MIKE URBAN\Examples\CollectionSyste...

P | b

Figure 4.7 Raingauge is placed north of the system

4.3.2 Step 2: Editing the rain gauge parameters

When a raingauge is designated as receiving its rainfall data from a file, you
must supply the name of the file and the name of the recording station
referenced in the file. In the text file supplied the recording station is identified
as ‘TS2

For the standard user-prepared format, the rainfall type (e.g., intensity or
volume), recording time interval, and depth units must also be supplied as
raingauge properties. For the other file types allowed these properties are
defined by their respective file format and are automatically recognized by
SWMM.

Rain gauge data is supplied in the table below.

Table 4.1 Rain gauge data

Raingauge Data
Name Raingauge
Rainformat Intensity
Time Interval 0.05
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Table 4.1

Rain gauge data

Raingauge Data

Snow Catch Factor

Data Source

File

SWMM Tutorial

The rain gauge data from the table above is entered in SWMMS5|Boundary
Conditions|Raingauges. As the time interval in TS.txt is entered in a 5 min-
utes time interval and the time interval in the dialog is entered in hours you
will need to write the 5 minutes as a decimal number (i.e. 5/60 = 0.08333).

After entering the rain gauge parameters along with the reference to the rain-
fall data file the raingauge dialog will look like in Figure 4.8. Make sure to
save your data by either using the appropriate toolbar or Edit|Save Edits
which will save the data but leave MIKE URBAN open for editing.

& Raingauges [=lfe s
Identification & connectivity
Insert
Rain gauge |D: Raingauge
Description: @
X coordinate: 645945 @J
Y coordinate: 1531.468 Close
Raingauge properties
Source data format
© File: TSt &)
Station name: TS52
Unit type: @ in ~ mm
() Timeseries 1D: D
Format: INTENSITY -
Time interval: 0.08333
Snow catch deficiency comection factor, SCF: 1.000
| WUID | Typelo | F|leN§meSe| Sﬁflonﬂam| Scf | FormHo | I
» | Rai | FILE| TS.tt | 152 | 1.000 |  INTENSITY|
7 | L b
Figure 4.8 Rain gauge input

Adding catchments and editing the catchment parameters

For the developed site, seven catchments will be created. The catchment lay-
out and ID's are shown in the figure below.
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Figure 4.9  Catchment layout and ID’s

441 Step 1: Adding the catchments

The catchments can be drawn by using the 'Edit Feature' toolbar. Click on the

Create feature tool in the toolbar to insert a new catchment (the catchment
layer must be activated first), see Figure 4.10.

y ¢ (-é-) » I ot

| Create feature |||

Figure 4.10 Feature Edit Toolbar

Click on the map and draw a polygon following the contours of your total

catchment area.The catchment layout and ID's are shown in the figure
below.
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Figure 4.11  Start by drawing the contours of your total catchment area

e Switch to the ‘Split Polygon’ tool ’E to split the catchment into smaller
sub-catchments describing your system with respect to the network. As
shown in the illustration below the total catchment has been split into
seven smaller catchments. You will be asked to confirm each split — click

OK.
\/N
Split (2]

|0I Catchment: Catchment_15plit into: Catchment_2_ 1 & Catchment_2_2.

0K ] | Cancel

/

Figure 4.12  Using the Split Polygon tool
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o When creating the catchments they will automatically receive an ID. In
order to rename the catchments to the ID’s as shown in Figure 4.9. go to
SWMM5|Hydrology|Catchments to open the Catchments dialog and
renaming the Catchment ID (see Figure 4.13). You can use the select
tools to select the individual catchments (remember to set the ‘Set
Selectable Layers’ to include catchments) and rename them afterwards.

-

€} Catchments h\

Catchment ID: S5
Cahd;ment geometr '

General information
Asset ID:

Description:™

Type:® <NULL>

|| Person equivalents (PEs)

Physical properties

et
et
4 Total area:
K Drainage area:

Location
¥ coordinate:

-

P MUID Area
S4% <Null=
Catchjment_6_2 <Null=

p[s5 7 <Null>

Figure 4.13 Renaming the catchments

Save your edits (Edit|Save Edits).

4.4.2 Step 2: Assigning catchment parameters

In the Catchments dialog the other parameters for the catchments need to be
inserted. The catchment areas (Total Area) are automatically computed while
the catchments are being inserted. The entire area is expected to drain -
hence the Drainage Area is set equal to the Total Area. This can easily be
done by using the field calculator. Right click in the heading of the Drainage
Area column as seen in Figure 4.14. Make sure to have either all catchments
- or none - selected as the Field Calculator works on selected data sets.
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e Catchments
Catchment ID: 51 Catchment area:
Catchment geometry
General information
Asset ID: System:*
Description: * Sub-system:*
Type:* <MULL = - Status:*
[ Person equivalents (PEs) o
Physical properties
Total area: 3.833 Max. level:*
Drainage area: Min, level:*
Location
¥ coordinate: | 421.915 421.915 ¥ coordinate:
L) Area | X T Y 2
S1 <Null= Sort
52 =Null=> -
53 =Null=> :
4 =Null= ield calculatg

Figure 4.14  Activating the field calculator

In the field calculator set the drainage area (Area) equal to the total computed
area (Area_C) and press ‘OK’. Save your edits (Edit|Save Edits).
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Field Calculator B

Parser

(@) VB Script (7) Python

Fields: Type: Functions:
OBJECTID = - @ Number iﬁf“
SHAPE ) COS([ %
MUID E () String Exp ()
.-'frea | ) Date IF;’;:E g
X Log ()
¥ sin( )
Area_C Sar ()
X._C Tan ()
Y.C =

[] show Codeblodk

1= ! +

B FEEEEE
[area_c]| -

[ Clear I [ Load... l I Save... ] I Help l

Figure 4.15 Setting the Drainage Area equal to the Total Area
Save your edits (Edit|Save Edits).
4.4.3 Step 3: Assigning routing parameters
Table 4.2 lists the Width, slope, imperviousness, roughness coefficients,

depression storage and percentage of impervious area without storage
parameters which are to be inserted in the 'Routing' dialog found at

SWMM5|Hydrology|Routing. The Catchment ID, Loading Point ID and Rain-

gauge ID must be specified here.

All subcatchments:

e Load to Node
e Subarea Routing: Outlet
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Table 4.2 Catchment routing data

Sub- | Load | Width | Grou | Per- | Impervi- | Pervi- | Impervi- |Pervi-| % of
catch- |Point ID|  (ft) nd cent | ous Man-| ous ous ous |imper
ment Slope | Imper- ning Manni- | Depres- | Dep | vious
ID (%) | vious uing |[sion Stor-| Stor- | area
age (in) | age | with-

(in) | out

dep

stor-

age

S1 M1 1587 56.8 0.015 0.24 0.06 0.3 25

S2 M4 1653 63 0.015 0.24 0.06 0.3 25

S3 M3 1456 | 3.1 39.5 0.015 0.24 0.06 0.3 25

S4 M6 2331 3.1 49.9 0.015 0.24 0.06 0.3 25

S5 M10 1670 87.7 0.015 0.24 0.06 0.3 25

S6 M12 690 95 0.015 0.24 0.06 0.3 25

S7 M8 907 3.1 0 0.015 0.24 0.06 0.3 25

Press ‘Insert’ on the Routing dialog and then enter the data from the table.
You can use the field calculator for speeding up the entry of data that is the
same for all the catchments.
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@ Routing [Base] [= ==
Identification & connectivity
Catchment 1D: 51 E] Tag:
Load point [D: M1 E] Description:
B E] Rain gauge ID: Raingauge E]
Hydrology & hydraulic properties
Width: 1587.00 Imperv. d. storage: 0.06
Ground slope: 200 Perv. d. storage: 0.30
Imperviousness: 5684} % DClAw/o d. storage: ZEDD
Imperv. manning: 0.0150 Subarea routing: DUELET -
Pervious manning: 0.2400 Perce ed 100.00
Snowpack ID: [) curblengih: 0.00

CatchiD * scription ag RaingagelD | LoadToNo | Ou [ell  Width Slope mpenious|

k|51 =Nulk= =Nulk= Rail Node] M1 1587.00 2.00 56.80
52 =Nulk= =Nulk= Rail Node | M4 1653.00 2.00 63.00
53 =Nulk= =Nul= =Null= Node | M3 1455.00 3.10 39.50
54 =Nulk= =Nul= Rail Node | ME 2331.00 3.10 45.90
55 =Nulk= =Nul= Rail Node | M10 1670.00 2.00 87.70
56 =Nulk= =Nul= Rail Node | M12 §50.00 2.00 95.00
57 =Nulk= =Nulk= =Null= Node | M8 907.00 3.10 0.00

< |

n

Figure 4.16 The Routing dialog after data has been entered

444 Step 4: Assigning catchment infiltration data

Table 4.3 contains the max and min infiltration rates, decay rate and DWF

regeneration parameters which are to be inserted in the 'Catchment Infiltra-
tion' dialogue found at SWMM5|Hydrology|Infiltration.

Table 4.3 Catchment Infiltration Data
Sub-catch- |Maxinfiltration | Min infiltration | Decay rate |DWF Generation
ment ID rate (in/h) rate (in/h) (h)
S1 4.5 0.2 6.5 7
S2 45 0.2 6.5 7
S3 4.5 0.2 6.5 7
S4 45 0.2 6.5 7
S5 4.5 0.2 6.5 7
S6 45 0.2 6.5 7
S7 4.5 0.2 6.5 7
The expert in WATER ENVIRONMENTS
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Using the field calculator is a huge advantage when entering the infiltration
data. Use Edit|Save Edits to save data.

8 Catchment infiltration [Base] [= | B[]
Identification & connectivity
Insert
Catchment ID: 51 (=)
Delete
Infiltration properties
Harton Advanced...
Max infiltration rate: 450 Decay rate: 6.500 Close
Min irfiltration rate: 0.20 DWF regeneration: 7.00
Max infiltration vol.:
Green ampt
Curve number
CatchlD * laxHate MinHate DecayRate HRegen WaxinFil
» S1| 4.50 0.20 6.500 7.00 | <Null=
52 4.50 0.20 6.500 7.00 | <Null=
53 4.50 0.20 6.500 7.00 | <Null=
54 4.50 0.20 6.500 7.00 | <Null=
S5 4.50 0.20 6.500 7.00 | <Null=
S5 4.50 0.20 6.500 7.00 | <Null=
ST 4.50 0.20 6.500 7.00 | <Null=

Figure 4.17  The Infiltration dialog after data has been entered

4.5 Simulation

To simulate the combined system go to Simulation|Run SWMM5.

You will need to set up the ‘General’, ‘Network’ and ‘Runoff’ tab. Only one
simulation needs to be run, we will call this simulation "2Y_Combined_Sys-

tem’.

Table 4.5 contains the information needed to set up the ‘General’ tab.

Table 4.4 General settings

General

Start Date/Time

01/01/2007 00:00:00

End Date/Time

01/01/2007 12:00:00

Start Reporting

01:00:00
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Table 4.4 General settings
General
Reporting Time Step 00:01:00
Flow Units CFS
‘B e [olE]E |
General |Runof‘F| Metwork I Summary
Identification & connectivity
Simulation ID: ijear_cémb.ined_éys.hem
Scenatio IL: Base
Description:
Simulation period = = Start simulation
Start analysis on: 01-01-2007 [Ev 00:00:00 = -
End analysis on: 01-01-2007 [Elv 12:00:00 - m
Start sweeping: 0.1.-0.1.—2.00? Dv 000000 C
End sweeping: 01-01-2007 [F+ 12:00:00 =
Start reporting: 01-01-2007 [E~ 00:00:00 I "._..
Reporting time step: 00:01:00 C
Units selection
(@) CF5 (cubic feets per second) () CMS (cubic meters per second)
(71 GPM (gallons per minute) (71 LPS (liters per second)
(71 MGD (millions gallons per day) (71 MLD (million liters per day)
Figure 4.18 General settings for the simulation
Table 4.5 contains the information needed to set up the ‘Runoff’ tab.
Table 4.5 Runoff settings
Runoff
Infiltration Method Horton
Wet Weather Timestep 00:01:00
Dry Weather Timestep 01:00:00
123
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Project

(E=E| o =)

| General | Runoff | Network | summary |

Identification & connectivity

Simulation ID: 2_Year_Combined_System
Base
Infiltration method Runoff time steps
@) Horton Wet weather:
*) Green ampt Dry weather:
B Clx v ey Antecedent dry days:
Runoffinterface fles -
[ Reinfsll data ke

= S save
[ 5ave runoff data

[T]save RDII data

Close
00:01:00
01:00:00 <
=
=
=

Figure 4.19 Runoff settings for the simulation

Table 4.6 contains the information needed to set up the ‘Network’ tab. Within
the 'Routing Simulation' option the 'Model Type' must be set to DYNWAVE or
the error message 'ERROR 115: adverse slope for Conduit xxx' will be
received. Under Steady or Kinematic Wave routing, all conduits must have
positive slopes. Adverse slopes are permitted under Dynamic Wave routing.

Table 4.6 Network settings

Network
Model Type DYNWAVE
Force Main Solution Hazen-Williams
Time step 00:00:15
Dynamic Wave Time step 15
Safety Factor 0.75
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Project =5 [ESl )
| General I Runoff | Network | summary
Identification & connectivity Net i _
: work settings Closs
Simulation [D: 2_Year_Combined_System
=T Link offset: (@ Depth () Blevation

Routing simulation [ynamic wave options

Model type: DYNWAVE - Inertial terms: () None @ Partial ) Full

Force main soln: Hazen-Wiliams Normal flow limited: () Slope () Froude (@ Both

e, 00:00:15 B[] Skdp steady state Safety factor: 075

[Clignore rainfail / o [ Allow ponding at junctions Time step: 15

Surface area: 0.00

Routing interface files

_ 1 Use

[ Hotstart data © Save E

[ Inflow D

[T Outflow E]

7] Use RDIl data B

[ Use runcff data D

Figure 4.20 Network settings for the simulation

Once the simulation has been set up completely, simply click 'Single Run' on
the ‘General’ tab to run.

4.6 Simulation Results

After the simulations of the combined system has been completed, the result
can be viewed using MIKE URBAN. To load results go to Model Results|Load
Results|SWMM5 Results and choose the result file generated 2_Year_Com-
bined_SystemBase.out.

To produce a discharge hydrograph go to Model Results|Open Time Series
and choose 'Link: Discharge', click on a specific pipe to produce the dis-
charge hydrograph. Link with ID L12 was used below.
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< Time Series (Active)
File Edit Zoom Format

Export Window

(7= O =)

= TS T abular ltem Selection
- 2_Year_Combined_Sys
-L12

Time

L12 [ft*3is]

01-01-2007 00:01:00.00

0.00011383

01-01-2007 00:02:00.00

0.00030700

01-01-2007 00:03:00.00

0.00139963

01-01-2007 00:04:00.00

0.01067527

01-01-2007 00:05:00.00

0.10467635

01-01-2007 00:08:00.00

0.39900419

1 B 2 S S

01-01-2007 00:07:00.00

0.85625411

01-01-2007 00:08:00.00

0.84533284

01-01-2007 00:09:00.00

0.97814589

01-01-2007 00:10:00.00

1.06155562

ail

01-01-2007 00:11:00.00

1.11977040

12

01-01-2007 00:12:00.00

1.17007851

13

01-01-2007 00:13:00.00

1.22250950

14

01-01-2007 00:14:00.00

1.31088626

15

01-01-2007 00:15:00.00

1.49302828

18

01-01-2007 00:18:00.00

1.80012416

17

01-01-2007 00:17:00.00

231383728

18

01-01-2007 00:18:00.00

2.97543334

19

01-01-2007 00:19:00.00

3.73784899

20

01-01-2007 00:20:00.00

4.52795028

L12[ft"3/s]

Discharge

407-

307+

20 7|

t
04:00 08:00 12:00
2007-01-01

Figure 4.21  Discharge hydrograph

Now you can continue to view results - or change the storm event to anlayze
the system under different events.
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5 2D Overland Flow Example

51 Introduction

The files found in the folder Examples\CollectionSystemMOUSE\2DOver-
landFlow constitute a MIKE URBAN data set allowing for running a combined
1D pipe flow and 2D overland flow simulation.

The model includes the following model components:
e Storm water drainage network, which discharges through an outlet to the
coast line in the northeastern corner of the model areas

e Catchments and corresponding rainfall-runoff models providing inflow to
the storm water drainage network

o Digital elevation model
o Definition of 2D model area and resolution

o Definition of couplings between the pipe flow and overland flow model

R WEKCE LIRAN - [C: [Basei} e ]
s[4 MOUS Smelsmon Model Bewts Yiew Lok Wndow Hep T IEY
DFddedFRdD |- ~OOL M |[#r+X . i e B e o v e
GEOAPe+ N DR® | FrEWPR TA e R BrrrpaEe o | SRR e &

V= o

= & My
B # Cob o
sehcies ]
L
&

ke [ T s

Figure 5.1 The model with DEM and flooding results

5.2  Running the model

The 2D model and model couplings have been defined in the data set pro-
vided. To run the combined pipe flow and overland flow models you should
do the following:
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1. Start MIKE URBAN and open the .mdb file
2. Add the DEM.dfs2 file as a raster background layer
3. Choose MOUSE > Simulation and click the “Start simulation” button
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§) Water distribution tutorials

6.1 Lesson 1 - Defining a Pipe Network System

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
DISTRIBUTION (WD) to define the input data for a pipe network system. This
lesson discusses the steps required to begin a project, define a pipe network
system, perform an analysis, and display the graphical results.

Before you begin to define your pipe network using MIKE URBAN WD, it is
generally more efficient to gather all of the materials you will need to define
the model. For example, create a schematic diagram of the pipe network sys-
tem to be analysed. Then, list all of the junction nodes, pipes, pumps, valves,
storage tanks, and other components that make up the water distribution
model.

Figure 6.1 shows a schematic diagram of the pipe network to be created in
this lesson. The pipe network system shown in Figure 6.1 consists of two res-
ervoir nodes, 8 junction nodes, 13 pipes, and a booster pump. Reservoir A is
the designated pressure source, so water is pumped into the water distribu-
tion system from reservoir A. To simplify data input, all pipes, pumps, tank
nodes, and junction nodes should be numbered in the schematic diagram, as
shown in Figure 6.1. In subsequent lessons, additional components will be
added to this schematic diagram.

Pumping vl

Reservoir &
Reserwir B

Hospital = | Plant

anutacturing Plant

Figure 6.1 A schematic diagram of the pipe network system used in this lesson
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The pipe network system, as shown in Figure 6.1, is intended to represent a
typical water distribution system for a small city. Each pipe shown in the figure
represents a large water main underneath a major city street. Thus, these
pipes are labelled with their ID numbers in the schematic diagram. At junction
nodes, demands are entered as multiple junction demand (positive demands
for outflow and negative demands for inflow).

