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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

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

e Pipe critically

o Cost analysis

e  Shutdown planning

e  Flushing analysis

e«  Water hammer analysis

These modules indicate which type of analysis will be modelled within the
current project setup. For example 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.

Model type Unit

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

Water distribution
Standard EPANET

[] water quality

Special analyses

[ Fire flow analysis

[ Pipe aiticality

[] costanalysis

[ shutdown planning

[ Flushing analysis
Water hammer analysis

EPAMET engine selection
(®) DHI EPANET 2.0
(O DHI EPANET 2.2

€ >

Figure 1.1 General Settings
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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.
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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.

ackground map

Visible
Background map overlay

O Mone

@ Open street map

() Google map

O WMS server
URL

Projection

User name

Password

Google map type

SateliteImage

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

Identification (for private server only)

Save password

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 for authentication,
and you may optionally tick 'Save password' in order not to enter it again
the next time you open MIKE+. When the connection is established, the
table will provide the list of layers available on the server, and it is possi-
ble to select which layers to display in MIKE+ using the 'Visible' box. The
list of projections will show the map projection(s) supported by the WMS
server, and the one used for the model data in MIKE+ will be selected if
possible. Note that displaying layers from a WMS server requires that the
MIKE+ project uses the same map 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 projections (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 coor-
dinates in the XY order, but some servers provide coordinates in the
opposite order and in this case the option must be changed to 'YX' other-
wise 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).



14

Map Configuration

(WA A L > BAAR OFER e - BAAY) XA o- @
(| Yo - W [l EO0RDCEI LY ®EDA L
i A e W TR e —

A TER

- i L = =

L
MASERE 590, VHIREER 718 [Meter]  Whep sale ST G2

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

. g. .
qi = Ci ci
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.

Is active
This check box is always marked. The option to disable an object is not avail-
able for Junctions.

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.

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.



Junctions

Identification .
x | -7717,15050380284) [m] Insert
D |Juncton_1 | .
v | 297,6529537893|(m] | pelete
| Geometry Demand '_ Emitter | Inital water qualty | Desaipton |

CRACTY o, osieces
Multile demands
fifs] Demand category | Demand pattern

I n 1/6 rows, 0 selected

|
) Xcoordnate [m]  Ycoordnate [m]  Medetype  Bevabon[m]  Surfocedlevaton[m]  Demand coefl
»1 @l -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_“ -lm,mm. 2]\53,40110905?3‘ Junction - | 13‘ 10 [
5 |dunction_5| 1025878010684 | 2615,52680221811 hncton v | 13 0
6 |Junction_s | -6256,93170188562| 3151,57113681368 | hcton = | B3] |
< >

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.

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.

Powering Water Decisions 19
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Emitter

Network Elements

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

e 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

Powering Water Decisions 21



) Network Elements

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 VA 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
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Table 3.1 Junction attributes
Field Database Description Mandatory? | Default
name value
Asset ID AssetName | ID in asset source | No
Status Element_S | Status or origin of | No
data

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

2QQ<>®@ % OB®R- 8ms -~ BI/BY - © s
WV hewsdecton + W iE O OO ()] B s

<_____/_———___-

o 10 e an 40 30
- — L]

X:-6663, 586, ¥:3188 540 [Meter] Map scale: 63861,916

Figure 3.8 Pipes displayed in map

Powering Water Decisions 25



)

26

Network Elements

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 data entry allows the user to toggle the Active status of the
pipe on and off. The simulations will omit all pipes that are not active.
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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
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Table 3.2 Pipe attributes

Field Database Description Mandatory? | Default

name value

Initial sta- StatusNo Sets the pipe to Yes Open

tus open, closed or
check valve

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.
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3.3 Tanks

3.3.1 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 modeled 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 reservoir 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] Insert
8
if 146618.453059278 | [m] Delete
General | Tank properties | Reservoir properties | Water quality I Description
— M arimum
SR — AT e— o
Level — bini
00 can overfon e [ 18] )

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

Yolume
Diaturn Elevation = 0

Elesvations

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

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

Identification

Tank ID (mandatory)

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. The check would be instant, when
the user types an ID already used, there will be a warning message beside
the field and the user would not be able to type anything else (see ).

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.

When importing (or merging) multiple water distribution network models into a
single network model, MIKE+++ will check for collisions between identical
node IDs and will automatically assign a new node ID value for any node
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being imported that contains the same node ID value as what already exists
in the network model.

Identfication

- X -357,401056049375 | [m] Insert
D [Tank_1 o
L T x M0 IAEG299601 | [m] Delete
General | Tank properties Water qualty | Description
Library
Tank type wariable (tank) -
Base elevanon 13| [m]
Zone I
|o - m ~ Cesr [ Showselected [ ] Show dataeors
o] X coordnate [m) Y coordinate [m] Reservor Level Type Base Elevation [m] Zone ID Is active Tank Geometry
b1 (Tank 2| -357,401056045375 | 2690, 29864299601 variable (tank) - 13 = orcular
Tark_1| 6909,15505560826  2846,09945644829 constant HGL{reservor) =~ 11,66005 W ol

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

X and Y COORDINATE (optional)

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 location definition is optional. In some
cases, the actual location of the tank node is not known—especially in older,
legacy networks. However, if the location is defined, then the tank will be dis-
played in the Map window. When defining the tank nodes graphically on the
Map window using the Add Tank tool, the X, Y location is automatically
entered.

Grid Attribute

The grid at the bottom of Tank Editor shows the attribute table of tanks. When
selecting a tank from the table, that tank will be located on the network map
with selected state. On the top of the grid, users can search and select tanks
according to their attributes. It also gives options for clearing selection, show-
ing selected junction attributes and showing data errors.

Right click on the header of column, showing a menu with following items:

o  Statistic
o Field calculator
o Select by expression

These functions should be all applied on the selection.
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Right click on the grid origin, showing a menu of Hide columns: the fields of
feature can be selected to be seen or hidden by users.

Right click on anywhere else origin, there is a pop up menu showing with fol-
lowing items:

Clear selection

Copy to clipboard

Copy to clipboard with header text
Paste from clipboard

Reset layout

Show columns in active tab

Add user defined column

Tank Properties

It contains input fields for geometry, Tank Properties, Reservoir Properties
and Description. Detailed information of each section is shown below.

General

This tab gives general information of tanks as shown in Figure 3.20

Powering Water Decisions
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Tanks o x
Identification (a)
x| -357,401056049375 [m] Insert
D [Tak_2 ]
v | 2690, 29864299601 [m] Delete
P_Genefd | Tank properties ] Reservoir properties | Water quality | Description ._
Library

Tank type _cmst:l'ltHG.(ruu\ ~
Base elevation 13| [m
A |

Is active

v
< >

Dl -] oo [0 Sonseres) shonmeron

D X coordinate [m] Y coordinate [m] Reservoir Level Type Base Elevation [m]
b1 [Taki3| -357,401056049375 | 2690,25864299601 constant HGL(reservor) v 13
2 |Tank_1| -6909,15505560826 = 2846,09945644829 | constant HGL(reservor) ~ 11,66005

Figure 3.20 The general information of Tank

Tank Type (mandatory)
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.

Is Active (mandatory)
It defines whether the tank is active or not. If the tank is active, it would be
included in the model, otherwise it would be omitted.

TANK PROPERTIES

This tab would be editable only when the tank type is “variable (tank)”, as
shown in Figure 3.21
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Tanks o x
Identification
* -§9279,7253410518 | [m]
o
if 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 3.21  The Tank Properties

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

° Table
e Rectangular
e 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.

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.
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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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Maximum Level

| Elevation

Initial Level
Minimum Level

/

Minimum Volume

Datum

Figure 3.22 Definition of storage tank levels

RESERVOIR PROPERTIES
This tab would be editable only when the tank type is “Reservoir”, as shown in
Figure 3.23.
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Tanks o x
Identification . e
X 357,401056049375| [m] Insert
ID |Tank_2 :
Y 2690,29864299601 m] e
General Reservoir properties | Water quality Description
Level type  Fixed v
Fixed HGL | 14| m)
HGL pattern

D v AL v | Clear
ID X coordinate [m] Y coordinate [m] Reservoir Level Type Base Elevation [m]
b1 _TI‘k_Z -357,401056049375 | 2690,29864299601 | constant HGL(reservoir) ~ 13
2 Tank_1| -6909,15505560826  2846,09945644829 | constant HGL(reservoir) =~ 11,66005
< >

Figure 3.23 The Reservoir Properties

LEVEL TYPE
e 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.

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

X ~357,401056049375 | [m] Insert
ID |Tank_2
Y 2650, 2864299601 | [m) Delete
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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.

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
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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.

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).
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)

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.

[ Taks o x
Identification
% -0.377185642719269 [m]
2P ¥ 36.857090940699 [m]
:Gew«d!_'r'-:-:------[kmumm wuum:mxrw

12 rows, 0 selected

[+] Y [m] Reservoir Level Type [Base Elevation [m] Is active Tank Geometry Tank geceetry!
n lem2?1m9 36.857090940655 Mﬂ HGL{reservoir) = 30.00 | True drcular
10 &0. HOISSml.SG 34.4635915220746 mn Hal{reservoir) = 60.00 | True drcular

Figure 3.25 Tank Editor Picture

3.4  Pump Editor

Pumps are used to raise the hydraulic head of water. Pumps are represented
as short links of negligible length. MIKE+ WATER analysis engine will auto-
matically prevent flow reversal through a pump, and will issue warning mes-
sages when a pump operates outside of its normal operating range.

Pumps are e|th¢=r defined interactively on the graphical Map window using the
Drawing tool (see Figure 3.26 ), or by manual data entry using the Pumps
Editor dialog box in Figure 3.27.

Layer editing tools *+ X
€ Pumps RO I2A®

o

Figure 3.26  Pumps Drawing and Editing Tool
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Pumps o
Identification i i
Fromnode | Junction_2 | [ El Insert
D pures |
Tonode | Juncton_3 | [ El Delete
| Pump Propertes Variable speed | Energy | Regulation | Description |
Type VsD ~ Library ~
O T [
Curvetype | Constant v [ Closed [ 1s active
Constant power 0\‘]
| |o v AL v | cear IN[] [] 1/1rows
Pumps
D From node To node Pump type Pump curve type Curve Relative speed Zon
b1 Junction_2 | Juncton_3 [vsp ~ | Constant -] [ [

Figure 3.27 Pump Configuration Window

The Pump Editor allows the user to define the pump’s ID, pump power curve,
status, regulation, energy consumption, description, and other attributes. The
Pump Editor dialog box is reached by double clicking Pumps in Distribution
Network under the Setup tree. (see Figure 3.28)

General settings
Map configuration
1 Coordinate spstem
Distribution netwark,
-0 Junctions

Fipes

Tanks

Walves

Pump stations
- 11 Turbines

- [ Water demand
[#- 1 Tables
..... ZDneS
----- Real time contral
----- Extended rule-bazed controlz
----- Prezzure dependent demands
Measurement stations

[#- 1 Scenarios
Simulation Specifications

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. See
Figure 3.29

Pumps
Identficaton -
: . Fromnode |Junction_4 III Insert
ID |Pump_2 = 3
| S Eh =
Pump Properties | Variable speed | Energy | Regulaton | Descrption
Type VS0 v Library
Relative speed | Zone ID
Cuvetype | 3pontarve v [J closed B4 15 active
Sutoffhesd | 1M  Desgnhead | 0] m) E
Design flow | 15](s]  Hghendhead | 35| m)
High end flow 18| 5]
Qs)
| | I v | Gear

v} From node To node Pump type Pump curve type Curve Relative speed Zone ID Closed Is active
b1 Pump_2 Junction_4 | Junction_6 | VSD * | 3-pont arve - r =
2 |Pump_t| Junction_2 | Junction 3 VSD » | Constant - r 4

< >

Figure 3.29 Identification in Pump Editor

From node, To node

These d=t= entries define the ID of the pump’s starting and ending nodes.
Clicking=—, ID selection window pops up and the Node Type pull-down
selection list allows to specify what type of node is connected to the »~u~p.
The type selection is either Junction or Tank in Figure 3.30. Clicking III 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.
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Identficaton

Fromn ID selector x Insert
ID |Pump_2
o) Table: Junctions ~ Delete
Pump Properties | Variable speed | Energy | Re [Tanks . ]
Search Clear
Type vsD b o
Relative speed
=
Curve type 3-point curve v Junction_2
Junction _.
Shutoff head 1{[m) Jnction_4 ::
Design flow 15| js] Junction_5
Junction_6
High end flow 18/ [ss]
aps
I D ~ | ALL 1emors.
D From node To node PJ rve speed Zone ID Closed Is active
1 - - oK Cancel = =
b1 Pump 2 Junction_4 | Junction_6 | VSl r W~
2 |Pump_1 Junction_2 | Junction_3 | VSl r [
< >

Figure 3.30 ID Selection Window

Grid Attribute

The grid at the bottom of Pump Editor shows the attribute tables of pumps.
When selecting a pump from the table, the pump link will be located in yellow
on the network map. There is a filter on top of the grid. The blank box allows
users to type the Pump ID to be filtered whilst users can also search the spe-
cific pump by pump types (VSD or CSP). It also let users clear selection crite-
rion by clicking <Clear> button.

There are two check box to either show selected pumps or filter the data
entry errors.

<Show Selected> check box allows users to select the pumps selected in the
grid (i.e. select pumps on the map and it'll be popped up in the grid). <Show
Data Errors> check box allows to filter out errors in settings or data in the grid
where it is highlighted in red.

Clicking the top left corner of the grid, it pops up a list of items to be displayed
in the grid. By default all boxed are checked but users can uncheck the items
that are not to be displayed. See Figure 3.31
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| Pumps

Identification

i e m— Y
Y

| Pump Propertes | Variable speed | Energy | Regulation | Description |

Type vsp v tbrary | vl

Curve type | 3-point curve - [ Closed  EA 1s active

Swofthesd [t Desoohess [ wm
e R | B
Horedfow [ 1Al

nvemea [ ] men [ |[u]

i

Hm

ibon_6 | vsD - [3pontare  ~|

e Pump type Pump curve type Curve Relative speed Zone ID Closed Is

[

Figure 3.31  Selection Lists of Items Displayed

By right clicking the header of each column, a list of following options can be

selected from (Figure 3.32):

—  Select column
—  Field calculator
—  Select by attribute

By right clicking each cell in the grid, a list of following options pops up:

—  Clear selection

—  Copy to clipboard

—  Copy to clipboard with header text
—  Paste from clipboard

— Reset layout

—  Show columns in active tab

— Add user defined columns
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Pumps. o x
Identfication

— e ey [|[n] [ et ]

Proz ]

Torade [nans  |[][w]

Pump Propertes | Varisbe speed | Eneroy | | I

Trpe wey [T

] e I T S—

Curve type 3-point curve ~ [ Cosed (A 1s active

e E—
Qs]
D ~ AL v | Clear
Pumps.
jis] From node To node Pump type Pump curve type Curve Relative speed Zone ID Closed I'au:lq
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2 [Putp 1 hnckd  Field calculator Constant - r v

Figure 3.32  List of Selection Options

Pumps: a x
Identification
] ™ebmnt  JEL] G=
Peoz
» Torade [awcons [ 1[N] [ e |
Pump Properties | Varisble speed | Energy | Regulaton | |
Troe wey [
] I S E—
Curve type | 3-pointcurve v [ Cosed B4 1s active

N — T S—
] B—
e E—

Him

Qs

|

Clear

Copy to clipboard

Copy to clipboard with header text
Paste from clipboard
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Add user defined column

Clone selected rows

Show columns in active tab

Show grid only

Reset layout

Figure 3.33  List of Selection Options
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Pump Properties
This option button data entry defines the pump operating characteristics.

