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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 General Settings

A

Access the Model type and Description editors for water Distribution model-

ling under the General Settings section.

The ‘Model type’ dialogue provides an ‘at a glance’ view of which MIKE+ ele-
ments are available, and if they are activated or not. The list of available mod-

ules is:

o Water quality

o Fire flow analysis

o Network vulnerability

o Cost analysis

e  Shutdown planning

e  Flushing analysis

e«  Water hammer analysis
e  Online analysis

e  Optimization

e Multi-species analysis

o Autocalibration

These modules indicate which type of analysis will be modelled within the

current project setup. For exampile if fire flow analysis its required, hence it
needs to be ‘checked’. When the module is checked, it becomes visible on
the Setup tree in the left panel and can be applied to the modelled applica-

tions.

Powering Water Decisions
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General Settings

Model type Unit

Model:  Water distribution w Unit system: ST units, LPS ~ | Edit

Water distribution
Standard EPANET
[ water quality

Spedial analyses
[ Fire flow analysis
[ Network vulnerability
@ Cost analysis
[J) shutdown planning
|__| Flushing analysis

|_| water hammer analysis

[ Orline analysis
() Optimization
[ Multi-spedies analysis
[ Autocalibration
EPANET engine selection
() DHI EPANET 2.0

© DHI EPANET 2.2

Figure 1.1 General Settings

The 'EPANET engine selection' option controls which version of the EPANET
engine is to be used in the simulations, which can either be EPANET 2.0 or
EPANET 2.2.

Please refer to the section ‘Selecting an Appropriate Unit Environment’ in the
Model Manager User guide to select units used in the project.

In addition to the ‘Model type’ dialogue, ‘General Settings’ contains a
‘Description’ editor. This editor allows addition of information about the project
and a free text description for the model. It may also be used as a model build
log to make notes on updates and model amendments.

MIKE+ - © DHI A/S
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2 Map Configuration

The Map Configuration section contains information on the coordinate system
used in the MIKE+ project and presents options for customising the back-
ground image.

2.1 Coordinate System

The Coordinate System dialog (Figure 2.1) displays the Projection system
used in the project.

Coordinate system

Projection RGF_1993_Lambert_93 i

[] Use projection from MIKE URBAN dassic model

{requires that MIKE URBAN dassic is installed)

v

Figure 2.1 The Coordinate System dialog showing information on the projection
system used in the project

The Projection can be selected from the short list, or by searching the projec-
tion amongst all the map projections available in MIKE+. The latter is
achieved by selecting the <Browse...> option at the bMIKE+ottom of the list:
this will open a window listing the available projections, and where it is also
possible to import new projections from a projection file (*.prj file).

Alternatively, the map projection may be read from a MIKE URBAN classic
file. If MIKE URBAN classic is installed on your computer, you can tick the

corresponding option, select a MIKE URBAN classic file and the same pro-
jection will be used afterwards in MIKE+.

When changing the map projection, it is possible to reproject geographical
data in the project, for example to convert the coordinates of the network and
catchments data, or mesh arcs used for the creation of the 2D domain. Some
data files used as input for the simulation can however not be re-projected:
this is especially the case for an external 2D domain file (*.mesh or *.dfs2) or
external 2D data file used to map input parameters (e.g. *.dfsu or *.dfs2 file
used to map the 2D surface roughness).

The same options for selecting the Projection are also used in the 'New Mod-
ule Setup' window when a new MIKE+ project is created (Figure 2.2).

Powering Water Decisions 11
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New module setup

Module

sslaction Coordnate system

Map Configuration

= Frajectian Locd Coordnates
Coordinate Local Coordnates.
syslem | Google Maps - Marcator
ETRSE3 | UTM zane 320

RGF_1993_Lambesrt_93
Description WG5_1534_UITM_Zone_32N
WG5S B4 [ UTM zone 32N

Figure 2.2 Specify the projection system for a new MIKE+ project on the New Mod-

ule Setup window

Background Map

The Background Map editor allows the user to select a background image to
show on the Map View in MIKE+ (Figure 2.3).

Activate a background map overlay by ticking the ‘Background map Visible’
checkbox on the editor. When a background map is visible, increasing the
"Transparency' with the corresponding cursor fades out the background map,
e.g. to increase the visibility of model data.

[= B 4
@ Background map visible Transparency ' 1] LA
Background map overlay
o Open street map
() Google map Type SateliteImage
() Countries/Coastline shapefile (network connection not required)
O WMS server
URL Connect
Projection Axis order XY
Connection settings {optional)
Authentication Proxy server
Layer name Visible
Up
Down
Select all
Unselect all

Figure 2.3  The Background Map Editor

The following background map overlay options are available:
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o Open Street Map

o Google Map. Select the Google map type to display (i.e. Street map,
Satellite image, Terrain, or Hybrid).

o Countries/Coastline Shapefile. Polygon feature showing coastlines
and demarcating oceans and inland areas.

o WMS server. Background maps obtained from a remote server. Enter
the URL of the server or select it from the list of previously used URLs,
and click 'Connect'. If the server is a private server, you will need to sup-
ply the user name and password by using the ‘Authentication’ button,
and you may optionally tick 'Save password' in order not to enter it again
the next time you open MIKE+. If your network uses a proxy server, you
will need to press the 'Proxy server' button to provide the server address
(which should include the port number, if any) as well as optional user
name and password for this proxy server. When the connection is estab-
lished, the table will provide the list of layers available on the WMS
server, and it is possible to select which layers to display in MIKE+ using
the 'Visible' box. The list of projections will show the map projection(s)
supported by the WMS server, and the one used for the model data in
MIKE+ will be selected if possible. Note that displaying layers from a
WMS server requires that the MIKE+ project uses the same map projec-
tion as the WMS layers: if the projection used in MIKE+ doesn't match
any of the projections supported by the WMS server, you will be asked to
update the map projection in MIKE+. Also note that it is only possible to
connect to WMS servers using projected map projections (geographical
coordinate systems not supported). An axis order also needs to be spec-
ified, defining the format of the coordinates on the WMS server: most of
the servers provide coordinates in the XY order, but some servers pro-
vide coordinates in the opposite order and in this case the option must be
changed to 'YX' otherwise the layers won't be displayed on the map.

An internet connection must be available for Open Street Map, Google Map
and WMS server overlays (Figure 2.4).
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Map Configuration

8429 <>® V. O@PR ® T @
\d I 800" 0

18 Backoround ma wabie Traneparency [

© Gaege map Type  streetmap

JJJJJ

Figure 2.4 An example Google Map background on the Map View in MIKE+

Note: Because the proxy server settings are related to your local network and
not to the model database, these settings are stored on the local machine
instead of the MIKE+ project files. That means that the specified settings will
then apply to other MIKE+ projects opened on the same computer. On the
opposite, the proxy settings will have to be supplied again if the same model
database is later opened from another computer connected to the same net-
work.

Note: While connecting to WMS servers, in case of connection errors, it is
possible to save the connection information to a log file. To enable this, start
by locating the file named DHI.MIKEPIus.Shell.exe.config in the installation
folder. In this file, search for the option 'SaveWMSLog' and set it to true. The
information from the following connections will be saved in a log file named
with the MIKE+ database name, in the folder "%appdata%\DHI\MIKE+\Back-
groundMapCache\WmsRasterLayer"

MIKE+ - © DHI A/S
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3 Network Elements

3.1 Junctions

A crucial element of the water distribution network is the junction nodes, that
define the interconnection between the pipes that make up the network.
Junction nodes are also placed at points of water consumption or inflow, at
points where specific analysis values (e.g., pressure, concentration, etc.) are
desired, and at any points where pipe attributes (e.g. diameter, roughness,
etc.) change.

Junction nodes are either defined graphically in the Map window using the
Drawing tool in the Edit tab with Junctions selected as the Layer to edit (see
Figure 3.1), or by manual data entry using the Junction Editor dialog box.

HQQ <> W OGBR- € -~ IBIASB
Y Newselection ~ Wy vl =Ko [ )]

A

©

L] 10 20 a0 40 50

X:-6109,057, ¥:4944 547 [Meter] Map scale: 69861,916

Figure 3.1 Draw Junctions

The Junction Editor allows you to define the junction’s ID, location, any exter-
nal demand, initial water quality conditions and a description. The Junction
Editor dialog box is reached by expanding Network Elements and selecting
Junctions.

Powering Water Decisions 15
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Geometry

Identification

bl Punciion 1]

Geometry | Demand

Node type

Elevation

Junction

Surface elevation

Demand coefficent

Minimum pressure

Zone ID

Initial water quality

X -7717,19050380284 | [m]
v | 2467,65249537893 | [m]
Desaiption

v

10| [m)

10] fm)

Delete

Network Elements

D ~ | ALL

v § Clear

[ Show selected (] Show data errors

Junctions
D X coordinate [m] Y coordinate [m] Node type Elevation [m] Surface elevation [m]

i Junction_1| -7717,19050380284  2467,65249537893 | Junction 10 10
2 |Junction_2 | -7310,53615390185 | 1913,12384473198 | Junction 12 10
3 |Junction_3 | -4907,57863175965 | 1820,70240295749 | Junction 12 10
4 Junction_4 | -1709, 79669844734 2763,4011090573 | Junction 13 10
5 Junction_S 1025,8780190684 | 2615,52680221811 | Junction 13 10

6 Junction_6 | -6256,93170188562 | 3151,57113681368 | Junction

<
Figure 3.2 Junction Editor, Geometry tab

<Insert> will create a new Junction. <Delete> will remove the selected Junc-
tion.

ID

This data entry is used to specify an ID which uniquely identifies the junction
node. The junction ID acts as a unique look up key that identifies the node
from all other nodes. A node can be a junction, reservoir, or tank. Therefore,
no two nodes may have the same ID. However, a node and a link (i.e., pipe,
pump, or valve) can have the same ID. The node ID value can be any string
value (up to 40 characters).

A new junction ID is automatically suggested by MIKE+ whenever a new
junction node is placed into the list by pressing <Insert> or when defining the
junction nodes graphically on the Map window using the Add Junction tool.

Coordinates

The X and Y data entries are used to define the physical (map) location of the
junction node. When defining the junction nodes graphically on the Map win-
dow using the Draw tool, the X, Y location is automatically entered.

Node type
Two types of Junctions are available:

e Junction

o Emitter

MIKE+ - © DHI A/S



Junctions

A

Junction is used to describe normal water junctions. An emitter can be used
to describe a pressure dependent discharge at the node and is described in
the chapter below.

Elevation

This data entry defines the elevation above a common datum for the junction
node. This value is used to determine the difference in pressure and pressure
head at the node during a simulation. The default elevation is zero. Junction
nodes should have their elevation specified so that pressure computations
can be carried out.

Surface elevation

This data entry defines the surface elevation above a common datum for the
junction node, in units of ft. or m. This value is only used to display the sur-
face elevation in the Longitudinal Profile Plot.

Ground level

Pressure \

Surface level

Node Node

Elevation

Datum, Sea level

Figure 3.3  The difference in Elevation and Surface level

Minimum pressure

This data entry defines the estate height above the junction node elevation.
This data entry is used to calculate Tap Pressure at the junction node and is
used to verify the minimal pressure at the node.

Demand coefficient

Demand coefficient allows you to define the share from the whole network
demand, which is taken by the node. This field is used only by the Demand
Distribution function.

Powering Water Decisions 17



The demand distributed to a node is calculated as

qi = % ci (3.1)
where:

gi = node demand

Qt = total network demand

Ct = sum of all demand coefficients
ci = node demand coefficient

Any node where the demand coefficient is not defined will get no demand
from the total network demand.

Zone ID

This is an optional name for the zone to which the junction belongs. When a
zone ID is specified, this zone will be listed in the 'Zones' editor. The '..." but-
ton can be used to select an existing zone.

Is active

This check box controls whether the junction will be included (when ticked) or
omitted (when unticked) in the simulations. The junction is automatically omit-
ted as soon as all connected links are also set to inactive.

Demand

The Demand tab is used to view, add or edit demands for a specified Junc-
tion. Note that all Demands in the model are stored and can be edited in the
Water Demand | Multiple Demand table.

The listed demands in this tab are the items in Multiple Demands with the cur-
rent Junction as “JunctionID”. The list of demands is updated if another junc-
tion is selected in the lower grid.

Junctions may have zero or any number of demands assigned to them. It is
also possible to assign separate patterns to the demands assigned to a given
junction.

The demand is specified as a constant. If flow is leaving the network system
at this junction node, then a positive value should be specified. If an inflow
into the network system occurs at this junction node then a negative value
should be specified.

The amount of water leaving (or entering) the model in a specific timestep in
an extended period simulation will be the junction demand value multiplied by
a factor. These factor are stored in time series called patterns and assigned
with a Demand pattern ID, see Tables > Patterns.



Junctions )

A demand for a larger part of the system can also be computed by globally
defining the demand for the entire network (or a selected part of it) and then
having MIKE+ distribute this demand to each of the network nodes using the
Distributed Demand dialogue box. See Tools | Distributed Demand.

[ aunctons o x
Identfication
x | -7717,15050380284) [m] Insert
D |Juncton_1 | .
v | 2467,65249537893 | [m] Delete
| Geometry | Demand | Emitier [ Inital water qualty | Descripton |

AT o oseeced
Multile demands
Demand [/s] Demand category  Demand pattern

| [ 1/6 rows, 0 selected
i} X coordinate [m] ¥ coordinate [m] MNode type Blevaton [m] Surface elevation [m] Demand coeff
»1 -7717,19050380284 | 2467,65249537893 | hunction  + | 10/ 10]
2 |Junction_2| 7310,53615390185 | 1913,12384473158 | mcton | 12 0]
3 |Juncton_3| 4907,57863175965 | 1820,70240295749 | huncbion = | 12 10
4 Im_" | -1709, 796565844734 | 2763,4011090573 | Junction - [ 13 | 10 [
5 |dunction_5| 1025878010684 | 2615,52680221811 hncton v | 13 0
6 |Junction_s | -6256,93170188562| 3151,57113681368 | hcton = | 13 |
< >

Figure 3.4  Junction editor, Demand tab

A new demand is created by clicking Insert by the list of demands in the right
window.

The demand editor in the left window shows the properties of the selected
demand.

Demand
The demand, specified as the flow leaving (or entering if the value is nega-
tive) in this junction.

Demand Pattern

This data entry allows you to define the ID of the demand pattern to be
applied to the junction node demand values during an extended period simu-
lation. The factor in this demand pattern will be multiplied to the defined
Demand.

Powering Water Decisions 19
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Emitter

Network Elements

Demand Category

This data entry allows you to enter a description identifying the demand being
entered. The demand category can be used when using the Distributed
Demand tool.

Description
This data entry allows you to enter a description identifying the demand being
entered.

Move Current Demand to

This allows the user to move a single Demand from the active Junction to
another Junction. Either by selection from a list of Junction ID or by selecting
a Junction in the map. The moved Demand will be removed from this Junc-
tion and placed at the new Junction.

Mark
Each Demand is given a Mark based on how it was created.

e Manual

o Distributed Demand

o Demand Allocation

Demands created in the Junction Editor are marked “Manual’.

This tab contains parameters of an emitter located at the junction node. A
junction is treated as an emitter if the Node Type is set to Emitter in the
Geometry tab. Emitters are needed to model flow through sprinkler systems
and irrigation networks. They can also be used to simulate leakage in a pipe
connected to the junction if a discharge coefficient for the leading crack or
joint can be estimated.
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Junctions o x
Identification
x| -7717,19050380284 | [m] | Insert
D [Juncton_t
v 2467,65249537893] m] Delete

| Geometry | Demand | Emtter | inital water qualty | Descrpton |

S —

| | M v} Cear [ [] 1/6 rows, 0 selected
Junctions
™) Xcoordnate [m]  Ycoordnate [n]  Nodetype  Bevaton[m]  Surface elevaton[m]  Demand coeff
»i -7717,19050380284 | 2467,65249537893 | Emitter  ~ | 10] 0]
2 |lncton 2| -7310,53615350185 | 1913,12384473198 | ncton | 12| 0]
3 Junction_3 | -4907,57863175965 | 1820,70240295749 | Junction - | 12 10 |
4 |Juncton_4| -1709,79669844734| 2763,4011090573 | Junction = 13/ 10
S |dncton S| 1025,8780190684 | 2615,52680221811 | duncton  ~ 13 10
[ Im_ﬁ] -6256,93170188562 I 3151,57113581368 [ Junction - | 13 [ |
< >

Figure 3.5 Emitter tab

Flow Coefficient

This data entry allows you to define the flow coefficient of the emitter. Flow
out of the emitter equals the product of the flow coefficient and the junction
pressure raised to a power. The flow coefficient is defined in flow units per 1
psi or m pressure drop
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Initial Water Quality

[ = I 4
)
x| -7717,19050380284) [m) Insert
v | 2467,65249537893) [m) Delete
_. Geometry l Demand I Emitter | Initial water quality | Description ._
Cremcalconcentaton [ |fmaf]
Sowcepercentage [ |w
Water age . Im
v
< >
D ~ AL v 1 Clear
Junctions
D X coordinate [m] Y coordinate [m] Node type Elevation [m] Surface elevatiof
»1 -7717,19050380284 | 2467,65249537893 | Emitter  ~ 10
2 |dunction_2| -7310,53615390185  1913,12384473198  Junction  ~ 12
3 |dunction_3| -4907,57863175965  1820,70240295749 | Junction  ~ 12
4 |Juncion_4 | -1709,79669844734 | 2763,4011090573 | Juncon  ~ 13
S |dunction_S|  1025,8780190684  2615,52680221811 Junction 13
6 |dunction_6 -6256,93170188562 3151,57113681368 Junction  ~ 13
< >

Figure 3.6 Junction editor, Initial water quality tab

The initial water quality at the start of a simulation can be assigned to individ-
ual nodes or to groups of nodes. The initial water quality can represent one of
the following, depending on the type of water quality simulation.

Concentration
Initial concentration for chemical constituents in a Chemical propagation anal-
ysis.

Percentage
Initial percentage of water originating at a specified source node for Source
tracing simulation.

Hour
Initial age for Water age determination.

These Initial water quality values will only be used when a Water Quality sim-
ulation of the corresponding type is started.
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Junctions
By default, all nodes are assigned with an initial water quality of zero.
Description
Junctions [ = 4
Identification A
X -7717,19050380284| [m] Insert
D [Junction_t |
Y 2467,65249537893 | [m] Delete
Geometry ] Demand | Emitter | Initial water quality | Description
Description [ l
Data source I ]
Asset ID | | e —
Status v
v
< >
— T = T- .
Junctions
ID X coordinate [m] Y coordinate [m] Node type Elevation [m] Surface elevi ™
b1 m_l -??I?.IQOSOEOZS-i_ 2467,65245537893 _Err!ttef - 10 |
2 |lunction_2 | -7310,53615390185 | 1913,12384473198 | Junction 12
3 |dunction_3| -4907,57863175965 | 1820,70240295749 | Junction  ~ 12
4 |lunction 4| -1709,79669844734 | 2763,4011090573 | Junction 13 v
L 4 >
Figure 3.7 Junction editor, Description tab
Description

This data entry allows you to enter a description for the selected junction.

Add picture
The <Add picture> button allows users to add photo for individual pump.
Once loaded from external source, the picture will be displayed on this tab.

Data source

This data entry is used to specify a corresponding asset data source, which
identifies the Junction (such as database table or a database file name) in the
asset management system.

Status

This drop down selection list data entry allows you to define whether the
Junction is imported (i.e existing node was imported from the external data
source), or is inserted, modified, GIS, calibrated or similar. By default, the sta-
tus is undefined.

23



24

A

sset ID
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This data entry is used to specify a corresponding asset ID, which uniquely
identifies the junction node in the asset management system (such as GIS,
for example).

Attributes
Table 3.1 Junction attributes
Field Database Description Mandatory? | Default
name value
ID MUID Identifier, must be | Yes Labels are
unique for all node generated
types including in sequen-
Tanks etc tial order
Node type | TypeNo Type of node Yes Junction
Elevation Elev Elevation from Yes 0
datum
Surface Z Surface elevation | No 0
elevation from datum at this
position
Demand DemCoeff | Coefficient for cal- | No 0
coefficient culation of Distrib-
uted demand
Minimum MinPre Estate hight over No
pressure node elevation.
Flow coeffi-| Em_Flow- Flow coefficient of | Yes, if Node
cient Coeff emitter type = Emitter
Chemical Init_Quali- | Initial concentra- No 0
concentra- | ty Concen-| tion for Chemical
tion tration concentration sim-
ulation
Source per-| Init_Quali- | Initial percentage No 0
centage ty_Percent-| from specified
age source in Source
tracing simulation
Water age | Init_Quali- | Initial age in water | No 0
ty_Hour age simulation
Description | Description | Descriptive text No
Data Data- Source of data No
source Source
Asset ID AssetName | ID in asset source | No
Status Element_S | Status or origin of | No
data
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3.2 Pipes

Pipes are used to transport water from one node to another. Pipes must
always begin and end at a node.

Pipes are either defined interactively on the Map window using the 'Drawing
tool on the Edit tab with Pipes selected as the Layer to edit, or by manual
data entry using the Pipe Editor dialog box.

Map

4 < >@ W OGBR - & s BY - @ a|.
Vitewsdecton ~ W EE OO QO YO ' ) |~

<_____/_——_-__-

o 10 e ie 40 30

—

X:-6663,586, ¥:3188,540 [Meter] Map scale: 69861916

Figure 3.8 Pipes displayed in map
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Geometry

Pipes o x
Identification
| Fromnode [Arcton_ 1%
ID |Pipe_1 = =
To node Junction_2 ‘E Delete
Geometry | Hydraulics | Demand coeffidents | Regulaton | Water quality | Description
Length ' lim) | 687,6553 [m]
Diameter 50| frm) | 50| [mm]
Wal thidness 0| [mm)
Initial status Open v Is active
Zone ID
W
< >
D v AL ~  Cear  [] Showselected [ ] Show data errors
Pipes
D From node To node Length [m] Diameter [mm)] Wall thidness [mm] Inner diameter [mi
k1 Pipe_1 Junction_1| Junction_2 S0 0
2 Pipe_2 Junction_2 | Junction_3 S0 0
3 Pipe_3 Junction_3 | Junction_4 S0 0
4 | Pipe_4 Junction_4 | Junction_5 S0 0
5 Pipe_5 Junction_1| Junction_6& 50 0
< >

Figure 3.9 Pipe Geometry Editor
<Insert> will create a new Pipe. <Delete> will remove the selected Pipe.

ID

This data entry is used to specify an ID which uniquely identifies the pipe in
the datebase. The pipe ID acts as a unique look up key that identifies this link
from all other links. A link can be a pipe, valve, pump or turbine. Therefore, no
two links may have the same ID. However, a node and a link (i.e., junction or
reservoir) can have the same ID. The pipe ID value can be any string value
(up to 40 characters).

A new pipe ID is automatically suggested by MIKE+ whenever a new pipe is
placed into the list by pressing «Insert» or when defining the pipe graphically
in the Map window.

From Node, To Node
These data entries define the ID of the pipe's starting (upstream) and ending
(downstream) nodes. These IDs define the pipe connectivity of the network.