To save time with this lesson, we have prepared data files that have already
been set up in order for you to follow through the lesson. For a list of all the
files in this lesson, see the section titled Prepared Input and Output Files.

6.1.1  Defining the Project

To begin a new project, select File | New. The program will display the Create
New Project dialog box, as shown in Figure 6.2. This dialog box allows you to
specify the project name (database name), the working mode of the program
(Collection System, Water Distribution), and the project units. After specifying
the project name, select EPANET | Project Options. The program will then
display the Project Options dialog box, as shown in Figure 6.3. This dialog
box allows you to specify project configuration information for the pipe net-
work system to be modeled. Project configuration data includes analysis
type, friction loss formulation, simulation options, analysis options, and flow-
rate units.



Lesson 1 - Defining a Pipe Network System

=7 Create New Project

Lok jr: l , Leszon( LJ & cF Elv
= MNarme Date modif..  Type Size
b | CFS
Recent Places q
Desklop
£ i
Heriette
Tamasauzkas
A
Computer
L-. Database name: ]Iesson1| LJ Create |
==
Hetwork Files of type: ]MlKE URBAM Database [*.mdb) Lj Cancel
[~ Open as read-only
‘Working Mode — Coordinate System—
&+ Collection System To view or change the zettings for the coordinate
system, press 'Edit Coordinate System’.
i MOUSE WARMIMG! not all zettings can be changed later.
[ Swhdb
I Asset Edit Coordinate System
" ‘wiater Distribution
F Madel Lnit Spstem
[T Aseet 18I-Iiter_per_sec:ond Li
Figure 6.2 The Create New Project Dialog Box

@ Project options [Base]

(= | ] [

Title Project Type 1 Units ] Head Lozzes | Properties Eonvergence] water Hammer]

* Steady state hydraulics

{7 Extended period hydraulic

" Extended period water quality
7 wiater hammer

* Mo water quality analysiz
7 Chemical concentrations
7 water age

7 Source tracing

[ Cloze

L=

Figure 6.3  The Project Op

tions Dialog Box

The Project Options dialog box, when first displayed, will contain default val-
ues. This lesson uses these default values, so no changes are necessary to
these settings in the Project Options dialog box.

Dynamic Data Input

Many of the data input dialog boxes in MIKE URBAN WD are dynamic, and
thus change based on the settings specified in the Project Options dialog
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box. For example, the friction loss formulation (i.e., Hazen Williams, Darcey
Weisbach, or Chezy Manning) selected within the Project Options dialog box
determines what units are displayed for the Roughness data entry field dis-
played in the Pipe Editor dialog box.

Defining Junction Node Data

After defining the initial project configuration values, the next step is to define
the junction node data for the pipe network system. Table 6.1 lists elevation,
demand, and label data used to define the eight junction nodes contained in
the pipe network system shown in Figure 6.1.

Table 6.1 Junction node data for the pipe network system shown in Figure_1.1
Node Elevation (ft) Demand (cfs) Description
1 97 (30 m) 0.0
2 102 (31 m) 0.0
3 96 (29 m) 0.8 (251/s) Manufacturing Plant
4 100 (30 m) 0.0
5 120 (37 m) 0.5 (121/s) Fire Station
6 110 (34 m) 1.0 (30 I/s) Electrical Plant
7 104 (32 m) 1.1 (30 I/s) Hospital
8 96 (29 m) -1.2 (-351/s) Pumping Well

Each junction node has a unique numerical ID that identifies it. For each junc-
tion node, an elevation and water demand is defined. Typically, junction
nodes are labeled with location names corresponding to building names.
Therefore, junction nodes 3, 5, 6, 7, and 8 are given label descriptions that
indicate their location and may suggest the type of demand that can be
expected at each location.

The easiest way of defining the junction node data is to graphically define this
data in the Horizontal Plan window. To display the Horizontal Plan window,
select View | Horizontal Plan. Because there is no data yet defined for this
project, the Horizontal Plan window is opened using the default coordinate
extents. The default coordinate extents can be defined in the Create New
Project dialog box. In this example we will use the default coordinate extents
for defining the water distribution network.

We will use the Horizontal Plan window to interactively layout a schematic
representation of the water distribution network. Once the network has been
graphically laid out, we will then further define the actual junction node, pipe,
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and other related data using the network component editors in MIKE URBAN

WD.
Feature Edit |§|
2 x| we | B o |[WD Model =[] | kg

Figure 6.4 Use the Add Junction tool for interactively laying out the network junc-
tion nodes

In order to quickly draw a network layout, click on the Create Feature tool
from the Feature Edit floating toolbar as shown in Figure 6.5. The icon will
become active (it will appear pressed down) and you can then point and click
within the Horizontal Plan window to graphically add junction node locations.
Using this tool and referring to Figure 6.1, start by adding junction node 1 and
continue through to junction node 8. Place these nodes in the sequential
order as they are shown in Figure 6.1 so that the node IDs match the rest of
this lesson’s input. When finished, click again on the Add Junction tool (it will
pop back up) to end insertion of junction nodes.

Figure 6.5 Node and pipe IDs

Once the junction nodes have been graphically laid out in the Horizontal Plan
window, additional data can be specified to further define the junction nodes
that comprise the model. This is done by using the Junction Editor dialog box,
as shown in Figure 6.6. To display the Junction Editor, select EPANET | Junc-
tions.
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=

Junction data | Emitter data | Airvalve data |

— |dentification & connectivity
Azzet D l— D ata source: l— M
Junction 1D |1 Statusz: |<NULL> vl ﬂl
 coordinate: [s254 ddvanced.. |
' coordinate: ISSBS— Cloze |
Description: I Pressure zone: I J

— Model data
Type: lm State: lm
Demand coefficient: l— Elevation: IW
Minimal pressure; I Surface elevation: I

EEIEIrE =
Demand |Description| Category Pattern'
=
MU AssetID |Data source|Description Elev Surface Eley] PZonelD" Statelo DemC:
k|1 =hlull= =Mull= 97 [=Mull= =Mull= unmarked| =ull=
2 =hlull= =Mull= 102 |=Mull= =Mull= unmarked |=mull=
3 =hlull= Manufacturin 96 | =Mull= =Mull= unmarked |=mull=
4 =hlull= =Mull= 100 | =Mull= =Mull= unmarked |=mull=
5 =Mull= Fire Dept. 120 | =Mull= =Mull= unmarked | <Mull=
B =hlull= Electrical Plan 110 |=Mull= =Mull= unmarked |=mull=
7 =Mull= Hospital 104 | =Mull= =Mull= unmarked | <Mull=
g =Mull= Pumping Vel 96 | =Mull= =Mull= unmarked | <Mull=
< | i

Figure 6.6  The Junction Editor dialog box

Each junction node has a unique numerical ID that identifies it. The data used
to define each junction node includes node elevation, multiple water demand,
pattern ID, pressure zone, X-Y coordinates, and a text description. These
data requirements are described in detail in the section titled Junction Editor
in Chapter 4. In this example we will only define the junction node data that is
shown in Table 6.3.

To define additional data for junction node 1 (see the schematic layout shown
in Figure 6.1 and the node data in Table 6.1), select node 1 from the list of
junction nodes in the Junction Editor. For the Elevation data entry specify 97,
and for the Demand data entry specify 0. Because junction node 1 does not
have a demand pattern, pressure zone ID, or a text description, the remaining
data entries can remain blank.

Once the data for junction node 1 has been defined, repeat this process for
the other remaining junction node data in Table 6.1. Note that data can be
defined in either the data entry fields or directly in the table.

Horizontal Plan Options

To display node ID numbers in the Horizontal Plan window, select the Proper-
ties of Junctions Layer (by clicking with the right mouse button while in the
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Layer Manager Window). The Layer Properties dialog box will be displayed,
as shown in Figure 6.7.

Layer Properties |M

General l Selectioni Labels] Symbaology

Layer Mame: Iv visible

Description:

Credits: |

Scale Range
‘fou can specify the range of scales at which this layer will be shown:

@+ Show layer at all scales
" Don't show laver when zoomed:

Qut bevond: |[<Mone: « | {minimum scale)

In beyond: |<Mone> {maximum scale)

QK Cancel PRl
| | |

Figure 6.7  The Layer Properties dialog box is used to adjust the display settings
for horizontal plan (map) window

From the Layer Properties dialog box, select the Labels tab and then turn on
the Label Features in this layer checkbox. Next, select Junction ID from the
list of available label fields in Text String group box. Selecting «OK» will
cause the node ID numbers to be displayed in the Horizontal Plan window.

From the Layer Properties dialog box it is also possible to select the font used
for displaying the node labels, label placement options, label styles, and
many other settings. Note that you can format pipe labels in a similar way.

Displaying Multiple Dialog Boxes

To allow you to be more efficient while defining your water distribution model,
MIKE URBAN WD allows you to open multiple dialog boxes simultaneously.
For example, you can keep the Layer Properties dialog box displayed while
you make changes to the display settings, and examine the effects of the
defined changes by clicking on «Apply». Any number of dialog boxes can be
opened simultaneously. The header bar of the currently active dialog box will
be highlighted.

In this lesson, if desired, you can simultaneously display the Junction Editor,
Pipe Editor, Tank Editor, and Pump Editor dialog boxes. To open these dialog
boxes, select Junctions, Pipes, Tanks, and Pumps from the Edit Menu. If nec-
essary, once these dialog boxes are displayed, you can minimize any of
these dialog boxes by clicking on the minimize icon in the dialog box upper
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right corner. This will shrink the dialog box to a small task button bar on the
MIKE URBAN WD desktop work space.

Network Definition Methods

MIKE URBAN WD is extremely flexible in how a water distribution model can
be developed. The user can develop a model from scratch using a variety of
input methods, including importation of data files from a GIS database or pre-
existing water distribution models, schematically drawing the pipe network, or
by simple data entry.

If a map of the water distribution system is available, MIKE URBAN WD can
import this map and display it as a background image allowing the user to
then graphically construct and layout the pipe network system using the Hori-
zontal Plan window. Network components can be selected from the Compo-
nents floating toolbar, and then graphically placed on the screen at the
precise location of each component.

Many times, existing water distribution systems do not have a detailed map
that can be used to graphically construct a network model. For these situa-
tions, MIKE URBAN WD allows the user to develop a model by simply defin-
ing water distribution components (i.e., pipes, junction nodes, pumps, values,
tanks, and reservoirs) using the network component editor dialog boxes.

Defining Tank Data

The next step is to define the reservoir data for the pipe network system.
Table 6.2 lists the tank data used to define the reservoirs contained in the
pipe network system shown in Figure 6.1.

Table 6.2 Tank node data for the pipe network system as shown in Figure_1.1

Node (ID) HGL (ft) Description
9 100 (30 m) Reservoir A
10 200 (60 m) Reservoir B

As was performed in defining the junction node data, we will graphically
define the reservoir nodes in the Horizontal Plan window using the Add Tank
tool. Select the Add Tank tool from the Components floating toolbar. The icon
will become active (it will appear pressed down) and then point and click
within the Horizontal Plan window to graphically add tank node locations.
Place these reservoir nodes in the sequential order as they are shown in
Figure 6.1 so that the node IDs match the rest of this lesson’s input. When
finished, click again on the Add Tank tool to end insertion of tank nodes.
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Once the reservoir nodes have been graphically laid out in the Horizontal
Plan window, additional data can be specified to further define the reservoirs
that comprise the model. This is done using the Tank Editor dialog box, as
shown in Figure 6.8. To display the Tank Editor, select EPANET| Tanks.

Feature Edit

2R XN e | 2 B o |[wD Model | [T

Figure 6.8  Adding a reservoir (tank) to the pipe network system

Each tank has a unique numerical ID that identifies it. The data used to define
each tank node includes constant water elevation, which is a mandatory field,
and several optional fields such as a text description, pressure zone, X-Y
coordinates, and phase. These data requirements are described in detail in
the section titled Tank Editor in Chapter 2. In this example use the Tank Edi-
tor to define the reservoir data shown in Table 6.2.

Converting Junction Node to Tank Node

You can easily convert an existing junction node to a tank node using MIKE
URBAN WD. To convert a junction node to a tank node, select the Modify
Feature Type tool from the Components floating toolbar, select Tanks from
the list box, and click on the existing junction node in the Horizontal Plan win-
dow. MIKE URBAN WD will display a query dialog, asking you whether to
convert the selected junction node to a tank. Note that this method can be
used to convert from a junction node to tank node (by using the Add Tank
tool) or from tank node to a junction node (by using the Add Junction tool).

6.1.4 Defining Pipe Data

The next step in defining this network model is to define the pipe data.
Table 6.3 lists the pipe data used to define the pipes contained in the pipe
network system shown in Figure 6.1.

Table 6.3 Pipe data for the pipe network system

Table 1:

Pipe [Nodes Length |Diameter |Friction Minor |Label

(ID) |Start |End |(feet) (inches) |Loss (C-M) |Loss

2 1 2 5200 12 80 0.0 Randall St
(1580 m) |(300 mm) |(1.5mm)

3 2 3 1000 12 120 0.0 Randall St
(300 m) (300 mm) [(1.5 mm)

4 2 4 8000 12 100 0.0 Regent St
(2430 m) (300 mm) [(1.5 mm)
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Table 1:

10

11

12

10

9000
(2740 m)

3400
(1030 m)

3450
(1050 m)

4000
(1220 m)

2500
(760 m)

3000
(910 m)

5400
(1640 m)

700
(210 m)

12
(300 mm)

12
(300 mm)

12
(300 mm)

8
(200 mm)

12
(300 mm)

8
(200 mm)

12
(300 mm)

15
(400 mm)

110
(1.5 mm)

120
(1.5 mm)

120
(1.5 mm)

80
(1.5 mm)

100
(1.5 mm)

100
(1.5 mm)

90
(1.5 mm)

100
(1.5 mm)

0.0

0.1

0.0

0.0

0.8

0.0

0.0

0.1

Park St

Washington Ave

Park St

University Ave

University Ave

State St

University Bay Dr

University Ave

We will begin by graphically defining the pipes in the Horizontal Plan window
using the Add Pipe tool. Select Pipes from the list box from within the Feature
Edit floating toolbar and select Create Feature tool. The icon will become
active (it will appear pressed down). Using Figure 6.1 as a guide for laying
out the pipe network, point and click within the Horizontal Plan window on a
node. A rubberbanding line representing the pipe will appear between the
cursor and the node. Point and click on another node to define the pipe. To
end insertion of a pipe, press «Enter» or double-click with your mouse cursor
and the rubberbanding line will end. Place these pipes in the sequential order
as they are shown in Figure 6.1 so that the pipe IDs match the rest of this les-
son’s input. Continue laying out pipes until you have completed the pipe net-
work system, as is shown in Figure 6.1.

Note that while you are defining a pipe using the rubberbanding line, pressing
«Enter» will end the line at the last junction node, double-clicking with the left
mouse button will end the pipe at the current cursor position by inserting a
junction node, pressing «Backspace» will delete the last inserted junction
node and pipe segment, and pressing «Esc» will abort the pipe insertion.

As you click on or near an existing node, MIKE URBAN WD will snap to the
node and treat this as a starting node. A rubber-banding line will then be
drawn from this node, representing the pipe, while you select the ending
node. Then, if you click on or near an existing node, it will snap to that node
and treat the selected node as the ending node drawing in the pipe. If you
click anywhere else, it will place an ending node at the selected location.
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While selecting the starting node, if you click with the Add Pipe tool in the
Horizontal Plan window somewhere else other than a node or a pipe, MIKE
URBAN WD will place a starting node at the clicked location. Additional infor-
mation on how to use the Add Pipe tool to graphically layout a pipe network is
discussed in Water Distribution User Guide.

Once the pipes have been graphically laid out in the Horizontal Plan window,
additional data can be specified to further define the pipes that comprise the
model. This is done using the Pipe Editor, as shown in Figure 6.9. To display
the Pipe Editor, select EPANET | Pipes.

S =T
r— |dentification & connectivity

Inzert |
Azzet [D: IEHAHID D ata source: I

Delet
Fipe ID: [10 Status: [enuLLs | il
From node: IS—J M Advanced... |
To node: IB J M Close |
Drescription: IState St Prezzure zone 10: I J

— Geometrical propertie:
Length: IBDDD.DD |?8.552 Diiameter: IS.DDD ID

— Hydraulics & friction losze:

I aterial: IW Farmulation: W
Construction year: l— Foughness: WJ
wiall thickness: l— Loss coefficient: IUUUU—J
‘Wave speed: l— Prezzure nomal: l—

~ Mizcellaneou
Demand coeff. 1: |1 .aoa State: Iunmarked 'l
Demand coeff. 2: |1.DDD [T Check walve: [T Clased
Street name: |STREETMAME
Pipe ID* |Description CDate Constructio| AssetID |Data source Demand coeff. 1 «
k|10 State St 112005 =Mull= CHARID =Mull=
(Al University Ba [11/2005 =Mull= CHARID =Mull=
12 University &y |10/2005 =Mull= CHARID =Mull=
13 Park St 112005 =Mull= CHARID =Mull=
2 Randall St 112005 =Mull= CHARID =Mull=
3 Randall St 112005 =Mull= CHARID =Mull=
4 Regent St 112005 =Mull= CHARID =Mull=
5 Park St 112005 =Mull= CHARID =Mull=
[ Washinghton (152005 =Mull= CHARID =Mull= =
1 | By

Figure 6.9  The Pipe Editor dialog box

Each pipe has a unique numerical ID that identifies it. Each pipe definition
includes the two connecting nodes, identified as starting and ending nodes.
The specified flow direction is defined as going from the starting node to the
ending node. To reverse the order of the nodes, choose «Swap-Nodes» from
Advanced.

The data used to define each pipe includes length, diameter, friction loss
coefficient (roughness or roughness coefficient), minor loss coefficient, and
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demand coefficients. If a friction loss coefficient is not available, a value can
be interpolated using the data tables accessed through the MIKE URBAN
WD Options Menu. Minor loss coefficients can be specified if effects of fittings
along a pipeline are to be considered (see the Water Distribution user guide
for further). In this example we will use the Pipe Editor to define the pipe data
shown in Table 6.3.

Note that the pipe ID is automatically assigned when the pipes are drawn in
the Horizontal Plan window. Therefore in your example, if you did not follow
the layout of the pipe network as shown in Figure 6.1, the pipe IDs may differ
than what is shown in Table 6.3. Therefore, when defining the additional pipe
data for this lesson, only consider the starting and ending nodes when identi-
fying what data is to be entered into the Pipe Editor.

Defining Pump Data

The function of a booster pump is to overcome the friction resistance and
head loss in transporting water from one location to another. There are three
types of booster pumps available in MIKE URBAN WD, including flow pumps,
power pumps, and head pumps.