Pump 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
control at node. 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. See
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Pumps. o x
Identfication
Fomnode [inciond || [n] [ e ]
e | 5 YR

| Pump Propertes | Variable speed | Energy | Reguaton | ]

Figure 3.34  Pump Curve Type

Pumps. o x
Identfication
romnode [rcons | [ [n] [ e
e e Y
| pump properties | varistie specd | Energy | Regulston | ]
e —.

S e T —
arvetee Dot Diesee
PO —)

D ~ | AL ~ | Cear

o] From node To node Pump type Pump curve type Curve Relatve speed Zone ID Closed Ise ™

b1 Juncton_4| Juncton_6 | CSP + | Constant - [ R
2 |Pump_1|  Junction_2| Junction_3 vSD - | Constant - | | I | «
< I >

Figure 3.35 Pump Curve Type: Constant Power Setting
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Figure 3.36  1-Point Pump Curve
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Figure 3.37 3 Point Pump Curve

Constant Power is used used when the pump characteristic curve is
unknown and a constant power output is assumed. The data entry specifies
the pump power rating, in hp or kw. The default power rating is zero. See
Figure 3.35

1-Point Pump Curve pump, as shown in Figure 3.36, 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 Pump Curve, as shown in Figure 2.2, 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-speci-
fied units. See Figure 3.37

The Q-H Pump Curve can be created by providing either a pair of head-flow
points, or four or more such points. MIKE+ creates pump curves by connect-
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ing the points with straight line segments. The Q-H pump curve can be cre-
ated in the Curve Relation Editor found in the <Tables> menu in Figure 3.38
and Figure 3.39 (see Tables section for more details). Once the Q-H pump
curve is created, it can then be assigned to a pump in the Pump Editor under
option 4 <Table>. See Figure 3.40.

=11 General settings
-0 Modules

i 11 Description

Map configuration

- 11 Coordinate system
Distribution netwark,

o Pump stations
1 Turbines
[#- 11 water demand

Sl Curves and relations

""" 0 Zones

""" 1 Real time control

""" 1 Extended rule-based controls
""" 1 Pressure dependent demands
[#- 11 Measurement stations

H- 11 Scenanios

[ 1 Simulation S pecifications

Figure 3.38 Curve and Relations in Setup Tree
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Figure 3.39 Curves and Relations Settings
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Figure 3.40 Q-H Pump Curve in Table

Variable Speed
MIKE+ is capable of modelling VSD pumps in extended period simulations.

Control type
Two 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

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

Control node

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

Control pressure

Users can type the pressure value in meter 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'.

Curve

The selected 'Pump pressure 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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Figure 3.41  Variable Speed Setting
Energy
MIKE+ Water is capable of modelling the cost of operating pumps. Within the

Pump Energy Editor, the user can define a method for cost calculation. See
Figure 3.42
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Figure 3.42 Energy Settings

Component=not in current release, will need to be completed when development
finish.
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Price

The user defines an energy price ($/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.

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

Control ID

When clicking <Insert> in the control section located in the middle of REGU-
LATION settings (see Figure 3.43), an ID will be automatically generated and
displayed in Control ID field.
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Figure 3.43 Regulation Setting Tab

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

Settings
This field is enabled only when a control is inserted or already existing in the
middle section in Figure 3.44

When clicking <Insert>, a Control ID will be automatically created and the
controls can be edited in either Setting field or from the drop-down list in Con-
trol field (i.e. OPEN or CLOSED at what time or under what conditions). The
controls for an individual pump can also be plotted in graph in the right field
by clicking <Plot>.

Settings in REGULATION suits CSP (Constant Speed Pumps). VSD pumps
can be controlled in RTC (Real-time Control) settings. Please refer to the
specific settings.

e i AR T e—

Conbrol 10 Conkral_i4

Settng Setting vehm Condtion Control node. Control kvel [m] Tiee
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Figure 3.44  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 3.45
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Figure 3.45 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.

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 3.46

Pump Propertes ] Variable speed | Energy | Regulaton | Description

Descrpton [Pump station West
Data source |
AssetID |

Status v

Y

Figure 3.46 Pump Picture Displayed
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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.

Valve Properties

vaves o x
Identification
- Fromnode |Junction_9 El Insert
o |ET
. To node Junction_8 EI Delete
Valve Properties | Regulation | Description
Library Setting type |Loss Coeffident
Valve type FCV ™ Setting 43| 05s)
Fined status None e Curve
Diameter 250 | [mm] Zone ID
Loss coefficent 3|
B 1s active
< >
D m w  Cea  [] Showselected [ ] Show data errors
Valhves
D From node To node Drameter [mm] Setting type Setting Loss coefficent Valve type Fixed
Pl Valve_l Junction_9 | Junction_8 250 | Loss Coefficent = 43 34 FCv = | None

< >

Figure 3.47 Valve properties Editor

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

This data entry is used to specify an ID which uniquely identifies the valve in
the datebase. 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
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 downstream 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.

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 elevation) 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
characteristics Cd. The curves for a few characteristic valves are
available in MIKE+ as default. Other curves can usually be obtained
from the valve manufacturer.

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 a extended period simulation, and thereby
get another head loss coefficient from the curve.
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Figure 3.48

GPV

A General Purpose Valve provides the capability to model devices and situa-

tions 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 3.49

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.

Setting type
Only available for TCV Valve. Two options for the valve setting are available:
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e Opening

o 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.

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 TCV or GPV valves. [...] opens the Curve
ID selector. A curve of type Valve characteristics Cd should be specified for a
TCV valve and a Valve head loss curve should be specifdied for a GPV valve.
Both curve types are generated from Tables > Curves and relations.

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 3.50 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:

e Action

e 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.

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.

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 3.51

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

Powering Water Decisions 69



Network Elements

source), or is inserted, modified, GIS, calibrated or similar. By default, the sta-
tus is undefined.

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, 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 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
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Table 3.3 Valve attributes
Field Database Description Mandatory? | Default
name value
Data Data- Text field for data No
source Source source.
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.

3.6  Pump Stations Editor

Pump stations (or pumps) are represented by “points“ in the MIKE+ WATER
network model. Pumps are either defined interactively on the Map window
using the <Drawing> tool, or by manual data entry using the Pumps Editor in
Distribution Network. The Pump Stations Editor allows you to define the
pump’s ID, description, and other attributes. The Pump Stations Editor is

reached by double clicking <Pump Stations> in Distribution Network in
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Special analyzes

o Cost analysiz

Figure 3.52 Layout of Setup Tree

Identification

This data entry is used to specify a corresponding asset pump ID, which
uniquely identifies the pump in the asset management system (such as GIS,
for example). See Figure 3.53

Pump stakions
Identification
1D PumpStation_1
Pumps | Comment |Descru'm

Pump ID Description

L3 MBO-PUMP STATION1

Figure 3.53 Layout of Pump Station Editor
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<Insert> button allows users to create a new pump station and an asset ID
will be automatically generated by default but editable.

<Delete> button allows users to delete already existing pump stations.

Grid Attribute
The grid at the bottom of Pump Station Editor shows the attribute tables of
pump stations. There is a filter on top of the grid.

<Search> button allows users to filter pump station by typing pump station ID
in the blank box. <Clear> button let users clear selection criterion.

<Show selected> check box allows to filter the selected rows in the grid.
<Show data error> check box allows to filter the rows where an error occurs.

By right clicking the header of each column, a list of following options can be
selected from (Figure 1.3):

1. Select column

2. Field calculator

3. Select by attribute

Pump station West

IID VIAI.I. VI Clear 1/1 rows,
D X coordinate [m] Y coordinate [m] Geom area [ha] Desaription
Select column
Field calculator
Select by attribute

Figure 3.54 The Layout of Pump Stations Attribute
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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 3.55), or by manual data entry using the Tur-
bine Editor dialog box as shown in Figure 3.57

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 3.56).

- Turbines ML b

Figure 3.55 The Turbine Editing Tool

Setup o x

eI o General zeftings
+ Map configuration
= 3 Metwork,
----- Junctions
..... Pipes
----- o Tarks
..... Pumps
----- Walves
----- Pump stations
""" Al Turbines
= 01 Water demand
----- Demand allocations
----- Multiple demands
----- Statistics and redistribution
- 1 Tables
..... ZDneS
----- Real time contral
----- Extended rule-bazed controlz
----- Prezzure dependent demands
= 1 Measurement stations

- [ Calibration
Stations
Scenarnios
-1 Base

2 Simulation Specifications
o Hydrodynamic: simulation

Figure 3.56 The Turbine editor in Setup Tree
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o x
Identification
From node 10 ] 'II | Insert |
I Turbine_3 =
To node ] = ] EI Delete
Turbine Properties | Energy Generste | Regulation | Description
Diameter 50.00 [rmm]
Headloss curve [ ]
Zone ID [
[7] Closed [¥] 15 active E
z
asl
ALL v] | Search ][ Clear ] | Showselected | | Show data errors
jis) From node To node Diameter [mm] Headloss curve Relative speed Zone ID Is active Energy pric
> |Tubines 10 6 so.oo || True

Fl m »

Figure 3.57 The Turbine editor allows the user to define the storage tank node that
supply water to the water distribution network

A list of the Turbine editor data entries for Figure 3.56 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.
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Identification

[ | Insert
10 Turbine_1 9 Fromode = ] 'II |
s Tonode = ] 'II Delete

Turbine Prof . i || 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 3.58 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 @ 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-
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.

Grid Attribute

The grid at the bottom of Turbine editor shows the attribute table of
turbines. When selecting a turbine from the table, that turbine will be
located on the network map with selected state. On the top of the grid,
users can search and select turbines according to their attributes. It also
gives options for clearing selection, showing selected turbine attributes and
showing data errors.

Right click on the header of column, showing a menu with following items:
Statistic
Field calculator

Select by expression
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These functions should be all applied on the selection.

Right click on the grid origin, showing a menu of Hide columns: the fields of
feature can be selected to be seen or hidden by users.

Right click on anywhere else origin, there is a pop up menu showing with
following items:

Clear selection

Copy to clipboard

Copy to clipboard with header text
Paste from clipboard

Reset layout

Show columns in active tab

Add user defined column

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 1.5.

T o x
Identification
Fromnode 10 (i) |I|
Turkine_t

o Tonode 6 Ed ]
Turbine Proparties Energy Generate | Regulation | Description |

Diameter 50.00 [mm]

Headloss curve II]

Zone ID =

[7] Closed [¥] 1s active

Hilml]

G vs]

11 rows, 0 selected

Relative speed Zone ID Is active Energy prix

True

Figure 3.59 The General Information Turbine

Turbine Type
This drop down selection list data entry allows you to define the turbine types.
There are two options available:
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e Impulse Turbines

e Reaction Turbines

Diameter
This data entry allows you to define the Turbine size (ft or m).

Headloss Curve

A Headloss Curve is used to describe the headloss (Y in feet or metﬁ
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
It defines the zone ID of turbines.

IS Active (mandatory)
It defines whether the turbine is active or not. If the turbine is active, it would
be included in the model, otherwise it would 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 3.60

Turbines g x
Identification
Fromnode 10 E] [ Insert
I Turbine_1 —
Torode 6 Delete
Turbine Properties | Energy Generate | Regulstion | Description
Price
Price pattern l ]
Efficiency curve —_
&£
g
2
=
T}
Q)
[.N.I. v] [sean:h ] [ Clear ] || show selected | Show data errors 1/1 rows, 0 selected
n] From node To node Diarneter [mim] Headlass curve Relative speed Zone ID Is active Energy prig
“ m »

Figure 3.60 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.
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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.

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 table (see 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 3.61).

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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Figure 3.61 The Regulation of Turbines

A list of the data entries for Regulations follows:

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 E] will 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.
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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.

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 1.8.
Turbines o x
Idenkification
Fromnede 10
1D Turbine_i|
Tonode 6

[ Turbine Properties | Energy Generate | Regusbion | Descrigtion |

Description
Data source

Asset ID

Is active Energy price. Energy price pattern
True =

Figure 3.62 The Description of Turbines
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Water Demand

Network Demand

Zones

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

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

Pressure zones are service areas defined by the hydraulic grade-line value of
the sources that supply them. A pressure zone has one or more sources of
supply and may have a set of closed valves that separate it from other pres-
sure zones.

The Zones Tab in MIKE+, contains two groups of data is accessed through
MIKE+ TOC. One for identification and another one to set the zone specifics.

In the Identification group it is possible to insert new zones and delete differ-
ent zones. These zones can be defined as different zone types; DMA zone,
Demand zone, Region zone, Ward and Other.

Identification ID

This data entry is used to define a unique positive integer ID value that speci-
fies the network pressure zone. Pressure zones are defined at junction
nodes, storage tanks and reservoirs. Note that, by default, all nodes are
defined as belonging to pressure zone 1. Therefore, pressure zone 1 is
always defined and not listed within the Pressure Zone Editor

Zone type

Zone type is used to identify the distributing demand by the kind of zone
established. There are five types predefined in MIKE+: DMA zone (“0”), pres-
sure zone(“1”), demand zone (“2”), region zone (“3”), and other (“4”). Per
default the DMA zone is the initial status of this entry.

Range Selection
This data entry is used to load a previously defined selections of Network ele-
ments such as nodes and pipes for which the demand zone will be delimited.
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The user can create these selection lists with the selection tools.

Demand

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

Population

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

Description (Optional)

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

Generate
These buttons helps automating the creation of new zones. Two options are
available:

e GIS layer: This method uses a polygon shape file to read the zones'
extents from.

e Zone IDs from pipes' properties: With this option, the zones are created
by grouping the pipes according to their 'Zone ID', as specified in the
Pipes editor.

Identify X

Option
Generate zones from
@ GIS layer

(O Zone IDs from pipes’ properties

External data

Polygon layer | | v

Reference ID | w |

Zone type |DM.-'-\ zone w |

Description | |
Apply Cancel

A

Figure 4.1 Creating new zones from a GIS layer or from pipes' properties

4.1.2 Demand Allocation

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

The Demand Allocation Editor box is reached directly from the TOC under the
Water demand layer group.