Choosing "..." will display the Select Node dialog box from which the user can
select the appropriate node. The Node Type pull-down selection list allows
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the user to specify what type of node is connected to the end of the pipe.
Choosing the arrow allows the user to graphically select the node from the
Map window.

The order matters since the sign of the computed flow is moving from the
starting node to the ending node, the computed flow value will be positive. If
the computed flow is moving from the ending node to the starting node, the
computed flow value will be negative.

Length

This data entry defines the pipe length, in the unit of your choice. The second
(greyed out) field shows the length based upon the pipe layout. It is also pos-
sible to define a specific pipe length, independent of the pipe network layout

that will be used if specified.

Diameter

This data entry defines the internal diameter of the pipe, in the unit of your
choice. The second field (read-only) displays the pipe diameter as it would be
used for the hydraulic analysis. The pipe diameter is automatically adjusted
when the pipe wall is defined.

Wall thickness
This field is used to define the wall thickness of a pipe. The pipe diameter is
automatically adjusted by the program when the pipe thickness is defined.

Initial Status

This drop down list allows the user to toggle the OPEN and CLOSED status
of the pipe. Choosing CLOSED effectively removes the pipe from the network
system. This is also where the user can define the presence of a check valve
(CV) in the pipe. If a check valve exists, then water is only allowed to flow
from the starting to ending node. This is commonly used to prevent a flow
reversal through the pipe. If conditions exist for flow reversal, the valve shuts
and the pipe carries no flow.

Note that you cannot set the pipe status of a pipe containing a check valve
using regulation. Pipes with a check valve are initially open, and close only if
flow within the pipe attempts to reverse (move from the ending downstream
node to the starting upstream node).

Is active
This check box allows the user to toggle the Active status of the pipe on and
off. The simulations will omit all pipes that are not active.

Zone ID

This is an optional name for the zone to which the pipe belongs. When a zone
ID is specified, this zone will be listed in the 'Zones' editor. The '..." button can
be used to select an existing zone.
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Hydraulics

Pipes
From node .,‘uncbon_l E Insert
ID |Pipe_1 r EI

To node Junction_2

Geometry | Hydraulics | Demand coeffidents | Regulation | Water quality | Description

Roughness 140
Loss coeffident

Material

Formulation

Construction year 01-01-2011 00:00:00 M

Pressure nominal [m)

| D v | AL v Cear [ Showselected [] Show data errors
Pipes
D From node To node Length [m] Diameter [mm] Wall thickness [mm] Inner diameter [mi
b1 Pipe_1 Junction_1 Junction_2
Pipe_2 Junction_2 | Junction_3

Pipe_3 Junction_3 | Junction_4

Pipe_4 Junction_4 | Junction_5

Pipe_5 Junction_1| Junction_6 S0

w 'S w N
8 8|88
olo|lolo|o

< >

Figure 3.10 Pipe Hydraulics Editor

Roughness

This data entry defines the roughness of the interior surface of the pipe.
Based upon which roughness type loss coefficient has been specified, this
value is unit less for Hazen-Williams or Chezy-Manning headloss formulas,
and in millifeet or mm for the Darcy-Weisbach (or Colebrook-White) formula-
tion. Choosing “...” will display the Select Pipe Roughness Coefficient selec-
tion dialog box, allowing the user to select the appropriate roughness value to
use

The roughness formulation is displayed in a field below. It can be specified by
the user within the Simulation specification > Hydrodynamic simulation set-
tings, where the Head losses setting is changed on the HD parameters tab.

Loss coefficient

This data entry defines the sum of all the minor (or local) loss coefficients for
the pipe, which are unitless. Choosing "..." will display Select Minor Loss
Coefficient selection dialog box, allowing the user to select the appropriate
minor loss coefficient to use. If more that one minor loss component exists
along the pipe, then the sum of the corresponding minor loss coefficients
should be entered.
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Material

This option allows the user to define the material of pipe construction. The
Pipe Material is defined as a "string" a string and does not influence calcula-
tions. The friction losses in hydrodynamic calculations are based on pipe
roughness, which can be globally assigned based upon the pipe material and
pipe construction year, for example.

Formulation

This read only field displays the head loss setting. It can be specified by the
user within the Simulation specification > Hydrodynamic simulation settings,
where the Head losses setting is changed on the HD parameters tab.

Construction year

This option allows the user to define the age of the pipe. Pipe age is defined
as a date. Clicking the Calendar opens a calendar dialogue where the user
can browse to a date.

[1305-197300:00:00 [+ |

4 maj 1573 4

ma ti on to fr lg se
1 2 3 4 5 6
78 910 1 1233

|14 15 16 17 12 19 20
21 22 23 24 25 26 27
128 29 30 31 1 2 3
4 5 6 7 & 910
| —_ Today: 13-04-2018

Figure 3.11  Calendar view
Demand coefficients

MIKE+ allows the user to distribute a specified water demand to the network
based upon a variety of pipe properties. Three methods are available from
the Distributed Demand tool (found in the Tools ribbon). This feature is useful
for automatically assigning the nodal water demand to a large network, since
the software will automatically proportion the total network demand based
upon predefined pipe properties. These methods are used to mimic the
amount of actual demand along a pipe, based upon the pipe length or pre-
defined demand coefficients.

o« Method of equal pipe lengths, distributes the demand based on pipe
length and the pipe diameter.

o Method of reduced pipe length, distributes the demand based on pipe
length and a user specified coefficient.

o Method of reduced Two Coefficients, distributes the demand based on
two user specified coefficients.

The Method of reduced pipe length and method of two coefficients uses one
or two user specified pipe coefficients. More information about these calcula-
tions are found in the chapter Distributed Demand tool.
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Geometry | Hydraulics | Demand coeffidents | Regulation | Water quality | Description

Demand coeff. 1
Demand coeff.2

Demand coeff.3

Demand coeff.4

Figure 3.12 Pipe Demand Coefficients Editor

Demand coefficient 1 - 4
Fields for specifying coefficients relevant to pipe leakage. A higher number
will generate a larger portion of the total demand to be distributed.

VANote that there are four fields but no more than two coefficients can be
selected in a Distributed demand calculation. The coefficients that is used is
specified in the Distributed demand tool.

Regulation

The regulation tab allows to set simple rules for controlling each pipe to open
or close, depending on the pressure level in a node, time of day or time since
simulation started.

The tab has three parts. The middle contains a grid for all rules that controls
the active pipe. This window also allows to add or remove control rules for the
selected pipe.

The left window is the editor for the active control rule, currently selected in
the grid.

The right window displays a time series if there are rules based on Time con-
ditions.

Figure 3.13 Regulation Tab

Pressing “Insert” in the middle window creates a new control rule for the
selected pipe. “Delete” will remove the active control rule. The properties and
settings for the active rule is displayed in the left part of the regulation tab.
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Control ID

An ID for the rule is automatically generated, but could be specified by the
user. Note that every Control ID for all pipes, pumps, valves and turbines in
the model must be unique.

Description
This field allows users to type text to describe the Control.

Setting

The settings contain three parts:
e Action

e Type of condition

e Condition

A radio button is used to set an Action. A pipe can only be set to Open or
Close.

A radio button is used to set Condition type to one type of condition that will
trigger the action.

e If node below/above... This rule will execute the action if the pressure
level in a specified node is above or below a specified level.

e« Attime... This rule will execute the action when the specified amount of
time since simulation start has passed. When setting up a series of these
rules there will be a time series of the setting in the right window.

e Atclocktime... This rule will execute the action every day at the specified
time.

The available Condition settings will depend on the selected condition type.

o When “If node below/above” is selected, the user must specify a node or
tank ID in the first field and the threshold pressure level in the second
field. Note that this is defined as the pressure at Elevation level for a
node, and the pressure at Base elevation for a tank.

o When “At time” is selected, the user must specify a number and a time
unit since start of simulation.

o When “At clocktime” is selected the user must specify a time of day in
hours, minutes and AM/PM.

Water quality

This tab allows for each pipe to have locally defined reaction rates. Please
refer to section on Water Quality reaction rates for further information.
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Geometry | Hydraulics | Demand coefficents | Regulation | Water quality | Description

Wall coeffident I:I [fd]

Figure 3.14  Water Quality Editor

Bulk coefficient
This data entry defines the bulk reaction rate that is applied to flow in the
pipe. Units for bulk reaction rates are in 1/day.

Wall coefficient
This data entry defines the pipe wall reaction rate that is applied to flow in the
pipe. Units for pipe wall reaction rates are in 1/day.

Description

Identification

From node |Juncﬁ0n_2 | EI Insert
To node |Tank_1 | EI Delete

Geometry | Hydraulics | Demand coefficents | Regulation | Water quality | Description

ID |Pipe_11

Description  |VNBO33-VNB337 |

Data source | |

AssetID |UDDSG41254DD | Add picture

Status 3: Imported w

Street name |St0rgatan| |

Figure 3.15 Pipe Description Editor

Description
This data entry allows you to enter a description for the selected pipe.

Add picture
The <Add picture> button allows users to add photo for a individual pipe.
Once loaded from external source, the picture will be displayed on this tab.
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Data source

This data entry is used to specify a corresponding asset data source, which
identifies the pipe (such as database table or a database file name) in the
asset management system.

Asset ID
This data entry is used to specify a corresponding asset ID, which uniquely
identifies the pipe in the asset management system (such as GIS, for exam-

ple).

Status

This drop down selection list data entry allows you to define whether the pipe
is imported (i.e existing node was imported from the external data source), or
is inserted, modified, GIS, calibrated or similar. By default, the status is unde-
fined.

Street name

This field is used to define the street name. This is an optional field and can
be used for better navigation through the pipe network and for reporting pur-
poses.

Attributes

Table 3.2 Pipe attributes

Field Database Description Mandatory? | Default
name value
ID MUID Identifier, must be | Yes Labels are
unique for all link generated
types including in sequen-
valves etc tial order
From node | FromNo- The from node of | Yes
delD the pipe, defining
the start

To node ToNodelD The to node of the | Yes
pipe, defining the

end
Length L Pipe length No
Diameter Diameter Diameter of pipe Yes 50 mm
Wall thick- | Thickness Wall thickness of No
ness pipe to calculate

inner diameter
Initial sta- StatusNo Sets the pipe to Yes Open
tus open, closed or

check valve
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Table 3.2 Pipe attributes

Field Database Description Mandatory? | Default

name value

Is active Enabled Set the pipe TRUE
active/inactive.

Roughness | RCoeff Defines the interi- | Yes
our surface rough-
ness. The unit
depends on the
headloss formula.

Loss coeffi- | LCoeff The sum of all No

cient minor losses
within the pipe.

Material Material Text field for pipe No
material. Not used
in calculations.

Construc- CDate Date to describe No

tion year pipe age. Not used
in calculations.

Demand Coeff1 Coefficient for No

coeff. 1-4 Coeff2 demand distribu-

Coeff3 tion calculations.
Coeff4

Bulk coeffi- | Bulk_Coeff | Locally defined No

cient reaction rate in
water quality cal-
culations.

Wall coeffi- | Wall_Coeff | Locally defined No

cient reaction rate for
water quality cal-
culations.

Description | Description | Descriptive text No

Data Data- Text field for data No

source Source source.

Asset ID Asset Text field to iden- No
tify the pipe to the
corresponding
pipe in the asset
management sys-
tem.

Street Street- Text field to define | No

name Name street name.

34
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3.3 Tanks

Tank Editor

Tank nodes are also placed at points in the water distribution model where a
water storage tank is located. Storage tanks can be defined as tanks with the
variable or fixed water level. The tank with the variable water level are mod-
eled as tanks where the water surface level changes with time as water flows
into and out of the tank. The tanks with the fixed water level represent places
(reservoir) within the water distribution model where an infinite source of
water (for the sake of the modeling simulation) is available. Hence, the reser-
voir water level remains constant during the course of the simulation.

Tank nodes are either defined interactively on the graphical Map window
using the Add Tank tool (see Figure 3.16), or by manual data entry using the
Tank Editor dialog box as shown in Figure 3.18. The Tank Editor allows you to
define the reservoir’s ID, location, properties, water quality, and description.
The Tank Editor dialog box is reached by clicking Tanks in Network under
Setup tree (see Figure 3.17).

Layer editing tools - X

€ Tanks - D20

Figure 3.16  The Tank editing tool
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Setup

- General zeftings

- Map configuration

Metwark.
Junctions

Fipes

..... Pumps
Walves
Pump stations
----- Turbines
=1 11 water demand
----- Demand allocations
----- Multiple demands
----- Statistics and redistribution
=1 Tables
Patterns
Curves and relations
..... ZDneS
----- Real time contral
----- Extended rule-bazed controlz
Prezzure dependent demands
Measurement stations
Calibration
Stations
Scenarnios
Base
Simulation Specifications
Hydrodynamic: simulation

Network Elements

Figure 3.17 The Tank Editor dialog box is reached in Setup tree
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Tanks o x
Identification
x -89279.7253410518 | [m]
>
Y 146618,453059278 | [m]
General | Tank properties | Reservair properties | Water quality I Description
Geometry | drcular v vnmmievel [ 15][n] 35| [m]
— M arimum
SR — T e [ #m o
Level — bini
00 can overfon - e [ 18] )

—BaseElevation  active volume l:l m~3]
Inactive

Yolume
Diaturn Elevation = 0

Elesvations

[ ] 1/1rows, 0 selected

Base elevation [m] Zone ID Is active Tank Geometry Tank geome

20 I dircular

Figure 3.18 The Tank Editor allows the user to define the storage tank nodes that
supply water to the distribution network

The Tank Editor contains input fields for geometry, Tank Properties, Reservoir
Properties and Description.

A list of the Tank Editor data entries for Figure 3.18 follows, with a short
description given for each entry.

Identification

Tank ID

This data entry is used to specify an ID which uniquely identifies the tank
node. The tank ID acts as a unique lookup key that identifies the node from all
other nodes. A node can be a junction, reservoir, tank, or air-chamber. There-
fore, no two nodes may have the same ID.

However, a node and a link (i.e., pipe, pump, or valve) can have the same ID.
The node ID value can be any string value (up to 40 characters).

A new tank ID is automatically suggested by MIKE+ whenever a new tank
node is placed into the list by pressing «Insert». When defining the tank
nodes graphically on the Map window Figure 3.19 using the Add Tank tool,
the tank ID is automatically defined.
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General

Network Elements

way | 7]

Tark type 'MM v:
osedevaron [ 0w
S S E—

Is actve

|o Mm v | e
X coordinate [m] ¥ coordinate [m] Reservor Level Type Base Blevaton [m] Zone ID Is active Tank Geometry
M?anmiﬁ 2690, 2985429960 1 vm(u't] - 13
11,66005

b1 Tak2
2 |Tank_1| -6909,15505560826 | 2846,09945644829 wnl-ﬂ.&ml =

Figure 3.19  Warning message displayed when a tank has a repetitive ID

Xand Y COORDINATE
The X and Y data entries are used to define the physical (map) location of the
tank node, in units of ft. or m.

This tab gives general information of tanks as shown in Figure 3.20
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Tanks o x
Identification ~
x| -357,401056049375 [m] Insert
D [Tak_2 ]
v | 2650,29864299601 m] Delete
_- General | Tank properties ‘ Reservoir properties | Water quality | Description ._
Library

Tank type constant HGL(resery

Base elevation . 13| [m

Zone ID |
Is active

w

< >
| R L g o N e

D X coordinate [m] Y coordinate [m] Reservoir Level Type Base Elevation [m]
b1 |Tank 2| -357,401056049375  2690,29864299601 | constant HGL(reservoir) = 13
2 |Tank_1| -6909,15505560826  2846,09945644829 | constant HGL(reservoir) ~ 11,66005

Figure 3.20 The general information of Tank

Tank Type
This drop down selection list data entry allows you to define whether the tank
is modelled as reservoir (constant HGL), or is tank (variable HGL).

There are two options available:

e Constant HGL (Reservoir)
e Variable HGL (Tank)

Base Elevation (mandatory)
Base elevation defines the distance from bottom of the tank/reservoir above
datum elevation.

Zone |ID

This is an optional name for the zone to which the tank belongs. When a zone
ID is specified, this zone will be listed in the 'Zones' editor. The '..." button can
be used to select an existing zone.

Is Active

This check box controls whether the tank will be included (when ticked) or
omitted (when unticked) in the simulations. The tank is automatically omitted
as soon as all connected links are also set to inactive.
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Tank Properties

This tab would be editable only when the tank type is “variable (tank)”, as
shown in Figure 3.21

Tanks o x
Identification
x [ s msveoss]p
1
¥ 146618, 453059278 | [m]
Tank properties | Reservoir properties | Water quality | Description
Geometry | dreular v Mnmmlevel | 15[ 35| [m]
— Magimum
e [ A | B %o
Levels — Minimum
[ can overfiow | Maxmumievel | 18][n] 38| [m]

2 —Base Elevation  1n2ctve volume l:l m~3]
Inactive

Elevations
Yolume

Diaturn Elevation = 0

[ ] 1/1rows, 0 selected

Base elevation [m] Zone ID Is active Tank Geometry Tank geome:

20 3 circular

Figure 3.21  The Tank Properties

GEOMETRY (mandatory)
This drop down selection list data entry selects the type of storage tank being
defined.

° Table
e Rectangular
o  Circular

For different types of tank, the required geometry data is different. By default,
a circular tank is defined. The elevation-volume relationship for a tank of vari-
able geometry is needed to be defined. A Volume Curve determines how
storage tank volume (Y in cubic feet or cubic meters) varies as a function of
water level (X in feet or meters). It is used when it is necessary to accurately
represent tanks whose cross-sectional area varies with height. The lower and
upper water levels supplied for the curve must contain the lower and upper
levels between which the tank operates.
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GEOMETRY ID(mandatory)

A geometry ID determines how storage tank volume (Y in cubic feet or cubic
meters) varies as a function of water level (X in feet or meters). It is used
when it is necessary to accurately represent tanks whose cross-sectional
area varies with height.

DIAMETER or WIDTH and LENGTH (mandatory)
This data entry allows you to define the tank chamber size (ft or m).

CAN OVERFLOW

When this option is selected, any inflow to a full tank becomes overflow (i.e.
spillage). When it's unselected, any link that would normally send flow to the
tank is temporarily closed when the tank is full. This option is only available

when using the EPANET 2.2 version.

MINIMUM LEVEL (mandatory)

This data entry defines the minimum level (or depth), in units of ft. or m, that
the water can drop to within the storage tank. The corresponding elevation is
equal to the base elevation plus the minimum level, as shown in Figure 3.22

INITIAL LEVEL (mandatory)

This data entry defines the initial water surface level (or depth), in units of ft.
or m, that is used at the start of the simulation. The corresponding elevation is
equal to the base elevation plus the initial level, as shown in Figure 3.22.

MAXIMUM LEVEL (mandatory)

This data entry defines the maximum level (or depth), in units of ft. or m, that
the water can rise to within the storage tank. The corresponding elevation is
equal to the base elevation plus the maximum level, as shown in Figure 3.22.

INACTIVE VOLUME (optional)

This data entry defines the volume of inactive water contained between the
minimum level and the base elevation, in units of ft3 or m3, of the storage
tank, as shown in Figure 3.22.
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Initial Level
Minimum Level

Minimum Volume

/

Figure 3.22  Definition of storage tank levels

Reservoir Properties

Maximum Level

| Elevation

Datum

This tab would be editable only when the tank type is “Reservoir”, as shown in

Figure 3.23.
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Tanks o X
Identification a
; X | -357,401056049375 | [m) Insert
D [Tank_2 ]
v | 2690,29864299601 m] Delete
General Tank properties | Reservoir properties .Watucpality Description
Level type |Fixed v
v [
HGL pattern
v
< >
I [ s oo [T Shonsdeaed () Sendsmeron

D X coordinate [m] Y coordinate [m) Reservoir Level Type Base Elevation [m]
b1 -357,401056049375 | 2690,29864299601 | constant HGL(reservor) ~ 13|
2 |Tank_1| -6909,15505560826 | 2846,09945644829 | constant HGL(reservor) ~ 11,66005

Figure 3.23 The Reservoir Properties

LEVEL TYPE
o This data determines whether the total water head of reservoir is fixed or
variable. There are two options available for the level type:

° Fixed
o Pattern

FIXED HGL

This data entry allows you to define the constant water head in case that the
tank is modelled as a reservoir with fixed water level. The water head is
defined in ft or m.

HGL PATTERN

The ID label of a time pattern used to model time variation in the tank’s (res-
ervoir's) total head. This property is useful if the reservoir represents a tie-in
to another system whose pressure varies with time.

HGL PATTERN

The ID label of a time pattern used to model time variation in the tank’s (res-
ervoir's) total head. This property is useful if the reservoir represents a tie-in
to another system whose pressure varies with time.
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Water Quality

This tab defines water quality parameters of tanks, as shown in Figure 3.24.

Identfication

X -357,401056049375 | [m) Insert
ID |Tank 2
Y 2650,29864299601 | [m) Delete
General Reservor properties | Water qualty | Description

Tank mixing
@) Complete moing
O FrstanFrst-out(FIFO) plug flow
Lastn_First-out (LIFO) phug flow

Two compar tment mixing

Chemical concentration [mg/fl] Reaction rate 0| (M)
Source percentage [%] Water age 1))
< >
| |o v A «  Cex [ Showselected [] Show dataemrors
o] X coordnate [m] Y coordinate [m] Reservor Level Type Base Elevaton [m] Zone ID Is active Ta
P11 Tank 2 -357,4901056049375 2690,29864299601  constant HGL(reservor) « 13 v org
Tank_1 | -6909,15505560826 | 2846,09945644829 | constant HGL(reservor) ~ 11,65005 v arg
< >

Figure 3.24 The water quality parameters of tanks

TANK MIXING (optional)
MIKE+ allows the user to choose between four different types of tank mixing,

completely mixed, two compartment mixing, Last In First Out (LIFO) and First
In First Out (FIFO).

The Completely mixed model assumes that all water that enters a tank is
instantaneously and completely mixed with the water already in the tank. It is
the simplest form of mixing behavior to assume, requires no extra parameters
to describe it, and seems to apply quite well to a large number of facilities that
operate in fill-and-draw fashion.

The Two-Compartment mixing model divides the available storage volume in
a tank into two compartments, both of which are assumed to be completely
mixed. The inlet/outlet pipes of the tank are assumed to be located in the first
compartment. New water that enters the tank mixes with the water in the first
compartment. If this compartment is full, then it sends its overflow to the sec-
ond compartment where it completely mixes with the water already stored
there. When water leaves the tank, it exits from the first compartment, which if
full, receives an equivalent amount of water from the second compartment to
make up the difference. The first compartment is capable of simulating short
circuiting between inflow and outflow while the second compartment can rep-
resent dead zones. The user must supply a single parameter which is the
fraction of the total tank volume devoted to the first compartment.
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The First-In-First-Out (FIFO) Plug Flow mixing model assumes that there is
no mixing of water at all during its residence time in a tank. Water parcels
move through the tank in a segregated fashion where the first parcel to enter
is also the first to leave. Physically speaking, this model is most appropriate
for baffled tanks that operate with simultaneous inflow and outflow. There are
no additional parameters needed to describe this mixing model.