Flow Pumps

A flow pump is a booster pump whose flowrate is constant. Data required to
fully describe a constant flow pump include its controlled pipe and specified
flowrate (in cfs, gpm, or mgd). Flow pumps are defined as a Flow Control
Valve (FCV) in the Valve Editor.

Power Pumps

A power pump is a booster pump whose pump power is constant. Data
required to fully describe a power pump include its controlled pipe and speci-
fied power (in HP).

Head Pumps

Head pumps can be defined as constant head pumps, exponential pumps,
and exponential extended pumps.

A constant head pump is a booster pump whose head is constant regardless
of operating flowrate. The parameters of a constant head pump include its
controlled pipe and constant pump head (in feet or meters).

An exponential standard pump is a booster pump whose pump head is
described by a pump characteristic curve fitted to three data points. Each
data point consists of a pump head and a corresponding flowrate. The pump
curve is represented by an exponential formula fitted to these three points.
The parameters of an exponential pump include its controlled pipe and three
data points. A standard pump curve with no extended flow range (where the
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cut-off head is 133% of the design head and the maximum flow is twice the
design flow) is used if only a single operating point is specified.

An exponential extended pump is a booster pump whose pump curve is rep-
resented by an exponential formula fitted to three points. The parameters of
an exponential pump include its controlled pipe, three data points and maxi-
mum flow in extended flow range.

lllustrations of the input requirements for the various types of pump curves
are shown in Figure 6.10.

ha
b gt 3 h1 1

E o Custom Curve,
T Standard Curve Mo Extended h2 g2

Mo Extenced Flowe Range

Flowy Range

Flow Flow
hi,g0
ho o h1 1

Head
Head

Custom Curve,
Stanclard Extended
Flowy Range

Custom Curve,
@-H tabular data

h202 g2 k3,03

h4 o4

Flow Flow

Figure 6.10 Input requirements for the various types of pump curves

The pipe network system, as shown in Figure 6.1, contains a booster pump
on pipe 1. This pump is an exponential pump. The pump can be added to the
pipe network either graphically using the Add Pump tool from the Compo-
nents floating toolbar or by defining the starting and ending nodes in the
Pump Editor dialog box. In this example, we will use the Pump Editor to
define the pump. To display the Pump Editor, select Edit | Pump Editor.
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Figure 6.11  The Pump Editor dialog box

To add a new pump in the Pump Editor, click on «Insert». A new pump will
then be added into the pump table, allowing you to define the necessary
pump data. In the Pump Type frame select the 3-point pump curve option,
used to define an exponential pump. An exponential pump is defined by a
head versus flowrate curve. Therefore, three data points must be entered in
the Head and Flow data entries. For the first data point, enter 300ft (90m) for
the shutoff head value. Define the second data point by entering 250ft (75m)
for the design head and 8cfs (2251/s) for the design flow. Finally for the high
end values, enter 160ft (50m) as the head and 10cfs (285I/s) for the flow.
Next, define the starting and ending pump nodes, looking at the node IDs
shown in Figure 6.1. Note that the order of these two nodes define the pump-
ing direction. To reverse the direction of the pump (and the order of the
nodes), choose «Swap-Nodes» from Advanced.

When you are finished defining the pipe network system, save the completed
pipe network system as LESSON1A.MDB by using File | Save As. For more
details, see the section titled Saving Your Data in this lesson. In this lesson
we will save each modification to the pipe network system as a separate file
so that they can be analyzed, reviewed, and compared later in this lesson.

All pumps are assumed to be operating continuously throughout a simulation
unless the Pump Status is set to CLOSED in the Pump Editor or the Control
Editor. In addition, the program automatically prevents reverse flow through a
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pump, and issues a warning message when a pump is operating outside of
its normal operating range. Additional information on defining pumps can be
found in the Water Distribution User Guide.

Graphically Defining Pumps

You can also define pumps graphically from the Horizontal Plan window. To
insert a pump between two existing junction nodes, select the Add Pump tool
from the Components floating toolbar. Then select the beginning and ending
junction nodes. MIKE URBAN WD will then insert a pump between these two
nodes. If you want to insert a pump into a pipe, select the Add Pump tool and
click on the pipe that you want to insert a pump into. MIKE URBAN WD will
display a query dialog box, asking if you want to replace the pipe with a pump
or insert a pump into the pipe. For more details on inserting a pump, see the
Water Distribution User Guide.

6.1.6 Opening a MIKE URBAN WD Data File

If you prefer, instead of interactively entering the data for this lesson, you can
load in an existing MIKE URBAN WD data file that has the completed pipe
network data used for this lesson. To open this data file, select File | Open.
MIKE URBAN WD will display an Open dialog box. For this lesson, select
LESSON1.MDB from the LESSONS\LESSON1 subdirectory by double click-
ing on the filename or highlighting the filename and selecting «OK». MIKE
URBAN WD will then load this data file. This data file contains all the data
used to define the pipe network system for this lesson, as shown in

Figure 6.1.

6.1.7 Saving Your Data

To save the pipe network system you have defined, select File | Save or File |
Save As. Select the appropriate subdirectory and then enter a filename of up
to eight characters.

6.1.8 Performing the Analysis

After you have finished defining the pipe network model, you can perform an
analysis of the pipe network system. Select Simulation | Run Simulation.
MIKE URBAN WD will then display Run Simulation dialog from where it is
possible to run the simulation or check the project for errors. If no errors were
reported, MIKE URBAN WD will then perform a hydraulic analysis of the pipe
network model. If an error is reported during the analysis, it will be necessary
to correct the input model to remove the error. However, it is normal for warn-
ings to be reported during the analysis. The user should check the analysis
output to make certain that any reported warnings or status messages do not
pose a threat to the validity of the analysis results.
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6.1.9 Prepared Input and Output Files

Completed input and output files were provided for this lesson. These files
are:

e LESSON1.MUP, LESSSON1.MDB, LESSON1.RES. These files are the
input and output files with the basic network components defined. These
files are used as the starting files for this lesson.

These files can be found in the LESSONS\LESSONO1\CFS or LES-
SONS\LESSONO01\SI subdirectory and can be used to perform the analysis
and view the analysis results, without having to interactively enter the data for
this lesson.

6.1.10 Viewing the Analysis Results

144

After the analysis has been successfully performed, you next need to load the
analysis results into MIKE URBAN WD. Select Model Results| Load Simula-
tion Results| EPANET Results. MIKE URBAN WD will display a Load Analysis
Results dialog box. From this dialog box, select the analysis results file LES-
SON1.RES. MIKE URBAN WD will then load this analysis results file into
memory.

EPANET Analysis Results

To view the analysis results generated by the EPANET Analysis Engine click
on Summary button in the Simulation dialog. MIKE URBAN WD will display a
file viewer, as shown in Figure 6.12, displaying the EPANET analysis results.
If there are any warning messages during the analysis, they will be displayed
in the EPANET analysis results.
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Figure 6.12 The EPANET Analysis Results
Analysis Results Table

To review the loaded analysis results in a tabular format, select Model
Results| Results Statistics. MIKE URBAN WD will then display the Results
Statistics dialog box, as shown in Figure 6.14. From this dialog box, choose
«Calculate» to generate the results statistics display the results for all of the
nodes and links within the system. MIKE URBAN WD will save the results
(minimum and maximum values, or actual time level values) to the geodata-
base database; the result table can be opened from within e.g. Microsoft
Access or ESRI ArcGIS.

To open the node results using Microsoft Access, open the MDB file in Micro-
soft Access, and open "'mw_ResJunction” table. The table contains the junc-
tion node results.
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Figure 6.13 The Results Statistics Dialog box

Your analysis results in case of Sl \project units, should be similar to those as
shown in Figure 6.14.

B mw_RESJunction : Table

WUID Dermand Max | Demand_Min | Grade_Max Grade_Min | Pressure_Min | Pressure_Max

|7 30 30 7077263 7077263 38.77262 3877262
] -250.8012 -260.8012 30 30 0 i]
| |8 -35 -35 72.86816 7286816 43.86815 43.86815
| |10 188.8012 1858.8012 G0 G0 0 i]
] 12 12 £9.09654 59.09654 32.09624 32.09624
| |B 30 30 B1.62301 61.62301 27.82301 27.823M
B 25 25 B81.56897 81.56897 5256897 52.56897
| |4 0 0 B2.69219 55.65219 38.65219 38.65218
|1 0 0 9645494 96.46494 GB.46434 B5. 46424
b2 0 0 B1.81463 G1.61463 50.814683 5081463

Figure 6.14 The hydraulic analysis results in the Results Table
Component Browser

The Browser allows you to graphically select any network component from
the Horizontal Plan window by simply clicking with the Select tool, and will
then display that component’s input attributes and analysis results. This
allows you to quickly examine the pipe network system at the component
level (i.e., pipe, junction node, valve, pump, tank, and reservoir), check what
is defined for the model, and determine the computed analysis results. For
example, selecting a pipe from the Horizontal Plan window will display in the
Component Browser the pipe ID, asset ID, description, street name, diame-
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ter, material, construction year, length, roughness coefficient, flowrate, veloc-
ity, and headloss. Minimum and maximum values can be displayed for
extended period simulation results. Figure 6.15 displays the Browser.
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Figure 6.15 The Browser allows you to examine the input attributes and analysis
results for any network component

Horizontal Plan Graphical Plots

The Horizontal Plan window allows you to graphically plot the analysis results
directly onto the pipe network schematic. In the Horizontal Plan window, com-
plete contouring of the analysis results is available, including node elevation,
HGL, pressure, demand, and any water quality constituent. This allows you to
quickly interpret the modeling results and identify any trouble areas. And,
directional flow arrows can be plotted on top of the pipes to show the flow
direction for any time-step. In addition, MIKE URBAN WD provides automatic
color-coding of pipes and nodes based upon any input or output property,
allowing the network to be color-coded based upon pipe sizes, flowrates,
velocities, headlosses, nodal pressures, nodal demands, hydraulic grades,
elevations, water age, percent source contributions, water quality concentra-
tions, and any other attribute. Numerical ranges for colors can be specified.
Furthermore, pipes can be plotted with variable width and nodes with variable
radius, allowing you to quickly identify those areas of the network experienc-
ing the most flow, headloss, water quality constituent concentration, etc.

MIKE URBAN WD allows extensive customization of the Horizontal Plan
graphical plot. From the Layer Manager (displayed on the left part of the
application window), select Properties by simply pressing the right mouse
button while the cursor is located on the selected layer.) This will display the
Layer Properties dialog box, as shown in Figure 6.16.
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Figure 6.16 The Layer Properties dialog box allows you to customize the Horizontal
Plan graphical plot

From the Layer Properties dialog box, select the Flow Arrows tab. In this sec-
tion, check on Show Flow Arrows. Note that the Minimal Value data entry
field defines the minimum flow quantity for which a flow direction arrow will be
displayed. Note that you can use this capability to identify those pipes that
carry the majority of pipe flow by setting the threshold value to a value equal
to one-half the maximum flowrate in the network.

Selecting «Apply» displays these changes on the displayed Horizontal Plan

window. You should see the flow direction arrows displayed on the pipe net-
work in the Horizontal Plan window, as shown in Figure 6.17.
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Figure 6.17 Computed flow direction arrows plotted on the pipe network in Horizon-
tal Plan window

Profile Plots

Profile plots allow you to graphically plot the analysis results along any pipe-
line path. To display a profile plot, a profile path must first be defined from the
pipe network horizontal plan. Once the profile path has been defined and the
profile plot displayed, the path can be saved for later re-use.

Profile plots can have two separate vertical axes to allow plotting of variables
from two separate unit families, such as flow and pressure. Profile plots can
be plotted along any user-specified route. Profile plots can be plotted with an
envelope to show the minimum and maximum values reached during an
extended period simulation.

To define a profile plot path, select Model Results| Profile Plot | Define Path
Flags. MIKE URBAN WD will then allow you to graphically select from the
Horizontal Plan window the profile path to use by setting flags along the path.
Simply click on the junction nodes that make up the path that you want the
profile plot to display. When finished defining the profile plot path, choose
Create Profile Plot. This will display the profile as seen in Figure 6.18.
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Figure 6.18 Profile plots allow to graphically plot the analysis results along any pipe-
line path

Further discussion on plotting profile results is provided in the Model Man-
ager User Guide.

Prepared input and Output Files

Completed input and output files were provided for this lesson. These files
are:

1. LESSON1A.MDB. This files is the input model of the water distribution
network. This file is used as the starting file for this lesson.

2. LESSON1B.MDB. This files is the output model of the water distribution
network.

6.2 Lesson 2 - Pressure reducing valve static analysis

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
to define a pressure reducing valve (PRV), perform a steady state analysis,
and view the analysis results for the defined pipe network system. Also pre-
sented is a brief review of the analysis results.

This lesson also simulates the effect of various modifications not related to
maintaining the pressure at junction node 2. These modifications include a
junction node demand change, peak demand change, and pipe status
change. The effect of these modifications will be cumulative. We will save the
analysis results after each modification has been applied so that the analysis
results can be later viewed and compared to each other.
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A schematic diagram for the pipe network to be analyzed in this lesson is
shown in Figure 2.1. The pipe network system consists of two reservoirs, 8
junction nodes, 13 pipes, a booster pump, and a pressure reducing valve.
Water is distributed from reservoir A to the pipe network system and to the
supplementary reservoir B by the pressure from the booster pump. To sim-
plify data input, all pipes, pumps, reservoirs, and junction nodes are num-
bered in the diagram.

2

k3

Figure 6.19 A schematic diagram of the pipe network system

In this lesson a pressure reducing valve (PRV) is installed between junction
nodes 1 and 2. The PRV is intended to regulate the pressure downstream of
the PRV.

To save time with this lesson, we have prepared data files that have already
been set up in order for you to quickly follow through the lesson. For a list of
all the files in this lesson, see the section titled Prepared Input and Output
Files on 5-27.

Begin this lesson by loading LESSON2A.MDB from the LESSONS\LES-
SONO2 subdirectory. This file contains the pipe network system.

To load the file:
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1. Select File | Open. The program will then display the Open dialog box, as
shown in Figure 6.20.

| e EeE
File name: ILesson2a.mdb j Open I
Files of bype: IMIKE URBAN Database [*.mdb) j Cancel /l
2

Figure 6.20 The Open dialog box

2. Select LESSON2A.MDB from the listing of files or type LESSON2A.MDB
in the File Name box and then select «Open» to open the selected file. If
the filenames for the lessons are not listed, make certain you are in the
LESSONS\LESSONO02\SI or LESSONS\LESSONO2\CFS subdirectory.

Defining a Pressure Reducing Valve

The basic network file (LESSON2A.MDB) comes with a pressure reducing
valve (PRV) already defined to reduce the time required to complete this les-
son. However, this section explains the steps used to specify a PRV for the
existing network system. Therefore, in this lesson you do not have to insert a
PRV—it has been done for you. As shown in Figure 5.2.1, this PRV will regu-
late the pressure at the downstream node 2. The booster pump feeding node
1 may cause the pressure at junction node 2 to be too high. To prevent this, a
pressure reducing valve has been installed between nodes 1 and 2.

A pressure reducing valve is used to regulate the pressure at the downstream
node of the pipe it is installed. With a PRV, the pressure at the downstream
node will not be higher than a constant specified pressure (the pressure set-
ting of the PRV). For a more detailed discussion of PRVs, see the Water Dis-
tribution User Guide.
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Inserting a Pressure Reducing Valve

When you want to insert a valve into an existing pipe, you must insert it as a
new component. This can be easily done within the Horizontal Plan window
using the Add Valve tool from the Components floating toolbar. To insert a

valve:

1. Open the Horizontal Plan window by selecting View | Horizontal View.
2. Split the pipe by using Split tool from the Components toolbar.

3. Split the pipe once more to create a sections for 3 pipes.

4. Select the middle section by Select Feature tool and delete it by using

Note

the Delete Selected tool. It is also possible to press <Del> key.

Select the PRV’s valve tool from the Components floating toolbar and
click on the beginning pipe node in the Horizontal Plan window where
you want to place the valve and double click on the ending node. This
will create a new PRV valve.

When inserting a new valve, a junction node will be automatically inserted
before and after the valve in case that there are now existing nodes within the
shap node tolerance radius. In order to see these inserted junction nodes,
you may have to zoom in and stretch the distance between the new junction
nodes since the nodes might be initially seen as overlapping each other. To
zoom in and stretch the distance:

1.

Choose the Zoom tool from the Command toolbar. Then, from within the
Horizontal Plan window, click and drag a zoom window around the valve.
You should now see the two junction nodes.

Choose the Select tool from the Components floating toolbar. Then, click
and drag the two junction nodes on either side of the valve further apart.
If the junction nodes cannot be stretched further apart, then the network
is locked against geometry changes. If this is the case, select Edit | Pro-
ject Lock to unlock the project. The project lock is used to prevent unin-
tentional moving of network components.

After stretching the nodes apart, return to your previous view by choos-
ing the Zoom Previous tool in the Command toolbar and then click in the
Horizontal Plan window.

Inserting a Valve Between Two Junction Nodes

You can graphically add a valve between two existing junction nodes. To do
this, select the Valve tool (PRVs, PBVs, TCVs, PBVs, FCVs, GPVs,) from the
Components floating toolbar. Then, select the beginning and ending junction
nodes. MIKE URBAN WD will then insert a valve between these two nodes.
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Defining PRV Properties

The properties of a PRV include valve diameter, the pressure head setting,
and minor loss coefficient. Figure 5.2.1 shows the pressure reducing valve
that was inserted.

Once the PRV has been inserted into the pipe network, the next step is to
define the properties of the PRV. This is done using the Valve Editor, as
shown in Figure 2.3. To display the Valve Editor, select EPANET]| Valves.

Mivabes =10l x|
r— |dentification & connectivity
Inzert |
Azzet [D: I D ata source: l—
Walve [D: I‘IB Statuz: |<NULL> vl Delete |
From node: |1 7 J M Advanced... |

To hode: |1 g J M Cloze
Description: IPHV Walve Prezzure zone 1D: I J

— Model data

Walve type: FRY * | Walve state: |<NULL> 'l

Settings: IBD [™ Clozed:
o I J ‘i ater hammer
Diarneter: [mm] 300 Settings... |
Loss coefficient: ID.B J
| Valve ID | AssetlD |Data sourcelDescriptionl Diameter | Loss coefﬁl Pressure z | Setting
» |16 | =huuii= | <hauii= |PRY walve | 300 | 0.6 [=hull= [

1 |

=

Figure 6.21 The Valve Editor dialog box

In this lesson, we have set the valve as a pressure reducing valve in the
Valve Type frame, defined the valve diameter as 12 inches (300mm), set the
pressure setting to 46 psi (30m), and set the minor loss coefficient to 0.600.
Select «Close» to store these values and close the Valve Editor dialog box.