Identification
X Allocation type o

1v]
v Comectn D ]

Consumers
Estated height Demand
Demand category Blevation
Demand pattern Address
Asset name Owmer

Description

Figure 4.2 Demand Allocation Editor

(Fig 4.1 Demand Allocation Editor dialog box is used to store and edit the
consumption data defined as consumption points and link it to the appropriate
network junctions or pipes)

A list of the Demand Allocation Editor data entries for Figure 4.2 follows, with
a short description of each entry.

Identification 1D

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

Allocation type
In this data entry the user can specify if the connected demand is loaded to
either a junction or a pipe.

Consumers tab

In this data group the user can specify all the information relevant to the
demand allocation point.
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Demand

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

Elevation

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

Estimated height

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

Description

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

Demand Category

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

gory.

Address

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

Demand Pattern

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

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

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

Metered Demand

This data entry stores data imported by the user. The consumption database
often stores aggregated data over several months. The user can import this
into “Metered consumption” and then obtain pipe demand coefficient for
demand distribution.

Geocode tab

Demand geocoding allows you to connect customers to model nodes. This
connection will then be used to develop node demands (demand aggrega-
tion). Customers (allocation points) can be connected to nodes by several dif-
ferent methods:

e Finding the nearest node

o Finding the nearest pipe and then the nearest node on that pipe

o By apipe ID defined in the customer point and then to the nearest node
on that pipe.

The selection of the method depends on the nature of how demand allocation
points (consumers) were developed and what they represent.
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i Identification
X -89159.39651596 | [m]  Allocation type | Junction v Insert
S —
U 148098.44440525 | [m] Connection ID |11508 II' Delete

Consumers | Geocode | Aggregation

@® Alitems O Selected items
Select connection method

Apply
(® To nearest node
(O To node by nearest pipe Stop

(0) To node by pipe ID

i Connection setting

[] Maximum distance from item to network element  |10.00

vl [

Maximum pipe diameter -1.00
Item can enly connect to pipe if
Node parameter Condition  User-defined value

MUID =

1 D ML v Cear [ Showselected [] Show data errors

D X [m] ¥ [m] Allocation type Junction ID Pipe ID Demand pattern Demand category BN
11508
11508
8123
8123
8078
8081

N 1 -89159.39651596 | 148098.44440526 | Junction
. 2 -89238.01239162 | 148024. 196076678 | Junction
3 |-89229,2772943244 | 147367, 417943057 | Junction
4| -89150.6614186644 | 147936.845101876 | Junction
5 |-89128.8236754255 | 147836.391480854 | Junction
6 |-89054, 5753484133 | 147733.980895973 | Junction

(I AT T T A T I O

Figure 4.3 Demand geocoding

It is possible to use all records (all consumers) or only selected ones (e.g.
new consumers) using the radio buttons at the top:

o Allitems
e Selected items

Select connection method:

e To nearest node: the program will find the nearest node to the customer
point

o To nearest node by nearest pipe: the program will first find the nearest
pipe and then it will use the nearest node to the customer point on that
pipe

o Tonode by pipe ID: the program will find the nearest node on a pipe that

has the same ID as defined for the customer point. This method is suita-
ble when customers are already "geocoded" to pipes in the source data.

Connection settings can be used in order to restrict pipes that will be used
for the customer allocation:

e Maximum distance from item to network element: this is the maximum
distance between the customer point and the node (to nearest node
method) or the nearest pipe (to nearest node by nearest pipe method)

MIKE+ - © DHI A/S



A

Maximum pipe diameter: this is the maximum pipe diameter of the near-
est pipe. If the nearest pipe diameter is too big the program will skip the
pipe and will keep searching for another pipe. This is suitable in order not
to allocate demand points to main or transmission pipes.

Item can only connect to node if the node meets certain criteria, e.g.
"node description = xxx"

— Node parameter: select the node attribute
— Condition: select the condition (<, =, >, LIKE)
—  User-defined value: specify the attribute value

Item can only connect to pipe if the pipe meets certain criteria, e.g. "pipe
description = xxx"

—  Pipe parameter: select the pipe attribute
—  Condition: select the condition (<, =, >, LIKE)
—  User-defined value: specify the attribute value

Apply: starts the demand geocoding process.

Stop: cancels the running demand geocoding process.

Aggregation tab

Demand aggregation allows you to use customer connections (geocoding) to
model nodes and to develop node demands. Node demands can be devel-
oped from consumption points in two essential methods:

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

Aggregation: this will create 1: N relation, i.e. multiple allocation points =
1 node demand
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Demand allocations o x
Identification
X 8915939651596 | [m]  Allocation type | Junction v Insert
3

¥ 148098.44440526| [m]  Connection ID | 11508 II' Deletz

Consumers | Geocode | Aggregation

(® allitems () Selected items
(@ Agaregate demands to node demands Compute

(O Assign demands to multiple demands
Cancel
() Agaregate demandsto pipedemands coefficients
Select pipe demand coeffident: Coeffl
[ Reset existing node demands [ Use demand category

Reset existing pipe demand coefficents

Category

D w | AL ~ | Clear [ Show selected  [] Show data errars

) X [m] ¥ [m] Allocation type Junction ID Pipe ID Demand pattern Demand category L)
b1 L -89159.39651596 | 148098.44440526 | Junction - 11508
2 2 -89238.01239162 | 148024. 196076678 | Junction - 11508
3 3 |-89229,2772943244 | 147967.417943057 | Junction - 8123
4 4| -89150.6614186644 | 147936.845101875 | Junction - 8123
5 5 |-89128.8236754255 | 147836.391480854 | Junction - 8076
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Figure 4.4 Demand aggregation

It is possible to use all records (all consumers) or only selected ones (e.g.
new consumers), using radio buttons at the top:
o Allitems

e Selected items
Select aggregation method:

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

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

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

—  Select pipe demand coefficient: selected pipe demand coefficient

Reset existing node demands: the program will remove all existing multiple
node demands.

Reset existing pipe demand coefficients: the program will remove data
from the selected pipe demand coefficient in all pipes.
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Use demand category: the program will aggregate demand based on the
category. Example: if there are 5 consumer points to be aggregated to the
same node and 3 are residential and 2 are commercial the program will cre-
ate 2 new node demands, one for residential (where 3 residential consumer
points are aggregated into one) and one for commercial (where 2 residential
consumer points are aggregated into one).

Pattern: if this field is not empty, the program will use the pattern name for
multiple demands that will be created in this process.

Category: if this field is not empty, the program will use the category name
for multiple demands that will be created in this process.

Compute: starts the demand aggregation/assignment process.

Stop: cancels the running demand aggregation/assignment process.

Multiple Demand

Junction node demands can be edited either in the junctions editor for each
particular node or in the Multiple demand editor, which allows the user to dis-
play and edit all multiple demands. The Multiple Demand Editor dialog box is
reached by MIKE+ | Multiple Demands.

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

Demand (mandatory)

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

Description (optional)

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

Demand Category (optional)

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

Demand Pattern (optional)

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



Water Demand

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

414 Statistics and redistribution

92

MIKE+ can generate statistical information for junction node demands.
Demand statistics is generated for each pressure zone as well as for the
complete network. Additionally, demand statistics dialog box allows the user
to redistribute node demands by changing the calculated statistical results.

Typett [Integer Zome @  Category  MinDemand ] MaxDemand (1] AvgDemand [lis) SumDemand (1] MewsngDemand [Il5)  NewSumDemand [lis)

Figure 4.5 Statistics and Distribution

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

Type

This data entry is used to distinguish between data (demand statistics for the
selected category), zone (demand statistics for pressure zone), and network
(demand statistics for the whole network).

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

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

Minimum Demand

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

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

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

Sum Demand

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

New Average Demand

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

New Sum Demand

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

Category Type

This option entry allows the user to specify the category type such as fixed or
scaled, which will be used in the demand redistribute process. Junction node
demand with fixed demand category will not be scaled during the demand
redistribution.

Refresh
Select Refresh to re-generate the demand statistics.

Redistribute

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

4.1.5 Distributed Demands Tool

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

This tool is used to automatically assign the demands at the appropriate junc-
tion nodes. The Distributed Demands Tool can be accessed from MIKE+
Tool.
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Pipe Demand Coefficients

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

The Distributed Demands dialog, as shown in IFigure 4.8 is used to automat-
ically assign the demands at the appropriate junction nodes. The Distributed
Demands tool box is reached thorough the WD toolbox in the Tools Section.

Distributed demand o x

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

(® Water demand to be distributed 0] Compute
[:I Zone ID: Stop
'1,::' Use zones demand DMA zone o
Zone ID Demand ([I/s])
[ override
Distribution method

® Method of reduced pipe lengths
(O Method of equivalent pipe lengths

O Method of 2 coefficents
Select pipe demand coeffident 1 Coeffl bt

Select pipe demand coeffident 2 Coeff1 ot

Category

Pattern

Category

Figure 4.6 Distributed Demands Pipe Demands Coefficients
A list of the entries for the Distributed Demands Tool follows.

Water Demand to be distributed (mandatory)
This data entry is used to specify the network demand for a particular network
pressure zone or the entire network system.

Note that this total demand represents the total demand regardless into which
multiple junction demand is distributed. Multiple demands are specified in the
junction Editor or in the Multiple Demand Editor.
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Zone ID
There are two methods for distributing the water demands, distribute by zone
ID (zone by zone) or using the zone table (one-time process).

The Zone ID check box allows the user to select whether the total network
demand corresponds to the entire network or a single zone. Checking this
box applies the specified water demand to a single zone, leaving the box
unchecked will apply the specified water demand to the entire water distribu-
tion network.

The zone must be specified in the provided data entry field. Selecting <<...>>
displays the Zone ID selection in the dialog box, where the appropriate Zone
ID can be selected.

The “Use zones demand” will enable the use of the zone table by this means
the user can define the total demand of each zone type.

The Override check box when checked will clear the demand in the junctions
first before distributing. By default this check box is marked.

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

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

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

(@b ky

qpi =

(klikz,‘)

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

_ (Qlko)

qpi e
Z(kpily)

where:

gpi = Total water demand applied to the pipe, split between the two end
nodes.

Q = total network water
li = Pipe length
k1i, K2i = pipe demand coefficient

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

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

Select Pipe Demand Coefficients 1,2

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

point being defined.

Pattern

This data entry allows the user to define the ID of the demand pattern to be

applied to the distribute demand.

Node Demand Coefficients

Node demand coefficient allows the user for each node to define the share
from the whole network demand, which is taken by that node. The total net-

work demand is then distributed to the corresponding junction nodes by

Demand Distribution function.

istributed demand

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

(@ Water demand to be distributed

[ Zone ID

O Use zones demand DMA zone

Zone ID Demand ([I/s])

[:I Equal node demand distribution
Override

Category

Pattern

Category

Figure 4.7  Node Demands Coefficients

Compute

Cancel

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

node demand coefficients have to be equal and different from zero.

The user can distribute the water demand by node demand coefficient. Simi-

larly to Pipe Demand Coefficients there are two methods of distributing the

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

3]

qni =

2l

Where:

Q = Total network water demand (or zone demand)

gni = calculated demand at each junction node

N = junction nodes count with the selected zone or a total network

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

Category

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

Distribute by Area

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

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

Service Area Layer

This field will points at the shape files loaded to the map that can be used as
area layers or the generated Thiessen polygon layers.
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Distributed demand o x
Pipe demand coeffidents MNode demand coeffidents Distribute by area  Land usePopulation
Total network water demand sl Compute
Node Service Area Cancel
Service Area Layer v o
Node ID Field ™y
Category
Pattern
Category
O override

Figure 4.8 Distributed Demands Area

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

Land use/Population

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

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

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

Distributed demand o x

Pipe demand coefficents Node demand coefficents Distribute by area  Land use/Population

Node Service Area Compute
@ Land Use Service Area Layer w
O Population Node ID Field v
External data
Layer S
Type Field v
Density Field
User type Demand (fifs]) ] override

Figure 4.9 Distributed Demands Land use

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

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

51 Time Patterns

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

12
1
08
0.6
0.4
0.2
0
] 1 2 a 4 5 6 7 8 9 10 1 12

Deman Period

Usage Factor

Figure 5.1 Time pattern for water usage

The definition of repetitive profiles consists of two main steps; the definition of
diurnal profiles and the definition of cyclic profiles, which are combining one
or more profiles together.

5.1.1 Diurnal Patterns

The diurnal profiles are used to define a series of multipliers (multiplication
factors applied to a baseline value of junction node demand, constituent
source concentration, storage water level). The duration of such diurnal pro-
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file curve is one day (24 hours). The diurnal profiles settings can be accessed
from the Patterns tab.
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Figure 5.2 Diurnal Pattern

Pattern ID

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

Time Step

The pattern time specifies the length of time between each pattern change
(i.e., the period of time over which water demands and constituent source

strengths remain constant). To change the pattern time step, use the field

Pattern time step specified in the hydrodynamic simulation settings.

Time steps
Hydraulic time step Pattern time step
| 2,0000] fmi] | 1,000 fmin]
Quality time step
| 0,000 [min]

Figure 5.3 Pattern time step in Hydrodynamic simulation settings

Duration time

The duration is required to specify the extension of the diurnal pattern. The
duration time and time step, decides the number of records in the pattern
data table.

Use data and time sets whether the absolute date and time will be used for
each and every multiplier. If it is set as true then the column “Date and time”
will be enabled and must be defined in the subsequent field.
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Type
The user can define the type of diurnal pattern, the options are Node
demands, Water quality, Tank water, Energy Price or Undefined.

Category
This data enty allows you to enter a description identifying the demand pat-
tern being defined. This description can optionally excluded of the reports.

Description

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

Redistribute

Select redistribute in case that the pattern time step was changed in the sim-
ulation settings and you want to adjust the pattern time steps (number of pat-
terns) to match the pattern time step. Note, that this will not the pattern values
(multipliers) but it will change their count.

Normalize

Select normalize in case that you want to adjust the pattern multipliers to the
average value of “1”. Note, that this will change the pattern values (multipli-
ers) but it will not change their count. Normalization of patterns is useful when
you want to create a typical daily demand patterns.

5.1.2 Normal Day

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

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

5.1.3 Special Days

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

5.2 Curves and Relations

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

o Pump Efficiency. Efficiency versus flow for pumps

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

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

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

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

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

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

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

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

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

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

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

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



Curves and Relations ;

]
i

Figure 5.4  Curve and Relations, Identification

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

Sort

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

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

Figure 5.5 Curves and Relations, Definition of data curves
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Tables

S0 S ——
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80
75

70
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65

60

55

50

O 20 40 60 B0 100 120 140 160 180
Q[I/s]

Figure 5.6 Preview of a defined curve in Curve Editor

220 240 260 280

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

to highest).