The Last-In-First-Out (LIFO) Plug Flow mixing model assumes that there is
no mixing between parcels of water that enter a tank. However in contrast to
FIFO Plug Flow, the water parcels stack up one on top of another, where
water enters and leaves the tank on the bottom. Physically speaking this type
of model might apply to a tall, narrow standpipe with an inlet/outlet pipe at the
bottom and a low momentum inflow. It requires no additional parameters be
provided.

REACTION RATE (optional)

This data is locally defined reaction rate. It defines the rate at which constitu-
ent decays (or grows) by reaction as the constituent travels through the pipe
network. Please refer to section on reaction rates for further.

CHEMICAL CONCENTRATION

This data entry is used to specify the initial water quality (chemical concentra-
tion in mg/liters) at the tank. It is used when conducting chemical concentra-
tion simulation.

SOURCE PERCENTAGE

This data entry is used to specify the initial percentage of water from the
source node in percent at the tank. It is used when conducting source tracing
simulation.

WATER AGE
This data entry is used to specify the initial water age of water in hour at the
tank. It is used when conducting water age simulation.

Description

DESCRIPTION

This data entry allows you to enter a description identifying the tank node
being entered. This description can be optionally displayed on the Map win-
dow and in reports generated by the Report Generator.

DATA SOURCE (optional)

This data entry is used to specify a corresponding asset data source, which
uniquely identifies the tank node location (such as database table or a data-
base file name) in the asset management system.
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ASSET ID (optional)

This data entry is used to specify a corresponding asset tank ID, which
uniquely identifies the tank node in the asset management system (such as
GIS, for example).

STATUS (optional)

This drop down selection list data entry allows you to define whether the tank
node is imported (i.e existing node was imported from the external data
source), or is inserted, modified, GIS, calibrated or similar. By default, tank
node status is undefined.

ADD PICTURE

The <Add picture> button allows users to add photo for individual tank. Once
loaded from external source, the picture will be displayed on the right section
in Figure 3.25.

[ Tarks o x

Identification
x 0.377165642719269 [m)
© 9
¥ 36.857090940699 [m] =
[ General | ark properties | Reservol properties | Water qualty | Description

Descrgtion Reservor ]
Data source

Asset ID

Status -

| M - sewan ] cewr [ VStomssicted N TSh ; 1121005, 0 selected

[+] % [m] Y [m] Reservoir Level Type [Base Elevation [m] Is active Tank Geometry Tank geceetry!
L3 ‘*0.3’?“95642?19269 36.857090940699 | constant HGL(reservoir) = 30.00 | True drcular
10| 60.1401S53¥96136 | 34.4635919220746 | constant HGL(reservor) = 60.00 | True drcular

Figure 3.25 Tank Editor Picture

Pumps

Pumps are used to raise the hydraulic head of water. Pumps are represented
as short links of negligible length. The simulation engine will automatically
prevent flow reversal through a pump, and will issue warning messages when
a pump operates outside of its normal operating range.

Pumps are either defined interactively on the graphical Map window using the
Drawing tool (see Figure 3.26), or by manual data entry using the Pumps Edi-
tor dialog in Figure 3.27.
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Layer editing tools

$ Pumps -
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Figure 3.26 Pumps Drawing and Editing Tool

Pumps

Identification

D |WTP-PUZ

From node  |WTP-PUZ-IN

To node WTP-PU2-OUT
Pump properties Energy | Regulation Description
Type Ccsp ~ Library
paten [ |[0] Ocesed Bmsecne
Curve type Table ~
Curve WTP-PU-QH -

Figure 3.27 Pump Configuration Window

The Pumps Editor allows the user to define the pump’s ID, pump power

[»]
[»]

Insert

Delete

H [m]
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70.00
60.00
50.00
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WTP-PU-QH
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curve, status, regulation, energy consumption, description, and other attrib-
utes. The Pumps Editor dialog box is reached by double clicking Pumps in
Distribution Network under the Setup tree. (see Figure 3.28)

General settings

Map configuration
- 11 Coordinate system
Distribution netwark,
Junctions

Fipes

Tanks

Walves

Pump stations

= 1 Turbines

[#- 11 water demand
[#- 1 Tables
..... ZDneS
----- Real time contral
----- Extended rule-bazed controlz
----- Prezzure dependent demands

[#- 11 Measurement stations
[#- 1 Scenarios
[ 1 Simulation 5pecifications

Figure 3.28 Layout of Setup Tree
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Identification

Pump ID
This data entry is used to specify an ID to identify a pump link. The pump ID
acts as a unique lookup key that identifies the pump link from all links.

From node, To node

These data entries define the ID of the pump’s starting and ending nodes.
Clicking[-- ], an ID selection window pops up and allows selecting the ID from
a list. Clicking E it allows the user to graphically select the node from the
Map window and the connection of pipe will be changed simultaneously on
the map.

Pumped flow is always assumed to move from the starting node to the ending
node.

Pump Properties
This tab contains the pump operating characteristics.

Type
There are two options available to define the pump types.
e VSD: variable speed drive

e CSP: constant speed pump

For VSD pump, user can control the relative speed of each pump by pressure
or level control at node or by a flow control at a link. It can be set in “Variable
Speed” Tab, which would only be activated for VSD pumps and would be grey
otherwise.

Relative Speed

Relative Speed entry field allows the user to adjust the initial setting of the
pump at the start of the simulation. For example, entering a value of 1.2 spec-
ifies that the pump operates at 1.2 times its normal speed at the start of the
simulation.

Curve Type

There are four options available to define the pump specifications:

o Constant

e 1-point

e 3-point curve

o Table

Constant is used when the pump characteristic curve is unknown and a con-

stant power output is assumed. The data entry specifies the pump power rat-
ing, in hp or kw. The default power rating is zero.
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1-Point type is used for a standard pump curve with no extended flow range,
where the cutoff head is 133% of the design head and the maximum flow is
twice the design flow.

3-Point type can be used to describe the flow-head relationship of the pump.
The Shutoff Head is the head value at zero flow. The Design Head is the
standard operating head, in units of ft. or m, and are by default zero. The
Design Flow is corresponding flow rate, in the user-specified units, and by
default zero. The High End Head is the head at the upper end of the normal
operating flow range. The High End Flow is the corresponding flow rate. The
Maximum Flow is the flow rate for the extended flow range. All heads are in
units of ft. or m, and flows are in the user-specified units.

The Table type is used to define a Q-H Pump Curve, created by providing
either a pair of head-flow points, or four or more such points. MIKE+ creates
pump curves by connecting the points with straight line segments. The Q-H
pump curve must be created in the ‘Curve and relations’ editor.

D [ sk 1 Ty PumpQHarve “ 100
Delete 50

H[m]

Figure 3.29 Curves and Relations Settings

Is active
This check box allows the user to toggle the Active status of the pipe on and
off. The simulations will omit all pumps that are not active.

Zone ID

This is an optional name for the zone to which the pump belongs. When a
zone ID is specified, this zone will be listed in the 'Zones' editor. The '..." but-
ton can be used to select an existing zone.

Variable Speed

MIKE+ is capable of modelling VSD pumps in extended period simulations.
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Control type
Three types of control can be applied:

« Downstream node control: with this control type, the variable speed is a
simplified setting for pressure control at the downstream nodes of the
active pump

o Remote node control: with this control type, the variable speed is con-
trolled by the pressure in any of the node in the network.

o Link control: with this control type, the variable speed is controlled by the
flow in any link in the network.

Control item
In case of a node control, the control item can be either pressure or hydraulic
gradeline. In case of a link control, the control item is flow.

Control node
The selected node where the pressure controls the variable speed, when the
control type is 'Remote node control'.

Control link
The selected link where the flow controls the variable speed, when the control
type is 'Link control'.

Control pressure

Users can type the pressure value in meter or psi in this box. This setting
refers to the downstream node of the active pump to be controlled when the
control type is 'Downstream node control', or the selected node when the
control type is 'Remote node control'.

Control HGL

Users can type the hydraulic grade line value in this box. This setting refers to
the downstream node of the active pump to be controlled when the control
type is 'Downstream node control', or the selected node when the control type
is 'Remote node control'.

Control flow
Users can type the flow value in this box. This setting refers to the control link
of the active pump to be controlled when the control type is 'Link control”.

Curve

The ID of the selected 'Pump pressure setpoint', ‘Pump HGL setpoint’, or
‘Pump flow setpoint’-curve, specifying the setpoint value as a function of time.
The use of a curve is optional, and when no curve is selected the setpoint is
constant. This option is only available when using the EPANET 2.2 version.
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Identification
Insert

[»]

Fromnode 10486

ID PSBORE
To node 13707 III Delete
Pump properties | Variable speed | Energy | Regulation Description
Control type Downstream node control ~
Control item Pressure S
Control node 113582
Control pressure 75 [m]
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Figure 3.30 Variable Speed Setting

Energy

MIKE+ is capable of modelling the cost of operating pumps. Within the Pump
Energy tab, the user can define a method for cost calculation. See

Figure 3.31
Pump properties Energy | Regulation Desaription
WTP-PU-EFFIC
Component
90.00 P ————
S oo - N
7000 .
S — R 3 :
) & 50.00 -
S T U -1
£ 3000 R
w00
10004 /
0.00 I

20

40
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Figure 3.31 Energy Settings

Price

The user defines an energy price (e.g. $/kw-hour) to be used. In this method,
MIKE+ determines the energy consumed by the pump in kw-hours and multi-
plies the energy consumption by the price.

Leave blank if not applicable or if the global value supplied with the Parame-
ters in Cost Analysis will be used.

Price Pattern

The ID label of the time pattern used to describe the variation in energy price
throughout the day. Each multiplier in the pattern is applied to the pump's
Energy Price to determine a time-of-day pricing for the corresponding period.
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Leave blank if not applicable or if the global pricing pattern specified in the
project's Energy Options will be used.

Efficiency Curve

The ID label of the curve that represents the pump's wire-to-water efficiency
(in percent) as a function of flow rate. This information is used only to com-
pute energy usage. Leave blank if not applicable or if the global pump effi-
ciency supplied with the project's Energy Options will be used.

Regulation

Settings in this 'Regulation’ tab suits CSP (Constant Speed Pumps). VSD
pumps can be controlled from the 'Real-Time Control' editor. Please refer to
the corresponding chapter for more information.

Control ID
This is the main ID of the control.

Description
This field allows users to type text to highlight the Control that is going to be
set.

Settings

The settings contain three parts:
e Action

e Condition type

o Condition

A radio button is used to set an Action. A pump can be set to Open, Close or
a Value.

A radio button is used to set the Condition type, i.e. the type of condition that
will trigger the action.

o If node below/above: This rule will execute the action if the pressure level
in a specified node is above or below a specified level.

e Attime: This rule will execute the action when the specified amount of
time since simulation start has passed. When setting up a series of these
rules there will be a time series of the setting in the right window.

o At clocktime: This rule will execute the action every day at the specified
time.

The available Condition settings will depend on the selected condition type:



Pumps )

« When "If node below/above" is selected, the user must specify a node or
tank ID in the first field and the threshold pressure level in the second
field. Note that this is defined as the pressure at Elevation level for a
node, and the pressure at Base elevation for a tank.

o When "At time" is selected, the user must specify a number and a time
unit (hours/minutes) since start of simulation.

o When "At clocktime" is selected the user must specify a time of day in
hours, minutes and AM/PM.

Py Properties | Veristie spend | Energy | Reguistion | pwscrpton
Control I Corkeul 4

Daserigtion, best.0C Jeitng  Settrgvshm  Condition _Controlnode  Control kevel (] T
satirg Control 4 Cpan =

Open @ Frodebson  Controlmods
L If node sbave
ok

At tirm

At codtne

Figure 3.32 Control Settings in Regulation

Description

This data entry allows you to enter a description identifying the pump being
entered. This description can be optionally displayed on the Map window and
in reports generated by the Report Generator. See Figure 3.33

Pumps o x
Identfication
£ de |Juncton_1 Insert
o [T | = II]
Tonode  |Juncon_4 m Delete

_anhwbes]vuublem|ﬁmw [men'oewom
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Datasource |
Assetd |

Status

| | MM 11 0ws, 0 selected

] From node To node Pump type Pump curve type Curve Relatve speed Zone ID Closed Is active
[ 3} ] Pum... ] Junction_1 | Junction_4 | VSD = | Constant - r =4
<

>

Figure 3.33 Layout of Description Settings

Data Source

This data entry is used to specify a corresponding asset data source, which
uniquely identifies the pump location (such as database table or a database
file name) in the asset management system.
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Status

This drop down selection list data entry allows you to define whether the
pump is imported (i.e existing node was imported from the external data
source), or is inserted, modified, GIS, calibrated or similar. By default, pump
status is undefined.

Add Picture

The <Add picture> button allows users to add photo for individual pump.
Once loaded from external source, the picture will be displayed on the right
section in Figure 3.34

Pump Properties | Variable speed | Energy | Reguiaton = Description
Description Pump stabion West
Data source
AssetID

Status ol

Figure 3.34 Pump Picture Displayed

Asset ID

This data entry is used to specify a corresponding asset pump ID, which
uniquely identifies the junction node in the asset management system (such
as GIS, for example).

Valves control the flow or pressure of water from one junction node to
another. The functionality and setting of the valve is defined by it Valve Type
setting. Valves are represented as links of negligible length. Note that valve
pressure settings are pressures (e.g., psi or m above node elevation) and not
total head (or hydraulic gradeline elevation).

Valves are either defined interactively on the Map using the 'Drawing' tool on
the Edit tab with Valves selected as the Layer to edit, or by manual data entry
using the Valve Editor dialog box. Valves cannot be directly connected to res-
ervoir or storage tank nodes.

The Valve Editor allows you to define the valve's ID, type, status, nodal con-

nectivity, description, and other attributes. The Valve Editor dialog box is
reached by selecting Valves under Network.
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Valve Properties

vaves o x
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Figure 3.35 Valve properties Editor

<Insert> will create a new valve. <Delete> will remove the selected valve.

ID

This data entry is used to specify an ID which uniquely identifies the valve in
the database. The valve ID acts as a unique look up key that identifies this
link from all other links. A link can be a pipe, valve, pump or turbine. There-
fore, no two links may have the same ID. However, a node and a link (i.e.,
junction or reservoir) can have the same ID. The valve ID value can be any
string value (up to 40 characters).

A new valve ID is automatically suggested by MIKE+ whenever a new valve
is placed into the list by pressing «Insert» or when defining the valve graphi-
cally in the Map window.

From Node, To Node
These data entries define the ID of the valve's starting (upstream) and ending
(downstream) nodes. These IDs define the valve connectivity of the network.

Choosing "..." will display the Select Node dialog box from which the user can
select the appropriate node. Valves cannot be directly connected to reservoir
or storage tank nodes. Choosing the arrow allows the user to graphically
select the node from the Map window.

Controlled flow is always assumed from the starting (upstream) node to the
ending (downstream) node. Some valve types act as Check valves and does
not allow flow from the To Node to the From Node. If the computed flow is
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moving from the ending node to the starting node, the computed flow value
will be negative.

Valve type
This menu specifies the functionality of the valve. There are six different
options.

PRV

A Pressure Reducing Valve limits the pressure at the downstream node
to not exceed a preset value as long as the upstream node pressure is
above the PRV setting. If the upstream pressure is below the setting,
flow through the valve is unrestricted. Should the pressure at the down-
stream node exceed the pressure at the upstream node, the valve closes
to prevent reverse flow. Note that PRVs cannot be placed directly in
series. This valve requires a specified pressure (in m or ft at downstream
node elevation) as setting. Pressure reducing valves can be based on
the fixed pressure set-point or a set-point that is related to the actual
flow, i.e. flow modulated.

PSV

A Pressure Sustaining Valve attempts to maintain a minimum pressure at
the upstream node when the downstream node pressure is below the
PSV setting. If the downstream pressure is above the setting, flow
through the valve is unrestricted. Should the downstream nodal pressure
exceed the upstream nodal pressure, then the valve closes to prevent
reverse flow. Note that PSVs cannot be placed directly in series. This
valve requires a specified pressure (in m or ft at upstream node eleva-
tion) as setting.

PBV

A Pressure Breaker Valve forces a specified pressure loss to occur
across the valve. Flow can be in either direction through the valve. This
valve requires a specified loss (in m or ft) as setting.

FCV

A Flow Control Valve limits the flow through a valve to a specified
amount. The program will produce a warning message if this flow cannot
be maintained with the current head at the upstream node of the valve.
This valve requires a flow to be specified as setting.

TCV

A Throttle Control Valve is used to simulate partially closed valves by
adjusting the minor head loss coefficient of the valve. This valve type
requires a relationship between the degree to which the valve is closed
and the resulting head loss coefficient. These are created and edited
under Tables > Curves and relations. The Curve type is Valve character-
istics Cd. The curves for a few characteristic valves are available in
MIKE+ as default. Other curves can usually be obtained from the valve
manufacturer.
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An initial opening percentage or Loss coefficient must also be specified
as setting. Regulation or Rule-based control can be used to change this
percentage setting during an extended period simulation, and thereby
get another head loss coefficient from the curve.

Plug
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Figure 3.36  Example of TCV curve

GPV

A General Purpose Valve provides the capability to model devices and
situations with unique headloss - flow relationships, such as reduced
pressure backflow prevention valves, turbines, and well drawdown
behaviour. The valve requires a relationship curve between flow and
head loss. These are created and edited under Tables > Curves and
relations. The Curve type is Valve head loss.
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Figure 3.37 Example of GVC curve

Fixed status
This drop down list allows the user to toggle the OPEN and CLOSED status
of the valve. Choosing CLOSED effectively removes the valve from the net-
work system.

Diameter
This data entry defines the internal diameter of the valve, in the unit of your
choice.

Loss coefficient

This data entry defines the sum of all the minor (or local) loss coefficients for
the valve when fully opened, not including losses in TCV valve. The Loss
coefficient is unitless. Choosing "..." will display Select Minor Loss Coefficient
selection dialog box, allowing the user to select the appropriate minor loss
coefficient to use. If more that one minor loss component exists along the
valve, then the sum of the corresponding minor loss coefficients should be
entered.

Is active
This check box data entry allows the user to toggle the Active status of the
valve on and off. The simulations will omit all valves that are not active.
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Setting type

Only available for TCV Valves or PRV Valves. Two options for the valve set-
ting are available for TCV valves:

e Opening

e Loss coefficient

This option allows the user to choose to set a Opening % value for the valve,
which is converted to a Loss coefficient using the specified Curve, or to set a
Loss coefficient directly in the setting field.

Two options for the valve setting are available for PRV valves:

° Fixed
e Flow modulated

The second option allows the user to choose a pressure vs flow curve for the
valve, The pressure vs flow curve is defined in the 'Curves and relations' edi-
tor.

Setting type Flow modulated PRV

Curve PRV 65.000

Zone ID |
. | 45.0000
55.000 _— | Curve: 61.2500

Q [vs]
Figure 3.38 Defining a flow-modulated PRV valve

Setting

The valve setting. This data entry defines the pressure setting for PRVs,
PSVs, and PBVs, whose units are in psi or m. Or, this data entry defines
the flow settings (in user-defined flow units) for FCVs, or % opening or
loss coefficients for TCVs.

When defining a pressure setting, the value specified is pressure at Node ele-
vation (e.g., psi or m) and not total head (or hydraulic gradeline elevation).

Curve

The user must specify a Curve for PRV, TCV or GPV valves. [...] opens the
Curve ID selector. A curve of type Valve characteristics Cd should be speci-
fied for a TCV valve and a Valve head loss curve should be specified for a
GPV valve. Both curve types are generated from Tables > Curves and rela-
tions.
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Zone ID

This is an optional name for the zone to which the valve belongs. When a
zone ID is specified, this zone will be listed in the 'Zones' editor. The '..." but-
ton can be used to select an existing zone.

Level control

Only available for TCV valves. It allows the valve to gradually open and close
based on the water level in the inlet tank. The valve's intermediate position,
between the fully open and fully closed position, is determined using a valve
curve and the actual water level in the tank (between the level open and
close). The following settings must be specified.

o Tank ID: this is the inlet tank ID.
o Level open: this is the water level in the tank when the valve is fully open.

o Level close: this is the water level in the tank when the valve is fully
close.

Level control

Tank ID MARC | | I

Level open 2.4| [m]

Level close 2-45| [m]

Figure 3.39 Example of level control for a TCV valve
Regulation

The regulation tab allows to set simple rules for controlling each valve,
depending on the pressure level in a node or tank, time of day or time since
simulation started.

The tab has three parts. The middle contains a grid for all rules that controls
the active valve. This window also allows to add or remove control rules for
the valve.

The left window is the editor for the active control rule, currently selected in
the grid.

The right window displays a time series if there are rules based on Time con-
ditions.
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Figure 3.40 Regulation tab

Pressing “Insert” in the middle window creates a new control rule for the
selected valve. “Delete” will remove the active control rule. The properties
and settings for the active rule is displayed in the left part of the regulation
tab.

Control ID

An ID for the rule is automatically generated, but could be specified by the
user. Note that every Control ID for all pipes, pumps, valves and turbines in
the model must be unique.

Description
This field allows users to type text to describe the Control.

Setting

The settings contain three parts:

o Action

o Type of condition

o Condition

A radio button is used to set an Action. A valve can only be set to Open,
Close or a Value. The Value correspond to the Valve setting (on Valve proper-

ties tab) and changing the Value effectively means changing the setting. The
function and unit depends on the valve type of the controled valve.

A radio button is used to set Condition type to one type of condition that will
trigger the action.

e If node below/above... This rule will execute the action if the pressure
level in a specified node is above or below a specified level.

e Attime... This rule will execute the action when the specified amount of
time since simulation start has passed. When setting up a series of these
rules there will be a time series of the setting in the right window.

e Atclocktime... This rule will execute the action every day at the specified
time.
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The available Condition settings will depend on the selected condition type.

o« When “If node below/above” is selected, the user must specify a node or
tank ID in the first field and the threshold pressure level in the second
field. Note that this is defined as the pressure at Elevation level for a
node, and the pressure at Base elevation for a tank.

o When “At time” is selected, the user must specify a number and a time
unit (hours/minutes) since start of simulation.

o When “At clocktime” is selected the user must specify a time of day in
hours, minutes and AM/PM.

Description

Identification

Insert

From node |W11335 | EI
ID |Flow_reg EI

Tonode  [W8273 | [

Delete

Valve Properties | Regulation | Description

Description |F|D'N regulation Valve |

Data source |V 1 |

AssetID |G15 | Add picture
Status 3: Imported w
Street name | |

Figure 3.41

Description

This data entry allows you to enter a description for the selected valve.

Add picture
The <Add picture> button allows users to add photo for a individual valve.
Once loaded from external source, the picture will be displayed on this tab.

Data source
This data entry is used to specify a corresponding asset data source (such as
database table or a database file name), in the asset management system.

Asset ID
This data entry is used to specify a corresponding asset ID, which uniquely
identifies the valve in the asset management system (such as GIS, for exam-

ple).

Status
This drop down selection list data entry allows you to define whether the
valve is imported (i.e existing node was imported from the external data
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source), or is inserted, modified, GIS, calibrated or similar. By default, the sta-
tus is undefined.

