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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



: Mew module setup

HModule
sslaction Coordnate system
| Frojectian
Coordinate T m
system |Boogle Maps - Marcator
| 'ETRS89 | UTM zone 320
RGF_1993_Lambesrt_93
Description WGS_1984_LUTM_Zone_32N
| WG5S B4 [ UTM zone 320
| UTH-1
UMz
UTH-3
UTH-4
UTH-5
<Browss...>
Figure 2.2

ule Setup window

2.2  Background Map

Map Configuration

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

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 ‘Visible’ checkbox on the

editor.

Visible
Background map overlay

O Mone

@ Open street map

O Google map

O WMS server
URL

Projection

Google map type

SateliteImage

(O Countries/Coastline shapefile(network connection not required)

Axis order | XY

Connection settings (optional)

Authentication Proxy server

Layer name

Visible

Connect

Up
Down
Select all

Unselect all

Figure 2.3

12

The Background Map Editor
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The following background map overlay options are available:

e None
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 WNMS server. Background maps obtained from a remote server. Enter
the URL of the server and click 'Connect'. If the server is a private server,
you will need to supply 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 established, the table will provide the list of layers avail-
able on the WMS server, and it is possible to select which layers to dis-
play 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 projection 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 projec-
tions (geographical coordinate systems not supported). An axis order
also needs to be specified, defining the format of the coordinates on the
WMS server: most of the servers provide coordinates in the XY order,
but some servers provide 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
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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.
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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



20

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.

MIKE+ - © DHI A/S
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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.
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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
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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.

MIKE+ - © DHI A/S



Tanks

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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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

[»]
[»]
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Delete

H [m]
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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

Q[Vs]

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]
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Assetd |
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] 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.

MIKE+ - © DHI A/S



Valves

A

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.

Powering Water Decisions 69



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.
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)

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-chamb