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

the same “X” value.
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Real Time Control

Real time control provides the following operations:

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

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

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

The real-time control provides two algorithms:

e Linear control

e PID (Proportional — Integral — Derivative) control

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

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

(6.1)
t

u(t) = Kpe(t) + Kif ((e(t)At)) +
0

Kdae(t)
)
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Real Time Control

Where Kp, K;, and Ky are all non-negative coefficients for the proportional,
integral, and derivative terms. In this model:

» K accounts for present values of the error. For example, if the error is
large and positive, the control output will also be large and positive.

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

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

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

‘Realtmecontel o x
Identfication
Insert
o [Rre ]
Delete
Control element setting Set-pont settings
Control element type Pump ~ Set-point element type | Junction ~
Controlled element ID Pump_1 || ses IIl Set-point element ID Junction_1 IIl
Control settings 5 Set-pont variable Pressure o
Minimum value 0,1
Set-point type Constant w
Maodimum value 2]
Set-point vakue 25|m]
Mandmum increase rate 0,01
Masimum decrease rate 001 S ; - B
Set-pont 0,01 [%]
Control type Linear control i serkstd e
¥  Fr Description

|o Em v | Cear
Control dlement type Control element ID Minimum value Mandmum value Maodimum increase rate Maximum decrease rate
Pump_1 0,1 z 0,01 0,01

b4

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

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

Control element settings

Control element type
This data entry allows you to define the type of a controlled element: pump, or
a TCV valve.
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Controlled element ID
This data entry allows you to define the ID of the controlled element. You can
select the element from a list by clicking the ... button.

Valve type

In case of a TCV valve control element, this data entry allows you to define
the type of a valve, such as butterfly valve, globe valve, plug valve, ball valve,
fast opening valve, or equal percentage valve. The program will apply a built-
in valve characteristics curve based on the valve type.

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

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

Maximum increase rate

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

Maximum decrease rate

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

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

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

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

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

Set-point settings

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

Set point variable

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

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

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

Set point curve

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

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

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

Remarks

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

e Quick opening valve (gate)

e Globe valve

e Plugvalve

o Butterfly valve

o Ballvalve

o Equal percentage 5%
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7 Extended Rule-Based Controls

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

Extended rule-based controls o x
Setup

| msert || load |

D |Ru|e_PUMP-BLUEHILL—1—ON

Condition | Description

@ Is active

| Delete | | Save |

IF SYSTEM CLOCKTIME >= & AM

AND SYSTEM CLOCKTIME < 11 AM

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

I]D ~ IALL ~ I Clear [ ] [ ] 1f1rows, 0

| bin] Is active Condition

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

Figure 7.1 The Extended rule-based control editor

Insert
Insert a new rule.

Delete
Delete a rule.

Load
Load rules from a text file (*).

Save
Save rules into a text file (*).

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

Each rule is a series of statements of the form:

IF condition_1
AND condition_2
OR condition_3
AND condition_4

etc.

THEN action_1
AND action_2

etc.

ELSE action_3
AND action_4

etc.

PRIORITY value

where:

conditon_n = a Condition clause

action_n = an Action clause

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

Remarks

1.

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

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

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

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

If the interpretation was meant to be

IF Aor(BandC)

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

IF B and C THEN ...

The PRIORITY value is used to determine which rule applies when two
or more rules require that conflicting actions be taken on a link. A rule
without a priority value always has a lower priority than one with a value.



A

For two rules with the same priority value, the rule that appears first is
given the higher priority.

5. The decimal separator for numerical values must be a point.

7.1.1 Condition clause

A condition clause in a Rule-Based Control takes the form of:
object id attribute relation value

where

object = a category of network object

id = the object's ID label

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

value = an attribute value

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

SYSTEM DEMAND >= 1500

SYSTEM CLOCKTIME = 7:30 AM

The Object keyword can be any of the following:

NODE LINK SYSTEM
JUNCTION PIPE
RESERVOIR PUMP
TANK VALVE

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

DEMAND
HEAD
PRESSURE

The following attributes can be used with Tanks:

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

These attributes can be used with Link-Type objects:

FLOW
STATUS (OPEN, CLOSED, or ACTIVE)



SETTING (Pump speed or Valve setting)
LIKE (See Multiple Pumps, Valves for more details)

The SYSTEM object can use the following attributes:

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

Relation operators consist of the following:
=S

<> NOT

< BELOW

> ABOVE
<=> =

7.1.2 Action clause

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

object = LINK, PIPE, PUMP, or VALVE keyword

id = the object's ID label

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

Some example action clauses are:

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

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

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

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

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

See Multiple Pumps, Valves for more details.
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7.2

Multiple Pumps, Valves

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

Example 1:
IF SYSTEM CLOCKTIME = 8 AM
THEN PUMP 3 SETTING LIKE PUMP 410

The pump 3 setting will be set equal to the settings of the pump 4 (multiplier=
1 and increment = 0) at time 8 am.

Example 2:
IF SYSTEM CLOCKTIME = 8 AM
THEN PUMP 3 SETTING LIKE PUMP 4 1.100

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

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

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

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

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

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

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

Extended Rule-Based Controls

7.3.1 Control of a valve

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

ols o x
Setup

Insert Load
ID [PIT-010_Open

Delete Save
Condition | Description
Is active

IF TANK 173 LEVEL <= 7.315
OR TANK 1398 LEVEL = 8.56
THEM VALVE PIT-010 SETTING IS OPEN

Extended rule-based controls o x
Setup

Insert Load
D [PIT-010_Close

Delete Save

Condition | Description

Is active

IF TANK 173 LEVEL > 7.315
OR TANK 139B LEVEL < 8.56
THEM VALVE PIT-010 SETTING IS CLOSED

RULE PIT-01@ Open;  BUNKER RD NORTH CV OPEN
IF TANK 173 LEVEL <= 7.315

OR TANK 1398 LEVEL » 8.56
THEN VALVE PIT-@1@ SETTING IS OPEN

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

OR TANK 139B LEVEL < 8.56
THEN VALVE PIT-@1@ SETTING IS CLOSED

Figure 7.2 Rules in EPANET *.inp file

7.3.2 Control of a pump

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

Setup

ID [AH_PS1 Start

Condition | Description

| Insert

Load

| Delete

Save

Is active

IF TANK 172 LEVEL <5.39

AND TANE. 170 LEVEL >=0.75

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

Extended rule-based controls
Setup

ID [AH_PS1 Stop

Condition | Description

| Insert

Load

| Delete

Save

Is active

IF TANK 172 LEVEL <6.55

AND TANK 170 LEVEL < 0.36

AND TANK 171 LEVEL < 0.36

THEM PUMP 14146 STATUS IS CLOSED

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

AND TANK 178 LEVEL< ©.36

AND TANK 171 LEVEL < @.36

THEN PUMP 14146 STATUS IS CLOSED

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

AND TANK 17@ LEVEL »= 8.75

AND TANK 171 LEVEL »= 8.75

THEN PUMP 14146 STATUS IS OPEN

Figure 7.3 Rules in EPANET *.INP file

Powering Water Decisions
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Water Quality Simulation

8 Water Qu

8.1  Water Quality Simulation

ality

A

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

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

type of water quality simulation.

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

Figure 8.1), and check the box of “Water quality” in Figure 8.2

= \f

Figure 8.1

Powering Water Decisions

General settings

# Model type

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

- [ Water quality
 Point constituent source

Scenarios
Simulation specifications

Water Quality setup tree layout
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Model type Unit

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

Water distribution
Standard EPANET

Water quality

Spedial analyses

[ Fire flow analysis

[ Pipe criticality

[ cost analysis

[ shutdown planning

[ Flushing analysis

[ water hammer analysis

Figure 8.2 Layout of Models

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

8.1.1 Point Constituent Source

The Point Constituent Source Editor, as shown in Figure 8.3, allows you to
specify at which nodes an external chemical constituent enters the network
system. At least one node in the network must be specified as a point source
of chemical constituent when performing a chemical concentration analysis.
There are three sections in this configuration window.

Identification

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

ID.

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

Node ID

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

A

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

Point constituent source
Identification
ID
Node ID

Source type

Node type |i v|

v | ALL

Node type

Figure 8.3

Source Type

Node ID Source type Concentration [mg/l]

Cydic profile ID

Layout of Point Constituent Source

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

Source quality can be made to vary over time by assigning it a time pattern.
MIKE+ can model the following types of sources (see Figure 8.7):

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

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

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

Powering Water Decisions
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Water Quality

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

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

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

Figure 8.4  Source Type Options

CONCENTRATION

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

PATTERN ID

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

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

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

Point constituent source arx

Identification

D [source2 |
Node ID [uncton_1_|

Source tpe | Concen
Concentraton | |
e —

Figure 8.5  ID Selector Window

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

Powering Water Decisions 125



Water Quality

D v LALL ~ | Clear

Node type Node ID Source type Cydic profile ID Concentration [mg/l]

Figure 8.6  Detail Table of Point Constituent Source Settings

8.2  Multiple trace node analysis

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

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

Trace nodes

o X
Identification
o o= e |
Trace node definition
Node Type | Junction v
e [t [=lny
Description | |
< >
D ~ ALL v | Clear

D Trace node type Trace node ID Description
r1 Junction v Junction_1

Figure 8.7 Point constituent source editor
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Identification ID

The identification field allows a maximum number of 40 characters. This entry
is automatically filled by default value “Trace_x". Users can edit the text to
rename the trace name

Node Type

The trace node can be identify by means of it's type of node through the pull-
down selection lists which displays contends such as junction and tank.

Node ID

This data entry is used to define the MUID of the node the trace node is
assigned to. It is possible to select the node ID from the node list or by select-
ing directly on the map.

Description

This field allows users to enter a description identifying the simulation
defined. The description can be output in reports.

Multiple tracing blending

When there are more than two trace nodes defined the source tracking simu-
lation will be run on a one-by-one basis for each water source, all results are
further combined and the fraction from water source is computed and pre-
sented in the map, as follow:
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Figure 8.8 Multiple source blending (detail from the supply zone, colour shows
water from different water sources)
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9.1

A

Scenarios

The water distribution and wastewater collection data models are commonly
used for the system performance analysis and in the planning process. The
complexity of the involved systems, the various uncertainties about the future
conditions and usually huge costs associated with maintenance, rehabilita-
tion and development necessitate a thorough investigation of alternative sys-
tem configurations in a search for the technically feasible, environmentally
sound and economically efficient solution. These alternative configurations -
scenarios - may differ by the system's physical layout, loading conditions,
operational strategies, etc. Various projects, such as development of a Sew-
erage Master Plan, Wastewater Transportation Strategy, an Overflow Abate-
ment Strategy, etc. would typically result in a large number of scenarios,
either representing alternative system configurations at a given time and/or
representing the system at various development stages. Test of each sce-
nario against the prescribed legislation or the standards of service that the
authorities provide requires a numerical model on its own.

These scenarios are always related to each other through the common origin
('Base’) and the differences typically epitomize a smaller part of the total data.
Moreover, scenarios representing a development of the system through time
are subject to the dependencies propagating along with the timeline. Analysis
of the scenarios as separate projects creates major inconveniences, such as:

e Large number of models, even when differences between them are mino
e Missing the efficient overview over the entire set of solutions

o Inability to maintain the existing dependencies between the individual
scenarios automatically. Thus, the updating of the models with additional
information requires editing of multiple files to change the same element,
e.g. if a pipe diameter is found to have been incorrectly registered in the
GIS database, it will have to be updated multiple times in each of the
scenario project files.

What is Scenarios

The MIKE+ Scenarios is a user interface for a set of MIKE+ features, ena-
bling the definition, organisation management and reporting of alternative
scenarios, such as:

e Augmentation of existing trunk sewer mains;

e Increased wastewater loading from increased population;

e Increased water demands from increased population;

e Alternative design loads, e.g. rainfall-runoff of different return period;

o Alternative alignment of sewer and storm mains;
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e Building of a new sewer trunk and water supply mains in order to cater
for a new development area.

within the same MIKE+ project.

9.2 Design of the MIKE+ Scenario Manager

The MIKE+ Scenario group is based on the concept of Data Groups, Alterna-
tives and Scenarios. In this context, a Data Group is a set of database tables
which form a meaningful set. E.g. all database tables containing collection
system network data belong to the data group "Network Data". Every data-
base table relevant for the scenario manager is included in one of the Data
Groups.

Each Data Group can appear in the MIKE+ project in any number of Alterna-
tives. The initial alternative is named with a default name 'Base'. Any further
alternative is created upon user request and gets a user-specified name. The
Alternatives for a certain data group are organised in a tree-like structure,
where dependencies propagate along the branches -from the "parent” to all
the "heirs" i.e. "children".

A scenario represents a complete set of consistent data, featuring the system
configuration for a given situation. In other words, a scenario contains one
alternative of each Data Group. Actually, individual alternatives are used as
building blocks for constructing scenarios. A moderate number of data groups
(eight for collection system and nine for water distribution) allows for a man-
ageable structure of scenarios, while ensuring the high level of flexibility.

The initial scenario is named with a default name 'Base’, and consists of the
'Base' alternative of each data group. Any further scenario is created upon
user request and gets a user-specified name. The scenarios are organised in
a tree-like structure of "parents" and "children".

Alternatives

The alternatives represent the components of the scenarios. The various
alternatives contain the actual data belonging to a certain data group. Actu-
ally, each subsequent alternative only contains the information on the differ-
ences relative to its immediate "parent”, while the rest of data is inherited
from the "parent" through the principles of inheritance.

Grouping of various alternatives belonging to different data groups into sce-
narios is sometimes subject to limitations, because the data groups have not
been formed on the basis of data independency, but rather following the logi-
cal data grouping. E.g. the alternative of the "Catchment connections" CS
data group, which specifies a catchment connection to node 'A’, cannot be
used with the alternative of the "Network data" data group where node 'A' has
been renamed or deleted. Obviously, the catchment would remain discon-
nected.
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Collection System Alternatives
For Collection Systems, the scenarios are composed of the following data
groups:
o Network
e Loads and Boundary

e Catchment & Hydrological

« WQ
e Operational RTC
e LTS

e Profiles and Curves

Scenario Base Activate

Comment

Alternatives

[=1- CS Network data
[~|Base Alternative
River network data Delete
[~|Base Alternative
Loads and boundaries data
[~|Base Alternative
Catchments and hydrology data
; [~|Base Alternative
Transport data
: [~|Base Alternative
Control rules data
] [~|Base Alternative

Insert

Long Term Statistics data

[]Base Alternative Comment
Profiles and curves msm_Node
[~|Base Alternative msm_Link.
= 2D overland msm_\P":I.ln_'lp
. msm_\Weir
; Base Alternative msm_Orifice
msm_Valve

msm_CurbInlet
msm_OnGrade
msm_OnGradeD

Figure 9.1 Scenarios Alternatives for Collection System
Water Distribution Alternatives

For Water Distribution Systems input data can be grouped the following way,
corresponding to the different types of available alternatives:

e Networkt
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o Water Demands

« Control

o  Water Quality

o Pattern and Curves

Scenarios

Scenario  |Base

Activate

Comment

Scenarios

Alternatives

(=]~ Network data
- [“]Base Alternative

[=- Water demands

[“]Base Alternative
(=]~ Control data

[“|Base Alternative
=-WQ data

[“]Base Alternative
(=)-Patterns and curves

[“]Base Alternative

Insert

Figure 9.2 Scenarios Alternatives for Water Distribution

Inheritance principles

With the inheritance from 'parent' alternatives to 'child' alternatives, some
specific items must be kept in mind.