Valves

Street name

This field is used to define the street name. This is an optional field and can
be used for better navigation through the pipe network and for reporting pur-

poses.
Attributes
Table 3.3 Valve attributes
Field Database Description Mandatory? | Default
name value

ID MUID Identifier, mustbe | Yes Labels are
unique for all link generated
types including in sequen-
valves etc tial order

From node | FromNo- The from node of Yes

delD the valve, defining

the start

To node ToNodelD The to node of the | Yes
valve, defining the
end

Valve type | TypeNo The type of valve. | Yes PSV

Fixed sta- StatusNo Open/ close set- None

tus ting

Diameter Diameter Inside diameter of | Yes 50 mm
valve

Loss coeffi- | LossCoeff The sum of all No

cient minor losses
within the valve.

Is active Set the valve Yes TRUE
active/inactive

Setting SettingNo Setting type for For TCV Loss Coef-

type TCV valve ficient

Curve HLCurvelD | The Curve ID for For TCV or
TCV or GPV. GPV

Setting Setting Valve setting. The | For PSV,
unit and interpreta-| PRV, PBV,
tion depends on FCV, and
valve type. TCV

Description | Description | Descriptive text No

Data Data- Text field for data No

source Source source.
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Table 3.3 Valve attributes

Field Database Description Mandatory? | Default
name value
Asset ID Asset Text field to iden- No
tify the valve to the

corresponding
valve in the asset
management sys-

tem.
Street Street- Text field to define | No
name Name street name.

Pump Stations

The Pump Stations editor allows to group pumps into pump stations. The pur-
pose is to report pump energy costs per station, in the Cost Analysis.

A pump station is represented by a polygon on the map, and simply contains
a list of pumps (defined in the 'Pumps' editor). New pump stations should
preferably be added from the map, using the drawing tools to draw a polygon
encapsulating the various pumps to be included in the station.

v ' \

it |>ﬁ|l R
A\

SWEET_WATER_TOWS '

Figure 3.42 A pump station polygon grouping several pumps together

Once the pump station has been inserted, all pumps to be included in this sta-
tion need to be added using the 'Insert' button. They can be removed using
the 'Delete’ button.
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o x
Identification
Insert
ID PumpStation_1
Delete
Pumps | Description
Pump ID Description
WIP-PUZ WTP in service pump
WITP-PUL WTP in service pump
D ~ | ALL o Clear |_| Show selected || Show data errors

jin] ¥ coordinate [m] ¥ coordinate [m] Geom area [ha] Description Mote
b1 PumpStation_1| -87192.914399371| 147533.860357193 0.0004

Figure 3.43 Listing the pumps belonging to a pump station

From the 'Description’ tab, it is possible to add optional text descriptions of
the station, and attach a picture of the station.

When running a 'Cost analysis' special analysis, its report will contain a sum-
mary per pump station. Note that, in this report, the Efficiency and the
Energy/volume for the pump station are computed using only the pumps
which are actually used during the simulation (i.e. with a utilization higher
than 0% of the time).

3.7 Turbines

A turbine is a type of rotating equipment designed to remove energy from a
fluid. For a given flow rate, turbines remove a specific amount of the fluid’s
energy head. Each turbine is mechanically coupled with a generator that con-
verts rotational energy to electrical energy. Each generator’s output terminal
transmits electricity to the distribution grid.

Turbines are either defined interactively on the graphical Map window using
the Add Turbine tool (see Figure 3.44), or by manual data entry using the Tur-
bine Editor dialog box as shown in Figure 3.46

The Turbine Editor allows you to define the turbine ID, location, properties,
energy generated, regulation and description. The Turbine Editor dialog box
is reached by clicking Turbines in Network under Setup tree (see

Figure 3.45).
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Figure 3.44  The Turbine Editing Tool

Setup

o

General settings
Map configuration
Metwark.

1 Junctions

1 Pipes

o Tanks

1 Pumps

0 Walves

1 Pump stations

“water demand
1 Demand allocations
1 Multiple demands

Network Elements

""" 1 Statistics and redistibution
[#- 1 Tables
""" 0 Zones
Real time contral
Extended rule-bazed controlz
Prezzure dependent demands
Measurement stations
- 11 Calibration
1 Stations
- [ Scenarios

-1 Base
Simulation Specifications
1 Hydrodynamic simulation

Figure 3.45 The Turbine editor in Setup Tree

Turbines o x
Identification
Fromnods 10 =]
urbine_3
T Toie ¢ o] Cosm)
JTurm perties | Energy [ dstion | Description
Diameter 50.00 [rmm]

Headloss curve E]
Zone 1D )

[ Closed [ Is active

H{[ml]

Q

4

11 rows, 0 selected

Zone ID

Is active Energy pricd
True 2

Figure 3.46 The Turbine editor allows the user to define the storage tank node that
supply water to the water distribution network
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A list of the Turbine editor data entries for Figure 3.45 follows, with a short
description given for each entry.

Identification

Turbine ID (mandatory)

This data entry is used to specify an ID which uniquely identifies the turbine
link. The turbine ID acts as a unique lookup key that identifies the link from all
other links. A link can be a pipe, turbine, valve or turbine. Therefore, no two
links may have the same ID. The check would be instant, when the user
types an ID already used, there will be a hint beside the field and the user
would not be able to type anything else (see Figure 1.4).

However, a link and a node (i.e., junction, reservoir, or tank) can have the
same ID. The link ID value can be any string value (up to 40 characters).

A new turbine ID is automatically suggested by MIKE+ whenever a new tur-
bine is placed into the list by pressing «Insert». When defining the turbine
graphically on the Map window using the Add Turbine tool, the turbine ID is
automatically defined.

Identification | |
[ Insert
D Turbine_t o Fromode J[n]
s Tonode = ] 'II Delete

Turbine Prof . Description

There is a hint when the |
piamety 1D is already exists. |]

Headloss corve == ]

Zone ID [ ]

[T Closed [ 15 active T
z
G vsh
[NI. v] |Search ][ Clear ] | Show selected | | Show data errors
jis) From node To node Diameter [mm] Headloss curve Relative speed Zone ID Is active Energy pric
» %0.00 e
Turbine_1 10 & 50.00 True
P " »

Figure 3.47 Hint when a turbine ID is repeated.

FROM NODE, TO NODE (mandatory)

These data entries define the ID of the turbine’s starting (upstream) and end-
ing (downstream) nodes. These IDs define the turbine connectivity of the net-
work.

Clicking B, ID selector window pops up and the pull-down selection list
allows to specify what type of node is connected to the pump. The type selec-
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tion is either Junction or Tank. Then the user can choose the appropriate
node on the list below. Clicking E, it allows the user to graphically select the
node from the Map window and the connection of pipe will be changed simul-
taneously on the map.

Turbine flow is always assumed to move from the starting (upstream) node to
the ending (downstream) node.

Turbine Properties

It contains input fields for Turbine Properties, Energy Generated, Regulation
and Description. Detailed information of each section is shown below.

Turbine properties
This tab gives basic information of turbines, as shown in Figure 3.48.

Identification

From node 10 ]'II [ mnset |

10 Turbine_1 r
Ta node & Lo ] 'II Delete

Turbine Properties | Energy Generste I Regulstion | Description

Diarneter 50.00 [mm]
Headloss curve [ ]
Zone ID [
[T Closed [ 15 active =
z
Q Vs
[NI. v] | Search ][ Clear ] | Showselected | | Show data errors
jis) From node To node Diameter [mm] Headloss curve Relative speed Zone ID Is active Energy pric
- RO g

‘ mn

Figure 3.48 The General Information Turbine

Diameter
This data entry allows you to define the Turbine size.

Headloss Curve

A Headloss Curve is used to describe the headloss (Y in feet or meters)
through a turbine as a function of flow rate (X in flow units). Clicking [... ],
headloss curve list pops up and it allows users to specify the headloss curve.
The headloss curve would be plotted on the right after it defines.

Zone ID

This is an optional name for the zone to which the turbine belongs. When a
zone ID is specified, this zone will be listed in the 'Zones' editor. The '...'
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button can be used to select an existing zone.

Is active
It defines whether the turbine is active or not. If the turbine is active, it will be
included in the simulations, otherwise it will be omitted.

Energy Generate

This tab defines the parameters for calculating how much energy or money
each turbine can generate from the generator, as shown in Figure 3.49

Turbines g x
Identification
Fromnode 10 II] [ Insert
10 Turbine_1 —
Tonode 6 Delete
Turbine Properties | Energy Generate | Regulation | Deseription
Price
Price pattern l ]
Efficiency curve G5 —_
&£
3
g
=
T}
Q)
m || search || clear || |Showselected | | Show data errors
n] From node To node Diarneter [mim] Headlass curve Relative speed Zone ID Is active Energy prig
< T T

Figure 3.49 The Energy Generated of Turbines

Price

The user defines an energy price ($/kw-hour) to be used. In this method,
MIKE+ determines the energy generated by the turbine in kw-hours and mul-
tiplies the energy production by the price.

Leave blank if not applicable or if the global value supplied with the Parame-
ters in Cost Analysis will be used.

Price Pattern

It allows engineers to specify a multi-step tariff to describe the variation in
energy price throughout the day. The multi-step tariff is stored as a pattern,
each multiplier in the pattern is applied to the pump's Energy Price to deter-
mine a time-of-day pricing for the corresponding period.

Leave blank if not applicable or if the global pricing pattern specified in the
project's Energy Options will be used.
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Efficiency Curve

It allows engineers to specify a curve that used for turbine efficiency (n) as a
function of flow rate (Q). This curve is used to calculate the electrical energy
that turbine can extract from the water flows. The function is stated below:

P=npQgh
Where:
P is power in watts
n is the dimensionless efficiency of the turbine
p is the density of the water in kilograms per cubic metre
Q is the flow in cubic metres per second
g is the acceleration due to gravity in meters per square second
h is the height difference between inlet and outlet in meters

The curve is created in curves and relations tableﬁee Curve and Relations
section), and it could be edited through a button

Regulation

This tab defines the regulation of turbine to control their operation. Turbines
may change their state as storage tanks fill and empty, or pressure change
throughout the network system. There are only two states of a turbine: open
or close (see Figure 3.50).

For each turbine, it can create a control table to add or delete the regulation
statements. The regulations would be shown in a graph next to the table.
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"‘:“::“ - From nods 10 EEI
h Toneds & [Z]El
|| Turtis Properties | Energy Generate | Reguistion | Deserption |
Control [0 Control_1 8 [T 11 rows, Oselected

Description
Satting

Contrel node Cortrol level

@ Open B IF node belkow

11 rows, O selected

 Effidency curve

Tonode  Desmeter [mm] Isactive  Energyprice  Energy price pattem
% 50.00 True -

Figure 3.50 The Regulation of Turbines

A list of the data entries for Regulations follows:

Control ID
The ID of the control.

Description
An optional description of the control.

Setting

The settings contain three parts:
e Action

e Condition type

e Condition

A radio button is used to set an Action. A turbine can only be set to Open or
Close.

A radio button is used to set the Condition type, i.e. the type of condition that
will trigger the action.

o Ifnode below/above: This rule will execute the action if the pressure level
in a specified node is above or below a specified level.

e Attime: This rule will execute the action when the specified amount of
time since simulation start has passed. When setting up a series of these
rules there will be a time series of the setting in the right window.

e At clocktime: This rule will execute the action every day at the specified
time.
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The available Condition settings will depend on the selected condition type:

o« When "If node below/above" is selected, the user must specify a node or
tank ID in the first field and the threshold pressure level in the second
field. Note that this is defined as the pressure at Elevation level for a
node, and the pressure at Base elevation for a tank.

o When "At time" is selected, the user must specify a number and a time
unit (hours/minutes) since start of simulation.

e When "At clocktime" is selected the user must specify a time of day in
hours, minutes and AM/PM.

Description (optional)

This data entry allows you to enter a description identifying the control rule
being defined. This description can be optionally included in reports gener-
ated in MIKE+ .

Setting (mandatory)

This radio button selection entry is used to specify the OPEN or CLOSED sta-
tus of the turbine being controlled. There are four types of control condition
that applies the operational rule onto the turbine being controlled.

If the user selects either IF NODE BELOW or IF NODE ABOVE, then a Con-
trol Node ID and a Control Level must be specified. Choosing L wil display
the Select Node selection dialog box from which the user can select the
appropriate node type and ID. Or, choosing [ %] allows the user to graphically
select the node from the Map window. Note that reservoirs are not allowed to
be selected as a Control Node type.

If a junction node is selected as the controlling node, then a trigger pressure
at the junction node must be specified in the Control Level data entry. If a
storage tank node is selected as the controlling node, then a trigger level (not
elevation) must be specified in the Control Level data entry.

If the user selects AT TIME, then a trigger time (since the start of the simula-
tion) must be specified in the adjacent data entry field and a time unit
selected from the pull-down selection list.

AT CLOCK TIME allows you to specify a trigger time, which periodically
repeats each day, such as at 10.00 a.m., for example.

Description

This data entry allows you to enter a description identifying the turbines being
entered. This description can be optionally displayed on the Map window and
in reports generated by the Report Generator.



Air-chambers

)

Data Source (optional)

This data entry is used to specify a corresponding asset data source, which
uniquely identifies the turbine location (such as database table or a database
file name) in the asset management system.

Asset ID (optional)

This data entry is used to specify a corresponding asset turbine ID, which
uniquely identifies the turbine in the asset management system (such as GIS,
for example).

Status (optional)

This drop down selection list data entry allows you to define whether the tur-
bine is imported (i.e existing link was imported from the external data source),
or is inserted, modified, GIS, calibrated or similar. By default, turbine status is
undefined.

Add Picture

The <Add picture> button allows users to add photo for individual item. Once
loaded from external source, the picture will be displayed on the right section
in Figure 3.51.

Turbines o x
Tdentification
From node 10
Tonode &

10 Turbine_t|

[ Turbine Propertes | Energy Generate | Regusbon | Descrition |

Description
Data source

Asset ID

True

Figure 3.51 The Description of Turbines

3.8 Air-chambers

Air-chamber nodes are placed at points in the water distribution model where
an air-chamber tank is located. Please note that air-chambers are used in
surge protection and that they are part of the water hammer module in Spe-
cial analyses. They have no hydraulic function during the EPANET-based
simulations and they are treated as dead-end nodes. Air-chambers are
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described by their volume and the initial water level that defines the ratio
between the water and pressurized air. Air-chamber nodes are either defined
interactively on the graphical Map window using the Add Air-chamber tool

(see Figure 3.52), or by manual data entry using the Air-chambers editor as
shown in Figure 3.54.

Layer editing tools - X

e Air-chambers = D, ra m 'Yl Qe 2 oo ea

Figure 3.52 The Air-chambers editing tools

Setup o x
o General settings
+- 1 Map configuration

Pump stations
Turbines

Air-chambers
[#- 1 Water demand
[#- 1 Tables
..... ches
----- Real time control
----- Extended rule-based controls

----- Pressure dependent demands
[#- 1 Calibrations

- [ Scenarios
[+ o Simulation specifications

Figure 3.53 The Air-chambers editor is accessed from the Setup tree

Air-chambers o x
Identification
x i
»
Y 146663, 238800766 | [m]
General ‘ Air-chamber properties I Description ‘
Library ~
E—]
Is active
I]D v IALL VI Clear [ [ 1/1rows, 0 selected
jin] X [m] Y [m] Base elevation [m] Zone ID Is active Polytropical expansion Tank Geometry
» 1 |AirChamber_1 | -89897.6139007417 | 146663, 238800755 350 [ 1.2 | drcular -

Figure 3.54 The Air-chambers editor allows the user to define the air-chamber
nodes that supply water to the distribution network
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properties, and description.

A

The Air-chambers editor contains input fields for geometry, air-chamber's

A list of the Air-chambers editor data entries follows, with a short description

given for each entry.

Identification

ID (mandatory)

This is used to specify an ID which uniquely identifies the air-chamber node.
The air-chamber ID acts as a unique lookup key that identifies the node from
all other nodes. A node can be a junction, reservoir, tank, or air-chamber.
Therefore, two nodes cannot have the same ID. The ID can be any text up to

40 characters.

A new air-chamber ID is automatically suggested by MIKE+ whenever a new

air-chamber node is created.

X and Y coordinates

The X and Y data entries are used to define the physical (map) location of the
Air-chamber node. Their unit is controlled by the unit system used in the pro-

ject.

General

This tab gives general information of air-chambers as shown in Figure 3.55.

Identification

X -89897.6189007417 | [m] Insert
>
‘ o

General | Air-chamber properties | Description

Delete

Library

Is active

Polytropical expansion

o} ~ ALl ~ 0 Clear [ show selected  [] Show data errors

s} X [m] Y [m] Base elevation [m] Zone ID Is active
» 1 |AirChamber_1 | -33397.6133007417 | 146663, 233300766 350 [

Figure 3.55 The General tab of the Air-chambers editor

Base elevation (mandatory)

Paolytropical expansion Tank Geometry

1.2 | circular

Base elevation defines the distance from bottom of the air-chamber above

datum elevation.
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Zone ID (optional)

This is an optional name for the zone to which the air-chamber belongs.
When a zone ID is specified, this zone will be listed in the 'Zones' editor. The
'..." button can be used to select an existing zone.

Is active

This check box controls whether the air-chamber will be included (when
ticked) or omitted (when unticked) in the simulations. The air-chamber is
automatically omitted as soon as all connected links are also set to inactive.

Polytropic expansion (mandatory)

Polytropic expansion is the exponent in the polytropic gas equation (value 1.0
for an isothermal expansion, value 1.4 for adiabatic expansion) with the
default value of 1.2.

Air-chamber Properties

Identification

X -39263, 4281385557 | [m] Insert
0
Y 146612.617823771 | [m] e

General | Air-chamber properties | Description

Levels | & Minimurn

Geometry dreular ~

Demeter Q

Base Elevation
Inactive
Yolume
Datum Elevation =0

Elevations

i) ~ AL ~ N Clear [] show selected [ ] Show data errors

his] X [m] ¥ [m] Base elevation [m] Zone ID Is active Polytropical expansion Tank Geometry

1 AirChamber_1 | -89263.4281385557 | 146612.617823771 27 [ 1.2 | dreular -

Figure 3.56  Figure 3.21 The Air-chamber properties tab

Geometry (mandatory)

This drop-down selection list selects the type of air-chamber being defined:
° Table

e Rectangular

e Circular

For different types of air-chambers, the required geometry data is different.
By default, a circular air-chamber is defined. The "Table' option is used for air-
chambers whose cross-sectional area varies with height.

Diameter (mandatory)
The diameter of the air-chamber, when the geometry type is set to circular.
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Length and width (mandatory)
The size of the air-chamber, when the geometry type is set to rectangular.

Geometry ID(mandatory)

When the geometry type is set to 'Table', the geometry ID holds the ID of a
table containing the elevation-volume relationship. This table has to be
defined in the 'Curves and relations' editor, with table type 'Tank depth-vol-
ume'. This relationship determines how the air-chamber's volume varies as a
function of water level. The lower and upper water levels supplied in the table
must contain the lower and upper levels between which the air-chamber
operates.

Minimum level (mandatory)

This defines the minimum level (or depth), that the water can drop to within
the air-chamber. The corresponding elevation is equal to the base elevation
plus the minimum level.

Initial level (mandatory)

This defines the initial water surface level (or depth), that is used at the start
of the simulation. The corresponding elevation is equal to the base elevation
plus the initial level.

Maximum level (mandatory)

This defines the maximum level (or depth), that the water can rise to within
the air-chamber. The corresponding elevation is equal to the base elevation
plus the maximum level.

Description

Description (optional)

This allows providing a description of the air-chamber node. This description
can be optionally displayed on the Map window and in reports generated by
the Report tool.

Data source (optional)

This is used to specify a corresponding asset data source, which uniquely
identifies the air-chamber location (such as database table or a database file
name) in the asset management system.

Asset ID (optional)

This is used to specify a corresponding asset air-chamber ID, which uniquely
identifies the air-chamber node in the asset management system (such as
GIS, for example).

Status (optional)

This drop-down selection list allows you to define whether the air-chamber
node is imported (i.e existing node was imported from the external data
source), or is inserted, modified, GIS, calibrated or similar.
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Add picture

The 'Add picture' button allows to add a photo of the air-chamber. Once
loaded from external source, the picture will be displayed on the right section
of the editor.

~chambers o x
Identfication :
X -§9263AZEI3EGSST [m) | Imsert
D AirChamber_1 :
Y 146612 617823771 | [m] Dekete
: General | Ar-chamber properties Description ._
Description
Diata source:
Asset D Add picture
Status
Note
o) B A = (] 1/1 rows, 0 selected
» X [m] Yim  Base elevation [m] Zone ID 1s active Polytropical expansion Tank Geometry
b1 |AiChamber_1 -59263.4281335557 | 146612.617823771 27 L 1.2 | drcular

Figure 3.57 The Description tab of the Air-chambers editor

Note: Air-chambers are used in water hammer analyses. Refer to chapter "16
Water Hammer (p. 187)" for more information.
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4 Water Demand

41 Network Demand

A

Network demand for water is assigned at junction nodes, on a node by node
basis. To help develop a model, MIKE+ allows the user to automatically
define the nodal demand at all of the nodes within a model, or within a pres-
sure zone, based upon the total demand on the system or pressure zone.
This section discusses how MIKE+ can automatically distribute this demand

to the network system.

Typically in large network systems, the pipe network is broken up into differ-
ent pressure zones (or distribution zones). Since pressure is related to
ground elevation, a network system covering hilly or mountainous terrain will
have more pressure zones than one covering fairly flat terrain. The section

also discusses how MIKE+ defines pressure zones.

411 Zones

This editor can be used to define any type of zone. For example, pressure
zones are service areas defined by the hydraulic grade-line value of the
sources that supply them. A pressure zone has one or more sources of sup-
ply and may have a set of closed valves that separate it from other pressure

Zones.

Identification

jin} Pressure_FZA

Zone definition | Water balance
Zone definition

Definition type  Network
DMA zone

Population

Demand

Description

[person] Required pressure

[m~3/h] Leakage estimate

Figure 4.1 The Zones editor

Identification ID

This is the unique identifier of the zone.
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If this ID is changed for a zone with a 'Network' definition type, then the Zone
ID is also updated in the properties of all the network elements contained in
this zone.

Insert
Pressing this button adds a new zone to the list.

Delete
Pressing this button removes the active zone from the list.

Deleting a zone with a 'Network' definition type will also clear the Zone ID
specified for the network elements contained in this zone.

Zone definition

Definition type
The spatial extent of zones can be defined in two different ways:

e 'Selection: with this option, the network elements (pipes, junctions, etc.)
contained in the zone are listed in a selection. A given network element
can belong to several zones defined by selections.

o 'Network': with this option, the network elements defining the zone are
identified by the Zone ID specified in their corresponding editors. For
example, a pipe is included in a specific zone only if this Zone ID is spec-
ified in the pipe editor. A given network element can belong to only one
zone defined by network properties. Network zones are synchronized
with the network editors: when a new zone ID is specified for a network
element, it will be listed in the list of zones; and when a zone ID is
removed from all network elements, it will be removed from the list of
zones.