When you are finished defining the PRV, save the completed network with a
PRV as LESSON2B.MDB by using File | Save As. In this lesson we will save
each modification to the pipe network system as a separate file so that they

can be analyzed, reviewed, and compared later in this lesson.

6.2.2 Defining a Junction Node Demand Change

In this section, we will use a junction node demand change to simulate a

marked increase in demand at a particular junction node. Junction node 3 of
the pipe network system shown in Figure 2.1 represents a large manufactur-
ing plant. On a particular day of the month a large portion of the manufactur-
ing equipment is flushed and cleaned. Obviously this will require more water
than usual. To simulate this unusually high demand and its effects on the rest
of the pipe network system, a junction node demand change can be applied.
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Figure 6.22 The Junction Editor dialog box

To simulate the increased demand of the flushing, select Edit | Junction Edi-
tor and select junction node 3, as shown in Figure 6.22, and change the
demand to 1.05 cfs (30l/s). Select «Close» to apply the change to the net-
work and close the Junction Editor dialog box.

When you are finished defining the junction node demand change, save the
completed network with a PRV and junction node demand change as LES-
SON2B.MDB by using File | Save As. As explained earlier, we will save each
modification to the pipe network system as a separate file so that they can be
analyzed, reviewed, and compared later in this lesson.

6.2.3 Defining a Global Demand Change

In this section, we will define a peak demand on the network system to simu-
late a severe demand condition. This is done by applying a global water
demand change. This global demand change is used to simulate a peak-hour
demand. A steady state analysis of the network at peak-hour conditions can
be used to verify the efficiency of the pipe network and identify ineffective
areas based on the PRV that was previously installed. A global demand fac-
tor of 1.5 is the multiplication factor applied to the demands at all junction
nodes to simulate this severe demand condition.

To change global demands at all junction nodes by a factor of 1.5:
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1. Select EPANET | Multiple Demands Editor to open the Multiple
DemandEditor dialog box.

2. Choose «Demand» column in the Multiple Demand Editor dialog and
select Field Calculator from the right mouse click pop-up menu to display
the Field Calculator dialog box, as shown in Figure 6.24. Note that you
can select only such records, where you want to apply the global
demand change, Figure 6.23.

I
=]

AMultiple demands ] |

= s Inzert
Junction |D: I? Drescription: I
Demand: IBD.DDD Demand category: I s
Demand cosfficient: I Demand pattert: I J Advanced...

Cloze

d i

Junction I Demand | Description | D 1 cat|D 1 pat| D lco
3 37.5 |=hull= =Mull= =Mull= =Mull=
5 18 |=Mull= =hlull= =hlull= =hlull=
B 45 |=Mull= =hlull= =hlull= =hlull=
T 45 | =Mull= =hlull= =hlull= =hlull=
g =35 [=Null= =hlull= =hlull= =hlull=

Figure 6.23 Select records, where you want to apply the global demand change
3. Inthe Field Calculator dialog, use the wizard to define the following
statement: Demand = Demand * 1.5.

4. Select «OK» to apply the defined global change and close the Global
dialog box. If you do not want to apply the defined global change to the
network system, choose «Cancel».
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Figure 6.24 The Field Calculator dialog box

When you are finished defining the global junction node demand change,
save the completed network with as LESSON2C.MDB by using File | Save
As.

Field Calculator

Using the Field Calculator, a simple SQL statements can be quickly con-
structed. Statements can be saved and loaded using Save and Load from the
Field Calculator dialog.

However, for complex SQL commands, a SQL statement must be entered
using ArcMap or Microsoft Access.

6.2.4 Defining a Pipe Status Change

In a pipe network system, a pipe can be either open or closed. In MIKE
URBAN WD, a pipe status change allows the user to simulate the pipe net-
work system under either condition. A pipe status change is only applicable to
pipes that do not have check valves, as check valves already control the
pipe's open and closed status.

This lesson will use a pipe status change to simulate the effect of closing one
pipe in the network system. Pipe 7 in the network system is the pipe that runs
under Park Street. Due to road construction on Park Street, pipe 7 is closed.
An analysis of the network in this condition will show the effect of closing pipe
7 on the network system.

The expert in WATER ENVIRONMENTS 157



l ; Water distribution tutorials

TTE—— -ioix
| dentification & connectivity
Inzert
Azzet [D: I D ata source: I
Delet
Pipe ID: [7 Status: [enuLLs | e
B |4—JM Advanced...
To hode: I? J M Cloze
Drescription: IPark St Prezzure zone 10: I J

— Geometrical propertie:
Length: [m] I‘IDED.DD |14.BSB Diiameter: [mm] IBDD.DDD ID

— Hydraulics & friction losze:

Material: l— Farmulation: lm
Construction year: l— Foughness: [mm] I‘IEDD—J
wall thickness: [mm] l— Loss coefficient: IUUUU—J
‘Wave speed: [m/s] l— Prezzure nomal: [m] l—

~ Mizcellaneou

Demand coeff. 1: |1 .aoa State: Iunmarked 'l
Demand coeff. 2: |1.DDD ™| Check walye: ¥ Clased

Street name: I

ddd

Pipe ID | Description CDate  |Constructio] AssetID [Data source| Demand co | Demand ';I
13 Park St =hlull= =hlull= =hlull= =hlull= 1
2 Randall St =hlull= =hlull= =hlull= =hlull= 1
2 Randall St =hlull= =hlull= =hlull= =hlull= 1
3 Randall St =hlull= =hlull= =hlull= =hlull= 1
4 Regent St =Mull= =Mull= =Mull= =Mull= 1
) Park St =hlull= =hlull= =hlull= =hlull= 1
B Wazhinghton [=Mull= =Mull= =Mull= =Mull= 1
k|7 Park St =hlull= =hlull= =hlull= =hlull= 1
g University Av [=Mull= =Mull= =Mull= =Mull= 1 e
Ll | o4

Figure 6.25 The Pipe Editor dialog box

To change the pipe status, select EPANET | Pipe Editor. Choose pipe 7 and
close the valve by selecting the Closed check box in the Pipe Status frame.
Select «Close» to apply the changes to the network and close the Pipe Editor
dialog box.
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Figure 6.26 Schematic diagram with the closed pipe

When you are finished defining the pipe status change, save the completed
network with a PRV, junction node demand change, peak demand change,
and a pipe status change as LESSON2D.GDB by using File | Save As. Once
again, we will save each modification to the pipe network system as a sepa-
rate file so that they can be analyzed, reviewed, and compared later in this
lesson.

6.2.5 Prepared input and Output Files

Completed input and output files were provided for this lesson. These files

are:

1.

LESSSON2A.MDB, LESSON2A.RES. These files are the input and out-
put files with the basic network components and the PRV defined. These
files are used as the starting files for this lesson.

LESSON2B.MDB, LESSON2B.RES. These files are the input and output
files with the PRV and a junction node demand change defined.

LESSON2C.MDB, LESSON2C.RES. These files are the input and out-
put files with the PRV, junction node demand change, and peak demand
change defined.

LESSON2D.MDB, LESSONZ2D.RES. These files are the input and out-
put files with the PRV, junction node demand change, peak demand
change, and pipe status change defined.
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These files can be found in the LESSONS\LESSONO02 subdirectory and can
be used to perform the analysis and view the analysis results, without having
to interactively enter the data for this lesson.

To analyze the pipe network models you have defined, refer to the section
titted Performing an Analysis in Lesson 1.

6.2.6 Reviewing the Analysis Results

The analysis results from the various modifications of the network system can
be viewed individually or can be compared with each other. To view the anal-
ysis results individually, see the section titled Viewing the Analysis Results in
Lesson 1. Also, note that there are additional ways to display the analysis
results, such as the Component Browser window, Profile Plot window, and
Map window. These are also discussed in Lesson 1.

In this lesson, a pressure reducing valve is used to regulate the pressure at
junction node 2 (LESSONZ2A). The pressure at all the junction nodes are
between 38 psi (25 m) and 117 (80 m) psi (within a reasonable operating
range). The high pressure at node 1 (117 psi, 80 m) is caused by the pres-
sure from the booster pump and is the first node that water from reservoir 1 is
sent to. The pressure at junction node 2 (the junction node regulated by the
PRV) is 45 psi (29.8 m). Thus, the PRV effectively reduced the pressure at
node 2 to 45 psi (app.30m).

The first cumulative effect applied was a junction node demand change (LES-
SONZ2B). The demand at node 3 was changed to model increased water
usage at the manufacturing plant. The demand at node 3 is increased to 1.05
cfs (30 I/s).

The peak demand change was the second cumulative effect applied to the
network (LESSON2C). Here a global demand factor of 1.5 is used to model
the peak-hour demand situation. The demand at each junction node in the
system was increased by this factor. For example, the demand at junction
node 6 was raised from 1.0 cfs (30 I/s) to 1.5 cfs (45 I/s). This had a slight
effect of lowering the pressure at this node from 40.85 psi (27 m) to 40.10 psi
(26.60 m).

The last cumulative effect applied is a pipe status change. Pipe 7 is closed to
model road construction on Park Street (LESSON2D). From the analysis
results it can be seen that pipe 7 has no flow going through it, indicating that
pipe 7 is closed.

6.2.7 Comparing the Analysis Results

The Compare Alternatives feature can be used to compare analysis results
for two or more simulations. This feature is used to compare the analysis
result files by computing the difference for every component of the network



A

from two analysis result files for a parameter modification to the same net-
work. In this case, we will be comparing LESSON2B.RES to LES-
SONZ2C.RES to see how a peak demand change effects the pipe network.

In order to use the Compare Alternatives feature, we have to have two analy-
sis result files. MIKE URBAN WD will subtract the two analysis results files
from each other. Note that it is only possible to subtract two analysis result
files if the number of nodes, pipes, and time-steps (if performing an extended
period simulation) are the same. In this lesson we will compare the pipe net-
work without the global demand change defined (LESSON2B.RES) and the
pipe network with a global demand change defined (LESSON2C.RES). Com-
parison of the other network modifications is left to the reader.

To compare these two analysis result files:

1. Select Model Results| Result Comparison | EPANET Results. The File
Open dialog box will appear; in this dialog box the first result file is
selected. Select «OK» when finished.

2. Another File Open dialog box will appear; in this dialog box the second
result file is selected. Select «OK» when finished.

The results from LESSON2C.RES will be subtracted from LESSON2B.RES.
For more details on comparing alternatives, including other comparisons that
can be performed, see the section titled Displaying and Outputting Analysis
Results on -205.

Viewing the Comparison Results

To view the results after running the Compare Alternatives feature, use
standard ways of the results post-processing such as Results Browser win-
dow, Profile Plot window, and Map window.

Since the results for LESSON2C.RES were subtracted from LES-
SONZ2B.RES, a positive value in the Analysis Results Table indicates that the
value in LESSONZ2B.RES is higher than in LESSON2C.RES. A negative
value indicates that the value in LESSONZ2B.RES is lower than in LES-
SONCB.RES. A zero value indicates that there is no difference.

Compared Results of LESSON2B.RES and LESSON2C.RES

The peak-hour demand also slightly reduces the booster pump head and the
pressures at all the network junction nodes. Note that the inflow at junction
node 8, the pumping well, is also increased. This means that the peak-hour
demand requires an increase in water drawn from the pumping well.
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Figure 6.27 The comparison results (pressure differences in this case) are dis-
played in the Map window

6.3 Lesson 3 - Extended Period Analysis

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
to define an extended period analysis, extended period control rules (i.e.,
control of storage tanks and pumps), and perform an extended period analy-
sis for the defined pipe network system. Also presented is a brief review of
the analysis results.

A schematic diagram for the pipe network to be analyzed in this lesson is
shown in Figure 6.28. The model consists of one reservoir, one node, one
tank, 8 junction nodes, 13 pipes, and a booster pump. Reservoir A is the des-
ignated pressure source, so water is pumped into the water distribution sys-
tem from reservoir A. To simplify data input, all pipes, pumps, tank nodes,
and junction nodes should be numbered in the schematic diagram, as shown
in Figure 6.28. In subsequent lessons, additional components will be added
to this schematic diagram.
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Figure 6.28 A schematic diagram of the pipe network system

To save time with this lesson, we have prepared data files that have already
been set up in order for you to quickly follow through the lesson. For a list of

all the files in this lesson, see the section titled Prepared Input and Output
Files.

Begin this lesson by selecting File | Open and choosing LESSON3.MDB from
the LESSONS\LESSONS subdirectory. This file contains the pipe network
system.

6.3.1 Defining an Extended Period Analysis

The basic network file (LESSON3A.MDB) has been defined with the
extended period input data already specified to reduce the time required to
complete this lesson. However, this section explains the steps used to define
an extended period analysis project. The project configuration includes spec-
ifying the project type and extended period time parameters. To define the
project type, select EPANET | Project Options. The program will then display
the Project Options dialog box, as shown in Figure 6.29.
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Figure 6.29 The Project Options dialog box

From the Project Options dialog box, select the extended period Hydraulics
option. Select «OK» to apply this change and close the Project Options dialog
box.

An extended period analysis requires that extended period time parameters
be defined. To edit the extended period time parameters, select EPANET |
Extended Period| Time Settings to display the Time Editor dialog box, as
shown in Figure 6.30.

Time settings g ;Iglll
Analysis duration: |24 Ihrs j &I
Hydraulic: time step: I'IU— i
Fattern time step: |1 oo Ihrs j
Fepart time step: |1 oo hrs j
Report start time: IU-UUU hrs j

V' Quality time step: IU-1UU IhlS j
Start clocktime: |12—ﬂ : lﬂ—ﬂ lﬂ
Statistics: I without statistics j

Figure 6.30 The Time Editor dialog box

The Analysis Duration, which has been defined as 24 hours, is the overall
time the simulation will take. The Hydraulic Time Step specifies how often a
new hydraulic computation of the pipe network system is to be computed.
Here, it has been defined as 10 minutes. The Pattern Time Step is defined as
1.00 hour. The Pattern Time Step defines and specifies the length of time
between each pattern change (i.e., the period of time over which water
demands and constituent source strengths remain constant). The Report
Time Step specifies the interval of time in which network conditions are
reported in the analysis results, and has been defined as 1 hour. The remain-
ing default values will be used for the rest of the parameters. For a more
detailed discussion on extended period time parameters, see the Water Dis-
tribution User Guide. Choose «OK» to apply these changes and close the
Time Editor dialog box.
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6.3.2 Defining and Applying a Demand Pattern

Data in an extended period analysis can change during a simulation (e.g.,
demand, external flow to a storage tank, etc.). Demand changes can be
applied globally to all junction nodes or to specific junction nodes.

In this section, we will use a demand curve to simulate a simplified diurnal
demand curve that corresponds with the data defined in the Time Editor. At
each time step, a new demand factor is applied to the original demands
defined at the junction nodes. These factors are defined in the Diurnal Profile
Editor. To display the Pattern Editor, select EPANET | Extended Period |
Repetitive profiles| Diurnal Patterns. The program will then display the Diur-
nal Profile Editor dialog box, as shown in Figure 6.31.

h Diurnal patterns [Base] LI_I_J‘:' (5], S
. Ingert
Diurnal pattern (D F1 |:
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Categary: Industry Advanced...

Description: ]danufacturing Flant Cloze
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e S
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Diurnal patt| Category | Description
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Figure 6.31 The Diurnal Profile dialog box
To define a demand pattern:

1. Select «Insert» and enter a Pattern ID of P1.

2. Select «Distribute» to fill in the upper grid with the diurnal profile multipli-
ers. Note that this data has already been specified for you to save time.
From Figure 6.32 it can be seen that the 24 hour period has been broken
up into 1 hour demand pattern time-steps, which was specified in the
Time Editor.

3. Enter the multipliers for each time step according to Figure 6.31. A graph
of the defined demand pattern can be shown by selecting «Graph».
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Figure 6.32 A demand diurnal pattern curve

4. Select «Close» to save the demand pattern and close the Multipliers dia-
log box.

This demand diurnal profile curve can now be combined with other diurnal
profiles to define a Cyclic Pattern. To define the cyclic pattern:

1. Select EPANET | Extended Period| Repetitive Profiles | Cyclic Profiles to
open the Cyclic Profile dialog box.

2. Create the new cyclic profile and select the already defined diurnal pro-
file. Note that more diurnal profiles can be used to compose the cyclic
pattern, each of which can be used in different week days. The first pro-
file defined will be used for the first 24 hours of the simulation, the next
profile for the following 24 hours and so forth (see Figure 6.33).
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¥ |P1 <MLl

| Cyelic |)roﬁ|| Description | ﬂ
3 |P1 |Manufadurin |
El

Figure 6.33 A demand diurnal pattern curve
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This demand pattern curve can now be defined over the entire network or at
any junction node in the network. In this section, we will apply this demand
pattern for the entire network by specifying a global change. To define the
demand pattern for the entire network:

1. Select EPANET | Junction to open the Junction Editor dialog box.

2. Select the junction node 3 (Manufacturing Plant) and define the demand
pattern P1.

Field Calculator

MIKE URBAN allows you to use the Field Calculator to assign attribute val-
ues globally. Open any editor and select the records you want to update. If
you don't select any, the calculation will be applied to all records. Right-click
the field heading for which you want to make a calculation and click Field Cal-
culator. Use the Fields list and Functions to build a calculation expression.
You can also edit the expression in the text area. Optionally, you can type a
value to set to the field.

6.3.3 Defining Storage Tank Data

To make certain that the network demand is always met, a storage tank is
installed behind the distribution network, as shown in Figure 6.28. As was
previously explained, this lesson comes with the storage tank already defined
to reduce the time required to complete this lesson. Therefore, in this lesson
you do not have to define a storage tank (it has already been done for you).
However, this section explains the steps used to define a storage tank for the
existing network system. To define a storage tank:

1. Use the Map window.

2. Select the Add Water Tanks tool from the Editing floating toolbar and
click on the position in the Map window where you want to place the
tank.

After defining the storage tank and the connecting pipe to the pipe network
system, we must define the tank and pipe parameters. To define the tank
parameters

1. Select EPANET | Tanks to display the Tank Editor dialog box.

2. Select tank 10 and enter 180 feet (55 m) for the Base Elevation. In the
Type frame, select the Variable tank with the Circular size type option.
Enter 80feet (25m) for the Diameter. Enter 30 feet (10 m) for the Maxi-
mum Level and 16 feet (5 m) the Initial Level and 3 feet (1 m) for the Min-
imum Level. When finished, the tank definition should be as shown in
Figure 6.34. Select «Close» to store these values and close the Tank
Editor dialog box.