132
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e Making a change to an alternative will affect all descendent ('child’) alter-
natives of that alternative. This means that it will impact all the scenarios
where either the alternative or the children of that alternative are applied.
This also ensures that if one value needs updating it will be updated in all
the scenarios where the alternative is applied (e.g. if a pipe diameter is
found to have been incorrectly registered in the GIS data during the
course of a project then the pipe diameter can be changed one place
only, regardless of the number of scenarios and alternatives that refer-
ence to this alternative).

o The chain of inheritance for a certain data record stops where any
change (or delete) of that element has occurred in earlier work. E.g. if a
bottom level of a node 'A’ has been edited in some child alternative,
some later update of the bottom level in 'Base' will only propagate
through the alternative tree until the alternative containing the old
change.

e Adding an element (e.g. a node) in the 'parent’ with an ID that already
exists in one or more of its descendants ('children’) will overwrite the con-
tent of the 'child' element

e If adding an element (e.g. pump/link) in the parent that cannot be added
to all the children (because some parts may have been deleted/changed
there), the element is added where possible and omitted elsewhere.

9.3 Managing Scenarios and Alternatives
The Scenario Manager has two parts:

e The Scenario part

e The Alternatives part

The scenario part is for creating, editing and managing scenarios, while the
alternatives part is for creating, editing and managing alternatives.

Under Scenarios in the tree view one can “right-click” to get the option of cre-
ating a new child scenario.
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Scenarios

Lol Activate scenario
Result

% Renarme scenario
Sirnulat

Sim Create child scenario
Bat| Duplicate scenario
------ Sirnulat

Delete scenario

Show difference on rmap

Rermowve difference on map

Figure 9.3 Create a new child scenario

Right-clicking on a child scenario enables the options to activate, rename,
duplicate, delete, create a new child scenario and visualize the differences in
the map.

- of Scenarios
-|-  Base
-/ Pe— Ll By
- of Result sp Activate scenario
Resu Rename scenario
Netw hil .
5. Simulation Create child scenario
Simulatior Duplicate scenario

Delete scenario

Show difference on map

Remove difference on map

Figure 9.4 Management of child scenarios

Scenarios

The scenario part is used for creating, editing, and managing scenarios. Per
default there will one built-in scenario, i.e. the Base scenario. The Base sce-
nario cannot be edited or deleted. An unlimited number of additional scenar-
ios can then be added to cover the various '"What if' scenarios.

Create a Child Scenario,

This option adds a scenario that is a child of the highlighted (not to be con-
fused with the active/current scenario), i.e. to begin with the alternatives of a
new scenario will be that of the highlighted scenario. A name for the new sce-
nario is suggested by default. The name can be changed through the option
of Rename scenario or by editing directly in the ID field in the Scenario editor.

Remove,
The remove option will delete the highlighted scenario. The Base scenario
cannot be deleted. Note that deleting a scenario will not delete any data as
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the alternatives hold the data (the scenarios just refer to alternatives). The
comments for the scenario being deleted, however, will also be deleted.

Rename,
The rename option will make the scenario name active so it can be easily
renamed.

Activate,

The activate button will load the scenario, i.e. the project data is manipulated
so that all editors contain the appropriate data. Depending on the size of the
project this may take some time.

Alternatives

Alternatives can be edited only if the appropriate scenario is made active.
Alternatives can, however, be added regardless of the active scenario. When
a scenario is loaded, the project data is manipulated so that all editors contain
the appropriate data.

Alternatives can be activated, inserted and deleted in the editor through the
visual buttons.

Scenarios o x

Scenario Scenario_0 Activate

Comment

Alternatives

—I- Network data Insert
-] Base Alternative
[ Alternative 1 Delete
- Loads and boundaries data
=)- Catchments and hydrology data
[“]Base Alternative
=I-WQ data
[“]Base Alternative
—-RTC(operational) data
[“]Base Alternative Comment
=-LTS data [
[“]Base Alternative
-J- Profiles and curves
[“]Base Alternative

Figure 9.5  Alternative options
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Scenarios

How to Start Working with Scenarios

Creating alternatives and scenarios
o Right click on Scenario in the Tree view

o  Create a child scenario
o Select the alternative group that you wish to add an alternative to and

press the ‘Insert’ button

e You can now rename it and/or continue to make alternatives
o Select the alternative and click on Activate

The activated scenario is displayed in bold font. Equally, all the alternatives
belonging to the active scenario, are displayed bolded in the 'Alternatives'

page.

Both the data tables, the graphics and any MIKE+ tools work ONLY with the
data belonging to the currently active scenario. Access to the data belonging
to other scenarios is not possible through MIKE+ interface.
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10  Simulation Specifications

10.1  Hydrodynamic Simulation

There are six primary tabs in Hydrodynamic Simulation editor:

e General

e  Simulation period
o HD parameters

o WQ parameters
e  Water hammer

e HD output

A project simulation is added using the “Insert” button. Each simulation
requires a unique simulation ID and in ID section, a new session hame can
be revised (the default name is Project _X). Alternatively, “Delete” button
allows to delete the existing simulation projects. This feature is highlighted in
Figure 10.1.

The table under tabs shows the project simulation details including ID,
hydraulic parameters, etc. The parameters can be revised by double clicking
the editable cells. Once revised, these settings are automatically saved to
individual projects. To exit editing mode, press Enter or click somewhere else.

Identification -
Insert Copy

D [ AverageDayDemand

Delete RUN
General | simulation period | HD parameters HD output
Simulation definition
Scenario ID |Base v Active simulation
Description Base scenario
Basic modules
() Steady state simulation
(@) Extended period hydraulic
O Extended period water quality
Chenical concentration
Water age
Source tradng
Cumulative contact time
) Water hammer
| | D ~law ©  ckear [ Showselected [ Show data errors
D ScenariolD  Actvesmulation  Simulation type Qualty No Time start End time Hydrauiic time step [
> AverageDayDemand Base i Extended period hydraulic = - | 18/02/201 00:00:00 | 19/02/2015 00:00:00
2 |AverageDayDemand_LPS_1 Scenario_0 [} Steady state simulation - | Chemical concentration - | 12/08/2020 00:00:00 | 13/08/2020 00:00:00

Figure 10.1 Layout of Hydrodynamic Simulation Editor

General
Under the General setting tab:
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General | Simulation period | HD parameters HD output

Simulation definition

Scenario ID |Base ~ Active simulation

Description |Base sCenario

Basic modules
(O steady state simulation
(® Extended period hydraulic
(O Extended period water quality
Chemical concentration
Water age
Source tradng

Cumulative contact time

(O Water hammer
Figure 10.2 The General setting tab.

Simulation definition
Simulation ID: it is Base by default.

Description: the description field is an optional field with further details of sim-
ulation.

Active simulation: a mandatory check field, necessary to indicate which simu-
lation will be used when running the simulation accessed from the “Run” rib-
bon.

Basic modules
There are 4 types of modules in this field:

o Steady state simulation: EPANET based steady state analysis

o Extended Period Hydraulics: EPANET based extended period simula-
tion.

o Extended Period Water Quality: Chemical concentration (compute chem-
ical concentration), Water Age (compute water age), Source Tracing
(trace flow from a specific node).

o Water hammer
Water quality model is normally disabled but users can enable it by double
clicking ‘Model type’ under General settings and selecting “Water quality” in

Distribution System. Figure 10.3 and Figure 10.4 illustrate the layout of Setup
tree and Module options.
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= \f General settings

o Model type
Description
[~ 1 Map configuration
[ 0 Network
[#- 1 Water demand
[#- 1 Tables
..... ZDneS

----- Real time control

----- Extended rule-based controls
----- Pressure dependent demands
Water quality

 Point constituent source
f

[#- 1 Calibrations

[#- 0 Scenarios

[+ o Simulation specifications

Figure 10.3 Layout of Setup Tree

Maodel type

Model: | Water distribution ~

Water distribution
Standard EPANET

[ water quality

Special analyses

[ Fire fiow analysis

[ Pipe criticality

[ Cost analysis

[] shutdown planning

[] Flushing analysis
Water hammer analysis

EPANET engine selection
(@ DHI EPANET 2.0
(O DHI EPANET 2.2

Figure 10.4 Layout of Model type editor

~

Edit

The following buttons are also located at the top of the editor with the Identifi-

cation group:

'Copy' button

Duplicates an existing (currently active) simulation setup record.

'RUN' button

Triggers export of the current simulation job and execution of the simulation.

Powering Water Decisions
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10.1.1 Simulation Period

This section is able to set the simulation duration. It has two ways:

o Define the simulation start time and simulation end time

o Define the duration directly

A text field box to define the starting time of the simulation and the other to
establish the end time of it. It can be defined that the start and end of the sim-
ulation directly from the text box by typing the date or by means of using the
pop up calendar window (accessible through the arrow on the right corner of
the box).

The default start time is current date and time on the computer while the end
time is 1 day after the default start time.

Alternatively once the initial date of the simulation has been set the user can
define the duration of simulation in the duration section using the day, hour,
minutes and second fields.

The default duration of simulation is 1 single day.

A Gantt graphic calendar visualization of the simulation period is presented
on the right as additional aid to comprehend the extension and make correc-
tions if needed. Right-click on the Gantt chart, a selection list of options to
view the chart would pop up. Users can direct to a specific date, choose their
view type preference and adjust time scales.

“Reset time period” button allows to clear all settings and reset the time and
duration to default values.

General | Simulation period | HD parameters HD output

Period
16, oktober 2017 - 22, oktober 2017 23, oktober |

18on 19 to 20 fr 21lg 22sg 23ma

Starttme  [18-10-2017 12:00:00 O]

End time |25-10-2017 12:00:00 Dv|

‘ [1] Simulation Period To 25, okt &

Duration

D Minute El Second

Reset time period

Figure 10.5 Layout of Simulation Period Settings Tab
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Mods
Hydrodynamic simulation
Identification
D

1

Delete

General | Simulation period | HD parameters | WO parameters | HD output

Period
o 16. oktober 2017 - 22, oktober 2017 23. oktober
; -10-: 122: -
Starttme [18-10-201709:22:50 | 18on 19t | 20fF 21 | 2255  23ma

Endtme  |20-10-201709:22:50 |

Duration

Day D Hour
EI Minute: D Second Go to Today

Reset time period ] Goto Date...

| Time Scales L4

Time Scale Captions |

Change View To L4

Figure 10.6  Layout of Gantt Chart View Option in Simulation Period tab
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10.1.2 HD parameters
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Simulation Specifications

Hydrodynamic simulation

Identification

D | AverageDayDemand ‘

Simulation period | HD parameters | W0 parameters | Water hammer | Output

Time steps

Hydraulic time step [sec]

Pattern time step [min]

Quality tme step I:l [min]
Properties

2

Molecular diffusivity

—

Head losses

Convergence

(® D-W (Darcy-Weishach formulz) (O M (Chezy-Manning formulz) (O HW (Hazen-Wiliams formulz)

Max num. of trials

Accuracy 0.01]

Max. Head Error l:l [m]

Max. Flow Change l:l [mfs]

WQ tolerance [mu-g/m~3]

Max num. of segments

Unbalanced system | Continue v 0] [5me steps]
e ey

I]D VIALL VI Clear

Scenario ID Active simulation

Simulation type

[ 1/1rows, 0

Quality Mo Time start Hydraulic

53

Water hammer = = | 18/02/201% 01:00:00 | 12/02/201% 00:00:00

Figure 10.7 Layout of HD Parameters Tab

Time Step

This section defines the time step of each simulation run, such as hydraulic
time step, pattern time step and quality time step.

Hydraulic time step

The time step (sometimes called the time interval), which is used to model
the simulation in steps, that is how often a new hydraulic computation of the
pipe network system is to be computed. This is typically 5 minutes by default.

Pattern time step

This data entry is optional, and specifies the length of time between each pat-
tern change (e.g., the period of time over which water demands and constitu-
ent source strengths remain constant). If necessary, MIKE+ will adjust the
specified Hydraulic Time Step so that it is not greater than the specified Pat-
tern Time Step. The default value is 5 minutes.

Quality time step
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This data entry is used for water quality analysis, and specifies the time step
to be used to track water quality changes in the pipe network system. If this
entry is left blank, the program then uses an internally computed time step
based upon the smallest time of travel through any pipe in the network. The
default value is 5 minutes.

Head Losses

This section specifies which method is used to calculate the head losses as a
function of flow rate in a pipe. It is related to the roughness coefficients in the
pipe editor.

It has three choices:

D-W: Darcy-Weisbach formula

C-H: Chezy-Manning formula

H-M: Hazen-Williams formula

Each formula has its corresponding roughness coefficient.

Properties
These data entries allow you to determine the hydraulic and water quality
behaviour of the pipe network should be analysed.

Specific Gravity

This data entry specifies the specific gravity of the fluid at the temperature
condition being simulated. This data entry allows fluids other than water to be
simulated. Gravity is the weight per unit volume of the fluid being modelled
relative to water. Specific gravity is the ratio of the density of the fluid being
modelled to that of water at 4 deg. C. (unitless).

Viscosity

This data entry specifies the kinematic viscosity of the fluid at the temperature
condition being simulated. The units of viscosity are ft2/sec (or m2/sec for Si

units). The viscosity is the kinematic viscosity of the fluid being modelled rela-
tive to that of water at 20 deg. C (1.0 centistoke). The default value is 1.0.

Molecular Diffusivity

This data entry specifies the molecular diffusivity of the chemical being
tracked. The diffusivity is the molecular diffusivity of the chemical being ana-
lysed relative to that of chlorine in water. The default value is 1.0. Diffusivity is
only used when mass transfer limitations are considered in pipe wall reac-
tions. A value of 0 will cause MIKE+ to ignore mass transfer limitations.

Emitter Exponent



Power to which pressure is raised when computing the flow through an emit-
ter device. The textbook value for nozzles and sprinklers is 0.5. This may not
apply to pipe leakage.

Convergence
This section allow you to determine how the hydraulic and water quality
behaviour of the pipe network should be analysed.

Maximum numbers of trials
Accuracy

Convergence criterion used to signal that a solution has been found to the
nonlinear equations that govern network hydraulics. Trials end when the sum
of all flow changes divided by the sum of all link flows is less than this num-
ber. Suggested value is 0.001.

Max Head Error

Convergence criterion requiring that the head loss computed by the head
loss formula compared to the difference in nodal heads across each link be
less than the specified value. When the value is 0 or empty, the criterion is
ignored. This criterion is only available when using the EPANET 2.2 version.