It is recommended to use automatic 'Network' type of zone for "permanent”
use in the hydraulic model, when building the model or importing GIS data.
'Selection’ type of zone is suitable for testing or ad-hoc purposes when per-
forming tests.

Zone type

This is only used for zones defined by a selection. The zone type is used to
identify the distributing demand by the kind of zone established. There are
five types predefined in MIKE+: DMA zone, pressure zone, demand zone,
region zone, ward and other.

Selection ID

This is only used for zones defined by a selection. This data entry is used to
load a previously defined selections of Network elements such as nodes and
pipes for which the demand zone will be delimited.

The user can create these selection lists with the selection tools.
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Demand

This data entry is used to specify the zone demand, which can be used for
automatic demand distribution. To distribute the zone demand to junction
nodes located within the zone, use Demand Allocation editor.

Population

This data entry is used to specify the population per zone. It is mostly used as
reference data when the user define zone demands but it has no impact on
the calculated demands per zone.

Required pressure

This field is used for the network energy calculations, presented in the log file
and report from cost analyses. It is the required service pressure that is con-
sidered to be optimum for the pressure conditions within the zone.

This field is used to evaluate the zone energy efficiency.

Leakage estimate

This field is used for the network energy calculations, presented in the log file
and report from cost analyses. It is the percentage of water consumption that
refers to the leakage within the zone.

This field is used to determine energy lost due to leakages.

Description

This data entry allows you to enter a description identifying the pressure zone
being defined. This description can be output in reports generated by the
Report tool.

Water balance

The 'Water balance' tab can optionally be used to associate the zone with
flow measurement stations, which can then be used to analyse the water
consumption within the zone. The selected measurement stations should typ-
ically be located on the borders of the zone, in order to monitor the flow enter-
ing or leaving the zone. It can typically be used to:

o Estimate the volume consumed in the zone, as reported in this "Water
balance' tab.

o Estimate and assign the 'Demand' and 'Leakage estimate' values from
the 'Zone definition' tab. This is achieved with the 'Compute zone
demand and leakage tool'.

o Create patterns of the water demand in the zone. This is achieved with
the 'Create time patterns tool'.

Time range for water balance

This controls the time period used for all water balance computations, includ-
ing for the use of the 'Compute zone demand and leakage' and 'Create time
patterns' tools.



Per default, the longest period covered by all flow measurements included in
the zone, is used. This default period is shown at the top of the 'Time range
for water balance' group. It is updated when flow measurements are added or
removed from the zone.

Alternatively, it is possible to restrict the period of analysis to a shorter period.
To do so, activate the 'Use custom time range' option and specify the custom
start and end dates to be used.

Flow measurements
The flow measurement stations associated to the zone must be selected in
this table.

Note that measurement stations are selected from the list of calibrations com-
parisons, defined in the 'Plots and statistics' editor. It is therefore a pre-requi-
site to select the measured time series in the 'Plots and statistics' editor
(although no result file is needed) prior to selecting them for the zone water
balance.

Click the 'Insert' button to select a measurement station to add to the zone,
from the 'Plots and statistics' list. Click the 'Delete’ button to remove it from
the list.

For flow measurement station, the table provides the following information
and control:

o Plot ID: the ID of the plot, as specified in the 'Plots and statistics' editor.

e Unit: the unit of measured flow time series, as specified in the 'Plots and
statistics' editor.

o Positive flow: this indicates whether the positive values in the time series
represent water flowing into the zone or leaving out of the zone. Time
series marked as "Into zone" are added to the water balance, while time
series marked as "Out of zone" are subtracted from the water balance.

e Volume: this column shows the computed accumulated volume from the
time series. The period used to compute this accumulated volume is the
one specified in the 'Time range for water balance' group.

Note that two types of flow measurement data can be selected in the 'Plots
and statistics' editor:

o Measured discharge / flow time series, providing instantaneous values in
flow units (e.g. I/s or gal/min).

e« Measured volume time series, providing values of volume per time step,
in volume units (e.g. liter or gallon).

Volume balance
The 'Volume balance' value shown above the table is the estimated volume
consumed in the zone, during the period of the analysis.
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It is computed as the sum of all volumes from measurement stations flowing
into the zone, minus the sum of all volumes from measurement stations flow-
ing out of the zone.

4.1.2 Demand allocation

An alternative way to generate junction node demands can be developed
based on connecting the consumption data to the appropriate nodes or pipes
and aggregating their set point demand values to the junction demands. This
simplifies the demand development process and allows to import consump-
tion data from the consumption database systems and connect it to junctions
based on X, Y geographical coordinates.

The Demand Allocations editor is reached from the TOC under the Water
demand layer group. It is used to store and edit the consumption data defined
as consumption points, so that they can be connected to the appropriate net-
work junctions or pipes.

Identification

X -89361.5267821265 [m]  Alocation type  Junction ~ Insert Connection

D 145865
¥ 145965.026915824 [m] Connection 1D 11196 II' Delete Aggregation
Consumers

Estate height 4.5 [m] Demand 1.1 [js]

Demand category Elevation 112.4 ]

Demand pattern  P-RES " Address

AssetName 145855 Onner

Description

Figure 4.2 Demand Allocations editor

A list of the Demand Allocations parameters follows, with a short description
of each entry.

ID

This data entry is used to specify an ID which uniquely identifies the demand
point. The ID acts as a unique lookup key that identifies the demand point
from all other demand points. The ID value can be any string value (up to 40
characters).It is recommended that this reference ID corresponds to the asset
ID, which uniquely identifies the demand point in the customer information or
billing database system.

XY coordinates
The geographical coordinates of the demand point.
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Allocation type
This is used to specify if the connected demand is loaded to either a junction
or a pipe.

Connection ID
The ID of the junction or pipe to which the demand is connected.

Demand

This data entry is used to specify the demand value, which will be then used
in the process of the demand aggregation. This demand set point value can
be imported from the external database systems (such as CIS Customer
Information System, for example) or it can be developed from the minimum,
average, or maximum demand values.

Elevation

This data entry defines the elevation above a common datum for the demand
allocation point, in units of feet or meters. The default value is zero.

Estimated height

The estimated heigh is used for the computation of service pressure. The
purpose of this field is to store the information used for service pressure cal-
culation. The service pressure is commonly defined as pressure above the
roof of the house or building. Hence service pressure will allow the user to
store the information about such height. (In the results items this pressure will
be computed as “Pressure” - “Service height”).

Description

This data entry allows you to enter a description identifying the consumption
point defined. This description can be output in reports generated by the
Report tool

Demand Category

This data entry is used to specify the demand category such as residential,
commercial, or leakage, for example. The demand category can be then
used in the process of demand aggregation when demands belonging to the
same junction node or a pipe are aggregated based on their demand cate-

gory.

Address

This data entry alllows you to enter an address identifying the consumption
point being defined. This field can be output in the reports generated by the
Report tool

Demand Pattern

This data entry allows you to define the ID of the demand pattern to be
applied to the junction node demand values during an extended period simu-
lation.
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This demand pattern will be applied to the defined baseline demand. If a
groundwater well is associated with this node, then a demand pattern should
not be assigned—otherwise the groundwater extraction rate will be adjusted
according to the assigned demand pattern. By default this data entry is blank
and default demand pattern ID of 1 is assigned.

Asset name

The optional name which uniquely identifies the demand point in the cus-
tomer information or billing database system.

Owner

This data entry allows you to enter an owner name identifying the consump-
tion point being defined. This field can be output in reports generated by the
report tool.

Connection button

This button opens the Connection Tool, which allows to connect customer
demands to model junctions.

Aggregation button

This button opens the Aggregation tool , which allows to develop total junc-
tion demands based on demand connections.

4.1.3 Multiple demand

Junction node demands can be edited either in the junctions editor for each
particular node or in the Multiple demand editor, which allows the user to dis-
play and edit all multiple demands. The Multiple Demand Editor dialog is
opened from Water Demand | Multiple Demands in the Setup tree.

Junction ID (mandatory)
The Junction ID identifies the selected Junctions which multiple demands are
assigned to.

Demand (mandatory)

The demand field shows all the values that are assigned to junctions with
multiple demands. The demand values must be manually entered in the
demand field.

Description (optional)

This data entry allows you to enter a description identifying the multiple
demand being defined. This description can be output in reports generated by
the reporting tool.

Demand Category (optional)
Pattern category is not editable but is automatically displayed based on the
category defined in the pattern Editor for the particular Pattern ID. It is possi-
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ble to import and export multiple demands from the ASCII text files, which
allows easy data exchange with other programs.

Demand Pattern (optional)

This data entry allows you to define the ID of the demand pattern to be
applied to the junction node demand values during an extended period simu-
lation.

This demand pattern will be applied to the defined baseline demand. If a
groundwater well is associated with this node, then a demand pattern should
not be assigned—otherwise the groundwater extraction rate will be adjusted
according to the assigned demand pattern. By default this data entry is blank
and default demand pattern ID of 1 is assigned.

Is active

This check box allows the user to toggle the Active status of the demand on
and off. The simulations will omit all demands that are not active. Demands
which are not active are also omitted in the ‘Statistics and redistribution’ table.

4.1.4 Statistics and redistribution

86

MIKE+ can generate statistical information for junction node demands.
Demand statistics can be computed for each pressure zone as well as for the
complete network. Additionally, this editor allows the user to redistribute node
demands by changing the calculated statistical results.

Slatistics perud

Tyoe a [,

Typeh 2one 10 Category 2one type mnDemand [Ifs] maxdemand [iis] awgDemand [ljg] Sumiemand ] PiewavgDemand [fs] MewsumDemand [T

Figure 4.3 Statistics and Distribution

When the average demand for the 'Total zones' and the 'Entire network' are
different, the corresponding values will be highlighted in the table. This can
indicate that some parts of the network are included in multiple zones, or that
some are not included in any zone. Users should investigate the cause of this
difference, and check if the result is acceptable or not. Having parts of the
network included in multiple zones may e.g. be a problem while redistributing
the demand.

A list of the Statistics information for the above figure follows, with a brief
description given for each item.
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Show

This list located above the table controls whether the table show data for
zones with a 'Network' definition type only, for zones with a 'Selection' defini-
tion type only, or for the entire network.

Type
The 'Type' list above the table controls the type of data shown in the table:

« When showing network zones, the type controls whether the table pro-
cesses links (i.e. pipes, pumps, valves and turbines) or nodes (junctions,
tanks and air-chambers)

« When showing selection-based zones, the type controls the type of zone
(DMA zone, pressure zone, demand zone, region zone, ward, other).

Statistics period

Statistics shown in the table are computed for the settings (especially Start
and End times) defined in the active simulation, in the 'Simulation setup' edi-
tor. These simulations settings are shown in the 'Statistics period' group, for
clarity.

TypeN

This column in the table is used to distinguish between data (demand statis-
tics for the selected category), zone (demand statistics for pressure zone),
and network (demand statistics for the whole network).

Zone
Zone ID identifies the zone for which the demand statistics is generated.

Category
This data entry identifies the category within the current pressure zone for
which the demand statistics is generated.

Minimum Demand

This data entry represents the minimum demand per category per zone. The
minimum demand is calculated as minimum demand at junction nodes at
specific time level.

Maximum Demand
This data entry represents the maximum demand per category per zone. The
maximum demand is calculated as maximum demand at junction nodes

Average Demand

This data entry represents the average demand per category per zone. The
average demand is calculated as average demand at junction nodes during
the entire simulation.
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Sum Demand

This data entry represents the total demand per category per zone. The total
demand is calculated as total demand at junction nodes during the entire sim-
ulation period.

New Average Demand

This data entry allows the user to specify the new total demand for selected
category, zone or a network. All corresponding junction node demands will
automatically be adjusted (scaled) in order to fit the new total demand value.

New Sum Demand

This data entry allows the user to specify the new total demand for selected
category, zone, or a network. All corresponding junction node demands will
automatically be adjusted (scaled) in order to fit the new total demand value.

Refresh
Select Refresh to re-generate the demand statistics.

Redistribute

Select Redistribute to redistribute node demands based on the new values of
Average or Total demand (zone or network). This powerful feature provides
the user with the option of specifying the new zone or a network demand from
within the Demand Statistics window and redistribute the node demand
accordingly. The process of the demand distribution is based on using the
existing node demands as coefficients - weights to calculate the new demand
values.

4.1.5 Compute zone demand and leakage tool

88

When flow measurement stations are associated with a network zone, in the
'Water balance' tab from the 'Zones' editor, the 'Compute zone demand and
leakage' tool can estimate the water demand and/or leakage within the zone.
The computed values are then updated in the 'Zones' editor.
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7ones

Identification

jin} Zone_2

Insert

Delete

Zone definition | Water balance

Zone definition

Definition type  Network e
Zone type DMA zone n ID
Population [person]  Required pressure [m]
[Demand 1.092 [ifs] Leakage estimate 0.51 [ifs] ]
Description
Figure 4.4  Zone demand and leakage values which can be computed with the

'Compute zone demand and leakage' tool

This tool is accessed from the "WD toolbox' group in the 'WD network' tab of
the ribbon, from the list of demand tools.

Note that the tool cannot work with zones defined with a 'Selection’ definition

type.
Compute zone demand and leakage from water balance o x
Settings Zone demand
(O Keep unchanged
Input selection
(O Update demand
Reporting © Update demand minus leakage
Zone leakage
(O Keep unchanged
(O Update with user-defined leakage
Leakage 0 [fs]
© Update with percentage of average zone demand
Percentage 75 [%]
@ Limit daily period for evaluating zone demand
From time 01:00:00 S
To time 04:00:00 S
Run Close
Figure 4.5  The 'Compute zone demand and leakage' tool's settings

Zone demand
The selection from the 'Zone demand' group controls the action performed for

the demand:
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Keep unchanged: this does not perform any change to the demand val-
ues defined in the 'Zones' editor. It should be selected if the goal is to
compute the leakage only.

Update demand: this updates the Demand value in the 'Zones' editor,
with the computed average demand of the zone. This average demand is
computed as the accumulated volume of all measurement stations flow-
ing into the zone minus the accumulated volume of all stations flowing
out of the zone, divided by the duration of the analysis. The period of
time used for the analysis is the period specified in the "Water balance’
tab of the 'Zones' editor, which may vary for each of the processed
zones. This analysis period is the longest period covered by all measure-
ment time series associated to the zone, unless a custom period has
been specified.

Update demand minus leakage: this updates the Demand value in the
'Zones' editor with the same method as for the 'Update demand' option,
but subtracting the estimated leakage. The method for estimating the
leakage is selected in the 'Zone leakage' group.

Zone leakage
The selection from the 'Zone leakage' group controls the action performed for
the leakage:

Keep unchanged: this does not perform any change to the leakage esti-
mate values defined in the 'Zones' editor. It should be selected if the goal
is to compute the demand only.

Update with user-defined leakage: this assigns the specified leakage
value to all processed zones.

Update with percentage of average demand: this method computes a
leakage value for each zone, being the specified percentage of the zone
demand (as computed with the 'Update demand' method). Two options
are available:

—  If 'Limit daily period for evaluating zone demand' is inactive, the
leakage is the percentage of the average demand estimated from
the entire period of the analysis (specified in the 'Water balance' tab
of the 'Zones' editor, for each zone individually).

— If 'Limit daily period for evaluating zone demand' is active, the
method is the same except that the average demand is estimated
only for the specified times of the day. This typically allows to esti-
mate the leakage as a percentage of the flow at night.

Input selection
The tool can process either:

All zones: the demand and/or leakage estimate values are updated for all
zones with 'Network' definition type, defined in the Zones editor.
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o Selected zones: the demand and/or leakage estimate values are
updated only for selected zones with 'Network' definition type.

e Single zone: the demand and/or leakage estimate values are updated
only for the selected zone ID.

4.1.6 Create time patterns tool

When flow measurement stations are associated with a network zone, in the

'Water balance' tab from the 'Zones' editor, the 'Create time patterns' tool can

compute the pattern of the water demand within the zone. The computed pat-
tern is then saved in the 'Patterns' editor.

This tool is accessed from the 'WD toolbox' group in the 'WD network' tab of
the ribbon, from the list of demand tools.

Note that the tool cannot work with zones defined with a 'Selection' definition
type.

. Definition of patterns created for each zone
Settings

Insert Delete

Reparting

Pattern ID suffix Subtract leakage Pattern time step [min] | Normalize
Full week i &0
Week days v 15

Wenk ends i 15

Pattern duration
1week (Mo-Su)
» lday

Week days

Mo, Tu,We, Th,Fr
1day Sa,5u

SIS

Zones selection
O All zones
© Selected zones

() Single zone Zone 1 ..

Configuration

Open ... Save ... Run Close

Figure 4.6 The 'Create time patterns' tool's settings

Patterns are derived from the demand in the zone. The total demand in a
zone is derived from the flow measurement time series associated with the
zone. This total demand is defined as the sum of all time series measuring
flows entering into the zone minus the sum of all time series measuring flows
out of the zone. Optionally, a leakage can be subtracted from this total
demand before computing the pattern, so that the resulting pattern reflects
the actual demand only.
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Definition of patterns

The upper table in the 'Settings' tab controls the number and the types of pat-
terns to be created for each processed zone. It is therefore possible to create
several patterns per zone, typically for different parts of the week.

Click the 'Insert' button to add a new pattern to the list, or 'Delete' to remove
the selected one.

For each pattern in the list, the following properties must be specified:

o Pattern duration: this is the duration of the created pattern, which is
either one day or one week. In the latter case, several definitions of the
week's start/end are offered (Monday-Sunday, Sunday-Saturday, Satur-
day-Friday).

o Week days: when the pattern duration is set to one day, this list controls
which days of the week are taken into account for the analysis. Multiple
days can be selected. During the analysis, only the flow measurements
from the selected days are used to compute the pattern.

o Pattern ID suffix: created patterns are saved in the 'Patterns’ editor. Each
pattern is named with the zone ID it refers to, supplemented by the spec-
ified suffix.

o Subtract leakage: when this option is inactive, the pattern is computed
from the total demand in the zone. When this option is active, the leak-
age in the zone is subtracted from the total demand time series, before
computing the pattern. This subtracted leakage value is the constant
'Leakage estimate' value, specified in the 'Zones' editor. This leakage
value must therefore be specified prior to computing patterns. It can be
estimated with the 'Compute zone demand and leakage tool’.

o Pattern time step: this is the time step length of the created pattern.

o Normalize: when this option is active, the created pattern provides multi-
plier values, varying as a function of time. These multipliers represent the
demand value at a specific time step divided by the average demand
throughout the duration of the pattern. When this option is inactive, the
computed values are not divided by the average demand, and therefore
represent actual flow values instead of multipliers.

The period of time used for the analysis is the period specified in the 'Water
balance' tab of the 'Zones' editor, which may vary for each of the processed
zones. This analysis period is the longest period covered by all measurement
time series associated to the zone, unless a custom period has been speci-
fied.

The different steps performed by the tool to compute a pattern are as follows:

1. Derive the total demand time series from flow measurements associated
with the zone, for the period of analysis defined in the 'Zones' editor. This
demand time series is defined as the sum of all time series measuring
flows entering into the zone minus the sum of all time series measuring
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flows out of the zone. Measured time series values are interpolated as
necessary to provide values at the specified pattern time steps.

2. Split this demand time series into multiple daily or weekly time series. For
1-week patterns, each weekly time series starts at the specified start day
of the week (Monday, Sunday or Saturday), for a duration of seven days.
For 1-day patterns, each daily time series covers one of the selected
week days. Daily or weekly time series starting before the start of the
analysis, or ending after the end of the analysis, are discarded (i.e. par-
tial daily or weekly time series are ignored).

3. Transform all the daily or weekly time series with a relative time axis (i.e.
ignore dates) and compute the average time series.

4. If 'Subtract leakage' is active, subtract the constant leakage estimate at
all time steps of the average time series.

5. If 'Normalize' is active, compute the average value of the obtained aver-
age time series, and divide all time steps' values by their average value.

Zones selection
The tool can process either:

o All zones: requested patterns are created for all zones with 'Network'
definition type, defined in the Zones editor.

e Selected zones: requested patterns are created only for selected zones
with 'Network' definition type.

o Single zone: requested patterns are created only for the selected zone
ID.

Configuration
e Save: saves the current settings in the tool to a file for later re-use.

e Open: loads the settings from a file created during a previous use of the
tool.

4.1.7 Distributed demands tool

For large network systems, assigning demand data can be a very tedious job.
Since many times the total demand is known for a particular network pres-
sure zone or the entire network system, MIKE+ provides the capability to dis-
tribute this total demand among the applicable junction nodes.

This tool is used to automatically assign the demands at the appropriate junc-
tion nodes. The Distributed Demands Tool can be accessed from the 'WD
toolbox' group in the 'WD network' tab of the ribbon.

Pipe demand coefficients

MIKE+ computes the water demands for each network system based on a
user specified water demand, the water demand specified per Zone ID. There
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are two methods to compute the water demands the Method of Pipe Lengths
and the Method of Two Coefficients. This is useful when assigning the nodal
water demand for a large network, since the software will automatically pro-
portion the total network demand based upon one of these two methods.
These methods are used to mimic the amount of actual demand along a pipe,
based upon the pipe length or a pre-defined demand coefficient.

The Distributed Demands dialog, as shown in Figure 4.7 is used to automati-
cally assign the demands at the appropriate junction nodes. The Distributed
Demands tool is reached from the ‘Demand tools’ button in the ‘WD network’
ribbon tab.

o x
Pipe demand coefficients Node demand coefficients  Distribute by area  Land use/Population
Distributed values
© Distribute single demand 1/s] Run
([ pistribute to single zone Cancel
() Digtribute selection-zones demands for zone type DMA zone Close

() Distribute netwark-zones demands

() Distribute network-zones leakages

() overwrite existing distributed demand

Distribution method
© Method of reduced pipe lengths
(O) Method of equivalent pipe lengths
(O Method of 2 coeffidents

Select pipe demand coefficent 1 Coeffl ~

Select pipe demand coeffident 2 Coeff1 e
Category

Pattern

Category

Figure 4.7 Distributed Demands Pipe Demands Coefficients
A list of the entries for the Distributed Demands Tool follows.

Distribute single demand
This option is used to specify the network demand for a particular network
pressure zone or the entire network system.

Note that this total demand represents the total demand regardless into which
multiple junction demand is distributed. Multiple demands are specified in the
junction Editor or in the Multiple Demand Editor.

Distribute to single zone

When this check box is active, the specified water demand value is distrib-
uted to a single zone. This zone is selected in the field next to the check box.
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The zone ID can also be selected from the list using the '..." button. When this
check box is unticked, the specified water demand is distributed to the entire
water distribution network.

Distribute selection-zones demands for zone type

This option distributes the specified water demands to zones defined with a
selection, and with the zone type selected in the drop-down list. All relevant
zones are then listed in the table underneath, where the water demand for
each of the zone can be specified.

Distribute network-zones demands

This option distributes the specified water demands to zones defined as net-
work zone (i.e. with the zone ID specified in the network features). All rele-
vant zones are then listed in the table underneath, where the water demand
for each of the zone can be specified.

Distribute network-zones leakages

This option distributes the specified leakage values to zones defined as net-
work zone (i.e. with the zone ID specified in the network features). All rele-
vant zones are then listed in the table underneath, where the leakage for
each of the zone can be specified. Leakages are then computed as an addi-
tional demand at junctions in the zone.