Water distribution tutorials

-ioix

r— |dentification & connectivity
Azzet [D: l— D ata source: l— M
Tank ID: I‘ID— Status: lm ﬂl
 conrdinate: [50.140 ddvanced.. |
' coordinate: W Cloze |
Description: W Prezzure zone 10: I—J

—Model data

Tank type: variable [tank] 'l Base elevation: |55.DDD
Tank mising: MI<ED | Fired HEL | BT
HGL patterr: I

— Tank propertie
Tank size: Ic:irc:ular 'l it I
Elat... | Lenath I

i Diameter: I‘ID.DDD
— Maximum
— Initial yolurme curye: I J
it Minimum level: I‘I.DDD
Base Elevation Initial lesel: |5.DDD
Inactive M aximumn level: |1 0.000
Wolume
Inactive volume: ID.DDD

Diatum Elewation =0

Elevations

Tank ID* AssetID |Data source|Description |Base elevatil Pressure z | Tank type | Tank size
k10 =Mull= =Mull= Reservoir B 55 |=Mull= variable (tank circular
9 =hlull= =Mull= Reservair A 30 | =Mull= constant HG circular |=
| | 2

Figure 6.34 The Tank Editor dialog box

6.3.4 Defining Control Rules
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Typically during an extended period simulation, the pipes, pumps, and valves
contained in a network will change their status (i.e., open or closed) as stor-
age tanks recharge and discharge water and pressures change throughout
the network system. Therefore, it is necessary to define extended period con-
trol rules to control these systems. Note that this has already been done for
you to save time. However, this section explains the steps used to define the
extended period control rules for the pipes and pumps in the water distribu-
tion network system.

As was explained earlier, the network has one pumping station. In this sce-
nario, we will define the controls which will shut down the pump at 4 p.m. to
determine whether the storage tank capacity is sufficient to provide alterna-
tive water supply.

To define these controls:

Select EPANET | Extended Period| Simple Control and define the following
statement: LINK 14 (Pump) will be closed at clocktime 4.pm, as shown in Fig-
ure Figure 6.35.
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Figure 6.35 The Simple Control dialog box

6.3.5 Performing an Extended Period Analysis

After you have finished defining the pipe network model, you can perform an
extended period analysis of the pipe network system. Performing an
extended period analysis is exactly the same as a steady state analysis. To
perform an extended period analysis, select Simulation | Run Simulation.
MIKE URBAN WD will then display a Run Simulation dialog box, from within
which it is possible to check the model for errors and run the analysis. Run
Simulation dialog box is shown in Figure 6.36.

r B |
Run Simulation [ﬁ
~ Simulation Type — 1
Bun
(" Steady State Simulation
G Cloge
£

" Fire Flow Analysis
" Pipe Roughness Calibration
" PID Conbral Analysis

Figure 6.36 The Run Simulation dialog box

Use the Check Data to run a check of the project. MIKE URBAN WD will per-
form several tests on the pipe network model. If a modeling input error is
reported, you will need to correct the input data defining the model.
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If no errors were reported, you can select Run to perform an extended period
analysis of the pipe network model. If an error is reported during the analysis,
it will be necessary to correct the input model to remove the error. However, it
is normal for warnings to be reported during the analysis. The user should
check the analysis output to make certain that any reported warnings or sta-
tus messages do not pose a threat to the validity of the analysis results.

Note that the simulation results are automatically loaded after the successful
simulation run.

6.3.6 Prepared Input and Output Files

Completed input and output files were provided for this lesson. These files
are:

e LESSSON3A.MDB, LESSON3A.RES, LESSON3B.MDB, LESSON
3B.RES. These files are the input and output files with the basic network
components, extended period hydraulics, demand pattern, tank, and
extended period control rules defined. These files are used as the start-
ing files for this lesson.

These files can be found in the LESSONS\LESSONS subdirectory and can
be used to perform the analysis and view the analysis results, without having
to interactively enter the data for this lesson.

6.3.7 Viewing the Extended Period Analysis Results

After the extended period analysis has been successfully performed, you
next need to load the extended period analysis results into MIKE URBAN WD
before you can view the results. Viewing extended period analysis results is
slightly different from viewing steady state analysis results.

The extended period analysis results can be viewed from the Result Browser
window, Results Statistics, Time Series Plot, Profile Plot, and Map window.
To load the analysis results, select Model Results| Load Simulation Results
and select Water Distribution type of results.

EPANET Analysis Results

To view the analysis results generated by the EPANET Analysis Engine, click
on the Summary button from the simulation dialog. MIKE URBAN WD will dis-
play a file viewer, as shown in Figure 5.12, displaying the EPANET analysis
results. If there are any warning messages during the analysis, they will be
displayed in the EPANET Analysis Summary.
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Figure 6.37  Analysis Results Summary

Further discussion on displaying analysis results is provided in the section

titled Viewing the Analysis Results contained on -160.

Results Statistics

To review an extended period analysis results in a tabular format using the
Results Statistics, follow these steps:

1.

Select Model Results Statistics to display the Results Statistics. Select

Calculate to calculate the predefine types of the results statistics. Close
the dialog when done and select Model Results | Add Statistics Layer to
add the statistics layer to the table of contents. Click on the statistics
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layer properties and select Open Attribute Table, as shown in

Figure 6.38.
Ml Grade in Junction Max B 10l =|
Grade Grade_Max | Grade_Min | Grade_Avg | Pressure | Pressure_ | Pressure_ |Pressure_A
] 1183986 E2.06111 3006111 86395861
30 30 1] 1]
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) B0 5000002 9.999599
1175387 61.44535 24 44535 80.53575
1181032 6209252 2509252 5410319
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119.8227 62117594 F2117594 §9.92274
11815924 207517 3077 719236
Kl — o
Record: ﬂﬂl 1 _>|1| Shaw: I All | Selected | Records [0 out of 10 Selected.]

Figure 6.38 The Results Statistics

2. Inthe Statistics Results Table, you are only able to view the results for a
single time step at a time or for the min and max values. The results
shown in Figure 6.38 are for the start of the extended period simulation.
To display the results at a different time step, select Model Results| Ani-
mate | Options to display the Time Step dialog box, as shown in
Figure 6.39. Alternatively, you can click on the Time Step icon in the
Component Browser.

x|

File Mame ILessoan.res j ak. I
Fram Time W Cancel |
To Time 00:00:00 07/20/36 'l

Current Time IW

Animation Interval ﬂ

Figure 6.39 Animation - The Time Step dialog box allows you to select a different
time step in which to display results

3.

From the Animation - Option dialog box, choose day 0 at time 8:00 hours

and then select «OK» to display the results at this time step in the Map
window, as shown in Figure 6.40.
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Figure 6.40 The select time level dialog box

Further discussion on displaying results in the Analysis Results Table is pro-
vided in the section titled Analysis Results Table contained on -160.

Results Browser

The Results Browser allows you to graphically select any network component
from the Map window by simply clicking with the mouse cursor, and will then
display that component’s input attributes and analysis results. This allows you
to quickly examine the pipe network system at the component level (i.e., pipe,
junction node, value, pump, tank, and reservoir), check what is defined for the
model, and determine the completed analysis results.

To view the extended period analysis results in the Component Browser:

1. Select Model Results | Results Browser and choose any component in
the Map window. The analysis results for the chosen component will
appear in the Results Browser, as shown in Figure 6.41.

2. To change the time step that is displayed in the Component Browser,
select the current time level from the Animation floating toolbar or by
selecting Model Results | Animation | Options. The results for the
selected time step will be displayed in the Results Browser.
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Figure 6.41 The Results Browser displays analysis results for the selected network
component

Time Series Plot

A Time Series Plot allows you to graphically display the analysis results for
any network element for an extended period analysis. Multiple Time Series
Plots can be generated for the various network elements, such as pipe flow,
velocity, headloss, nodal demand, pressure, hydraulic grade, water age,
water quality constituent concentration, pump characteristic operating curve,
tank water level, and net system demand.

To view the extended period analysis results in a Time Series Plot:

1. Select Time Series from the floating to select the result item, as shown in

Figure 6.42.
|5 Result Selection @J
Result File: iLessoan.res _:] |
Data Type: [Cink: Flow |
I List Concel | ok ||

Figure 6.42 The Time Series Result item selection dialog box

2. Click on the network element in the Map window to create the time series
plot, as shown in Figure 6.43
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Figure 6.43 Time Series Plot for a flow in the link 8
Map Window Thematic Plots

The Map window allows you to graphically plot the analysis results directly
onto the pipe network schematic. In the Horizontal Plan window, complete
contouring of the analysis results is available, including node elevation, HGL,
pressure, demand, and any water quality constituent. This allows you to
quickly interpret the modeling results and identify any trouble areas. And,
directional flow arrows can be plotted on top of the pipes to show the flow
direction for any time-step. In addition, MIKE URBAN WD provides automatic
color-coding of pipes and nodes based upon any input or output property,
allowing the network to be color-coded based upon pipe sizes, flowrates,
velocities, headlosses, nodal pressures, nodal demands, hydraulic grades,
elevations, water age, percent source contributions, water quality concentra-
tions, and any other attribute. Numerical ranges for colors can be specified.
Furthermore, pipes can be plotted with variable width and nodes with variable
radius, allowing you to quickly identify those areas of the network experienc-
ing the most flow, headloss, water quality constituent concentration, etc.

To display the extended period analysis results in the Map window:

1. Display the Map window.

2. Select Model Results | Add Results Layer to specify the type of the result
item to be used for the thematic mapping, such as “Link: Flow”. Once
specified, the new layer “Link: Flow" will be added to the table of content.

3. Right click the layer “Link: Flow* to display the Properties dialog, from
which it is possible to define the number of color intervals, type of the
thematic map, labelling, displaying flow arrows and many other settings.
From the Layer Properties dialog box, choose the values that you want
to display.
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Figure 6.44  Flow arrows displayed for the result layer Link: Flow

6.3.8 Reviewing Extended Period Analysis Results

176

An extended period analysis is a series of steady state analyses conducted
over an extended time period. Each individual analysis is referred to as a time
step. MIKE URBAN WD assumes constant pipe flowrates and no change in
external conditions between time steps. Thus, the results computed at each
time step are based upon the previous time step's computed results and the
changes applied.

The diurnal demand curve for the junction node 3 (Manufacturing Plant) in
this lesson was defined using the Diurnal Profile editor. The calculated
demand curve in begins with a demand factor of 0.1 at 0 hours and ends
again with a demand factor of 0.1 at 24 hours. The peak network demand is
specified from 5a.m. (5 hours) till 7pm (19 hours) when the demand in is
increased by a factor of 1.0.
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Figure 6.45 The calculated node demand for the node 3 (Pattern P1)

The storage tank that is located at the other side of the distribution zone is ini-
tially partly filled and is open. As shown in Figure 6.46, after 4 hours the tank
is completely full and it is closed. Note that the graph in this figure changes
linearly from a value at hour 0, to a another value at hour 1. This is caused by
performing a network simulation a 1 hour report time step. A shorter report
time step would allow us to see more detailed change in the graph as the
hydraulic time step is 10 minutes. At 16 hours, the tank begins to drain in
order to supply the network demand as the pumping station is closed, as
shown in Figure 6.46.

Although as illustrated in this lesson, a storage tank can become closed due
to overfilling or overdrawing. When a tank is closed, it will be reopened when
water begins flowing into an empty tank or flowing out of a full tank 4 p.m. (16
hours) and stays closed for the rest of the 24 hours simulation.
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Figure 6.46 Extended period storage tank level results

PUMP FLOW
s T EE— B Re——
S S N e —
20 -
L I maa annt

1l 20000 40000 ROOO0 80000

Figure 6.47 Extended period flow results for pump 14
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6.4

6.4.1

Lesson 4 - Fire Flow Analysis

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
to define and perform a fire flow steady state analysis for the defined pipe
network system. Also presented is a brief review of the analysis results.

A fire flow is the maximum flow rate available at a specific minimum pressure,
typically 20 psi (15m). There are two basic ways to model a fire flow:

1. Specify a design fire flow rate and compute the available fire flow pres-
sure.

2. Specify a design fire flow pressure and compute the available fire flow
rate.

In this lesson, we will model a fire flow using both of these methods.

To save time with this lesson, we have prepared data files that have already
been set up in order for you to quickly follow through the lesson. For a list of
all the files in this lesson, see the section titled Prepared Input and Output
Files.

Specifying a Design Fire Flow Rate

Specifying a design fire flow rate is the easiest method for simulating a fire
flow. Using this method, we will determine the fire flow pressure at junction
node 5 (Fire Department) that provides the required fire flow.

A schematic diagram for the pipe network to be analyzed in this lesson, is
shown in Figure 6.48. The pipe network system consists of 2 reservoirs, 8
junction nodes, 12 pipes, and a booster pump.
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Figure 6.48 A schematic diagram of the pipe network system used to define a fire
flow analysis

Begin this section by selecting File | Open and selecting LESSON4A.MDB
from the LESSONS\LESSON4 subdirectory. This file contains the network
system already defined to reduce the time required to complete this section.

Junction node 5 (Fire Hydrant at the Fire Department) is the junction node
that the constraint flow will be defined at since it is the farthest junction node
in the pipe network system from the water source, which therefore will have
the greatest head loss and thus is considered a critical location. The design
fire flow rate method involves finding a pressure at junction node 5 which pro-
vides the required fire flow rate. To compute the available fire flow pressure:

1. Start editing by selecting Edit | Start Editing.
Select the junction node 5 using the Select tool.

Select EPANET| WD Tools| Fire Flow Analysis to display the Fire Flow
Settings dialog. Select Calculate Available Pressure for Design Flow Set
and set the design fire flow to 1.25 cfs (35 I/s). This is your new con-
straint flowrate. Select “Use only selected junction nodes* to run the fire
flow analysis for the selected node.

Select «Close» to close the Fire Flow Settings dialog.

Select Simulation | Run Simulation to display the Run Simulation dialog.
Check on “Fire flow analysis“ and select «Run» to run the fire flow analy-
sis.

6. Select «Close» when the fire flow analysis is completed to run the fire
flow results. Note that you can load the fire flow analysis results at any
time by selecting Model Results | Load Simulation Results | Fire flow
results.
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7. Select Model Results | Results Browser to display the Results Browser
window and click the junction node 5 to view the simulated results. It can
be seen that a demand of 1.25 cfs (35 I/s) requires a pressure of 33.6 psi
(22m) at junction node 5.

|
JEPENET Primary =l
[~ Minimum [T Masimum
Property Walue
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Aszet D
Description Fire Dept.
Elevation 37.000000
Estate height
Prezsure Zone
Time 0.000
Fire Flow Pressur|21 936
Fire Flow 35.000
Status 0.000

Figure 6.49 Results browser is used to view the simulated fire flow results

Determining the fire flow pressure that provides a required fire flow rate can
either be done for the selected junction node, such as junction node 5 or for
more of selected junction nodes or the whole network respectively.

1. Repeat the previous procedure but select Use All Junction Nodes in the
Fire Flow Analysis dialog. Select «Calculate» to run the fire flow analysis
for each node in the network.

2. From the analysis results, corresponding pressure can be determined for
each junction node. In order to view the fire flow analysis results in the
horizontal plan view, color nodes by fire flow pressure and adjust the cor-
responding color legend. The fire flow pressure is retrieved from the sep-
arate fire flow analysis for each node. Therefore, other results than fire
flow pressure are not available for nodes and pipes.

When you are finished computing the fire flow pressure, save the completed
network as LESSON4A.MDB by using File | Save As so that the results can
be analyzed and reviewed later in this lesson.

Tabular results

The simulated fire flow results are reported to the *.FFA text file. Open this
text file using any file processing program such as Windows Notepad to see
the detailed list of the fire flow results for each simulated junction node.

6.4.2 Specifying a Design Fire Flow Pressure

Another method for modeling a fire flow is to specify a design fire flow pres-
sure and to determine the maximum flow rate at junction node 5 to maintain a
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minimum residual pressure at that node. This maximum flow rate then corre-
sponds to the fire flow.

Begin this section by selecting File | Open and selecting LESSON4A.MDB
from the LESSONS\LESSON4 subdirectory. This file contains the network
system already defined to reduce the time required to complete this section.

The design fire flow pressure method involves finding a fire flow rate at junc-
tion node 5 which is available under the required fire flow pressure. To com-
pute the available fire flow rate:

1. Select EPANET| WD Tools | Fire Flow Analysis to display the Fire Flow
Analysis Editor. Select junction node 5. Select Calculate Available Flow
for Design Pressure Set and set the design fire flow pressure to 20 psi
(15m). This is your new constraint pressure. Select «Close» to close the
fire flow analysis dialog.

2. Select Simulation | Run Simulation to run the fire flow analysis for the
selected node.

3. Display the analysis results for junction node 5 in the Results Browser. It
can be seen that a maximum available flow of 2.9 cfs (51.1/s) maintains
the minimum residual pressure of 20 psi (15 m) at junction node 5.

Determining the fire flow pressure that provides a required fire flow rate can
either be done for the selected junction node, such as junction node 5 or for
more of selected junction nodes or the whole network respectively.

1. Repeat the previous procedure but select Use All Junction Nodes in the
Fire Flow Analysis dialog. Select «Calculate» to run the fire flow analysis
for each node in he network.

2. From the analysis results, corresponding pressure can be determined for
each junction node. In order to view the fire flow analysis results in the
horizontal plan view, color nodes by demand and adjust the correspond-
ing color legend. The fire flow rate is retrieved from its separate fire flow
analysis for each node. Therefore, other results than fire flow pressure
are not available for nodes and pipes.

When you are finished computing the fire flow pressure, save the completed
network as LESSONG6B.GDB by using File | Save As so that the results can
be analyzed and reviewed later in this lesson.

Prepared Input and Output Files

Completed input and output files were provided for this lesson. These files
are:

o LESSSON4A.MDB, LESSON4A.RES. These files are the input and out-
put files for computing the available fire flow pressure. These files illus-
trate how to model a fire flow using a design fire flow rate.
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6.5

A

o LESSSON4B.MDB, LESSON4B.RES. These files are the input and out-
put files for computing the available fire flow rate. These files illustrate
how to model a fire flow using a design fire flow pressure.

These files can be found in the LESSONS\LESSON4 subdirectory and can
be used to perform the analysis and view the analysis results, without having
to interactively enter the data for this lesson.

Reviewing the Analysis Results

In this lesson, a fire flow was simulated at junction node 5 by using two differ-
ent methods—defining a design fire flow rate flow and defining a design fire
flow residual pressure. In this lesson, the fire flow was simulated at the same
junction node so that the results from the two methods can be compared to
each other.

Using the first method (computing an available pressure for the design fire
flow rate), it was found that a demand of 1.25 cfs (35 I/s) requires a residual
pressure of 33.6 psi (22m).

Using the second method (computing a available flow for the design fire flow
pressure), it was found that a maximum demand of 2.9 cfs (51.1 I/s) requires
a residual pressure of 20.0 psi (15 m).

It can be seen that the results from both methods of computing fire flow bring
consistent results. The method that is most suitable to use depends on the
circumstances of the situation.