Max. Flow Change

Convergence criterion requiring that the largest absolute flow change
between the current and previous solutions be less than the specified value.
When the value is 0 or empty, the criterion is ignored. This criterion is only
available when using the EPANET 2.2 version.

Water Quality Tolerance

Smallest change in quality that will cause a new parcel of water to be created
in a pipe. A typical setting might be 0.01 for chemicals measured in mg/L as
well as water age and source tracing. The Quality Tolerance determines
when the quality of one parcel of water is essentially the same as another
parcel. For chemical analysis this might be the detection limit of the proce-
dure used to measure the chemical, adjusted by a suitable factor of safety.
Using too large a value for this tolerance might affect simulation accuracy.
Using too small a value will affect computational efficiency.

Maximum Number of Segments

Maximum number of segments, which could be generated for a pipe during
the water quality analysis. The default is left as blank.

Unbalanced System
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Action to take if a hydraulic solution is not found within the maximum number
of trials. Choices are STOP to stop the simulation at this point or CONTINUE
to use extra trials, with no link status changes allowed, in an attempt to
achieve convergence. For the CONTINUE option, the number of extra trials
must be specified.

CheckFreq

This sets the number of solution trials that pass during hydraulic balancing
before the status of pumps, check valves, flow control valves and pipes con-
nected to tanks are once again updated. The default value is 2, meaning that
status checks are made every other trial. A value equal to the maximum num-
ber of trials would mean that status checks are made only after a system has
converged. (Whenever a status change occurs the trials must continue since
the current solution may not be balanced.) The frequency of status checks on
pressure reducing and pressure sustaining valves (PRVs and PSVs) is deter-
mined by the DampLimit option (see below).

MaxCheck

MAXCHECK is the number of solution trials after which periodic status
checks on pumps, check valves flow control valves and pipes connected to
tanks are discontinued. Instead, a status check is made only after conver-
gence is achieved. The default value is 10, meaning that after 10 trials,
instead of checking status every CheckFreq trials, status is checked only at
convergence.

DampLimit

This is the accuracy value at which solution damping and status checks on
PRVs and PSVs should begin. Damping limits all flow changes to 60% of
what they would otherwise be as future trials unfold. The default is 0 which
indicates that no damping should be used and that status checks on control
valves are made at every iteration. Damping might be needed on networks
that have trouble converging, in which case a limit of 0.01 is suggested.

10.1.3 WQ parameters

The WQ parameters tab allows to specify the rate at which a constituent
decays (or grows) by reaction as the constituent travels through the pipe net-
work. It can be enabled only when the water quality module is ticked in Setup
Tree.
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Identification

D Insert
Project_1

Delete

General | Simulation period | HD parameters | WQ parameters | HD output

Global settings Mew bulk reaction
Bulk reaction rate coeffident Time of new bulk coeffident
| | [18-10-2017 08:47:35 @ |
Pipe wall reaction rate coefficent Mew bulk coefficent

[ Bulk reaction order

[ Pipe wall reaction order
[ Limiting potential

[ roughness correlation

Figure 10.8 Layout of WQ Parameters Tab

Global Settings

Bulk Reaction Rate Coefficient

This data entry defines the bulk reaction rate that is applied to all flow in the
pipe network system. Units for bulk reaction rates are in days—1. Note that
this reaction rate coefficient is applied globally to the entire pipe network.

Pipe Wall Reaction Rate Coefficient

This data entry defines the pipe wall reaction rate that is applied to all flow in
the pipe network system. Units for pipe wall reaction rates are in ft/day (or
m/day). Note that this reaction rate coefficient is applied globally to the entire
pipe network.

One method that can be used to compare the relative magnitude of the pipe
wall reaction rate with the bulk reaction rate is to divide the pipe wall reaction
rate coefficient by the hydraulic radius of the pipe (i.e., 1/2 the pipe radius).
The resulting quantity will have the same units as the bulk reaction rate coef-
ficient, days—1.

Bulk Reaction Order

Power to which concentration is raised when computing a bulk flow reaction
rate. Use 1 for first-order reactions, 2 for second-order reactions, etc. Use
any negative number for Michaelis-Menton kinetics. If no global or pipe-spe-
cific bulk reaction coefficients are assigned then this option is ignored.

Pipe Wall Reaction Order
Power to which concentration is raised when computing a bulk flow reaction
rate. Choices are 1 for first-order reactions or 0 for constant rate reactions. If
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no global or pipe-specific wall reaction coefficients are assigned then this
option is ignored.

Limiting Potential
This setting specifies that reaction rates are proportional to the difference
between the current concentration and some limiting potential value.

Roughness Correlation
This setting will make all default pipe wall reaction coefficients be related to
pipe roughness in the following manner.

New Bulk Reaction

At a certain time level, the bulk coefficient will change to a new value. This
section defines the new value of bulk coefficient and the time the new bulk
coefficient would start. After the start time, the simulation would apply the new
bulk coefficient for calculation.

In this section, users can select from the following to store simulation results:
o Use default folder and file name: save outputs in the folder containing the
MIKE+ project

e Use this folder: save outputs in a custom folder but with a default file
name

o Use this folder and file name: save outputs in a custom folder and with a
custom file name

Report time step: time interval between times at which computed results are
reported. Normal default is 1 hour.

Report start time: time that the report starts. For example, if the report start
time is 5 hours, the report would start 5 hours later from the simulation start
time.

Statistics: Type of statistical processing used to summarize the results of an
extended period simulation. Choices are:

o Without Statistics (results reported at each reporting time step)

e Average (time-averaged results reported)

e  Minimum (minimum valve results reported)

e Maximum (maximum valve results reported)

o Range (difference between maximum and minimum)

Report raw results: when this option is selected, the hydraulic results will be

reported "as computed" regardless of the physical meaning of the values. In
some cases, this may result in showing very large negative pressures
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"infinitely high" and flows in pipes where it is not possible to supply water due
to negative pressures.

Hydrodynamic simulation

Identification
Insert Copy

1D | AverageDayDemand
Delete RUN

General | Simulation period | HD parameters \Water hammer | Output

Storing of results
(®) Use default folder and file name

() Use this folder

O Use this folder and file name

Report of frequency

Report time step | 1200 fseq] Stafistics | Without Statistics v

Report start time |15,aoz,fzu 19 01:00:00 - |
Opticn

] Report raw results

Figure 10.9 Layout of Output Setup

10.2 Batch Runs

If you need to run more simulations sequentially, you can choose to do so by
including these to a batch simulation. This is done through the Batch Simula-
tion editor.

The Batch Simulation editor includes functionalities allowing control and exe-
cution of batch simulations.

The 'Batch Run' button executes all simulations that have the 'Add to batch’
flag set in the sequence that they are specified in the table. This means that
multiple simulations and scenarios can be simulated in batch without user
interaction.
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Batch simulation o x
Identification G
D |Pr0ject1 |
Add to batch
Scenario |Base
Batch simulation tools
Sort simulation jobs Show jobs
Move Up Move To Top ® all jobs
., () Batch jobs anly
Move Down Move To End BATCH RUN
D ~ JALL ~ | Clear ] show selected  [] Show data errors
o] Add to batch Scenario ID Simulation type Quality No Time start
1 AverageDayDemand W Base | Water hammer - - | 18/02/2019 0
#2 Project1 v Base | Steady state simulation - | Chemical concentration - | 18/09/2020 0
3 Project2 I Base | Steady state simulation = | Chemical concentration = | 18/09,/2020 0

v

Figure 10.10 The Batch Simulation Editor

The Batch Simulation editor manages the same data from the Simulation
Setup editor. The table shows the same entries as the grid in the Simulation
Setup editor, but built-in tools allow reordering and filtering of simulations for
batch execution.

Table 10.1  Overview of Batch Simulation editor fields (Table msm_Project)
Edit field Description Used or required | Field name in
by simulations data structure
ID ID of the hydrodynamic | Yes MUID
simulation
Scenario Scenario for the hydro- | Yes Scenario ID
dynamic simulation
Add to batch | Option for including a Yes IncludeToBatchNo
check box hydrodynamic simula-
tion to batch

The following functionalities are available on the editor:

Move Up
Moves the active record one position up in the grid.

Move Down
Moves the active record one position down in the grid.

Move To Top
Moves the active record to the top of the table.
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Move To End
Moves the active record to the bottom of the table.

'All jobs' and 'Batch jobs only' radio buttons

This filters the list of simulation jobs displayed in the table. A complete list of
simulation jobs (i.e. All jobs) is shown by Default, but the display can be
reduced to show only those jobs included in the batch (i.e. Batch jobs only).

'‘Batch Run' button

This starts a batch job execution following the sequence of the simulation
jobs on the list. Each consecutive job must wait until the previous job has
been fully completed. All user prompts are suppressed during the batch job
execution, i.e. the simulations are automatically executed without user
prompts.
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11 Advanced Analysis

11.1  Fire Flow Analysis

The Fire Flow Analysis module allows you to calculate the available flow for
the design pressure or to calculate the residual pressure for the design flow.
Fire flow requirements are one of the most common design requirements
when designing the new or evaluating the existing water supply and water
distribution system.

A fire flow is the maximum flow rate available at a specific minimum pressure,
typically 20 psi (15m). There are two basic ways to model a fire flow:

e Specify a design fire flow rate and compute the available fire flow pres-
sure.

e Specify a design fire flow pressure and compute the available fire flow
rate.

The Fire Flow Analysis dialog box is reached by selecting ‘Model type’ from
General Settings from the Table of Contents and then by selecting the ‘fire-
flow analysis’ option. Note that to run the fire flow analysis, you need to select
Run from within the Fire Flow Analysis dialog box.

A unique feature of MIKE+ is its capability of computing a fire flow for fire
hydrants that are not part of the hydraulic model and that can be specified by
using a reference GIS file.

11.1.1 Setup

A list of the Fire Flow Analysis dialog box data entries for Figure 11.1 follows, with a short
description given for each entry.
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Figure 11.1

flow analysis

Frre fiow analysis Hydrants

Mode
() Interactive mode

19-12-2017 00:00:00
(@ Automatic mode
(@) Use current selected junction nodes
O use tion nodes in selection list
(O Use all junction nodes

Time start (2017-12-19 9:00:00 @~ Duration 0
Method
Method type Calculate residual pressure for design flow
Design fire flow 25 /s

[] node demand multiplier

D Report below oritical pressure

[[] Report above critical velocity

|:] Simulate hydrant lateral

Interactive mode
This radio button selection allows you to select the fire flow analysis mode. It
is possible to run the analysis in automatic mode for number of selected

nodes or it is possible to run the fire flow simulation interactively for a specific
node.

Select time
This data entry Is used to define the time (time level) when the fire flow will be
simulated. If you select e.g. 9:00 AM, the program will run the standard
hydraulic simulation from the beginning of the simulation to the time level cor-
responding to 9:00 AM and then the fire flow will be computed.

]

w

[] simultaneous mode

Advanced Analysis

Run
Cancel

Report

The Fire Flow dialog box is used to specify fire flow analysis parameters

A list of the Interactive fire flow analysis dialog box data entries for
Figure 11.2 follows, with a short description given for each entry.
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Fire Flow Analysis

Interactive fire flow analysis o x
Junction |9089 | - | Y
Fire pressure |26,6302 | [m]
Fire flow |30 | ifs] Calculate flow

Figure 11.2  The Fire Flow dialog box used in Interactive simulation

Junction
This data entry defines the node used for the fire flow simulation. It is possible
to select the node from the list of all junction nodes by selecting “...” button or

click the node in the Map by selecting “I” button.

Fire pressure

This data entry allows you to define the required design pressure that will be
used in the calculation when you select “Calculate flow” or this field will dis-
play the computed residual pressure when you click “Calculate pressure”.

Fire flow

This data entry allows you to define the required design flow that will be used
in the calculation when you select “Calculate pressure” or this field will display
the computed fire flow when you click “Calculate flow”.

Calculate pressure
This button will allow you to compute the residual pressure for a design fire
flow.

Calculate flow
This button will allow you to compute the available fire flow for a design pres-
sure.

Automatic mode
This radio button selection allows you to run the analysis in automatic mode
for number of selected nodes.

Use only selected junction nodes, Use junction nodes in selection list,
Use all junction nodes

This radio button selection allows you to define whether the fire flow analysis
is performed for the selected junction nodes, for junction nodes within the
selected selection list, or for all junction nodes. Use the next data entry to
specify a selection list with junction node. Note, that the selection list can be
defined using “Selection” from the main program ribbon menu.
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Time start

This data entry Is used to define the time (time level) when the fire flow will be
simulated. If you select e.g. 9:00 AM, the program will run the standard
hydraulic simulation from the beginning of the simulation to the time level cor-
responding to 9:00 AM and then the fire flow will be computed.

Duration
This data entry Is used to the duration of the fire flow event and it is used by
the program to compute remaining volumes of water in storage tanks.

Calculate residual pressure for design flow, Calculate available flow
for design pressure, Calculate fire hydrant Q-H curve for selected
node

This radio button selection allows you to select the fire flow analysis type. It is
possible to specify a design fire flow rate and compute the available fire flow
pressure or to specify a design fire flow pressure and compute the available
fire flow rate. In addition to this, it is also possible to calculate the Q-H curve
for the selected junction node.

Design fire flow
This data entry is used to define the design (required) fire flow for which the
available (residual) fire pressure will be calculated.

Node demand multiplier

This data entry allows you to specify the node demand multiplier which will be
used to define the required fire flow by multiplying the node demand that is
defined for the respective node in the Multiple demand editor.

Design fire pressure
This data entry is used to define the design (required) residual fire pressure
for which the available fire flow will be calculated

Simultaneous mode

This data entry allows you to run the fire flow simulation (Calculate residual
pressure for design flow mode) simultaneously i.e. all selected nodes flowing
at the same time. If this option is not activated, the fire flow simulation is exe-
cuted for all selected nodes in a sequential manner, i.e. one node at the time.

Simulate hydrant lateral

This data entry allows you to model a fire hydrant lateral (connecting) pipe at
the junction node. Note that the fire flow results may significantly change with
or without such pipe.

Fire hydrant local loss coefficient
This data entry allows you to define a local loss coefficient (sum of) repre-
senting all local losses at the fire hydrant lateral pipe. A typical value is 6-10.

Lateral pipe diameter
This data entry allows you to define a diameter of the fire hydrant lateral pipe.
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Lateral pipe length
This data entry allows you to define a length of the fire hydrant lateral pipe.

Lateral pipe roughness
This data entry allows you to define a roughness coefficient of the fire hydrant
lateral pipe.

Report below critical pressure

This data entry allows you to report nodes, where the minimum residual pres-
sure during the fire flow simulation is less than the critical pressure. The criti-
cal node pressure is entered into the field next to it.

Maintain minimum residual pressure

This data entry allows the program to make corrections to the computed fire
flow and reduce the amount of available flow in order to maintain the mini-
mum residual pressure in critical nodes.