Overwrite existing distributed demand

When the tool is run, new junction demands are added to the 'Multiple
demands' editor, with a 'Mark' indicating that the demand has been computed
by the 'Distributed demand' tool.
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Identification

Junction ID 70e4 - k Category Insert

Demand 0.954102 [I/s] Coeffident Delete

Pattern Distributed demand

Description

’ Is active

Junction ID ~ | ALL ~ | Clear | Show selected [ | Show data errors
Junction ID Demand [Ifs] Category Pattern Iz active i Mark: 3 Coefficent Description
p1 7084 0.964102 W Distributed demand I

2 |77 0.8522304 53 Distributed demand

3 7071 0.02855023 3 Distributed demand

4 7073 0.02455957 W Distributed demand

5 |7074 0.486464% 54 Distributed demand

6 |7081 0.8620346 W Distributed demand

7 |BOST 0.5260493 W Distributed demand

8 |s072 0.447382 W Distributed demand

9 |8078 0.9717087 W Distributed demand
10 |8081 0.4530855 3 Distributed demand
11 |80%0 0.2233092 W Distributed demand
17 nos 0 2734381 v aod

Figure 4.8 Mark added by the 'Distributed demand' tool in the 'Multiple demands'
editor

When the ‘Override existing distributed demand’ check box is active, the tool
will remove the existing demands / leakages (with the same mark) in the junc-
tions first before distributing the new ones. If unticked, the new computed
demands / leakages will be added to existing ones.

Method of Two Coefficients or Method of Reduced Pipe Lengths or
Method of Equivalent Pipe Lengths

MIKE+ allows the user to compute the nodal water demands based upon the
total network demand using two methods: the Method of Pipe Lengths and
the Method of Two Coefficients.

Selecting the Method of Two Coefficients, MIKE+ computes the total water
demand assigned to each pipe (which is then split between the starting and
ending nodes) as:

- (Q)k, ks,

Qo= 4.1)
2:(klikzi)

Selecting the Method of Reduced Pipe Lengths, MIKE+ computes the total
water demand assigned toe each pipe (which is split between the starting and
ending nodes) as:
(Qlky)
Z(kly)

(4.2)

qpi
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Selecting the Method of Equivalent Pipe Lengths, MIKE+ computes the total
water demand assigned to each pipe (which is then split between the starting
and ending nodes) as:

_ (@)

. (4.3)
Z(kpil)

qpi

where:

q,i = Total water demand applied to the pipe, split between the two end nodes
Q = total network water

l; = Pipe length

k1i, koj = pipe demand coefficients

kpi = pipe demand coefficient is calculated by the program as a factor, calcu-
lated as pipe diameter/diameter_normal (where diameter normal is 150mm or
6 inch). This helps to scale the pipes based on their diameter i.e. perimeter,
this method is recommended when the distributed demand corresponds to
the amount of leakage.

These demand coefficients are defined for each pipe using the Pipe editor.
The computed demands, which are assigned once <<Compute>> is
selected, are stored at each individual node. There demands are stored in the
Junction Editor. Selecting <<Cancel>> will cancel the computation of demand
distribution. Selecting <<Close>> will close the tool dialog.

Select Pipe Demand Coefficients 1,2

This list box data allows the user to specify the demand coefficient, which will
be used for demand coefficient 1 or 2. There are four possible pipe demand
coefficients, which can be defined for each pipe.

Category
This entry let the user select the category type identifying the consumption
point being defined.

Pattern
This data entry allows the user to define the ID of the demand pattern to be
applied to the distribute demand.

Node demand coefficients

Node demand coefficient allows the user for each node to define the share
from the whole network demand, which is taken by that node. The total net-
work demand is then distributed to the corresponding junction nodes by
Demand Distribution function.



Water Demand

Pipe demand coeffidents Mode demand coeffidents  Distribute by area  Land use/Population
Distributed values

© Distribute single demand [/s] Run
[ Distribute to single zone Cancel
() Digtribute selection-zones demands for zone type DMA zone Cloze

() Distribute netwark-zones demands
() Distribute network-zones leakages

[0) Equal node demand distribution

[ overwrite existing distributed demand

Category
Pattern

Category

Figure 4.9 Node Demands Coefficients

This option will only assign demand to nodes with Demand Coefficient
applied (different from 0 or NULL). In the case of an equal distribution, the
node demand coefficients have to be equal and different from zero.

The user can distribute the water demand by node demand coefficient. Most
of the distribution settings are identical to those used for the Pipe demand
coefficients method (page 93).

Equal node demand distribution
This check box allows the user to distribute the network (or zone) demand
equally to each node within the zone or network

Qni = _ (4-4)
N

Where:

Q = Total network water demand (or zone demand)
gni = calculated demand at each junction node
N = junction nodes count with the selected zone or a total network

Pattern
This data entry allows the user to define the ID of the demand pattern to be
applied to the distribute demand.
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Category

This entry let the user select the category type, which will be used as a target
demand for the distributed demand. If the multiple demand with the specified
category does not exist, the program will create it and it will override the exist-
ing values in case such demand category already exist for each node used in
the demand distribution.

Distribute by area

Distribute by Area allows the user to distribute demands by the ratio of ser-
vice area of each node. The service area can be defined by Thiessen poly-
gon method or other external source of data, i.e: a feature shape file. External
layers needs to be imported to the map previously to be used by the tool.

The user will specify the water demand to be distributed amongst the service
areas through the “Total network water demand”.

Service Area Layer
This field will points at the shape files loaded to the map that can be used as
area layers or the generated Thiessen polygon layers.

Pipe demand coeffidents Node demand coeffidents Distribute by area  Land use Population

Total network water demand 0/l Compute
Node Service Area Cancel
Service Area Layer v o

Node ID Field v

Category
Pattern

Category

O override

Figure 4.10 Distributed Demands Area

The Node ID field defines the Junction ID for each area. The pattern and cat-
egory can also be specified here.
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Land use/Population

The water demands can be distributed by means of the Land use/Population
specified for the service area of each node. Similarly to the distribution by
Area the user can use Thiessen Polygons or external layers such as feature
shape files.

Selecting “Land use” will enable the user to select an external layer of popu-
lation and the Type Fied.

The user must define the unit demand of each type in the “Use Type” table,
this data regards the water demand per hectare (ha) per day. Further the
engine will compute the demand for each node and distribute to them.

stributed demand o x

Pipe demand coefficients Node demand coeffidents Distribute by area  Land use/Population

Node Service Area il
@) Land Use Service Area Layer e Cancel
O Population  Node ID Field ~ Close
External data
Layer -
Type Field e
Density Field
User type Demand (I/s]) [ Override

Figure 4.11  Distributed Demands Land use

Selecting “Population” will enable also the option to select the Density Field.
By choosing this option the user must specify an external layer of population
and identify the field of population types. It is required to identify which field in
the shape layer contains the population data. Similarly to Land Use it is
required to specify the unit demand of people per each type in the table
(water demand per capita per day). The engine will compute the water
demand for each node and distribute to them.
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4.1.8 Aggregation tool

Demand aggregation allows to use customer connections to model junctions
and to develop node demands. Node demands can be developed from con-
sumption points in two essential methods:

Assigning: this will create 1:1 relation, i.e. 1 allocation point = 1 node
demand

Aggregation: this will create 1: N relation, i.e. multiple allocation points =
1 node demand.

Target scope: All ~

Aggregation method
() Aggregate demands to node demands

© Assign demands to multiple demands

() Aggregate demands to pipe demands coefficients

Select pipe demand coefficent: Coeffl
() Reset existing node demands Use demand category
Reset existing pipe demand coefficients
Category
Pattern o Category
Run Cancel Close

Figure 4.12 The demand aggregation tool

Target scope
It is possible to use all demands (all consumers) or only the selected ones
(e.g. new consumers), using this list.

Aggregation method
The following methods can be applied:

Powering Water Decisions

Aggregate demands to node demands: the program will aggregate data
from multiple consumer points (assigned to the same node) and create a
new node demand.

Assign demands to multiple demands: the program will create a new
multiple node demands for each consumer point.

Aggregate demands to pipe demand coefficients: the program will aggre-
gate data from multiple consumer points (assigned to the same pipe) and
enter the total value into a pipe demand coefficient.

—  Select pipe demand coefficient: selected pipe demand coefficient
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The following options can additionally be applied:

Reset existing node demands: the program will remove all existing multi-
ple demands, which are marked as created by the 'Demand allocation’
tool. Multiple demands with a mark set to 'Manual' or 'Distributed
demand' will be kept unchanged.

Reset existing pipe demand coefficients: the program will remove data
from the selected pipe demand coefficient in all pipes.

Use demand category: the program will aggregate demand based on the
category. For example, if there are 5 consumer points to be aggregated
to the same node and 3 are residential and 2 are commercial, the pro-
gram will create 2 new node demands, one for residential (where 3 resi-
dential consumer points are aggregated into one) and one for
commercial (where 2 residential consumer points are aggregated into
one).

Category
Pattern: when a pattern is selected, the program will use the pattern name for
multiple demands that will be created in this process.

Category: when a category name is provided, the program will use this cate-
gory name for multiple demands that will be created in this process.
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5 Tables

The tables group comprehends the setting of Time Patterns, Curves and
Relation and the information relevant for Engineering tables.

51 Time Patterns

MIKE+ uses EPANET as its numerical engine for hydrodynamic and water
quality simulations. This engine assumes that water usage rates, external
water supply rates and constituent source concentrations at nodes remain
constant over a fixed period of time, but that these quantities can change
from one time period to another. The default time period interval is one hour,
but this can be set to any value. The value of any of these quantities in a time
period equals a baseline value multiplied by a time pattern factor for that
period. Following it is illustrated a pattern of factors that might apply to daily
water demands, where each demand period is of an hour duration. Different
patterns can be assigned to individual nodes or groups of nodes.

12

1
] 1 2 a 4 5 6 7 8 9 10 1 12

Usage Factor

] = =
=

b

Deman Period

Figure 5.1 Time pattern for water usage

5.1.1 Diurnal Patterns

The diurnal profiles are used to define a series of multipliers (multiplication
factors applied to a baseline value of junction node demand, constituent
source concentration, storage water level). The diurnal profiles settings can
be accessed from the Patterns tab.
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Figure 5.2 Diurnal Pattern

Pattern ID

This data entry is used to specify the ID of component being defined. The pat-
tern ID value can be any string value (up to 40 characters). There is no limit to
the number of demand patterns that can be defined.

Use date and time
‘Use date and time’ sets whether the absolute date and time will be used for
each and every multiplier, instead of the default format 'Hours from start'.

Time Step

The pattern time step 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). To change the pattern time step, use the
field Pattern time step specified in the ‘Simulation setup’ editor.

‘ General I Simulation period | HD parameters | \WQ parameters

Time steps
Hydraulic time step 5 [min]
Pattern time step 60 [min]
Quality time step 5 [min]
Pattern start hour 0 [h]

Figure 5.3 Pattern time step in the ‘Simulation setup’ editor

Duration time

The duration is used when redistributing the pattern data: in that case, the
duration time and time step control the number of records in the pattern data
table.

MIKE+ - © DHI A/S



A

Type

The available types are Node demands, Water quality, Tank water, Energy
Price, Pump relative speed or Undefined. The selected type controls how and
where the pattern can be applied.

Category
An optional user-defined category description.

Description

This data entry allows the user to enter a category that further define the
demand pattern. For example, a demand might have the description of a res-
idential, and a category of either high density, medium- density or low density
to further define what is meant by residential.

Redistribute

The 'Redistribute’ buttons fills the pattern data with a fixed time interval corre-
sponding to the pattern time step, and with the specified duration. Use this
button to fill the pattern table with initial values, or when the pattern time step
or duration was changed and you want to adjust the pattern accordingly.

Normalize

The 'Normalize' button adjusts the pattern multipliers so that their average
value equals “1”. Note, that this will change the pattern values (multipliers)
but it will not change their count. Normalization of patterns is useful when you
want to create a typical daily demand patterns.

5.1.2 Normal Day

Normal days are understand as usual schedule days in which the consume of
water shall not vary significantly. The contends for days are weekly defined
days; Monday, Tuesday, Wednesday, Thursday, Friday, Saturday and Sun-
day. For months the items are: January, February, March, April, May, June,
July, August, September, October, November and December.

There is an option to add factors to specific days, default value is one (1).
When the factor is modified, MIKE+ will find the multipliers that correspond to
the “Day” or “Month” based on “hours from simulation” and the Simulation
Day set in time settings, further this factor will be applied to those multipliers.

5.1.3 Special Days

The user can define factors for special days (e.g. Holidays) in which the water
demand pattern varies from normal days. These days can be defined in the
special days table. The factor specified for Special Days has a higher priority
than the day and month factors in Normal Days. When the date meets holi-
day, pattern would use the factor in the special days table instead of using
ones of normal days.
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5.2 Curves and Relations

The user define data curves and their X, Y coordinate points in the Curves
and Relation editing group. The following curves can be used to represent
relations:

o Pump Efficiency. Efficiency versus flow for pumps

e Valve Head Loss. Head Loss versus flow for GPV General Purpose
Valve.

e Pump Q-H Curve. Head versus flow for pumps.
o Tank Depth-Volume Curve. Volume versus depth for tanks.
o  Water Source Price. Production water costs versus produced volume.

o Transient Q-Boundary. Inflow/outflow at the boundary node versus time
(only for Water Hammer Analysis).

e Transient H-Boundary. Hydraulic Grade Line at the boundary node ver-
sus time (only for Water Hammer Analysis).

e Valve Operation Schedule. Valve opening versus time (only for Water
Hammer Analysis).

e Valve Characteristics Cd. Valve flow coefficient Cd versus time (only for
Water Hammer Analysis)

o Valve Characteristics Kv. Valve flow coefficient Kv versus time (only for
Water Hammer Analysis)

o Dual-acting characteristics. Volume of air versus pressure difference
(only for Water Hammer Analysis)

o Pump Operational Schedule. Pump speed versus time (only for Water
Hammer Analysis).

e  Pump Torque. Pump torque versus flow (only for Water Hammer Analy-
sis).

e Motor Torque. Motor torque versus pump speed (only for Water Hammer
Analysis).

o PID Set Point Value Curve. Set point setting versus fraction of a day
(only for RTC Real-time Control Analysis).
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Figure 5.4  Curve and Relations, Identification

The user is capable to insert different types of curves (previously
described).The values to be included in each specific curve can be edited in
the grid editor, where entries can be added, deleted, reordered and sort.

Sort

Insert | Delete | Up | Down
Q 0/ H [m]
0,0000 | 90,0000
14,2500
28,5000
42,7500

71,2500
85,5000
99,7500
114,0000
128,2500
142,5000
156,7500
171,0000
185,2500
199,5000
213,7500
228,0000
242,2500
256,5000
270,7500
285,0000

Figure 5.5 Curves and Relations, Definition of data curves
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Figure 5.6 Preview of a defined curve in Curve Editor

220 240 260 280

The points of a curve must be entered in order of increasing X- values (lowest

to highest).

Data rows in any of the curve’s definitions must not have 2 or more lines with

the same “X” value.
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6.1

Control

Real Time Control

Real time control provides the following operations:

e Variable pump speed to maintain pressure or level or flow/velocity set-
points

o Movement of valves to maintain pressure or level or flow/velocity set-
points

The purpose of this kind of control is to provide generic way of moving valves
and changing pump speed other than what is done using IF-THEN-ELSE
rules or VSD pump control. IF-THEN-ELSE rules control valves and pumps
instantly (at the time step) and may result, in some cases, in oscillating solu-
tions in between time steps. Or, in case of VSD pump control, they may not
be able to operate more than 1 pump within the same zone due to interfer-
ence of the algorithm with other pumps. The presented real-time control pro-
vides an independent mechanism that can be used to determine or simulate
pump or valve operations in a physical system.

The real-time control provides two algorithms:

e Linear control

e PID (Proportional — Integral — Derivative) control

Linear control is a mechanism that will increase or decrease the control set-
ting based on the actual value of the measured process variable versus the
set-point. The position of a control valve will be increased or decreased and
the pump speed will be increased or decreased. The increase and decrease
rates as well as the maximum and minimum settings are pre-defined.

PID (Proportional — Integral — Derivative) control is a control loop feed-
back mechanism (controller) commonly used in industrial control systems. A
PID controller continuously calculates an error value e(t) as the difference
between a desired set point and a measured process variable. The controller
attempts to minimize the error over time by adjustment of a control variable
u(t), such as the position of a control valve or a pump speed to a new value
determined by a weighted sum:

[

u(t) = Kpe(t + Kjf((e(tyat) +(
0

KdAe(t))

6.1
At (6.1)

Where Kp, K;, and Ky are all non-negative coefficients for the proportional,
integral, and derivative terms. In this model:
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« K, accounts for present values of the error. For example, if the error is
large and positive, the control output will also be large and positive.

e K;accounts for past values of the error. For example, if the current output
is not sufficiently strong, error will accumulate over time, and the control-
ler will respond by applying a stronger action.

e Ky accounts for possible future values of the error, based on its current
rate of change.

6.1.1 Setup

A list of the Real Time Control dialog box data entries for Figure 6.1 follows,
with a short description given for each entry.

Identification
Insert
D RTC_L
Delete
Confrol slement setting Set-point sattings
Contral slament type Purg Set-pont slement type Junchon
Conlrol element ID Pump_1 o | Set-pont clement ID 10486 m
8 s active Set-paint viriskie Preseure
Control metings Set-pont bype Constant
Mirsmim visle 0.1
Set-pont vaiue 25 [m]
Mandrmum valhus
Mg ncrease rate 0.01
t-point 0.01 %]
Maximum decrease rate 0.01 5 ey bl
Control type Linear contrel Desaiption
Thes s not a real-4fe example
1] Lo~ -1 cesr 1 ISowssecisd | [Shoncsmenss 1
o Is active Control slemant type Control ehement 1D Mirsmim vahie Maximum vale Maimum ncesse rate Maximum
b1 [RTC_L I Pump = |Pump_1 0.1 2 001

Figure 6.1 The Real Time Control dialog box is used to the analysis parameters

Identification 1D
This data entry allows you to define the ID (name) of the real-time control.

Control element settings

Control element type

This data entry allows you to define the type of a controlled element: pump, or
a TCV valve.

Controlled element ID

This data entry allows you to define the ID of the controlled element. You can
select the element from a list by clicking the ... button.
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Is active
This check box allows the user to toggle the Active status of the control on
and off. The simulations will omit all controls that are not active.

Minimum value
This data entry allows you to define the minimum control value (relative pump
speed or valve opening percentage).

Maximum value
This data entry allows you to define the maximum control value (relative
pump speed or valve opening percentage).

Maximum increase rate

This data entry allows you to define the maximum rate at which the variable
can increase. In units of the control variable (relative pump speed or valve
opening percentage per minute.

Maximum decrease rate

This data entry allows you to define the maximum rate at which the variable
can decrease. In units of the control variable (relative pump speed or valve
opening in %) per minute.

Control type
This data entry allows you to choose between the linear control or PID control
(Proportional-integral-derivative control).

Kp
In case of PID control, this data entry allows you to define the proportional
constant (proportional gain).

Ki
In case of PID control, this data entry allows you to define integral constant
(integral gain).

Kd
In case of PID control, this data entry allows you to define derivative constant
(derivative gain).

Set-point settings

Set point element type
This data entry allows you to select the type of the set point element such as
a tank or a junction node, or a pipe.

Set point element ID
This data entry allows you to define the ID of the set point node.
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Set point variable

This data entry allows you to define type of the set-point variable. In case of a
tank or a junction (set-point element type) the set-point variable can be
“Grade — hydraulic gradeline” or “Level” (in case of tanks), or “Pressure” in
case of a junction node. In case of a pipe (set-point element type) the set-
point variable can be “Flow” or “Velocity”.

Set-point type
This data entry allows you to define the type of a set-point value a “Constant”
or “Variable”.

Set point value
In case of a constant set-point, this data entry allows you to define the set-
point value.

Set point curve

In case of a variable set-point, this data entry allows you to define the curve
ID defining how the set point value changes in time. Note, that the curve
(table) definition is done in the Curves Editor.

Set-point accuracy
This data entry allows you to define the accuracy of the algorithm (control) in
percentage of the set-point.

Description
This data entry allows you to specify a user defined description of the control
entry.

Remarks

The program is using the following predefined valve characteristics tau
curves in case of TCV valve control:

e Quick opening valve (gate)

e Globe valve

e  Plug valve

o Butterfly valve

o Ballvalve

o Equal percentage 5%
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Inherent Flow Characteristics

—e— Quick Opening (Gate) —e—Globe —e— Plug —e— Butterfly —e— Ball === Equal percentage 5%
1.2

Valve Cv (1-maximum)

Valve position, Percent open

Figure 6.2 Default valve characteristics

6.2 Extended Rule-Based Controls

Rule-Based Controls allow link status and settings to be based on a combina-
tion of conditions that might exist in the network over an extended period sim-
ulation. Rule based controls will be either in the form of an action clause or a
condition clause. The Rule Based Controls Editor dialog box is reached by
selecting Extended Period Rule Based Controls from the Table of Content.
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Extended rule-based controls o x

Setup
| msert || load |

D |Ru|e_PUMP-BLUEHILL—1—ON

Condition | Description

@ Is active

| Delete | | Save |

IF SYSTEM CLOCKTIME >= & AM

AND SYSTEM CLOCKTIME < 11 AM

THEM LINK PUMP-BLUEHILL-1 STATUS IS ON
ELSE LINK PUMP-BLUEHILL-1 STATUS IS OFF

I]D VIALL vl Clear [ ] [ ] 1/1rows, 0

bin] Is active Condition

W IF SYSTEM CLOCKTIME >= & AMAND SYSTEM CLOCKTIME < 11 AMTHEN LINK A

Figure 6.3  The Extended rule-based control editor

Insert
Insert a new rule.

Delete
Delete a rule.

Load
Load rules from a text file (*).

Save
Save rules into a text file (*).

(*) You can edit the rules within the ASCII file and import them back to MIKE+
by selecting Load from ASCII file. This is convenient in cases when you use
Excel or other tools to create the list of rules for the model.

Format of rule

Each rule is a series of statements of the form:

IF condition_1
AND condition_2
OR condition_3
AND condition_4
etc.
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THEN action_1
AND action_2
etc.

ELSE action_3
AND action_4
etc.

PRIORITY value

where:

conditon_n = a Condition clause

action_n = an Action clause

priority = a priority value (e.g., a number from 1 to 5)

Remarks

1. Keywords IF, AND, OR, THEN, ELSE, PRIORITY must always start at a
new line.

2. Only the RULE, IF and THEN portions of a rule are required; the other
portions are optional. The "RULE" portion is automatically created from
the contents of Rule ID and Description fields. The portions "IF" (i.e. con-
dition clause) and "THEN" (i.e. action clause) must be provided by the
user.

3. When mixing AND and OR clauses, the OR operator has higher prece-
dence than AND, i.e.,

IFAorBand C
is equivalent to
IF (A orB)and C.

If the interpretation was meant to be

IF Aor(BandC)

then this can be expressed using two rules as in
IF ATHEN ...

IF B and C THEN ...