Determining the fire flow rate satisfying the minimum residual pressure calcu-
lates the maximum available flow. However, the actual fire flow rate which
can be withdrawn from the network depends on other important parameters,
such as the fire hydrant size. To simulate this, it is possible to define the fire
hydrant connecting pipe size, its length and the friction losses. More realistic
results are achieved by this approach and can be compared to the fire flow
tests.

It is also possible to compute a Discharge versus Pressure curve for fire flow
at junction node 5.

Although not illustrated in this lesson, an extended period simulation of the
pipe network system can also be performed while computing a fire flow anal-
ysis.

Lesson 5 - Water Quality—Source Tracing Analysis

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
to define and perform a source tracing water quality analysis for the defined
pipe network system. Also presented is a brief review of the analysis results.



Source tracing is a method of tracking water in a pipe network system. Water
is tracked from a single, selected source node (i.e., junction node, tank, or
reservoir) and traced throughout the entire pipe network system. The analysis
results from the source trace analysis are shown in percentages at each node
in the network, showing the amount of water from the selected source node,
in comparison to all the other potential sources of water into the pipe network
system. This method is especially useful for a water network distribution sys-
tem in which there are more than one source supplying a demand area and
an analysis is required to determine the distribution of the flow from those
sources.

A schematic diagram for the pipe network to be analyzed in this lesson is
shown in Figure 7.1. The pipe network system consists of 1 tank, 587 junction
nodes, and 607 pipes. The total network demand is 3.5 cfs (100 I/s).

Figure 6.50 A schematic diagram of the pipe network system

To save time with this lesson, we have prepared data files that have already
been set up in order for you to quickly follow through the lesson. For a list of
all the files in this lesson, see the section titled Prepared Input and Output
Files.



Lesson 5 - Water Quality—Source Tracing Analysis ;

Begin this lesson by selecting File | Open and choose LESSON5A.MDB from
the LESSONS\LESSONO5 subdirectory. This file contains the pipe network
system.

6.5.1 Defining a Source Tracing Analysis

The network file (LESSON5A.MDB) has been defined with all the water qual-
ity input data already specified to reduce the time required to complete this
lesson. However, this section explains the steps used to define the water
quality source tracing data input.

Before a source tracing analysis can be performed, the project type must be
properly defined. To define the project type, select EPANET | Project Options
to display the Project Options dialog box, as shown in Figure 6.51. Select the
Extended Period Water Quality and Source Tracing options. When finished,
the option settings should appear as shown in Figure 6.51. Select «Close» to
apply these changes and close the Project Options dialog box.

ﬁ Project options [Base] = [ B

Title Project Type l Units ] Head Lozzes | Properties Eonvergence] water Hammer]

: : 5 Cl
" Steady state hydraulics 7 Mo water quality analysiz ﬁ

{7 Extended period hydraulic " Chemical concentrations
+ Extended period water quality " wWater age
7 water hammer * Source tracing

Figure 6.51  Project Options dialog box

Since this project is an extended period analysis, the extended period time
parameters will have to be defined. To define the extended period time
parameters, select EPANET | Extended Period | Time Settings to display the
Time Settings dialog box, as shown inFigure 6.52. Define the extended
period time parameters as in Figure 6.52. Select «Close» to apply these
changes and close the Time Settings dialog box.
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Start clocktime: |12 ﬂ : ID ﬂ TR

Statistics: I without statistics
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Analysis duration: |1 o} Ida_us j &I
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V' Quality time step: IUWU Ihrs j
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Figure 6.52 Time Settings dialog box

For more details on extended period time parameters, see the Water Distri-
bution User Guide.

Defining the Source Node

The next step is to define the source node (i.e., junction, or tank) in which the
water originates from so that it can be traced. To define the source node:

1. Select EPANET | Water Quality | Trace Node. The Trace Node dialog
box, as shown in Figure 6.53, will appear.

g Trace node ] =0 x
20 |

fdvanced .
Node type: ¥ e
Node ID: [oooma LY _ O |

Figure 6.53 Trace Node dialog box

2. Specify the node which will act as the source node by selecting «...». The
Select Node dialog box will appear. In the Select Node dialog box, select
the tank ID=2000114, Select «OK» to close the Select Node dialog box.

Choose «Close» in the Trace Node dialog box to apply the selected trace
node to the network model and close the Trace Node dialog box.

When you are finished defining the source node, save the completed network
as LESSON5SA.MDB by using File | Save or by selecting Edit | Save Edits so
the results can be analyzed and reviewed later in this lesson.

6.5.3 Prepared Input and Output Files

Completed input and output files were provided for this lesson. These files
are:
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o LESSSON5A.MDB, LESSON5A.RES. These files are the input and out-
put files with the water quality source tracing already defined.

These files can be found in the LESSONS\LESSONS5 subdirectory and can
be used to perform the analysis and view the analysis results, without having
to interactively enter the data for this lesson.

6.5.4 Performing Source Node Water Results

To analyze the extended period water quality model you have defined, select
Simulation | Run Simulation. This will open the Run Simulation dialog box, as
shown in Figure 6.54.

Run Simulation L x|

Simulation Title: |BESalgar

= Simulation Type
" Steady State Simulation
" Estended Period Simulation &I
* Wiater Quality Analysis
" wiater Hammer Analysis
" Fire Flow &nalysis
" Pipe Roughness Calibration
" PID Control Analysis

Figure 6.54 Run Simulation dialog box

Select «Run» to perform the analysis and close the Water Quality Simulation
dialog to load the simulation results.

6.5.5 Percentage of Source Node Water Results

After performing the analysis, you are ready to view the analysis results. We
will use only one viewing method to reduce the time required for this lesson.
For more details on viewing extended period analysis results, see the section
titled Viewing the extended period Analysis Results in Lesson 4. In this les-
son, we will display the analysis results in the Horizontal Plan window.

To display the percentage of water that was received at each node or a link
(average percentage) in the pipe network system from the single selected
source node in comparison to all the other potential source (input) nodes:

1. Select Model Results| Load Simulation Results| EPANET Results and in
the Open dialog box choose LESSON5A.RES. Select «Open» to load
the analysis results. Note, that the simulation results are automatically
loaded after running the analysis.

2. Select Model Results | Add Result Layer to add the results of the water
quality analysis in link to the table of contents. Select “Link: Quality, as
shown in Figure 6.55.
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|5 Result Selection @J

Frezult File: LessonSares _:] I
Data Type: Hode: Qualiy I

I List Cancel ] Ok ]I

Figure 6.55 Results Selection dialog box

3. Right-click the “Link: Quality” result layer in the table of contents to dis-
play the Layer Property options dialog box to set the thematic mapping
style for the results layer, as shown in Figure 6.56.

= £F Map
=] ‘Water Supply Results
=] LessonSa.res
=] Link: Quality

== 20
w20 AND <= 40
w40 AND <= 60
w0 AMD <=80
= 50 AMD < 120

Figure 6.56 Result layer thematic mapping

4. The Map window will display the analysis results for the selected result
layer, as shown in Figure 6.57.
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0d 0:00:00 © "

Figure 6.57 Analysis results on day 0 at 0:00 hours

The results shown in Figure 6.57 are for the start of the extended period sim-
ulation. Note that the percentage of source node water is 0% at all the nodes
in the model. To display the results at a different time step, select Model
Results | Animate or use the Animation floating toolbar to advance in time or
to play the animation, as shown in Figure 6.58.

Animation |

“WrilE» ARy

Figure 6.58 Animation allows you to animate the results in time or to select a differ-
ent time step in which to display results

5. From the Animation toolbar, use Step forward to advance in time and
choose day 0 at time 2:00 hours, and 24:00 hours to display the results
at this time step in the Map window. The results for this time step are dis-
played in Figure 6.59. Observe the percentage of source node water
(from Tank A, node 2000114) that has been distributed to the pipes in the
pipe network system.
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Figure 6.59  Analysis results on day 0 at 2:00 hours

Water distribution tutorials
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1d. 0:00:00

Figure 6.60 Analysis results on day 0 at 24:00 hours

6. Select Create Time Series to display the history of a source trace analy-
sis for the pipe 4610 or any other selected pipe. The results for this pipe
are displayed in Figure 6.61. Note that the source trace analysis results
provide also a good understanding what are the travel times in the water
distribution system.
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79.75866699219
79.75870513916
79.75950777832

eaf~ifefn] e ualral =
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Figure 6.61 Source trace time series for the pipe 4610
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6.5.6 Forward and Backward Tracing of Flow

In this section we will demonstrate how to perform forward and backward
tracking of flow to and from any selected node. Note that this capability is
unique to MIKE URBAN WD and does not require any specialized model
setup in order to function. For example, this can be performed with a stand-
ard, steady state simulation model.

In this section we will track graphically where the water from reservoir
2000114 goes to in the pipe network system. To track the water through the
pipe network system:

1. Goto Tools | Tracing | Define Path Flags and put a flag in th the reservoir
2000114

2. Goto Tools | Tracing | Forward Flow Tracing

3. Select the item from the dialog that comes up

A flow path in the Horizontal Plan window will be displayed, as shown in
Figure 6.62, illustrating where the water from reservoir 2000114 goes.
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Figure 6.62 Forward tracing of water from reservoir 2000114

Note that this same procedure can be used for backward tracing of water to
determine from which sources a node receives water from.

1. Select Tools | Tracing | Backward Flow Tracing.

2. In the Map window, select junction node 11498.

A flow path in the Horizontal Plan window will be displayed, as shown in
Figure 6.63, illustrating from where the water goes to the junction node
11498.



Figure 6.63 Backward tracing of water to junction node 11498

Reviewing the Analysis Results

The initial condition for the source tracing analysis were not defined i.e. water
quality 0% is assumed at each node and link of the model network. From the
tracing results shown in Figure 6.60 at time 24 hours (day 1, 0:00 hours), it
can be seen that the water in the pipe network system has not yet been dis-
tributed within the pipe network system. The percentage of water from source
node 2000114 for every junction node is not 100% as it had to be as there is
only 1 water source for the distribution zone and because each junction node
has a positive node demand (consumption).

Note that only one source node can be defined for a source trace water qual-
ity simulation. Therefore, if source tracing for more than one source node is
required, a source trace water quality model simulation for each source node
is required.



A

6.6 Lesson 6 - Water Quality - Water Age Analysis

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
to define and perform a water age analysis for the defined pipe network sys-
tem. Also presented is a brief review of the analysis results.

A schematic diagram for the pipe network to be analyzed in this lesson is
shown in Figure 6.64. The pipe network system consists of 1 tank, 587 junc-
tion nodes, and 607 pipes. The total network demand is 3.5 cfs (100 I/s).

<
Figure 6.64 A schematic diagram of the pipe network system

To save time with this lesson, we have prepared data files that have already
been set up in order for you to quickly follow through the lesson. For a list of
all the files in this lesson, see the section titled Prepared Input and Output
Files.

Begin this lesson by selecting File | Open and choose LESSONG6A.GDB from
the LESSONS\LESSONG6 subdirectory. This file contains the pipe network
system.
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6.6.1 Defining a Water Age Analysis

The network file (LESSONGA.MDB) has been defined with all of the water
age input data already specified to reduce the time required to complete this
lesson. However, this section explains the steps used to define the water age
input data.

Before a water age analysis can be performed, the project type must be prop-
erly defined. To define the project type, select EPANET | Project Options to
display the Project Options dialog box, as shown in Figure 6.65. Select the
Extended Period Water Quality and Water Age options. When finished, the
option settings should appear as shown in Figure 6.65. The default settings
will be used for the remaining parameters. Select «Close» to apply these
changes and close the Project Options dialog box.

@ Project options [Base] [=[E e 1

Title Project Type l Units ] Head Lozzes | Properties Eonvergence] water Hammer]

: : 5 Cl
" Steady state hydraulics 7 Mo water quality analysiz ﬁ

" Extended period hydraulic " Chemical concentrations
+ Extended period water quality + ‘wWater age
7 water hammer 7 Source tracing

Figure 6.65 Project Options dialog box

Since this project is an extended period analysis, the extended period time
parameters will have to be defined. To define the extended period time
parameters, select EPANET | Extended Period | Time Settings to display the
Time Settings dialog box, as shown in Figure 6.66. Define the extended
period time parameters as in Figure 6.66. Select «Close» to apply these
changes and close the Time Editor dialog box.

Note that the simulation duration is set to 3 days with the report time step of 4
hours as we do not know what would be the maximum water age in most of
network junction nodes.
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Start clocktime: 12 ﬂ : ID ﬂ
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Figure 6.66 Time Settings dialog box

For more details on extended period time parameters, see the Water Distri-
bution User Guide.

When you are finished defining the project options and extended period time
parameters, save the project as LESSON6A.MDB by using File | Save so the
results can be analyzed and reviewed later in this lesson.

Initial Water Quality

The initial water quality conditions allows you to define the initial water quality
i.e. at time level 0:00 hrs. at each node. Typically, we do not know what is the
initial water age so that we level the initial condition undefined. Water enter-
ing the network at the inflow nodes such as storage tanks or reservoirs has
the water age of 0:00 hrs. In order to define the entry water age for any of the
network nodes, use the Initial Water Quality editor.

6.6.2 Prepared Input and Output Files

Completed input and output files were provided for this lesson. These files
are:

o LESSSONG6A.MDB, LESSONG6A.RES. These files are the input and out-
put files with the water age input data already defined.

These files can be found in the LESSONS\LESSONG6 subdirectory and can
be used to perform the analysis and view the analysis results, without having
to interactively enter the data for this lesson.

To analyze the extended period water quality model you have defined, select
Simulation | Run Simulation. Refer to the section titled Performing an
extended period Analysis in Lesson 3 or 5 for more details.

6.6.3 Water Age Results

After performing the analysis, you are ready to view the analysis results. We
will use only one viewing method to reduce the time required for this lesson.
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For more details on viewing extended period analysis results, see the section
titled Viewing the extended period Analysis Results in Lesson 3. In this les-
son we will display the analysis results in the Horizontal Plan window.

To display the water age at each node in the pipe network system:

1. Run the water quality simulation to select Model Results | Load Simula-
tion Results|EPANET Results and in the Open dialog box choose LES-
SONGA.RES. Select «Open» to load the analysis results.

2. Select Model Results | Add Result Layer to add the results of the water
quality analysis in link to the table of contents. Select “Link: Quality“, as
shown in Figure 6.67.

|5 Result Selection L&J

Result File: LessonSares L]
Diata Type: Mo i -

I List

Figure 6.67 Results Selection dialog box

3. Right-click the “Link: Quality” result layer in the table of contents to dis-
play the Layer Property options dialog box to set the thematic mapping
style for the results layer, as shown in Figure 6.68.

= £F Map
= wWater Supply Resulks
=] LessonOBa.res
=] Link: Quality
<=4
— 4 AND <=8
— 5 AND <= 16
s 16 AND <= 24
24 AND <= 48

Figure 6.68 Result layer thematic mapping

4. The Map window will display the analysis results for the selected result
layer, as shown in Figure 6.69.

198 MIKE URBAN - © DHI A/S



Lesson 6 - Water Quality - Water Age Analysis ;

0d 0:00:00 © "

Figure 6.69 Analysis results on day 0 at 0:00 hours

The results shown in Figure 6.57 are for the start of the extended period sim-
ulation. Note that the water age is 0 hrs. at all the nodes in the model. To dis-
play the results at a different time step, select Model Results | Animate or use
the Animation floating toolbar to advance in time or to play the animation, as
shown in Figure 6.70.

Animation £
“WrnE» Ay

Figure 6.70  Animation allows you to animate the results in time or to select a differ-
ent time step in which to display results

5. From the Animation toolbar, use Step forward to advance in time and
choose day 1 at time 0:00 hours (24:00 hours), and day 1 at time 8 hour
(32:00 hours) to display the results at this time step in the Map window.
The results for this time step are displayed in Figure 6.71. Observe how
the water is aging in the distribution system.
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1d. 0:00:00

Figure 6.71  Analysis results on day 1 at 0:00 hours (24 hours)
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3d 0:00:00

Figure 6.72 Analysis results on day 3 at 0:00 hours (72 hours)

6. Select Create Time Series to display the history of a source trace analy-
sis for the junction node 20987 or any other selected junction node. The
results for this pipe are displayed in Figure 6.73. Note that the water age
changes in time due to the diurnal profile assigned to each junction node
in the model. The average water age at this junction node is 12-19 hours.

-0l
File Edit Zoom Formab Export  Window Help
Time 20987 [h] ﬂ 20987 [h] smce—
o o WATER QUALITY AT NODE20987

1

2 14400 5.999995331
3 28800 7 999995569
4 43200 12.00001239
5 97600 | 16.00002561
5]

i

g

T2000)11.91967105
86400 | 1327438065
100500 16.3537 0635

] 115200) 1567015724
10 129600 15.90515569
11 144000 | 16 95264457
12 15640011 91966519
13 172500 13.27 435068
14 187200 16.35370635
15 20M600(15.67015724
16 216000 15.90515760
17 230400 | 16 95264457 LI

Figure 6.73 Water age time series for the junction node 20987
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Figure 6.74 Diurnal Profile P-1 assigned to each junction node do model residential
demand

Results Statistics

MIKE URBAN allows you to calculate results statistics for any calculated
attribute such as node pressure, link flow, node water quality, and others. The
results statistics includes calculation of maximum and minimum values, as
well as storing the actual values in the model database for external post-pro-
cessing using ESRI ArcMap, Microsoft Access and other tools.
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1. In order to calculate result statistics, select Model Results | Results Sta-
tistics, select which result statistics that you wish to compute and press
“Calculate” in the Results Statistics dialog, as shown in Figure 6.75.

gl Result Statistics . w

Result File: I Lessonba-Base res LI Caleulate

DataType:  |EPANET Results

| Statistics Name | Min Max Accumulated

ink:: Starting/Ending HGL
Link: Friction Factor

Link: Reaction Rate
Link: Setting
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Link: Guality

Link: Headloss/ 1000
Link: Velocity

Link: Flow

Node: Quality

=

Node: Pressure

‘ Node: HGL

e A
e A
‘I-I-I—I—I-I-I—I—I-I-I—I‘Ig
| A e e g A

Node: Demand

Zi|

Figure 6.75 Results Statistics allows you to calculate minimum and maximum val-
ues for any selected result item

2. Select Model Results | Add Statistics Layer to add the maximum water
age at junction nodes to the layer of contents, as shown in Figure 6.76.
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Figure 6.76  Add Statistic Layer

The maximum water age at each junction node will then be displayed in the
Map window as a separate layer, as shown in Figure 6.77.

Figure 6.77 Maximum water age at each junction node
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6.6.4 Reviewing the Analysis Results

Water age is the time that water has been in the system, reported at each
junction node. This includes the time it takes the water to travel from the
source to each junction node.