Report above critical velocity

This data entry allows you to report pipes, where the maximum velocity dur-
ing the fire flow simulation is greater than the critical velocity. The critical pipe
velocity is entered into the field next to it.

Maintain maximum velocity

This data entry allows the program to make corrections to the computed fire
flow and reduce the amount of available flow in order to maintain the maxi-
mum velocity in critical pipes.

Critical node/pipe search radius

This data entry allows you to define the search node and pipe radius, which
will be used to identify nodes where the computed residual pressure is less
than a critical pressure or pipes, where the computed velocity is bigger than a
critical pipe velocity....

Search within the same zone

This data entry allows you to define that the search for the nodes and pipes
should happen within the same pressure zone. In this case, you do not need
to define the search radius and the program will search for all nodes or pipes
within the same zone. Note, that this search option provides more accurate
results than search based on the radius.

Run fire flow simulation

Select “Run” to run the fire flow simulation. The program will run the fire flow
simulation based on the data specification and the simulation progress will be
displayed in the status panel where you can see the currently executed node
and results. The results CSV file with the fire flow results is created during the
fire flow simulation and can be used to browse the results outside of MIKE+

program or it can be loaded into MIKE+ for results processing. The program
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also creates a LOG file that contains additional details from the fire flow simu-

lation.

11.2 Hydrants

156

A list of the Hydrant dialog box data entries for Figure 11.3 follows, with a

short description given for each entry.

Fire flow analysis

Fire flow analysis Hydrants

External data Run
Hydrants layer -
Cancel
Input field
Result field Report
Selection

() Use current selected hydrants
(®) Use all hydrants

ONRYSNSIN 5 12 2017 10:00:00 ]
Snapping tolerance (0,01 | [m]
Method
Method type Calculate available fiow for design pressure i
Design fire flow 15,00 [m].

[[] report below aitical pressure
[ Maintain minimum residual pressure
[ Report above critical velogity
[ Maintain maximum velodty
[ smulate hydrant lateral
Fire hydrant local loss coeffident | 10,00 Lateral pipe diameter 150,00 [mem]

Lateral pipe length 5,00 [m] Lateral pipe roughness 0

Figure 11.3  The Fire Flow dialog box is used to specify fire flow analysis parameters

Hydrant layer

This data entry allows you to select a shapefile with fire hydrants. The pro-
gram will use these hydrants for the fire simulation and it will find the nearest
node in the hydraulic model, run the simulation, and write the results into the
hydrant layer fields.

Input field

This data entry allows you to specify a field from the hydrant layer where the
program will write the input value (required pressure or required flow) for
which the simulation was done.

Results field
This data entry allows you to specify a field from the hydrant layer where the
program will write the computed value (residual pressure or available flow).
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Use selected hydrants
This data entry allows you to run the fire flow simulation for selected hydrants
(from the layer with reference shapefile).

Use all hydrants
This data entry allows you to run the fire flow simulation for all hydrants in the
reference shapefile.

Snapping tolerance

This data entry allows you to define the spatial tolerance that will be used to
find the node in the hydraulic model that is the nearest junction node to the
hydrant.

The description of the remaining fields is the same as described for “Fire flow
analysis”.

11.3 Running Simulations

Select “Run” from within the Fire Flow dialog box in order to run the simula-
tion. The simulation progress will be displayed in the application status win-
dow. The simulation can be interrupted (cancelled) by pressing “Esc”.

11.4 Browsing Results
Results of the fire flow simulations can be displayed in different ways.

Tabular Results

The simulated fire flow results for all simulation modes are written into the
output CSV file. The CSV file is a comma separated text file in a format that is
suitable for importing into Microsoft Excel, for example. The tabular results
can also be displayed directly from within the Fire Flow Analysis dialog box
by selecting “Report”.
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Repart o

View and convert a report

File name: C:/\Temp'\2'ySylr Shp ool Export
Preview | Database
ol SmicremreSatcoemandRenunlPreme FreFow WCkaiodes WCHEaPipe Clcaods npremurs Cru
60897 44975 0.000 42.986 25.000 0 0
5704 48283 0.014 47.428 25.000 0 ]
5691 50.353 0.000 50.168 25.000 0 0
5743 46.364 0.165 40.743 25.000 0 ]
6111 53.295 0.012 49.709 25.000 0 0
i 6028 49110 0.215 46.787 25.000 0 0
6034 54 195 0.000 53.481 25.000 0 ]
31438 45782 0.073 45616 25.000 0 0
6498 51.149 0.003 50413 25.000 0 ]
58048 50157 0.000 47.006 25.000 0 0
3308 53527 0.121 53.182 25.000 0 ]
7394 56.806 0.208 55.961 25.000 0 0
57659 50728 0.000 49.097 25.000 0 ]
63414 56.560 0.000 55.838 25.000 0 0
2891 56.344 0.000 56.203 25.000 0 0 L
<8 S A e — P . . -

Figure 11.4  Fire flow results report

Thematic Maps

The simulated fire flow results can be displayed using the colour coded maps.
Select Layers and Add Layer and select one of the fire flow result items to
create a colour coded map with the fire flow results.

List of available fire flow result items:

o Static pressure: steady state pressure at the fire flow node
o Static demand: steady state demand at the fire flow node

o Residual pressure: simulated or given residual pressure during the fire
flow simulation at the fire flow node

o Fire flow: simulated or given fire flow at the node

o Number of critical nodes: the number n means at how many nodes the
residual pressure was below the critical pressure

o Number of critical pipes: the number n means at how many pipes the
velocity was above the critical velocity

e  Critical node: node with the minimum residual pressure below the critical
pressure

e  Minimum pressure:

o minimum residual pressure reported for a critical node that is below the
critical pressure

o  Critical pipe:

pipe with the maximum velocity above the critical velocity
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e« Maximum velocity: maximum velocity reported for a critical pipe that is
above the critical velocity

e Status: error code:

— 0: No errors

1: Static pressure is already below the residual pressure, no flow
available

: Cannot find upper flow limit, no flow will be computed

: Cannot iterate flow for pressure, no flow will be computed

: No fire flow available at this residual pressure

: Node does not exist, no flow will be computed

: No flow available at this residual pressure and velocity

: Residual pressure is negative for the required fire flow

|
NOoO b WN
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12  Cost Analysis

Cost analysis allows you to review energy consumption results on more
details, create tabular outputs, and great graphs of pump/turbine utilization,
average power consumption/production, and energy costs.

12.1  Parameters

The user must define the hydraulic results file at first, then define the energy
price, price pattern, efficiency and Demand charge of Pumps/Turbines.

Global Price: Average cost per kW/hour.

Global Price Pattern: ID label of time pattern describing how energy price
varies with time.

Pump/Turbine Efficiency: Either a single perfect efficiency for global set-
ting or the ID label of an efficiency curve for a specific pump/Turbine.

Demand Charge: Added cost per maximum kW usage during the simula-
tion period.

Currency: currency hame

Carbon emission factor: this optional entry is used for computing carbon

emissions related to pump energy in kg/kWh. Hence the user can define
the amount of carbon emissions per unit of energy usage.

The engine combines the hydraulic results of pumps/turbines and their gen-
eral parameters to calculate the energy cost of each pump and turbine, as
well as the statistical data.

Powering Water Decisions
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Figure 12.1

Results file :

Parameters | TS-Plot

Pumps

Global price

Global price pattern

Demand charge

|
|
Pump effidency |
|
|

Carbon emission factor

Currency =

Turbines

Global price

Global price pattern

Turbine effidency

|

|

|
Currency ’E

12.2 Time Series Plot

162

The Cost Analysis Parameters dialog box

Cost Analysis
o x
|
=
75,00| (%]
|
0,9970
v
1,000
=
75,0000 [%]
v
Run Stop

The Time Series Plot (TS Plot) can display the time series of energy con-
sumption or generated, energy cost, efficiency and average energy per mil-
lion cubic meters (or gallons) of each pump and turbine. The TS-Plot would
displaythe graph varied with time, and the result data table on the right side of
the panel.

Efficiency: efficiency of pump/ turbine with time (%)

kW-hr/volume: Power consumption/production (kW per hour) per millions

gallonsn (or cubic meters).

Energy Consumption/Generated: Energy consumption/production of the
production of the pump/turbine operation with time (negative to represent

generated energy)

Energy Cost: The cost of energy consumption or generated of the
pump/turbine operation with time (negative to represent generate

energy)
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Cost analysis

Resultsfile: | yancheng20170321-Base.res

TS Plot | Report

||

Costanalysis result -
= Pumps
 Ewlink_107

Time Series
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kw-hrivelume

50

Energy Genarated (Increm ental) (kwh)

2
i Energy Cost
----- wTurbine_2 1.3
----- wlurbine_3
0.0
0.000 2.500

5.000 7.500 10.000 12.500 15.000 17.500  20.000 22.500
Time (hours)
wTurbine_1 Energy Generated

== - I L R

NEZS I TREIR I3 0

3

Figure 12.2  Cost Analysis Time Series plot

12.3 Report

12.3.1 Pump energy table

The pump energy table displays the statistical data of pump utilization, aver-
age efficiency, average power consumption, peak power consumption, and

cost per day.
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Resultsfile: | yancheng20170321-Base.res

| Parameters | Ts-Plot | Report |

Statistic Type Pumps -
Table | Chart

Pump ID %ﬂllzahon Efcercy h\rxnlume Average kW Peak kW Costiday
wlink_B3 o 0 1] ] o 0
wiink_B0 75 504 0179 508 484 528.969 915272
wlink_59 75.347 504 0.181 512.843 528.968 9273.905
wiink_58 35.069 50.4 0.187 514,604 528937 4331.25
wiink_57 20833 504 0.182 512.454 527533 2562.271
wiink_56 100 50.4 0.156 457.554 528.791 10981.286
wiink_3391 v] o [u] 0 o ]
wiink_3390 ] 0 0 0 1] ]
wiink_115 v] 0 [} 0 1] ]
wlink_114 80.872 615 0.134 190.73 244 222 4164 267
wlink_113 v] o0 0 1} 1] o
wlink_112 v] o 0 1} 1] o
wilink_111 v] o [} 1} 1] o
wlink_110 79167 6493 0.14 185.173 236.092 3518.283
wilink_109 6E.056 6493 0.119 166.399 227345 2717.851
wiink_108 v} o [} 1} o o
wiink_107 7.586 6493 0.146 108.779 111.913 208.453
Total Cost 465910.3250...

Figure 12.3  Cost Analysis Pump Energy Table

The following fields are calculated and reported:

o Ultilization: percent utilization i.e. percent of the time that the pump was
operating (%)

o Efficiency: Average efficiency of the pump (%)

e  kW-hr/m3 or kW-hr/gallon: Average power consumption (kW per hour)
per million gallons (or cubic meters) pumped

o Average kW: Average rate of energy usage if the pump (kW)
o Peak kW: Peak rate of energy usage of the pump operation (kW)

o Cost/day: total cost of the pump operation per day (monetary units)

12.3.2 Pump energy graphs

164

The pump energy including pump utilization, power consumption, and cost
can be displayed for every pump in the model.
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Results file: |yancheng201 70321-Base.res |J

| Parameters | TS-Plot | Report |

Statistic Type | Pumps -

Table | Chart

Utilization %
100

@ Utilization %

) Efficiency % a0

© Kw-hrivolume| gy
) Average kW

40
0 Peak kW

20
) Costiday

0

wlnk_108 wiink_110 wlink_112 wlink_114  wlink_3350 wiink_56 wlink_58 wiink_60
wlink_107  wiink_109  wlink_117  wilink_113  wlink_115  wlink_3391 wilink_57  wlink 59  wlink_&3

Pumps

Figure 12.4  Pump Energy Graph

12.3.3 Turbines

Turbine energy table
The turbine energy table reports turbines utilization, average efficiency, aver-
age power production, peak power production and energy saving per day.
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Cost Analysis

Cost analysis

| Parameters | Ts-Plot | Report |

Resultsfile: | yancheng20170321-Base.res

Table | Chart

Statistic Type Turbines

Turbine ID

wlink_B3
wlink_B0
wlink_59
wlink_58
wlink_57
wlink_56
wiink_3391
wiink_3390
wlink_115
wlink_114
wlink_113
wiink_112
wiink_111
wlink_110
wlink_109
wlink_1038
wlink_107
Total Cost

Utilization
%
o

75

75.347
35.069
20833

100

v]

]

90.972

79.167
68.056

7.986

Efficiency
%

e
hrivolume

1]

0.179
0.181
0.187
0.182
0.156

Average kW Peak ki Costiday

]

508 484
512.843
514 604
512 454
457 554

185.173
166.399
0

108.779

o
528.969
528.968
528937
527533
528791
[1]
[1]
[1]
244 222
[1]
[1]
[1]
236.092
227345
[1]
111913

0

915272
9273.905
4331.25
2562271
10981.286
0

]

]

4164 267
]

]

]
3518.283
2717.851
]

208.493
46910.3250.

Figure 12.5 Turbine Energy Table

The following fields are calculated and reported:

o Ultilization: Percent utilization i.e. percent of the time that the turbine was

operating (%)

o Efficiency: Average efficiency of the turbine (%)

e  kW-hr/m3 or kW-hr/gallon: Average power production (kW per hour) per

million cubic metters (or gallons) pumped.

o Average kW: Average rate of energy production of the turbine (kW)

o Peak kW: Peak rate of energy production of the turbine operation per
day, negative to represent generated energy.

o Cost/day: total cost of the turbine operation per day, negative to repre-

sent generated energy (in monetary units).

Turbine energy graphs
Turbine energy data is plotted including turbine utilization, power production,
and energy saving can be displayed for every turbine in the model. These

graphs enhance the analysis of turbine energy and evaluation and compari-
son of different turbines.
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Results file: |yancheng20‘| 70321-Base.res |J

| Parameters | Ts-Plot | Report |

Statistic Type |Turbines -

Table | Chart

Utilization %
@ Utilization % 0
) Efficiency % ]
© Rohrivolume o
) Average kW
-60
) Peak kw
-80
) Costiday
-100
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Turbines

Figure 12.6  Cost Analysis Turbine Energy graph

Sum Report

This type of report presents all the statistical energy data of all pumps and tur-
bines. Including net energy and energy cost, storage cost, daily/ unit energy
cost, peak demand cost and carbon emission per day.
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Cost Analysis
Repert o x
View and convert a report
=
File name: [ T Export |
Preview | Datsbase
Tables | sum
Model description Coumnl | Pumps et
Turbine ” » {Energy fowh) i -0,000152690622051671
Sum EnergyCost(s) 0,0122152467641337 -0,0122152497641337
StorageCast(s) a
DayEnergyCast(§) 0,0120479175755839 0,0 100479 175755839
£  vaime (MG) 15190 139343330 1E-06 1,51901393433301E-06
| UnisEnergyUise fowh MG} -1,440450 38294855 -1,44045038294369
UritEnergyCost($M5) 7544, 8TO06263228 -7544,87006263228
PeakDemandCost{$) a
G < -0,000152232550 185515
RunDuration fhours) 0 0
10 rows

Figure 12.7 The Sum Energy Report table
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13  Pipe criticality

Pipe criticality modelling is required to predict the water distribution system
response to pipe breaks situations, planned reconstructions, and other sce-
narios of limited water supply. Pipe criticality allows also the develop a pipe
ranking based on the importance for the water supply and such importance
can be then taken into account for the planning of pipe rehabilitation and
reconstructions.