4. The PRIORITY value is used to determine which rule applies when two
or more rules require that conflicting actions be taken on a link. A rule
without a priority value always has a lower priority than one with a value.
For two rules with the same priority value, the rule that appears first is
given the higher priority.

5.  The decimal separator for numerical values must be a point.
Condition clause
A condition clause in a Rule-Based Control takes the form of:

object id attribute relation value



where

object = a category of network object

id = the object's ID label

attribute = an attribute or property of the object
relation = a relational operator

value = an attribute value

Some example conditional clauses are:
JUNCTION 23 PRESSURE > 20
TANK T200FILLTIME BELOW 3.5
LINK 44 STATUS IS OPEN

SYSTEM DEMAND >= 1500

SYSTEM CLOCKTIME = 7:30 AM

The Object keyword can be any of the following:

NODE LINK SYSTEM
JUNCTION PIPE
RESERVOIR PUMP
TANK VALVE

When SYSTEM is used in a condition no ID is supplied.
The following attributes can be used with Node-type objects:

DEMAND
HEAD
PRESSURE

The following attributes can be used with Tanks:

LEVEL
FILLTIME (hours needed to fill a tank)
DRAINTIME (hours needed to empty a tank)

These attributes can be used with Link-Type objects:

FLOW

STATUS (OPEN, CLOSED, or ACTIVE)

SETTING (Pump speed or Valve setting)

LIKE (See Multiple Pumps, Valves for more details)

The SYSTEM object can use the following attributes:

DEMAND (total system demand)
TIME (hours from the start of the simulation)
CLOCKTIME (24-hour clock time with AM or PM appended)

Relation operators consist of the following:
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=S

<> NOT
<BELOW
> ABOVE

<=>=
Action clause
An action clause in a Rule-Based Control takes the form of:
object id STATUS/SETTING IS value
where

object = LINK, PIPE, PUMP, or VALVE keyword

id = the object's ID label

value = a status condition (OPEN or CLOSED), pump speed setting, or valve
setting

Some example action clauses are:

LINK 23 STATUS IS CLOSED
PUMP P100 SETTING IS 1.5
VALVE 123 SETTING IS 90

LIKE
A special case of action clause is the LIKE setting.:

Setting Value = A (another link setting) B (multiplier) C (increment)

The default values for the B (multiplier) and C (increment) are B=1, C=0
and they do not need to be provided.

The setting value is calculated as:
Setting Value = Setting Value (link A) *B + C

See Multiple Pumps, Valves for more details.

6.2.2 Multiple Pumps, Valves

Note that the LIKE setting allows you to control multiple pumps or valves in
efficient way. It is possible to set a pump speed to x% of another pump, for
example. Such an option could also be used when the new value is the value
of the object itself. (Set a pump speed to increase with 20%, or valve to open
10% and so on).

Example 1:
IF SYSTEM CLOCKTIME = 8 AM
THEN PUMP 3 SETTING LIKE PUMP 410
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The pump 3 setting will be set equal to the settings of the pump 4 (multiplier=
1 and increment = 0) at time 8 am.

Example 2:
IF SYSTEM CLOCKTIME = 8 AM
THEN PUMP 3 SETTING LIKE PUMP 4 1.10 0

The pump 3 setting will be higher by 10% than the settings of the pump 4
(multiplier = 1.10 and increment = 0) at time 8 am.

Example 3:
IF SYSTEM TIME >= 12 AM
THEN VALVE 10 SETTING LIKE VALVE 20 1.0 -10

The valve 10 setting (PRYV setting, for example) will be lower by 10 (pressure
units) than the settings of the valve 20 (multiplier = 1 and increment = -10) at
any time (12 AM is the simulation start).

Example 4:
IF SYSTEM TIME >= 12 AM
THEN PUMP 3 STATUS LIKE PUMP 4

The pump 3 status (OPEN, CLOSED) will be set equal to the status of the
pump 4 at any time (12 AM is the simulation start).

Example 5:
IF PUMP 3 SETTING LIKE PUMP 4
THEN ...

If pump 3 setting is equal to the settings of the pump 4 (default multiplier = 1
and increment = 0) then ...

6.2.3 Controls Examples

Control of a valve

This set of rules opens and closes a valve based on the water level in a stor-
age tank.
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Extended Rule-Based Controls )

Setup 2
| Insert | | Load |

ID [PIT-010_Open

Condition | Description
Is active
IF TANK 173 LEVEL <= 7.315

OR TANK 1398 LEVEL = 8.56
THEM VALVE PIT-010 SETTING IS OPEN

| Delete | | Save |

Extended rule-based controls =]
Setup 2
| Insert | | Load |

D [PIT-010_Close

Condition | Description
Is active
IF TANK 173 LEVEL = 7.315

OR TANK 139B LEVEL < 8.56
THEM VALVE PIT-010 SETTING IS CLOSED

| Delete | | Save |

RULE  PIT-@1@_Open; BUNKER RD NORTH CV OPEN
IF TANK 173 LEVEL <= 7.315

OR TANK 1398 LEVEL » 8.56

THEN VALVE PIT-@1@ SETTING IS OPEN

RULE PIT-810_Close;  BUNKER RD NORTH CV CLOSE
IF TANK 173 LEVEL » 7.315

OR TANK 139B LEVEL < 8.56

THEN VALVE PIT-@1@ SETTING IS CLOSED

Figure 6.4  Rules in EPANET *.inp file

Control of a pump

This set of rules opens and closes a pump based on the water level in a stor-
age tank.
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Setup

ID |AH_PS1 Start

Condition | Description

Is active

Control

Insert Load

Delete Save

IF TANK 172 LEVEL <5.39

AND TANE. 170 LEVEL >=0.75

AND TANK 171 LEVEL »>=0.75
THEM PUMP 14146 STATUS IS OPEN

Extended rule-based controls

Setup

ID |AH_PS1_Stop

Condition | Description

Is active

Insert Load

Delete Save

IF TANK 172 LEVEL <6.55

AND TANK 170 LEVEL < 0.36

AND TANK 171 LEVEL < 0.36

THEM PUMP 14146 STATUS IS CLOSED

RULE  AH_PS1_Stop; ALEXHILL PS1 - AUTOMODE1
IF TANK 172 LEVEL <6.55

AND TANK 17@ LEVEL< ©.36

AND TANK 171 LEVEL < @.36

THEN PUMP 14146 STATUS IS CLOSED

RULE  AH_PS1_Start; ALEXHILL PS1 - AUTOMODE1
IF TANK 172 LEVEL <5.39

AND TANK 17@ LEVEL »= 8.75

AND TANK 171 LEVEL »= 8.75

THEN PUMP 14146 STATUS IS OPEN

Figure 6.5 Rules in EPANET *.INP file

Regulation Overview

Typically during an extended period simulation, the pipes, pumps, turbines
and valves contained in a network will change their status (i.e. open or close)
as storage tanks fill and empty and pressures change throughout the net-
work. Also, for a steady state simulation, network components may change
their state as the analysis model iterates to a valid solution.

The 'Regulation overview' editor can be used to specify these operational

controls on the network.

The following situations are examples of applications of such operational con-

trols:
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e A pipe can be opened at a given time (based upon the beginning of the
network simulation). This type of operational control has no effect in a
steady state simulation.

e A pump can be turned on or off depending on the water level in a speci-
fied tank.

« Avalve can be opened or closed based upon the pressure in an adjacent
node.

Control rules are added using the 'Insert' button and removed using the
'Delete’ button. For each rule, the following Identification parameters can be
specified:

Control ID
The ID of the control.

Description
An optional description of the control.

Link type
The selection of link type to which the control applies. It can either be a pipe,
a pump, a valve or a turbine.

Link ID
The ID of the link to which the control applies. Use the '..." button to access a
filtered list of valid IDs.

Regulation overview

Identification
Insert

Control ID Control_1 Link ID CARENE_ P4 C' ..
Description Link type  Pipe e Delete
Setting
— — Control node Control level
() Open () If node below
Junction_100 Y 45,1

© Close © Ifnode above - —

() At time Minute

() At docktime : AM

Figure 6.6  The Regulation overview editor

These control rules can also be visualized and edited respectively in the
Pipes, Pumps, Valves and Turbines editors, in their 'Regulation' tab and for
the link ID they are assigned to. There is no difference between editing the
rules in one or the other editor.

For a description of the regulation settings, please refer to the Pipes, Pumps,
Valves or Turbines editor description chapters.
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Water Quality Simulation

7 Water Qu

7.1 Water Quality Simulation

ality

A

MIKE+ allows you to perform water quality simulations. In order to perform a
water quality simulation, an extended period simulation must also be speci-
fied. Defining an extended period simulation was discussed in the previous
section.

The following sections describe how to perform a particular type of water
quality simulation, and the various water quality editors used to define each

type of water quality simulation.

Water quality simulation is normally hidden in the Setup Tree on the left but it
can be brought up by double clicking “Model type” in “General settings” (see

Figure 7.1), and check the box of “Water quality” in Figure 7.2

= \f

Figure 7.1

Powering Water Decisions

General settings

# Model type

Description
Map configuration
Network
Water demand
Tables
Zones
Real time control
Extended rule-based controls
Pressure dependent demands

- [ Water quality
 Point constituent source

Scenarios
Simulation specifications

Water Quality setup tree layout
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Model type Unit

Model: | Water distribution ~ Unit system: | MU_WD_SI_LPS ~ || Edit

Water distribution
Standard EPANET

Water quality

Spedial analyses

[ Fire flow analysis

[ Pipe criticality

[ cost analysis

[ shutdown planning

[ Flushing analysis

[ water hammer analysis

Figure 7.2 Layout of Models

Note that MIKE+ can only perform one type of water quality analysis during a
simulation: Point Constituent Source or Trace Nodes.

7.1.1 Point Constituent Source

The Point Constituent Source Editor, as shown in Figure 7.3, allows you to
specify at which nodes an external chemical constituent enters the network
system. At least one node in the network (with its ‘Is active’ box selected)
must be specified as a point source of chemical constituent when performing
a chemical concentration analysis. There are three sections in this configura-
tion window.

Identification

After clicking “Insert” button, the field of ID, Node type and Node ID will be
enabled as well as next field of Source type, Concentration and Cyclic profile

ID.

ID
This entry is automatically filled by default value “Source_x”. Users can edit
the text to rename the source name.

Node ID

This data entry is used to define the ID of the node the point constituent is
being assigned to. Users can select the appropriate node type and ID from
the node list or on the map.
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Node Type

A

This pull-down selection list allows the user to select what type of node (i.e.,
junction, reservoir, or tank) the point constituent is being specified for.

Point constituent source
Identification
ID
Node ID

Source type

Node type |i v|

v | ALL

Node type

Figure 7.3

Source Type

Node ID Source type Concentration [mg/l]

Cydic profile ID

Layout of Point Constituent Source

Water quality sources are nodes where the quality of external flow entering
the network is specified. They can represent the main treatment works, a
well-head or satellite treatment facility, or an unwanted contaminant intrusion.

Source quality can be made to vary over time by assigning it a time pattern.
MIKE+ can model the following types of sources (see Figure 7.7):

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

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

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

Powering Water Decisions
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Water Quality

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

The concentration-type source is best used for nodes that represent source
water supplies or treatment works (e.g., reservoirs or nodes assigned a nega-
tive demand). The booster-type source is best used to model direct injection
of a tracer or additional disinfectant into the network or to model a contami-
nant intrusion

Point constituent source o x
Identification
D [Source_2 | Node type |3unction v | nsent
Node 1D [Xnction_1 | [ [ ]
Sourcetype |Concentration v|
Concentration  [omeetiaey Qo)
Pattem Q.|

Figure 7.4  Source Type Options

CONCENTRATION

This data entry is used to specify the baseline concentration (in mg/liter) of
the constituent entering the node as an external source.

PATTERN ID

This data entry allows you to define the ID of the constituent pattern to be
applied to the specified baseline concentration entering the node. If a pattern
ID is omitted for the specified source node, then there is no variation in the
source strength of the constituent.
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Table

Select button =] allows users to display the Select Pattern selection dialog
box (Figure 1.5), where the appropriate pattern ID can be selected.

Point constituent source concentration time patterns are similar in concept to
demand patterns. Each concentration time pattern consists of a set of multi-
pliers that are multiplied to the specified baseline concentration over the
extended period simulation. This allows the user to model changes in the
amount of constituent applied at a node over an extended period simulation.
See the section on Cyclic Profiles for further information on time patterns.

Point constituent source arx

Identification

D [source2 |
Node ID [uncton_1_|

Source tpe | Concen
Concentraton | |
e —

Figure 7.5  ID Selector Window

The table contains all the detailed information of Point Constituent Source
items. They can be edited or deleted by the user once they are selected in
the table. If there was none item in this table, all nodes would be assigned
with an initial water quality of zero by default. See Figure 1.6.
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D v LALL ~ | Clear

Node type Node ID Source type Cydic profile ID Concentration [mg/f]
Junction_1 | Concentration +

Figure 7.6  Detail Table of Point Constituent Source Settings

7.2  Multiple trace node analysis

Tracing nodes allows the user to track overt time what percent of water
reaching any node in the network had its origin from a specified node (i.e.
junction, tank or reservoir). This tool is useful for analysing a network distribu-
tion system that draws water from two or more different raw water supplies.
Then it is possible to show to which extend water from a given source blends
with that from another source, and how the spatial pattern of this blending
changes through the simulation time.

The Trace Nodes Editor contains two sections, one for identification of the
point source constituent and the editing table.

Trace nodes o x
Identification
Insert
ID Trace_1
Delete
Trace node definition
Mode type  Junction e
NodeID 11194 (] w
Description
. Is active
IID ~ IALL ~ [ Clear
Mode type Mode ID Description Is active
Junction - | 11194 W

Figure 7.7 Point constituent source editor

Is active
This check box allows the user to toggle the Active status of the trace node
on and off. The simulations will omit all trace nodes that are not active.
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Identification ID

The identification field allows a maximum number of 40 characters. This entry
is automatically filled by default value “Trace_x". Users can edit the text to
rename the trace name

Node Type

The trace node can be identify by means of it's type of node through the pull-
down selection lists which displays contends such as junction and tank.

Node ID

This data entry is used to define the MUID of the node the trace node is
assigned to. It is possible to select the node ID from the node list or by select-
ing directly on the map.

Description

This field allows users to enter a description identifying the simulation
defined. The description can be output in reports.

Multiple tracing blending

When there are more than two trace nodes defined the source tracking simu-
lation will be run on a one-by-one basis for each water source, all results are
further combined and the fraction from water source is computed and pre-
sented in the map, as follow:
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Figure 7.8 Multiple source blending (detail from the supply zone, colour shows
water from different water sources)
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8

8.1

A

Simulation Specifications

4

MIKE+ simulations are started from the Simulation Specifications section.
This section includes the following menus:

o Simulation Setup. Where various combinations of different types of sim-
ulations may be setup and run.

« Batch Simulation. Controls batch simulations involving the automatic
sequential launch of several simulation jobs.

Note: Simulations can also be executed without opening the editor, through
command lines. Refer to Section 6.4.11 Predefined export from command
lines (p. 191) for more information.

Simulation Setup

There are six primary tabs in the Simulation setup editor:

e General

e Simulation period
e HD parameters

e WQ parameters
o  Water hammer

e HD output

A project simulation is added using the “Insert” button. Each simulation
requires a unique simulation ID to be specified.

The table under tabs shows the project simulation details including ID,
hydraulic parameters, etc. The parameters can be edited by double clicking
the editable cells. The table also contains an 'Active simulation' check box:
this is used to select a default simulation ID, which will be used in case the
simulation is started from the 'Simulation’ ribbon, or for example when execut-
ing the simulation from a command line for automating the simulation runs.
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Simulation setup
Identification

T | o |

General | Simulation period | HD parameters | Q) parameters | Wiater hammer | Output

D | AverageDayDemand

Simulation definition

Description ‘

Basic modules Water quality simulation

(O steady state simulation Run bath hydraulic and water quality simulations
(® Extended period hydraulic

(0) Extended period water quality

Run water quality simulation using hydraulics file

Hydraulics file El
Chemical concentration

Water age

Source tracing

Cumulative contact time

(0) Multi-species water quality
O water hammer

I]D ~ IN.L VI Clear 2{2rows, 0 selected
jin] Scenario ID Active simulation Simulation type Quality Mo Water quality simulation )
1 | r |Exbended period hydraulic  ~ ‘ Chemical concentration = |Run bath hydraulic and wy
b2 v Extended period hydraulic ~ ~ | Chemical concentration - | Run both hydraulic and w4

Layout of the Simulation setup editor

Figure 8.1

General
A description of all options available in the General tab follows.

General | Simulation period | HD parameters | 10 parameters | Water hamme- | Output

Simulation definition

Description |

132

Basic modules
() steady state simulation
® Extended period hydraulic
(O Extended period water quality
Chemical concentration
Water age
Source tracing

Cumulative contact time

(O Multispecies water quality
() Water hammer

Water quality simulation
Run both hydraulic and water quality simulations

Run water quality simulation using hydraulics file

Hydraulics file El

Figure 8.2

Simulation definition

The General tab.

Scenario ID: select the scenario which is to be executed in the active simula-

tion ID.

Description: the description field is an optional field with further details about

the simulation.
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Basic modules
There are five types of modules in this field:

o Steady state simulation: EPANET-based steady state analysis

o« Extended Period Hydraulics: EPANET-based extended period simula-
tion.

o Extended Period Water Quality: Chemical concentration (compute chem-
ical concentration), Water Age (compute water age), Source Tracing
(trace flow from a specific node).

o Multi-species water quality: EPANET MSX-based analysis of multiple,
interacting chemical species

o \Water hammer

Water quality modules are normally disabled but users can enable them by
opening ‘Model type’ under General settings and activating the appropriate
modules.

When a water quality module is selected, two simulation modes are available:
you can either run both hydraulics and water quality simulations at the same
time, or you can run only the water quality simulation using an "hydraulics" file
resulting from an earlier hydraulics simulation. The latter helps reducing sim-
ulation times when the hydraulic simulation takes a long time and does not
need to be repeated while running the water quality scenarios. The input
hydraulics file is saved from the hydraulics simulation by selecting 'Save
hydraulics file' in the 'Output’ tab.

The following buttons are also located at the top of the editor with the Identifi-
cation group:

'Insert' button

Inserts a new record in the Simulation Setup editor with a default unique
MUID.

'Copy' button
Duplicates an existing (currently active) simulation setup record.

'Delete’ button
Deletes a currently active simulation record.

'RUN' button
Triggers export of the current simulation job and execution of the simulation.

8.1.1 Simulation Period

This section is able to set the simulation duration. It has two ways:

o Define the simulation start time and simulation end time



) Simulation Specifications

o Define the duration directly

A text field box to define the starting time of the simulation and the other to
establish the end time of it. It can be defined that the start and end of the sim-
ulation directly from the text box by typing the date or by means of using the
pop up calendar window (accessible through the arrow on the right corner of
the box).

The default start time is current date and time on the computer while the end
time is 1 day after the default start time.

Alternatively once the initial date of the simulation has been set the user can
define the duration of simulation in the duration section using the day, hour,
minutes and second fields.

The default duration of simulation is 1 single day.

A Gantt graphic calendar visualization of the simulation period is presented
on the right as additional aid to comprehend the extension and make correc-
tions if needed. Right-click on the Gantt chart, a selection list of options to
view the chart would pop up. Users can direct to a specific date, choose their
view type preference and adjust time scales.

“Reset time period” button allows to clear all settings and reset the time and
duration to default values.

General | Simulation period | HD parameters HD output

Period
16, oktober 2017 - 22, oktober 2017 23, oktober |

18on 19 to 20 fr 21lg 22sg 23ma

Starttme  [18-10-2017 12:00:00 O]

End time |25-10-2017 12:00:00 Dv|

‘ [1] Simulation Period To 25. okt &

Duration

D Minute EI Second

Reset time period

Figure 8.3 Layout of Simulation Period Settings Tab
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Simulation Setup

Mnd=

Hydrodynamic simulation

Identification
D

1

Delete

General | Simulation period | HD parameters | WO parameters | HD output

Period

Starttme |19-10-2017 09:22:50

- |

Endtme  |20-10-201709:22:50

0]

Duration

EI Minute D Second

Reset time period

16. oktober 2017 - 22, oktober 2017 23. oktober
18 on 19 to mfr 2lg 225 | 23ma

Go to Today
E Goto Date...

| Time Scales L4

Time Scale Captions |

Change View To L4

Figure 8.4 Layout of Gantt Chart View Option in Simulation Period tab
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8.1.2 HD parameters
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Simulation Specifications

Hydrodynamic simulation

Identification

D | AverageDayDemand ‘

Simulation period | HD parameters | W0 parameters | Water hammer | Output

Time steps

Hydraulic time step [sec]

Pattern time step [min]

Quality tme step I:l [min]
Properties

2

Molecular diffusivity

—

Head losses

Convergence

(® D-W (Darcy-Weishach formulz) (O M (Chezy-Manning formulz) (O HW (Hazen-Wiliams formulz)

Max num. of trials

Accuracy 0.01]

Max. Head Error l:l [m]

Max. Flow Change l:l [mfs]

WQ tolerance [mu-g/m~3]

Max num. of segments

Unbalanced system | Continue v 0] [5me steps]
e ey

I]D VIALL VI Clear

Scenario ID Active simulation

Simulation type

[ 1/1rows, 0

Quality Mo Time start Hydraulic

53

Water hammer = = | 18/02/201% 01:00:00 | 12/02/201% 00:00:00

Figure 8.5  Layout of HD Parameters Tab

Time Step

This section defines the time step of each simulation run, such as hydraulic
time step, pattern time step and quality time step.

Hydraulic time step

The time step (sometimes called the time interval), which is used to model
the simulation in steps, that is how often a new hydraulic computation of the
pipe network system is to be computed. This is typically 5 minutes by default.

Pattern time step

This data entry is optional, and specifies the length of time between each pat-
tern change (e.g., the period of time over which water demands and constitu-
ent source strengths remain constant). If necessary, MIKE+ will adjust the
specified Hydraulic Time Step so that it is not greater than the specified Pat-
tern Time Step. The default value is 5 minutes.

Quality time step
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This data entry is used for water quality analysis, and specifies the time step
to be used to track water quality changes in the pipe network system. If this
entry is left blank, the program then uses an internally computed time step
based upon the smallest time of travel through any pipe in the network. The
default value is 5 minutes.

Head Losses

This section specifies which method is used to calculate the head losses as a
function of flow rate in a pipe. It is related to the roughness coefficients in the
pipe editor.

It has three choices:

D-W: Darcy-Weisbach formula

C-H: Chezy-Manning formula

H-M: Hazen-Williams formula

Each formula has its corresponding roughness coefficient.

Properties
These data entries allow you to determine the hydraulic and water quality
behaviour of the pipe network should be analysed.

Specific Gravity

This data entry specifies the specific gravity of the fluid at the temperature
condition being simulated. This data entry allows fluids other than water to be
simulated. Gravity is the weight per unit volume of the fluid being modelled
relative to water. Specific gravity is the ratio of the density of the fluid being
modelled to that of water at 4 deg. C. (unitless).