From the water age results shown in Figure 6.69 at time step day 0, 0:00
hours, the water age in the system is 0:00 hours at every node. The water
has not yet been distributed within the pipe network system.

As shown in Figure 6.71, the water age is ranging from 4 to 8 hours in most of
the junction nodes and stays at the same level till the end of the whole simu-
lation. As for the junction node 20987, the average water age is 12-19 hours;
similar water age results would be reported for any other junction node within
the water distribution network.

Results statistics is used to display the maximum water age at each node or
link. This helps to identify the dead-end nodes and pipes in the system as
well as display the average maximum water age in the network.

6.7 Lesson 7 - Water Quality - Constituent Chlorine Analysis

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
to define and perform a constituent chlorine analysis for the defined pipe net-
work system. Also presented is a brief review of the analysis results.

A constituent analysis is used to simulate the growing or decaying of constitu-
ents from an initial source in the pipe network system over a period of time
through the entire pipe network system. In this lesson we will be simulating
chlorine decay in the pipe network system.

A schematic diagram for the pipe network to be analyzed in this lesson is
shown in Figure 6.78. The pipe network system consists of 1 tank, 587 junc-
tion nodes, and 607 pipes. The total network demand is 3.5 cfs (100 I/s).
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Figure 6.78 A schematic diagram of the pipe network system

To save time with this lesson, we have prepared data files that have already
been set up in order for you to quickly follow through the lesson. For a list of
all the files in this lesson, see the section titled Prepared Input and Output
Files.

Begin this lesson by selecting File | Open and choose LESSON7A.MDB from
the LESSONS\LESSONY7 subdirectory. This file contains the pipe network
system.

Defining a Constituent Analysis

The network file (LESSON7A.GDB) has been defined with all of the constitu-
ent input data already specified to reduce the time required to complete this
lesson. However, this section explains the steps used to define the constitu-
ent analysis input data.

Before a constituent analysis can be performed, the project type must be
properly defined. To define the project type, select EPANET | Project Options
to display the Project Options dialog box, as shown in Figure 6.79. Select the
Extended Period Water Quality and Chemical Concentrations options. When
finished, the options settings should appear as shown in Figure 6.79. Select
«Close» to apply these changes and close the Project Options dialog box.
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Figure 6.79 The Project Options dialog box

Since this project is an extended period analysis, the extended period time
parameters will have to be defined. To define the extended period time
parameters, see the section titled Defining a Water Age Analysis in Lesson 5.
We will be using the same extended period time parameters as in Lesson 6
(simulation duration 3 days, hydraulic time step 15 minutes, and report time
step 4 hours).

6.7.2 Defining Constituent Data

In this lesson we will simulate a chlorine decay in the network system over a
24 hour period. Tank A is the initial constituent source. Initially, the chlorine in
the pipe network system is not known. The chlorine at the constituent source
(Tank A) has a concentration of 1.00 mg/l before being distributed through
the entire pipe network system. Therefore, we will not define the initial chlo-
rine concentration in the pipe network system, and we will only specify the
chlorine concentration in the constituent source, and the constituent reaction
rates.

To define the initial chlorine concentration in the pipe network system:

1. Select EPANET | Water Quality | Initial Water Quality to display the Initial
Water Quality Editor as shown in Figure 6.80.
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Figure 6.80

Initial Water Quality Editor dialog box
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2. As the initial chlorine concentration is not known at each node or pipe,
leave the editor empty i.e. the initial chlorine concentration of 0 mg/I will
be used per default.

3. Select «Close» to close the Initial Water Quality Editor.

To define the constituent source:

1. Select EPANET | Water Quality | Point Constituent Sources to display
the Point Constituent Source Editor as shown in Figure 6.81.

[=] Point constituent sources = |EI|1|
Source node
Inzert
Nadk type: - E

Node ID: 000114 LY Delete |
Advanced... |
Faurce type: I Concentration ™ l T |

Concentration: |1
Cyclic profile [D: I J

| Hode ID* |Concentrati|Cyv:Iic|)roﬁl| Source type |
» 2000114 | 1 | <Null= [ Concertration|

Figure 6.81 Point Constituent Source Editor dialog box

2. In the Source Node frame, set the Node Type to Tank and Node ID to
2000114. Set the Concentration to 1.00 mg/l. Choose «Close» to apply
these changes and close the Point Constituent Source Editor dialog box.

To define the reaction rates:

1. Select EPANET | Water Quality | Reaction Rates| Global Settings to dis-
play the Reaction Rate Editor dialog box as shown in Figure 6.82.

3

o Reaction Rates - Global Settings [Base] =|E e
Global zettings — -
Bulk reaction rate coefficient: M mj
Fipe wall reaction rate coefficient: M e
Mew bulk reaction rate coefficient: ]—
Time when new bulk reaction rate is used: 1—
¥ Bulk reaction order ]‘1007
¥ Pipe wall reaction order f‘IDD—
¥ Limiting patential ’7
¥ Roughness corelation ’—

Figure 6.82 Reaction Rate Editor dialog box

MIKE URBAN - © DHI A/S



A

2. Set the Bulk Reaction Rate Coefficient in the Global Settings frame to -
0.5. The bulk reaction rate is defined as how rapidly constituent grows or
decays over a period of time. In this lesson the units for the reaction rate
coefficient time period is per day. The minus value indicates a decay.

3. Set the Pipe Wall Reaction Rate coefficient to -1.0. The pipe wall reac-
tion rate is defined as the rate at which a constituent reacts with the wall
of a pipe. In this lesson the units are ft/day (m/day). The minus value
indicates a decay.

4. Choose «Close» to apply these changes and close the Reaction Rate
Editor dialog box.

6.7.3 Prepared Input and Output Files

Completed input and output files were provided for this lesson. These files
are:

e LESSSON7A.MDB, LESSON7A.RES. These files are the input and out-
put files with the constituent input data already defined.

These files can be found in the LESSONS\LESSON?Y subdirectory and can
be used to perform the analysis and view the analysis results, without having
to interactively enter the data for this lesson.

To analyze the extended period water quality model you have defined, select
Simulation | Run Simulation. Refer to the section titled Performing an
extended period Analysis in Lesson 5 or 6 for mode details on how to run the
extended period analysis.

6.7.4 Constituent Chlorine Decay Results

After performing the analysis, you are ready to view the analysis results. We
will use only one viewing method to reduce the time required for this lesson.
For more details on viewing extended period analysis results, see the section
titled Viewing the extended period Analysis Results in Lesson 5. In this les-
son we will display the analysis results in the Horizontal Plan window.

To display the chlorine concentration at each node in the pipe network sys-
tem:

1. Run the water quality simulation to select Model Results | Load Simula-
tion Results| EPANET Results and in the Open dialog box choose LES-
SON7A.RES. Select «Open» to load the analysis results.

2. Select Model Results | Add Result Layer to add the results of the water
quality analysis in link to the table of contents. Select “Link: Quality“, as
shown in Figure 6.83.
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|5 Result Selection &J
Frezult File: LessonSares _:] I
[rata Type: i : I

I List Cancel - 1 Ok 1

Figure 6.83 Results Selection dialog box

3. Right-click the “Link: Quality” result layer in the table of contents to dis-
play the Layer Property options dialog box to set the thematic mapping
style for the results layer, as shown in Figure 6.68.

=] Lesson07a.res
=] Link: Quality
<=0,125000
e (1,125000 AMD <= 0,375000
w1, 375000 AMND <= 0,625000
w2 (0,625000 AMD <= 0,875000
= ,575000 AMND <= 1,125000

Figure 6.84 Result layer thematic mapping

4. The Map window will display the analysis results for the selected result
layer, as shown in Figure 6.85.

Od 0:00:00 %

Figure 6.85 Analysis results on day 0 at 0:00 hours
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The results shown in Figure 6.85 are for the start of the extended period sim-
ulation. Note that the chlorine concentration is O hrs. at all the nodes in the
model. To display the results at a different time step, select Model Results |
Animate or use the Animation floating toolbar to advance in time or to play the
animation, as shown in Figure 6.70.

[Animation |

“WrilE» ARy

Figure 6.86 Animation allows you to animate the results in time or to select a differ-
ent time step in which to display results

5. From the Animation toolbar, use Step forward to advance in time and
choose day 0 at time 4:00 hours to display the results at this time step in
the Map window. The results for this time step are displayed in
Figure 6.87. Observe how the water is aging in the distribution system.

0d 40000

Figure 6.87  Analysis results on day 0 at 4:00 hours

6. Select Create Time Series to display the history of a source trace analy-
sis for the pipe 4610 or any other selected junction node. The results for
this pipe are displayed in Figure 6.88. Note that the water age changes
in time due to the diurnal profile assigned to each junction node in the
model. The average water age at this junction node is 0.005-0.009 mg/I.
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Figure 6.88 Water age time series for the pipe 4610

Result Statistics

MIKE URBAN allows you to calculate results statistics for any calculated
attribute such as node pressure, link flow, node water quality, and others. The
results statistics includes calculation of maximum and minimum values, as
well as storing the actual values in the model database for external post-pro-
cessing using ESRI ArcMap, Microsoft Access and other tools.
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1. In order to calculate result statistics, select Model Results | Results Sta-
tistics and select “Calculate” in the Results Statistics dialog, as shown in
Figure 6.89.

gl Result Statistics

Result File: I Lesson7a-Base res LI Caleulate

DataType:  |EPANET Results

| Statistics Name | Min Max
ink: Starting/Ending HGL
Link: Friction Factor

Link: Reaction Rate

Link: Setting

Link: Status

Link: Guality

Link: Headloss/ 1000

Link: Velocity

Link: Flow

MNode: Quality

Accumulated

=

Node: Pressure

Node: HGL

Node: Demand

‘I-I-I—I—I-I-I—I—I-I-I—I‘Ig

e A
e A
| A e e g A

Zi|

Figure 6.89 Results Statistics allows you to calculate minimum and maximum val-
ues for any selected result item

2. The select Model Results | Add Statistic Layer to add the maximum chlo-
rine concentration at junction nodes to the layer of contents.

The maximum chlorine concentration at each junction node will then be dis-
played in the Map window as a separate layer, as shown in Figure 6.90.
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Chemical in Junction Max
mw_RESJunction. Chemical_Max
& ==0.05
= 0,05 AND mw_RESJunction. Chemical_Max <= 0.1
& > 0.1 AND mw_RESJunction. Chemical_Max <=0.2
= 0,2 AND mw_RESJunction, Chemical_Max <= 0.5
# > 0.5 AMD mw_RESJunction. Chemical_Max <=1

Figure 6.90 Maximum chlorine concentration at each junction node

Reviewing the Analysis Results

The results of extended water quality simulation show a decay of chlorine
within the water distribution network. The chlorine concentration is ranging
from 0.1-0.5 mg/l in the zone area close the to water source (tank) where the
chlorine is injected to the network. Looking further away from the chlorine
source, we observe a chlorine concentration below 0.1 mg/I.

Lesson 8 - Distributed Demands and Pressure Zones

This lesson takes you step-by-step, illustrating how to use MIKE URBAN WD
to define distributed demands, pressure zones, import a background image,
and perform a steady state analysis for the defined pipe network system. Also
presented is a brief review of the analysis results.

Distributed demands are used to compute the demand for each junction node
in the network system when only the total demand in a pipe network system
or a particular pressure zone of the pipe network system is known.

A schematic diagram for the pipe network to be analyzed in this lesson is
shown in Figure 6.91. The pipe network system consists of 1 tank, 587 junc-
tion nodes, and 607 pipes. The total network demand is 3.5 cfs (100 I/s) and
the leakage is estimated as 10% i.e 0.351/s (10 L.s).



Figure 6.91 A schematic diagram of the pipe network system

To save time with this lesson, we have prepared data files that have already
been set up in order for you to quickly follow through the lesson. For a list of
all the files in this lesson, see the section titled Prepared Input and Output
Files.

Begin this lesson by selecting File | Open and choose LESSONS8A.MDB from
the LESSONS\LESSONOS8 subdirectory. This file contains the pipe network
system.

Distributed Demands

Network demands are defined at junction nodes, on a node by node basis.
For large network systems, such as in this lesson, assigning this demand
data can be a very tedious job. Since many times the total demand is known
for a particular network pressure zone or for the entire network system, MIKE
URBAN WD provides the capability to distribute this total demand among the
applicable junction nodes.

In this section the total network demand will be distributed to the pipe network
system for each pressure zone using the method of distributed demands. In
this lesson the demands at each of the junction nodes in the pipe network
system is unknown only the total demand for each pressure zone is known.
The total demand in the whole network is 3.5 cfs (100 I/s) and the leakage is
0.35 cfs (10 I/s).



Using the distributed demand feature, MIKE URBAN WD can compute the
water demand for each node in the network system based upon the total net-
work demand using one of two methods: the Method of Reduced Pipe
Lengths, Method of Equivalent Pipe Lengths, and the Method of Two Coeffi-
cients. This is useful when assigning the nodal water demand for a large net-
work, since the software will automatically proportion the total network
demand based upon the selected method. These methods are used to mimic
the amount of actual demand along each pipe, based upon the pipe length or
a pre-defined demand coefficient.

For the three methods of computing distributed demands:

1. The Method of Reduced Pipe Lengths uses demand coefficient 1 (or
demand coefficient 2,3,4) defined at each pipe and the contributing pipe
length.

2. The Method of Equivalent Pipe Lengths uses demand coefficient calcu-
lated automatically for each pipe based on the actual pipe perimeter ver-
sus a perimeter of pipe with the diameter of 6 in (150 mm) and the
contributing pipe length.

3. The Method of Two Coefficients uses demand coefficients 1 and 2 (or
any other combination of demand coefficient 1,2,3,4) defined at each
pipe.

For more information on distributed demands, see the Water Distribution

User Guide.

In this lesson, we will use the Method of Reduced Pipe Lengths to compute
the residential demands and the Method of Equivalent Pipe Lengths to com-
pute the leakage demand.

To distribute the demands among the junction nodes:

1. Select EPANET | Distributed Demands to display the Distributed
Demand dialog box.

2. Define the total network demand to be distributed as 3.15 cfs (or 90 I/s),
which is the corresponding residential demand after subtracting the leak-
age. Select “Method of Reduced Pipe Length® and enter the multiple
junction demand category name as “Residential“. Select “Compute” to
distribute the specified network demand to each junction node within the
distribution zone as shown in Figure 6.92.
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=4 Distributed demands

Pipe demand coefficients | Mode demand coefficients |

& Total network water demand: ISD

" Use pipe pressure zone demand

™ Mode pressure zone ID: I J
™ Pipe pressure zone 1D: I J

r— Distribution method
7 Method of 2 cosfficients
' Method of reduced pipe lengths
" Method of equivalent pipe lengths

Select pipe demand coefficient 1: IEoeff 1 'l
Select pipe demand coefficient 2 IEoeff 1 'l

r—.Target demand

Multiple junction demand: IHesidentiaI J

=10l x|

LCompute |
Beset |

Cloze

Figure 6.92 The Distributed Demands dialog box - Method of Reduced Pipe
Lengths is used for distributing residential demand

3. Define the total network demand to be distributed as 0.35 cfs (or 10 I/s),

which is the estimated network leakage. Select “Method of Reduced

Pipe Length® and enter the multiple junction demand category name as
“Leakage”. Select “Compute” to distribute the specified network demand

to each junction node within the distribution zone in Figure 6.93.

=4 Distributed demands

Pipe demand coefficients | Mode demand coefficients |

=10l x|

& Total network water demand: |1 1]

" Use pipe pressure zone demand

™ Mode pressure zone ID: I J
™ Pipe pressure zone 1D: I J

r— Distribution method
7 Method of 2 cosfficients
" Method of reduced pipe lengths
' Method of equivalent pipe lengths

Select pipe demand coefficient 1: IEoeff 1| 'l
Select pipe demand coefficient 2 IEoeff 1 'l

r—.Target demand

Multiple junction demand: ILeakage J

LCompute I
Beset |

Cloze

Figure 6.93 The Distributed Demands dialog box - Method of Equivalent Pipe
Lengths is used for distributing demand corresponding to leakage
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6.8.2

Prepared Input and Output Files

Water distribution tutorials

Completed input and output files were provided for this lesson. These files

are:

LESSSONSA.MDB, LESSON8B.MDB. These files are the input and out-

put files with the model network components including the results of the
demand distribution.

These files can be found in the LESSONS\LESSONO8 subdirectory and can
be used to perform the analysis and view the analysis results, without having
to interactively enter the data for this lesson.

6.8.3

Reviewing the Demand Distribution Results

To view the computed distributed demand values, select EPANET | Junctions
to open the Junction Editor. The computed demand values are shown in the
demand field Figure 6.94.

L& Junction data ] 10l =l
Junction data | Emitter data | Airvalve data |
— |dentification & connectivity
Inzert |
Azzet D |1 0337 D ata source: I
Junction 1D |1 0337 Statusz: |<NULL> 'l ﬂl
* coordinate: I Advanced.. |
' coordinate: I Cloze |
Description: I Pressure zone: I J
— Model data
Type: IJunction VI State: Iunmarked 'l
Demand coefficient: I Elevation: |29.899
Minimal pressure; I Surface elevation: I
EEEIE
Demand |Description| Category Pattern'
3 0.34755 |=Mull= Residertial  |[=Mull=
0.034567 | =Mull= Leakage =Mull=
MuUID* AssetID |Data source|Description Elev Surface Eley] PZonelD" Statelo Derﬂ
¥ [10337 10337 =Mull= 29 699 | =Mull= =Mull= unmarkec =hull
10480 10480 =Mull= 14273 |=Mull= =Mull= unmarked |[=Mull
10483 10483 =Mull= 18517 |=Mull= =Mull= unmarked [=Mull
10454 10454 =Mull= 22915 |=Mull= =Mull= unmarked [=Mull
10486 10486 =Mull= 23,014 |=Mull= =Mull= unmarked |[=Mull
10487 10487 =Mull= 33891 |=Mull= =Mull= unmarked [=Mull
10492 10492 =Mull= 33541 |=Mull= =Mull= unmarked [=Mull
10496 10496 =Mull= 32722 |=Mull= =Mull= unmarked |[=Mull
10503 10503 =Mull= 34.023 |=Mull= =Mull= unmarked [=Mull
ANCTT ANSTT =hlall AT ETE | ohlalle ~hllle vimammelemad | bl 2
4 3 s

Figure 6.94 The Junction Editor - the computed demand values are shown in the
demand field
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To view the list of all multiple demand values, select EPANET | Multiple
Demands to open the Multiple Demand Editor. The computed demand values
are shown in the demand field Figure 6.95.

A Multiple demands ] 10l =l
g e Inzert
Junction |D: |1 0337 Description: I
Demand: ID.348 Demand categaory: IHesidentiaI ﬂl
Demand coefficient: I Demand pattern: I J Advanced... |

Cloze |

Junction D' Demand | Description| D 1 cat|D 1 pat| D lco ﬂ
¥ [10337 0.34785 |=Mull= Residertial  [=Mull= =Mull=

10337 0.034567 | =Mull= Leakage =Mull= =Mull=

10480 0452613 |=Mull= Residertial  |[=Mull= =Mull=

10480 0.10422 | =Mull= Leakage =Mull= =Mull=

10483 0155324 |=Mull= Residertial  |[=Mull= =Mull=

10483 0.014307 | =Mull= Leakage =Mull= =Mull=

10454 0.251147 |=Mull= Residertial  [=Mull= =Mull=

10484 0.057735 | =Mull= Leakage =Mull= =Mull=

10486 0407347 |=Mull= Residertial  [=Mull= =Mull=

10486 0.021972 | =Mull= Leakage =Mull= =Mull= LI

Figure 6.95 The Multiple Demand Editor - the computed demand values are shown
in the demand field

Demand Statistics

MIKE URBAN can generate statistical information for multiple junction node
demands. Demand statistics is generated for each pressure zone as well as
for the complete network. Additionally, demand statistics dialog box allows
the user to redistribute node demands by changing the calculated statistical
results. The Demand Statistics dialog box is reached by selecting EPANET |
Demand Statistics as shown in Figure 6.96.

Demand statistics =10 x|
{ “Hefresh il Redistribute | Cloze |
RecTypello | PZonelD* Category i gl Ji] CatTypello
3 Data|=Mull= Leakace 10 10 10 260 | =Mull= =Mull= =Mull=
Diate | =Mull= Residential 90 a0 90 2340 | =Mull= =<MHull= =Mull=
Zone |=hlull= 100 100 100 2600 | <Mull= <hull= =hull=
Metwork 100 100 100 2600 |=Mull= =<hlull= =hull=

Figure 6.96 Demand statistics is generated for each pressure zone as well as for
the complete network

Note that it is possible to redistribute the zone or network demand by specify-
ing the new average or new summary demand by changing the appropriate
grid fields and by selecting “Redistribute®, as shown in Figure 6.97.
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Demand statistics —|o] x|
Refresh | Redistribute: | Close |
RecTypelo| PZonelD* Category i HewAvgDe | HewSumbDe | CatTypelo
] Dt <hull= Leakage 10 10 10 260 =hull= <Mull=
Diata | =hull= Residertial an an an 2340 |=hull= =hlull= =hull=
Zane |=Mull> 100 100 100 2600 |=Mull> =Pull= =Mull=
Metweork 100 100 100 2600 | <Mull= =Pull= =<Mull=

Figure 6.97 The zone or network demand can be redistributed from within Demand
Statistics dialog box

Lesson 9 - Demand Allocation

This lesson illustrates how to use MIKE URBAN WD to allocated demand
(consumption data) from X,Y demand points and how to geocode (assign)
such data to the appropriate model junctions or pipes and how to aggregate
demand values into node demands or pipe demand coefficients.

To save time with this lesson, we have already prepared data files in order for
you to quickly follow through the lesson. For a list of all the files in this lesson,
see the section titled Prepared Input and Output Files.

This lesson uses the pipe network system constructed in Lesson 1 of this
chapter. The layout of this pipe network system is shown in Figure 6.98.
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Figure 6.98 The pipe network system used in this lesson

Begin this lesson by loading LESSON10a.MDB from the LESSONS\LES-
SON10 subdirectory. This file contains the pipe network system to be used in
this lesson.

6.9.1 Demand Points Import

The demand points used in this lesson were imported from X,Y points, corre-
sponding with the parcel centre points. Such data can be imported into MIKE
URBAN using File | Import/Export. The mandatory fields are Reference_ID,
X,Y, and ActDemand. The reference field is use to maintain the link to the
original demand sources.

Once the data is imported to MIKE URBAN, it is displayed in the Map window.
Note that it is possible to select different symbology for displaying demand
points by selecting “Properties” for “Water Demand Allocation” layer within
the Demand Allocation Group in the table of contents.

To display the parcel data, use “Add Data“ tool and select “Parcel_Poly-
gons.shp® from /Shapefiles subdirectory located under Lesson10 directory, as
shown in Figure 6.99.
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x

Loak in: ID Shapefiles

=l Parcel_Polygons.shp

Mame: IF'arceI_F'ongons.shp

Show of type: IDatasets and Layers [*lwr) j Cancel |

Figure 6.99 Use Add Data tool to load and display background shapefiles

Figure 6.100 Demand points are displayed along with background Shapefiles in the
Map window

6.9.2 Demand Geocoding

In this section we will geocode - assign the demand points to the appropriate
junctions or pipes in the model database.

To geocode demand points, use the following steps:
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1. Select EPANET | Demand Allocation to open the Demand Allocation Edi-
tor, as shown in Figure 6.101.
I=E
Fieference [D: I‘I— Drescription: IF"I— M
Prezzure zone 1D: I—J Demand category: W ﬂl
¥ coordinate: W Demand patterr: I—J Advanced.. |
' coordinate: IW Cateqgory type: l— Geocode. .. |
Junction 1D ID—M Address: W Aggrggation...l
Fipe |D: I—M Owner: I e |
Demand: IUUU5— Equirvalent persomn: l— Close |

Minimum demand: I E quirvalent tenement: I
Average demand: I
M arimum demand: I

Reference l| Junction ID'|  Pipe ID* Demand d| Average de { diDemand pat| X
k|1 o =Mull= 0.0053 | =Mull= =Mull= =Mull= =Mull= _|

10 1] =Mull= 0.006 | =Mull= =Mull= =Mull= =Mull=

11 1] =Mull= 0.0064 | =Mull= =Mull= =Mull= =Mull=

12 1] =Mull= 00067 | =Mull= =Mull= =Mull= =Mull=

13 o =Mull= 0.0071 |=Mull= =Mull= =Mull= =Mull=

14 o =Mull= 0.0074 | =Mull= =Mull= =Mull= =Mull=

15 o =Mull= 0.0078 | =Mull= =Mull= =Mull= =Mull=

16 o =Mull= 0.0081 |=Mull= =Mull= =Mull= =Mull=

17 o =Mull= 0.0085 | =Mull= =Mull= =Mull= =Mull= —
4 | 4

Figure 6.101 The Demand Allocation Editor

Press the Geocode button from the Demand Allocation Editor.

Select Geocode Demands to Nodes if you want to assign demand points
to junction nodes and use the demand data to develop node demands.

Use Geocode Demands to Pipes if you want to assign demand points to
pipes and use the demand data to develop pipe demand coefficients. In
case of geocoding demands to nodes, it is possible to find the nearest

node directly or it is possible to find the nearest pipe first, test the pipe for
its attributes and geocode the demand point to the nearest node on such

pipe.
Define the snap tolerance radius; if the actual distance between the

demand point and the nearest node or pipe is greater than the snap tol-
erance radius, the demand point will not be used.

Define the maximum pipe diameter if you want to restrict demand assign-
ment to pipe smaller than 300mm (12 inches), for example.

Define pipe attributes if you want to use only some pipes for the demand
geocoding. The pipe selection can be done on the database level i.e.
based on their attribute values and it is also possible to combine both
pipe and demand attributes such as using only such demand points,
which are within the same pressure zone as pipes, and similar.
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Figure 6.102 Demand points are geocoded to nodes

Demand Aggregation

In this section of the lesson we will aggregate the demand-consumption data
into junction node demands. It is also possible to aggregate the demand-con-
sumption data into the pipe demand coefficients.

To aggregate demand points, use the following steps:

1.
2.

Choose the Aggregate tool from the Demand Allocation Editor.

Select Aggregate Demands to Node Demands if you want to aggregate
the demand data into node demands (base demand or multiple
demand). Select Aggregate Demands to Pipe Demand Coefficients if
you want to aggregate demand data into pipe demand coefficients.

Select target demand in case of aggregating demands into node
demands. Define the multiple demand category if you want to aggregate
demands into specific demand category such as residential, for example.
If the specified demand category does not exist, it will be automatically
created; if exists, the demand value be increased by the new demand
data.

Select Use Demand Category if you want to aggregate demand data into
the same category as it is specified in the category type of each demand
point. This is very suitable in cases where demand points belong to dif-
ferent demand categories such as residential, industrial, leakage, and
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similar. Their values will be automatically aggregated by the category
and the new (or existing) multiple demands will be created.

5. Select Reset Existing Node Demands or Reset Existing Pipe Demand
Categories if you want to overwrite the existing node demands.

Demand aggregation = ||:||1|
& hogregate demands to node demands Compute |
 Assign demands to multiple demands Close |

" Aggregate demands to pipe demands cosfficients

Select pipe demand coefficient: IEoeff 1 'l

™ Reset existing node demands
™| Reset existing pipe demands coefficients

™ Use demand category

r— Target demand

Multiple junction demand IHesidentiaI J

Figure 6.103 The Demand Aggregation dialog box

Demands are aggregated into the multiple junction demand and their values
can be reviewed using Junction Editor or Multiple Demand Editor.

6.9.4 Prepared Input and Output Files

Completed input files were provided for this lesson. These files are:

o LESSON10A.MDB, LESSON10B.MDB. These files are the initial project
files used in this lesson.

e PARCEL_CEN.SHP, PARCEL_CEN.SHX,PARCEL_CEN.DBF. These
are the ESRI Shapefiles containing the demand points.

6.10 Lesson 10 - Water Hammer Analysis with Surge Protection

This lessons illustrates how surge protection can be modelled using MIKE
URBAN and how surge protection can be used to protect the pumping station
against water hammer.

6.10.1  Without surge protection

The water supply pipeline consists of an upstream reservoir with a pump sta-
tion that sends water to the upstream reservoir. The system characteristics:

o Pipeline length: 38 km

e Pipe diameter: 500 mm
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e Celerity of the wave speed: 1200 m/s
e Steady state discharge: 300 I/s
o Steady state velocity: 1.55 m/s
e  Pump operating point: 300 I/'s @ 80m

URST 051

Figure 6.104 Pipeline overview

P Chackvahs

Figure 6.105 Pump station detail

There is a check valve downstream the pump that will automatically close
when the differential head across the valve be negative or when the pipeline
flow direction would reverse. The valve closure would start reflecting the
pressure wave caused by the pump fail back to the downstream reservoir and
will protect the pump for high pressures. However, the pipeline would not be
protected for both maximum and minimum pressures and the maximum pres-
sure might exceed the pressure rating of the pipeline and the minimum pres-
sure might fall below the pipeline centreline and below minimum pressure (-
7m) that holds the water column together.

The simulation will consist of a pump fail and we will investigate the pressure
extremes along the pipeline.
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Material: Steel Formulation: Darcy-Weisbach
Construction year: 1998 Roughness: 0.11
Wall thickness: Loss coefficient:
Wave speed: Pressure normal:
Bulk coeff.: 0.00000e+000 wall coeff.:
Miscellaneous
Pipe ID * | Description CDate |Constructi| AssetID |Data sourgD dc dc|D d
|2 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
3 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
4 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
5 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
6 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
7 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00F
8 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
9 <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
AIRCHMB |<Null= 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
PS-IN <Null> 1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
PS-OUT  |PS Check valve |1/1/2005 1998 [<Null= <Null> 1.000 1.000 0.00
< >

Figure 6.106 Pipe data

In order to define the pump fail, we will select the "Pump Trip Off" for the
pump Operation schedule type, we will specify the operation schedule that
will the pump follow till the time of the pump fail, we will specify the rotational
speed of the pump, we will specify the combined (pump and motor) moment
of inertia and the pump torque. Note, that you need to collect such data from

the pump manufacturer.
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B | Settings

- O X

Pump settings

Operation schedule type:

Operation schedule:
Rotational pump speed:
Moment of inertia:
Pump torgque:

Iotor torgue:

Furnp startup tirme:
Pump tripofftime:

Q-H curve for rpm=0:

T
powon |

25
PUMP-TORQUE  ||...|

=

Figure 6.107 Pump data

EEH Curves and relations [Base]

- O X

Identification & connectivity

Insert
Curve ID: PUMP-ON

Type: |Pump operational schedule V|

Delete

Description: |F’ump is ON

| Advanced..

Close

it

gl x| #el=
T[s] .Rpm [RPM]
[ 3 0.000 1800.000
§0.000 1800.000
300.000 1800.000
3500.000 1800.000
Curve ID* Type |Descriptio
» [PUMP-ON Pump openPump is O
PUMP-TORQUE Pump torg [<MNull=

Figure 6.108 Curves data (pump schedule)
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‘I:H Curves and relations [Base] — Oa *
Identification & connectivity
Insert
Curve ID: PUMP-TORQUE
Type: Pump torque ~ LEEE
Description: | Advanced...
Plot.. Close
axis =
.Q [Lis] .T [N*m]
» 0.000 1200.000
100.000 1500.000
200.000 1800.000
300.000 2000.000
400.000 1600.000
500.000 1000.000
500.000 0.000
Curve ID * Type Descriptio
PUMP-ON Pump operational sc|Pump is O
» |[PUMP-TORQUE Pump torque|<Null=

Figure 6.109 Curves data (pump torque)

Once the data is all defined, we will set the project type to "Water hammer" in
the Project Options editor and we will define the time settings. Note, that the
value of the hydraulic time needs to be very small. Based on the length of
pipes the time step typical values are 0.01 seconds (for pipe networks in
towns), 0.05 seconds (for long distance pipes). More information is available
in MIKE URBAN Water Distribution Book, section Water Hammer.

B Project options [Base] - O X
3 Title Project Type Units Head Losses Properties Convergence Water Hammer
h . . . CleD
() Steady state hydraulics No water quality analysis
(C) Extended period hydraulic Chemical concentrations
(C) Extended period water quality Water age
(@ Water hammer Source fracing

Figure 6.110 Project options
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@ Time settings [Base] — Oa *

Analysis duration: sec ~
Hydraulic time step: sec ~
Pattern time step: hrs ~
Reporttime step: sec ~
Report start time: I:I hrs ~ i

Quality time step: hrs ~
Start rules clocktime: |‘|2 |: : |D = AM v
Statistics: without statistics e

Figure 6.111 Time settings

Next, we will run the simulation and load the simulation results. In order to
review the simulation results, create a profile plot and add Node HGL into the
profile plot as animated, minimum, and maximum time series.

Pratin Plot

& i ) = o % A % o d?&
iz} i i i ]
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140 | | | T
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120 I I 1 1
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100- . O 2
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50 ! ! ! 1
1 1 1 1
&0 I I 1 I
1 1 1 1
40 I I I 1
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.ol 1 1 I 1
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o 1 L1 T T T T T T 1
o 200 400 G0 B0 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 2200 MO0 30 600 400|m]
Pips 10 PEN_[PS 3 3 [ 3 € T s ]
[Pijses Langth
[Pips Hamaanr 500 00 50000
Mode D URST| P3N 2 3 ] 5 3 7 8 ] D&T
Elovation 2000 0o 8500
000 00

Figure 6.112 Profile plot with HGL levels

We can see from the profile plot that the maximum values of hydraulic grade
line will exceed 160m and the minimum values will drop below atmospheric
right downstream the pump station. As shown below, based on the actual
pipeline elevation minimum pressures night drop below the pipeline centre-
line along the pipeline and cause water column separation.
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Profile Plot
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Pipe ID PsN_[Ps...] 2 3 | 4 5 6 | 7 8 T 3
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Pipe Dismeter| | 50000 | | 500.00
INode ID |UpsTiPsN..[ 2 3 4 | 5 [ 6 [ 7 | ] | 9 DsT |
[Elevation 2000 0.00 8500
000

Figure 6.113 Profile plot with HGL levels and potential or future pipeline elevation

6.10.2 With surge protection (air-chamber)

In order to protect the pipeline against low and high pressures, we will add a
pressurized vessel (air chamber, pneumatic tank) to the pump station, down-
stream the pump check valve. The volume of the air chamber needs to be big
enough to supply the pipeline with water till the pipeline flow stops.

ARCHMES

uPsT FS Checkvake

Figure 6.114 Pump details with air-chamber
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'? Air-chambers [Base] — Oa *

Air-tank D AIRCHMEB Description: |AirChamber

State: unmarked ~ Base elevation: 20.00

Pressure zone: I:I X coordinate:

Polytropical expansion: 1.20 Y coordinate: 74.438

Type

Tank size: circular ~ Width: 0.00
Plot.. Lizingil

1 — M aximum

I — Iritial Yolume curve: AirChamber

— Minirnum i
Minimum level:
Basze Elevation
Inactive

K Wolume
Datum Elewvation =0

Initial level:
Elervations
Maximum level:

@[

Air-tank ID| Descriptio| Base elev|Pressure z| Tank size | Diameter |Initial levelMaximum | Minimum | Polyt
AIRCHMB |Air Chamb 20.00|<Null=> circular 2.50 2.00 3.00 0.00

-

Figure 6.115 Air chamber editor

We will repeat the simulation and display the profile plot again.

Profila plot

1
1204 . ! . . .
] I I ] |
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J i i ] 1
L ] 1 ] 1
W ! ! ] ! . : !
{ 1 1 I | I
2 =) C i i 1 i ] I
0 y N + + + : + + + !
] ] I I I I 1 i i I 1
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”y 1 | 1 | 1 1 1 | 1 1 1
I Lo L, 1 — l . | 1 1 — l ——t I
0 200 400 E00 800 1000 1200 1400 160D 1500 2000 2200 2400 2600 2800 3000 3200 400 3600 3300  40im]
Pipe ID | PsIN_PS F 3 4 H 3 | 7 5 9
Pipe Length
Fipe Drameter| 50000 500.00
Node ID s ] 2 E] [ 4 [ 5 [ 3 7 & [ 9 DsT |
Elgvaton 20,00 0.00 3500

Figure 6.116 Profile plot levels

The maximum pressures were decreased by the air chamber and the mini-
mum pressure improved too. When the pumps and the pump discharge head
drops down the pressure is immediately recovered by the air chamber and
that can, as illustrated above, worsen the condition near between the pump
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and the pump check valve; the pump check valve might be forced to slam
close and there might also be a short interval of reverse flows (before the
check valve closes) that might get across the pump. It is important to select
the pump check valve carefully. Anti-slam check valves and surge anticipa-
tion check valves are available by numerous manufacturers.

Air-vessels and air-cushion surge chambers are very important in suppress-
ing transient pressures. They are among the most common devices used for
this purpose, and perhaps the major problems that system engineers face
are questions how large the initial air-volume should be, and what the total
capacity of the air-vessel (or vessels) should be in order to provide a given
degree of protection. More information on the air-vessel design including
charts for initial air-vessel size estimates are given in Thorley book().

1 Thorley A. R. D, Fluid Transients in Pipeline Systems, John Wiley & Sons; 2nd Edition, 2004, ISBN-10:

1860584055.
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