Viscosity

This data entry specifies the kinematic viscosity of the fluid at the temperature
condition being simulated. The units of viscosity are ft2/sec (or m2/sec for Si

units). The viscosity is the kinematic viscosity of the fluid being modelled rela-
tive to that of water at 20 deg. C (1.0 centistoke). The default value is 1.0.

Molecular Diffusivity

This data entry specifies the molecular diffusivity of the chemical being
tracked. The diffusivity is the molecular diffusivity of the chemical being ana-
lysed relative to that of chlorine in water. The default value is 1.0. Diffusivity is
only used when mass transfer limitations are considered in pipe wall reac-
tions. A value of 0 will cause MIKE+ to ignore mass transfer limitations.

Emitter Exponent



Power to which pressure is raised when computing the flow through an emit-
ter device. The textbook value for nozzles and sprinklers is 0.5. This may not
apply to pipe leakage.

Convergence
This section allow you to determine how the hydraulic and water quality
behaviour of the pipe network should be analysed.

Maximum numbers of trials
Accuracy

Convergence criterion used to signal that a solution has been found to the
nonlinear equations that govern network hydraulics. Trials end when the sum
of all flow changes divided by the sum of all link flows is less than this num-
ber. Suggested value is 0.001.

Max Head Error

Convergence criterion requiring that the head loss computed by the head
loss formula compared to the difference in nodal heads across each link be
less than the specified value. When the value is 0 or empty, the criterion is
ignored. This criterion is only available when using the EPANET 2.2 version.

Max. Flow Change

Convergence criterion requiring that the largest absolute flow change
between the current and previous solutions be less than the specified value.
When the value is 0 or empty, the criterion is ignored. This criterion is only
available when using the EPANET 2.2 version.

Water Quality Tolerance

Smallest change in quality that will cause a new parcel of water to be created
in a pipe. A typical setting might be 0.01 for chemicals measured in mg/L as
well as water age and source tracing. The Quality Tolerance determines
when the quality of one parcel of water is essentially the same as another
parcel. For chemical analysis this might be the detection limit of the proce-
dure used to measure the chemical, adjusted by a suitable factor of safety.
Using too large a value for this tolerance might affect simulation accuracy.
Using too small a value will affect computational efficiency.

Maximum Number of Segments

Maximum number of segments, which could be generated for a pipe during
the water quality analysis. The default is left as blank.

Unbalanced System
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Action to take if a hydraulic solution is not found within the maximum number
of trials. Choices are STOP to stop the simulation at this point or CONTINUE
to use extra trials, with no link status changes allowed, in an attempt to
achieve convergence. For the CONTINUE option, the number of extra trials
must be specified.

CheckFreq

This sets the number of solution trials that pass during hydraulic balancing
before the status of pumps, check valves, flow control valves and pipes con-
nected to tanks are once again updated. The default value is 2, meaning that
status checks are made every other trial. A value equal to the maximum num-
ber of trials would mean that status checks are made only after a system has
converged. (Whenever a status change occurs the trials must continue since
the current solution may not be balanced.) The frequency of status checks on
pressure reducing and pressure sustaining valves (PRVs and PSVs) is deter-
mined by the DampLimit option (see below).

MaxCheck

MAXCHECK is the number of solution trials after which periodic status
checks on pumps, check valves flow control valves and pipes connected to
tanks are discontinued. Instead, a status check is made only after conver-
gence is achieved. The default value is 10, meaning that after 10 trials,
instead of checking status every CheckFreq trials, status is checked only at
convergence.

DampLimit

This is the accuracy value at which solution damping and status checks on
PRVs and PSVs should begin. Damping limits all flow changes to 60% of
what they would otherwise be as future trials unfold. The default is 0 which
indicates that no damping should be used and that status checks on control
valves are made at every iteration. Damping might be needed on networks
that have trouble converging, in which case a limit of 0.01 is suggested.

8.1.3 WQ parameters

The WQ parameters tab allows to specify the rate at which a constituent
decays (or grows) by reaction as the constituent travels through the pipe net-
work. It can be enabled only when the water quality module is ticked in ‘Model
type’ editor.
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General | Simulation period | HD parameters | WQ parameters Output
Global settings

Bulk reaction rate coeffident 0

Pipe wall reaction rate coefficent 0

8 sulk reaction order 1 8 ripe wall reaction order 1

8 Limiting potential B Roughness correlation

New bulk reaction

Time of new bulk coefficent |- B~ |

New bulk coefficient

Cumulative contact time

Figure 8.6 Layout of WQ Parameters Tab

Global Settings

Bulk Reaction Rate Coefficient

This data entry defines the bulk reaction rate that is applied to all flow in the
pipe network system. Units for bulk reaction rates are in days—1. Note that
this reaction rate coefficient is applied globally to the entire pipe network.

Pipe Wall Reaction Rate Coefficient

This data entry defines the pipe wall reaction rate that is applied to all flow in
the pipe network system. Units for pipe wall reaction rates are in ft/day (or
m/day). Note that this reaction rate coefficient is applied globally to the entire
pipe network.

One method that can be used to compare the relative magnitude of the pipe
wall reaction rate with the bulk reaction rate is to divide the pipe wall reaction
rate coefficient by the hydraulic radius of the pipe (i.e., 1/2 the pipe radius).
The resulting quantity will have the same units as the bulk reaction rate coef-
ficient, days—1.

Bulk Reaction Order

Power to which concentration is raised when computing a bulk flow reaction
rate. Use 1 for first-order reactions, 2 for second-order reactions, etc. Use
any negative number for Michaelis-Menton kinetics. If no global or pipe-spe-
cific bulk reaction coefficients are assigned then this option is ignored.

Pipe Wall Reaction Order

Power to which concentration is raised when computing a bulk flow reaction
rate. Choices are 1 for first-order reactions or 0 for constant rate reactions. If
no global or pipe-specific wall reaction coefficients are assigned then this
option is ignored.

Limiting Potential
This setting specifies that reaction rates are proportional to the difference
between the current concentration and some limiting potential value.

MIKE+ - © DHI A/S



8.1.4 Output

A

Roughness Correlation
This setting will make all default pipe wall reaction coefficients be related to
pipe roughness in the following manner.

New Bulk Reaction

At a certain time level, the bulk coefficient will change to a new value. This
section defines the new value of bulk coefficient and the time the new bulk
coefficient would start. After the start time, the simulation would apply the new
bulk coefficient for calculation.

In this section, users can select from the following to store simulation results:

e Use default folder and file name: save outputs in the folder containing the
MIKE+ project

o Use this folder: save outputs in a custom folder but with a default file
name

e Use this folder and file name: save outputs in a custom folder and with a
custom file name

Report time step: time interval between times at which computed results are
reported. Normal default is 1 hour.

Report start time: time that the report starts. For example, if the report start
time is 5 hours, the report would start 5 hours later from the simulation start
time.

Statistics: Type of statistical processing used to summarize the results of an
extended period simulation. Choices are:

o Without Statistics (results reported at each reporting time step)

e Average (time-averaged results reported)

e  Minimum (minimum valve results reported)

e Maximum (maximum valve results reported)

e Range (difference between maximum and minimum)

Report raw results: when this option is selected, the hydraulic results will be
reported "as computed" regardless of the physical meaning of the values. In
some cases, this may result in showing very large negative pressures

"infinitely high" and flows in pipes where it is not possible to supply water due
to negative pressures.

Save hydraulics file: when this option is selected, a hydraulics file is saved
from the hydraulics simulation, for later use as input for a decoupled water
quality simulation. This option is only available for 'Steady state simulation’
and for 'Extended period hydraulics'.
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Figure 8.7

8.2 Batch Runs

Simulation Specifications

Delete

Water hammer | Output

Statistcs | Without Statistics B

Layout of Output Setup

If you need to run more simulations sequentially, you can choose to do so by
including these to a batch simulation. This is done through the Batch Simula-

tion editor.

The Batch Simulation editor includes functionalities allowing control and exe-

cution of batch simulations.

The 'Batch Run' button executes all simulations that have the 'Add to batch'
flag set in the sequence that they are specified in the table. This means that
multiple simulations and scenarios can be simulated in batch without user

interaction.

Figure 8.8
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Batch simulation o x
Identification )
D |Prcject1 |
Add to batch
Scenario |Base |
Batch simulation tools
Sort simulation jobs Show jobs
| Move Up | | Move To Top | (®) Al jobs
(0) Batch jobs only
| Move Down | | Move To End | BATCH RUN
|o arm v | dear | [] (] 2/3 rows, 0 selected
D Add to batch Scenario ID Simulation type Quality Mo Time start
1 |AverageDayDemand WV Base | Water hammer - - | 18022019 0d
#2 Projectl v Base | Steady state simulation = | Chemical concentration = | 18/09/2020 00
3 Project2 r Base | Steady state simulation = | Chemical concentration  ~ | 18/09/2020 0d
e p

The Batch Simulation Editor
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The Batch Simulation editor manages the same data from the Simulation
Setup editor. The table shows the same entries as the grid in the Simulation
Setup editor, but built-in tools allow reordering and filtering of simulations for
batch execution.

Table 8.1 Overview of Batch Simulation editor fields (Table msm_Project)
Edit field Description Used or required | Field name in
by simulations data structure
ID ID of the hydrodynamic | Yes MUID
simulation
Scenario Scenario for the hydro- | Yes Scenario ID
dynamic simulation
Add to batch | Option for including a Yes IncludeToBatchNo
check box hydrodynamic simula-
tion to batch

The following functionalities are available on the editor:

Move Up
Moves the active record one position up in the grid.

Move Down
Moves the active record one position down in the grid.

Move To Top
Moves the active record to the top of the table.

Move To End
Moves the active record to the bottom of the table.

'All jobs' and 'Batch jobs only' radio buttons

This filters the list of simulation jobs displayed in the table. A complete list of
simulation jobs (i.e. All jobs) is shown by Default, but the display can be
reduced to show only those jobs included in the batch (i.e. Batch jobs only).

'Batch Run' button

This starts a batch job execution following the sequence of the simulation
jobs on the list. Each consecutive job must wait until the previous job has
been fully completed. All user prompts are suppressed during the batch job
execution, i.e. the simulations are automatically executed without user
prompts.
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Fire Flow Analysis

The Fire Flow Analysis module allows you to calculate the available flow for
the design pressure or to calculate the residual pressure for the design flow.
Fire flow requirements are one of the most common design requirements
when designing the new or evaluating the existing water supply and water
distribution system.

A fire flow is the maximum flow rate available at a specific minimum pressure,
typically 20 psi (15m). There are three basic ways to model a fire flow:

e Specify a design fire flow rate and compute the available fire flow pres-
sure.

e Specify a design fire flow pressure and compute the available fire flow
rate.

o Compute both hydrant discharge and residual pressure for a free dis-
charge hydrant.

The Fire Flow Analysis dialog box is reached by selecting ‘Model type’ from
General Settings from the Table of Contents and then by selecting the ‘Fire
flow analysis’ option. The "Fire flow analysis" entry will be added into the
Table of Content of the model "Setup" under "Special Analyses" group. Note
that to run the fire flow analysis, you need to select Run from within the Fire
Flow Analysis dialog box.

A unique feature of MIKE+ is its capability of computing a fire flow for fire
hydrants that are not part of the hydraulic model and that can be specified by
using a reference GIS file.

A list of the Fire Flow Analysis dialog box data entries for Figure 9.1 follows,
with a short description given for each entry. Note, that it is possible to insert
multiple fire flow analysis, each with its own settings, and then run the
selected fire flow simulation by selecting it from the list. This is convenient
when you need to investigate fire flow capacity of the network under different
conditions.

Insert
This button is used to insert a new Fire flow analysis into the list.

Delete
This button is used to delete a Fire flow analysis from the list.

Run
This button is used to run the simulation for the active Fire flow analysis.

Stop
This button is used to stop the fire flow analysis that is currently running.



Fire Flow Analysis

Report
This button is used to generate a report from the fire flow simulation.

Fire flow analysis

Identification

Insert Run Interactive
ID FireFlow_1

General | Methods
Time start [2023-08-01 0:00:00 [~

() Use external hydrants data
External data

Delete Stop Report

Selection
© Use only selected junction nodes
(0) Use junction nodes in selection list
() Use all junction nodes

Active simulation

Figure 9.1 The Fire Flow dialog box is used to specify fire flow analysis parameters

Interactive

Using the ‘Interactive’ button it is possible to run the fire flow simulation inter-
actively with simplified data entry for a specific node.

[ Interactive fire flow

o x
General
Time level 18/02/2018 ~ IEI
Junction 10436 | ] [
Method Pressure for flow v
Residual pressure 0 [m]
e
Hydrant orifice size 2.5in [63mm
Result
N S
Avaiable flow o 0fs]
Free discharge (low flow) 0 sl Free discharge (high flow) ] 0fs)
Residual pressure (ow flow) o [m] Residual pressure (high fiow) 0 [m]

Figure 9.2  The Fire Flow dialog box used in Interactive simulation
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Time level

This data entry is used to define the time (time level) when the fire flow will be
simulated. If you select e.g. 9:00 AM, the program will run the standard
hydraulic simulation from the beginning of the simulation to the time level cor-
responding to 9:00 AM and then the fire flow will be computed.

Junction
This data entry defines the node used for the fire flow simulation. It is possible
to select the node from the list of all junction nodes by selecting “...” button or

click the node in the Map by using the “arrow” button.

Method
Three methods are available:

e Pressure for flow: specify a design fire flow rate and compute the corre-
sponding available fire flow pressure.

o Flow for pressure: specify a design fire flow pressure and compute the
corresponding available fire flow rate.

o Free discharge hydrant: compute both hydrant discharge and residual
pressure for a free discharge hydrant.

Residual pressure
This data entry allows you to define the required design pressure that will be
used in the calculation when you select the method “Flow for pressure”.

Required flow
This data entry allows you to define the required design flow that will be used
in the calculation when you select the method “Pressure for flow”.

Hydrant orifice size
This is used to select the size of the hydrant orifice, among the two available
sizes:

—  25in/63 mm
— 45in/115 mm

Run

This button computes the fire flow results according to the selected method.
For the 'Free discharge hydrant' method, the program runs the fire flow simu-
lation and displays the hydrant discharge and residual pressure. The program
is using experimental data to estimate the hydrant discharge coefficient
based on the hydrant orifice size and it provides low and high hydrant dis-
charge values rather than one exact value. The computed flow corresponds
to the "free flow" from the hydrant orifice without pumping.



) Fire Flow Analysis

9.1 General

Time start

This data entry Is used to define the time (time level) when the fire flow will be
simulated. If you select e.g. 9:00 AM, the program will run the standard
hydraulic simulation from the beginning of the simulation to the time level cor-
responding to 9:00 AM and then the fire flow will be computed.

Use external hydrants data
This data entry is used to define an external file with fire hydrants and use
them in the simulation instead of selecting model nodes.

Use external hydrants data
External data

Hydrant layer
Add input field
Add result field
Selection
(®) Use only selected hydrants
(O Use all hydrants

Snapping tolerance 0.01 [m]

Figure 9.3  The Fire Flow dialog box using external hydrants data

Hydrant layer

This data entry allows you to select a shapefile with fire hydrants. The pro-
gram will use these hydrants for the fire simulation and it will find the nearest
node in the hydraulic model, run the simulation, and write the results into the
hydrant layer fields.

Input field

This data entry allows you to specify a field from the hydrant layer where the
program will write the input value (required pressure or required flow) for
which the simulation was done.

Results field
This data entry allows you to specify a field from the hydrant layer where the
program will write the computed value (residual pressure or available flow).

Selection

When external hydrant data are not used, this radio button selection allows
you to define whether the fire flow analysis is performed for the selected junc-
tion nodes, for junction nodes within the selected selection list, or for all junc-
tion nodes. Use the next data entry to specify a selection list with junction
node. Note, that the selection list can be defined using “Selection Manager”
from the Map ribbon menu.
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When external hydrant data are used, this radio button selection allows you
to define whether the fire flow analysis is performed for selected hydrants
only (from the layer with reference shapefile) or for all hydrants in the refer-
ence shapefile. A Snapping tolerance defines the spatial tolerance that will be
used to find the node in the hydraulic model that is the nearest junction node
to the hydrant.

Methods

From this tab, it is possible to run the analysis in automatic mode for a num-
ber of selected nodes.

Fire flow analysis a x
Identification
D |FreFlow_1 )
[ peete || S [ Report
General | Methods
Method
Method type | Calculate available flow for design pressure ~
S— R sl
Simultaneous fire flow Demand Multiplier 1
[ Report below critical pressure: Critial node fpipe search radius
15 [m] P
] Maintain Minimum residual pr 0.01] [m]
. Search with the same zone type
e o 2 el DMA zone |
[ Maintain maximum velodity } Search with same Network zone ID (nodes only)
[ simulate hydrant lateral
f 10 150/ [rmen
2.5 0.1
| Mm v || Clear
Use external hydrants data Time start Duration [h] Node selection type
r 22/02/2022 00:00:00 0 | Use only selected junction nodes =

Figure 9.4  The Fire Flow dialog box is used to specify the fire flow analysis param-
eters

Method type
This selection allows you to select the fire flow analysis type:

e Calculate available flow for design pressure
e Calculate available pressure for design flow

e Calculate Q-H curve
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Fire Flow Analysis

It is possible to specify a design fire flow rate and compute the available fire
flow pressure or to specify a design fire flow pressure and compute the avail-
able fire flow rate. In addition to this, it is also possible to calculate the Q-H
curve for the selected junction node.

Design fire pressure
This data entry is used to define the design (required) residual fire pressure
for which the available fire flow will be calculated.

Design fire flow

This data entry is used to define the design (required) fire flow for which the
available (residual) fire pressure will be calculated. Note, that this design fire
flow is added to the existing node demand(s). In other words, if the design fire
flow is 6 I/s and the node has e.g. a residential category demand of 0.25 I/s,
the total flow (demand) out of the node during the fire flow analysis will be 6 +
0.25=6.251/s.

Demand multiplier

This data entry allows you to specify the node demand multiplier which will be
used to define the required fire flow by multiplying the node demand that is
defined for the respective node in the Multiple demand editor.

Simultaneous fire flow

This data entry allows you to run the fire flow simulation (Calculate available

pressure for design flow mode) simultaneously i.e. all selected nodes flowing
at the same time. If this option is not activated, the fire flow simulation is exe-
cuted for all selected nodes in a sequential manner, i.e. one node at the time.
A typical use of this option would be to run the fire flow simulation for simulta-
neously for 3 selected nodes.

Report below critical pressure

This data entry allows you to report nodes, where the minimum residual pres-
sure during the fire flow simulation is less than the critical pressure. The criti-
cal node pressure is entered into the field next to it.

Maintain minimum residual pressure

This data entry allows the program to make corrections to the computed fire
flow and reduce the amount of available flow in order to maintain the mini-
mum residual pressure in critical nodes.

Report above critical velocity

This data entry allows you to report pipes, where the maximum velocity dur-
ing the fire flow simulation is greater than the critical velocity. The critical pipe
velocity is entered into the field next to it.

Maintain maximum velocity

This data entry allows the program to make corrections to the computed fire
flow and reduce the amount of available flow in order to maintain the maxi-
mum velocity in critical pipes.
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Critical node/pipe search radius

This data entry allows you to define the search node and pipe radius, which
will be used to identify nodes where the computed residual pressure is less
than a critical pressure or pipes, where the computed velocity is bigger than a
critical pipe velocity.

Search within the same zone type

This data entry allows you to define that the search for the nodes and pipes
should happen within the same pressure zone, where the zone is defined by
a selection. In this case, you do not need to define the search radius and the
program will search for all nodes or pipes within the same zone. Note, that
this search option provides more accurate results than search based on the
radius.

Search within the same Network zone ID (nodes only)

This option allows you to define that the search for the nodes should happen
within the same pressure zone, where the zone is defined by the network
properties (using the Zone ID specified in junctions, tanks and air-chambers).
In this case, you do not need to define the search radius and the program will
search for all nodes within the same zone. Note, that this search option pro-
vides more accurate results than search based on the radius.

Simulate hydrant lateral

This data entry allows you to model a fire hydrant lateral (connecting) pipe at
the junction node. Note that the fire flow results may significantly change with
or without such pipe.

Local loss coefficient
This data entry allows you to define a local loss coefficient (sum of) repre-
senting all local losses at the fire hydrant lateral pipe. A typical value is 6-10.

Lateral diameter
This data entry allows you to define a diameter of the fire hydrant lateral pipe.

Lateral length
This data entry allows you to define a length of the fire hydrant lateral pipe.

Lateral roughness
This data entry allows you to define a roughness coefficient of the fire hydrant
lateral pipe.

9.3  Running Simulations

Select "Run" to run the fire flow simulation. The program will run the fire
flow simulation based on the data specification and the simulation progress
will be displayed in the status panel where you can see the currently exe-
cuted node and results. The results CSV file with the fire flow results is cre-
ated during the fire flow simulation and can be used to browse the results
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outside of MIKE+ or it can be loaded into MIKE+ for results processing. The

program also creates a Log file that contains additional details from the fire

flow simulation. The simulation can be interrupted (cancelled) by pressing
"ESC" .

9.4  Browsing Results
Results of the fire flow simulations can be displayed in different ways.

Tabular Results

The simulated fire flow results for all simulation modes are written into the
output CSV file. The CSV file is a comma separated text file in a format that is
suited for opening into Microsoft Excel, for example. The tabular results can
also be displayed directly from within the Fire Flow Analysis editor box by
selecting “Report”.

Repert o x

View and convert a report

File name: cil AopDita'LacalTemg) sl | et

Preview | Database

Fire flow node A

NodelD StaticPressure StaticDemand ResidualPressure FireFlow NrCriticalNodes NrCriticalPipes CriticalNode MinPressure Crifi

PAWSFHO0135 22089 0.038 15.027 30121
PAWSFHO0140 20839 0.038 14.921 15.368
PAWSFHO0150 21.440 0.023 14.986 26.556
» PAWSFHDO155 20325 0.023 15.030 21.761
PAWSFHOD160 19.185 0.023 15.020 17.704
PAWSFHOO165 19,835 0.023 15.014 10.512
PAWSFHIO1TO 20.230 0.081 15.018 8237
PAWSFHO0S80 21.458 0.023 14.965 24.712
PAWSFHO0585 19.772 0.000 14.947 20.000
PAWSFHODGESS 21.465 0.061 14.936 17.950
PAWSFHOOEE0 22,083 0.000 14,857 24 400
PAWSFHODEES 18327 0.ms 14.989 15.737
PAWSNDOO155 19.508 0.008 15.003 20163
PAWSNDO0390 19.493 0.054 14.970 6,024 ¥
F;AWSNDOOSS'S 19.679 0.000 14.801 20.000 -

Figure 9.5 Fire flow results report

Thematic Maps

The simulated fire flow results can be displayed using the colour coded maps.
Select Layers and Add Layer and select one of the fire flow result items to
create a colour coded map with the fire flow results.

List of available fire flow result items:

o Static pressure: steady state pressure at the fire flow node
o Static demand: steady state demand at the fire flow node

o Residual pressure: simulated or given residual pressure during the fire
flow simulation at the fire flow node
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o Fire flow: simulated or given fire flow at the node

o Number of critical nodes: th