The pipe criticality is determined based on evaluation of several (four) perfor-
mance indicators including:

Pipe flow criteria (PI-1)
Service pressure criteria (PI-2)
Water demand criteria (PI-3)
Pipe length criteria (PI-4)

User defined criteria (PI-5)

The combined pipe criticality is computed as an average of all above perfor-
mance indicators, i.e.

C (pipe i) = Average (P1 +P2+P3+P4) (pipe i)

Pipe flow criteria (P1) is computed as water (in flow units) that cannot be
delivered through the pipe. The value of 1 corresponds to the total flow.

Service pressure criteria (P2) is computed as number of nodes, where
the service pressure is below the required level e.g. 15 m or 20 psi, for
example. The value of 1 corresponds to the total number of nodes.

Water demand criteria (P3) is computed as the value of water demand
that cannot be delivered due to insufficient service pressure, the value of
1 corresponds to the total water demand consumption. P3 is computed
as total demand that cannot be delivered in nodes where the pressure is
below the required service level.

Pipe length criteria (P4) is computed as a total length of pipes affected by
the respective pipe. The value of 1 corresponds to the total pipe length.
Similarly, it is possible to use the number of population disconnected
from the water supply or number of disconnected residences or houses.
P4 is computed as a total length of pipes where the pressure is below the
required service level

P5 is computed as a total (sum of) “criteria” of pipes where the pressure
is below the required service level



) Pipe criticality

User defined performance indicator P5 can be used by selecting any numeri-
cal field that is defined in the Pipe Editor. If the pipe demand coefficient 1, for
example, contains values corresponding to the number of connected custom-
ers then the P5 indicator will report number of connected users that are
affected by the particular pipe unavailability.

The user defined performance indicator “P5” is an optional parameter and it is
therefore not included in the combined indicator “C” where only default indi-
cators P1, P2, P3, and P4 are accounted for.

Performance indicators P are computed as follows:
e« P1is computed as water (in flow units) that cannot be delivered through
the pipe

e P2is computed as number of nodes, where the pressure is below the
required service level

o P3is computed as total demand that cannot be delivered in nodes where
the pressure is below the required service level.

o P4is computed as a total length of pipes where the pressure is below the
required service level

o P5is computed as a total (sum of) “criteria” of pipes where the pressure
is below the required service level

Identification

Insert
I |Criticality_1
Delete
Setup
Run
" Extended period simuation —J
@ Spedfic time level Ell] Q
Minimum gervice preceure 147095,8 Report
¥ Use user criteria Demand Coeff. 1 i
¥ Use whole network
[ |m M v _Cear | I Ishowselected I | Show dota emors
D Time level Selected time level [h] Minimum pressure [m] Use whole network User criteria type User criteria
b 1 Criticality_1 Selected tme level = 9 147099,8 W W Cc

Figure 13.1  Pipe criticality user defined criteria

Select “Use user defined criteria:” and then select the pipe field that holds the
data used for the criteria evaluation, e.g. “Demand coefficient 1”.

The Pipe Criticality Analysis dialog box is reached by selecting ‘Model type’
from General Settings from the Table of Contents and then by selecting the
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‘Pipe criticality’ option. Note that to run the pipe criticality analysis, you need
to select Run from within the Pipe Criticality Analysis dialog box.

13.1 Setup

A list of the Pipe Criticality Analysis dialog box data entries for Figure 13.2 fol-
lows, with a short description given for each entry.

Setup
) Run
(_) Spedific time level
2017-12-20 0:00:00 v Cancel
@ Al ime levels Report
Minimum service pressure 15| [m]

[ use global setting

Figure 13.2 Pipe Criticality dialog box is used to the analysis parameters

Specific time level
This data entry allows you to select the time level from the extended period
simulation that will be used to compute the pipe criticality.

All time levels

This data entry allows you to compute the pipe criticality for all time levels i.e.
for the entire duration of the extended period simulation. Please note, that
this option may lead to extensive simulation times. If this option is selected,
the performance indicators PI1-Pl4 will be based in results over the entire
simulation and may, for example, contain results of water demand deficien-
cies caused by storage tanks that were drained due to closed pipes.

Minimum service pressure
This data entry specifies then minimum acceptable service pressure within
the network e.g. 15m or 20 psi that is required for uninterrupted water supply.

Use global settings
This data entry allows you to run the pipe criticality for all pipes within the
model or for pipes within selected pressure zone(s).

13.2 Running Simulations
Select “Run” from within the Pipe Criticality dialog box in order to run the sim-

ulation. The simulation progress will be displayed in the application status
window. The simulation can be interrupted (cancelled) by pressing “Esc”.
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13.3 Browsing Results
Results of the pipe criticality simulations can be displayed in different ways.

Tabular Results

The simulated pipe criticality results are written into the output CSV file. The
CSV file is a comma separated text file in a format that is suitable for import-
ing into Microsoft Excel, for example. The tabular results can also be dis-
played directly from within the Pipe Criticality Analysis dialog box by selecting
“Report”.

Figure 4 Pipe criticality results report

Thematic Maps

The simulated pipe criticality results can be displayed using the colour coded
maps. Select Layers and Add Layer and select one of the pipe criticality result
items to create a colour coded map with the fire flow results.

List of available pipe criticality result items:

o Q: flow per pipe that was not delivered (flow units or volume units in case
of extended period simulation for all time levels)

e PI-1: performance indicator PI-1 (-)

e SumNodes: number of nodes where the service pressure is insufficient

e PI-2: performance indicator PI-2 (-)

e SumDemand: demand or total water volume in case of extended period
simulation for all time levels)

e PI-3: performance indicator PI-3 (-)

o SumLength: total pipe length where the service pressure is insufficient
e PIl-4: performance indicator Pl-4 (-)

e C: performance indicator C (-)

e PI-5: Performance Indicator PI-5
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14  Shutdown Planning

Shutdown planning is designed to determine impact of pipe maintenance on
the water supply conditions. It helps the user to define the shutdown, find iso-
lation valves, run hydraulic simulations, and evaluate simulation results. Shut-
down planning includes these steps:

e Planning shutdown

o Close pipes for selected isolation valves

e Analyse shutdown

e Generate shutdown results

e Generate shutdown report

The Shutdown Planning dialog box is reached by selecting ‘Modul type’ from
General Settings from the Table of Contents and then by selecting the ‘Shut-
down Planning’ option. Note that to run the shutdown planning analysis, you
need to select Run from within the Shutdown Planning dialog box.

14.1 Settings

A list of the Shutdown Planning data entries for Figure 14.1 follows, with a
short description given for each entry.
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Shutdown planning o x
Setup
D | msert || R
oo | T
valve node D U] Tolerance [ Service pressure il | Report |
Shutdown valves Unavailable valves
[ Select pipe and find vaives | [ Pickup valve | Pperd [ ] Add | Delete | | Clear | [Pidup valve

0/0 rows, 0 selected

- jis} Valve file path Valve 1d Service pressure [m] Tolerance [m]

Figure 14.1  The Shutdown Planning dialog box is used to define the analysis
parameters

14.1.1 Setup

ID

This data entry allows you to identify the shutdown analysis. You can define
multiple shutdown planning analyses and they will be displayed in the main
grid at the bottom of the Shutdown Planning dialog box.

Valve layer

This data entry allows you to select the GIS layer with valves (typically isola-
tion valves) that will be used in the valve criticality analysis. Please note, that
in order to select valve layer in this data entry, the valve layer needs to be
already added to the Map layers

Valve node ID
This data entry allows you to define the ID field used for reporting GIS valves.

Tolerance

This data entry allows you to define the spatial tolerance that will be used to
track the pipe network connectivity.

14.1.2 Shutdown valves

Select pipe and find valves
This command allows you to define the pipe that you want to isolate by click-
ing the pipe in the Map. Once the pipe is selected, the program will find
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valves that need to be closed in order to isolate the selected pipe. The list of
valves is displayed in the grid and the pipe ID is displayed in the Pipe ID field.

Pickup valve
Pickup valve allows you to select a valve (manually) from the Map. Once
selected, the valve will be added into the table with valves.

Pipe ID
ID of a pipe that is selected for the shutdown analysis.

Start time

Start time is the time when the selected valve will be closed during the shut-
down planning.

End time

End time is the time when the selected valve will be re-opened during the
shutdown planning.

Insert
Insert a new line (record) into the table with valves,

Delete
Delete a line (record) from the table with valves.

14.1.3 Unavailable valves

Add

In case that one of the valves that were identified by the program as required
in order to isolate a pipe is unavailable (e.g. malfunctioning or not physically
available), this command allows you to define such a valve or valves and the
program will find substitute valve when you click “Pickup valves”.

Delete
Delete a line (record) from the table with unavailable valves.

Clear
Delete all lines (records) from the table with unavailable valves.

Pickup valves
This command allows the program will find substitute valves for valves that
are selected as “unavailable”.

14.1.4 Commands

Insert
Create (insert) a new shutdown planning analysis.
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Delete
Delete active shutdown planning analysis.

Run
Run the hydraulic simulation to analyse the pressure and flow conditions dur-
ing the shutdown planning analysis.

Report
Generate a report from the shutdown planning analysis.

14.2 Running simulation

Select “Run” from within the shutdown planning analysis dialog box in order
to run the simulation. The simulation progress will be displayed in the applica-
tion status window. The simulation can be interrupted (cancelled) by pressing
“Esc’.

14.3 Shutdown planning results

Results of the shutdown planning analysis simulations can be displayed as

results for the standard hydraulic simulation. The layer with simulated pres-
sures is automatically added into the Map layers at the end of the shutdown
planning analysis.
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Flushing analysis

Flushing of pipelines is a common practice used by water utilities to clean
pipelines in their water distribution systems. The conventional way to flush
pipelines is just to open selected fire hydrants successively and let them flow
until the flowing water appears clean. Unidirectional flushing (UDF), which is
a more effective way to flush pipelines. involves closing or opening selected
valves to direct flow through target pipes in order to achieve higher velocities
for the same hydrant flows. The set of valves that need to be operated and
hydrant that is opened is called a flushing sequence.

The flushing analysis can be used in two modes:

e Conventional flushing

e Unidirectional flushing

Conventional flushing can run in a batch mode when the program will simu-
late the flushing successively for every selected outlet. For every outlet, the
program will compute the actual flushing time required to flush (exchange)
the water in the selected pipelines. The actual flushing time can be extended
by a safety factor that multiplies the minimum required flushing time. The idle
time in between switching the outlet nodes can also be specified.

Unidirectional flushing will not run in a batch node, it will run for one specific
outlet node but it will allow the user to close additional number of valves
(pipes) in order to maximize the flushing result. The program can assist in
finding sections valves need to be closed and then it will determine pipes that
need to be closed for the simulation.

Flushing velocity i.e. maximum velocity as well as the change in the velocity
achieved during the flushing sequence is very important for the success of
cleaning pipes. These are some of the recommended values:

e 0.9 m/sec or 3 ft/sec removes sediment and lowers disinfectant demand
e 1.5 m/sec or 5 ft/sec removes biofilm and promotes scouring

e 3.7 m/sec or 12 ft/sec removes sand from inverted siphons

It is encouraged to achieve a 1.5 m/sec or 5 ft/sec on every flush.

The Flushing Analysis dialog box is reached by selecting ‘Model type’ from
General Settings from the Table of Contents and then by selecting the ‘Flush-
ing analysis’ option. Note that to run the flushing analysis, you need to select
Run from within the Flushing Analysis dialog box.
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15.1 Settings

A list of the Flushing settings data entries for Figure 15.1 follows, with a short
description given for each entry.

Flushing analysis

Flushing events Settings  Flushing sequence  Flushing results

=|- Flushing evenis
FlushingEvent_A
- Flushing category: | Conventional hal
Output file: C:\Users\Data
Pipe set: Flushing-Set1
@ Target velodty: 1,5 [m/s]
L} () Target shear stress:
Minimum residual pressure: 15| [m]
Emitter coefficent: 15
Flushing demand: 20|[fs]
Add Delete
Description Start flushing hour: 10|
Idle interval: 0|t
Safety factor:
Maximum flushing time: 1| il
Run Close

Figure 15.1  The Flushing settings box is used to the analysis parameters

Flushing events

This data entry allows you to add flushing events that are further specified by
data in the right-hand side of the dialog. You can add and delete flushing
events using “Add” and “Delete”.

Flushing category
Select from conventional and UDF unidirectional flushing.

Output file
This data entry allows you to specify where the output report with flushing
analysis results will be stored.

Pipe set

This data entry allows you to select a pipe set with pipes that will be used in
flushing i.e. pipe to be flushed. In order to define the pipe set, use Selection
from the main application menu and create a selection list.
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Target velocity
This entry allows you to define the target velocity that will be used to quantify
the success of flushing event.

Target shear stress
This entry allows you to define the target shear stress that will be used to
quantify the success of flushing event.

Minimum residual pressure

This data entry allows you to define the minimum residual pressure within the
flushed pipes during the flushing event. If the actual (computed) residual
pressure would be smaller than the minimum residual pressure, the program
will report it.

Emitter coefficient

This data entry allows you to define the emitter coefficient that will be inserted
by the program to the outlet node and used in flushing. The program will
change the outlet node to an emitter node when you select this option.
Hydrant flows may be specified directly in flow units or as an emitter coeffi-
cient. For standard North American hydrants that comply with AWWA Stand-
ard C502 or C503, the emitter coefficient would be 150-180 gpm/psi®-5 (11-14
I/s/m0-5) for the 2.5 in (63 mm) outlet and 380-510 gpm/psi®-5 (30-40 I/s/m?0-5)
for the 4.5 in (115 mm) outlet depending on the model of hydrant, size of bar-
rel and length of barrel. In terms of flow units, free discharge from a hydrant
can vary from 500 to 1500 gpm (32-95 I/s) depending primarily on the
strength of the distribution system at that point. Note, that the emitter coeffi-
cient needs to be entered in flow units matching the model flow units.

Flushing demand
This data entry allows you to define the demand that will be inserted by the
program to the outlet node and used in flushing.

Start flushing hour
This data entry allows you to define the start time of the flushing event.

Safety factor

This data entry allows you to prolong (extent) duration of the flushing. The
program computes the flushing time by tracking the volume of water that was
initially contained in the flushed pipes and how much of that volume was
replaced by fresh water from the start node (source node). The safety factor
bigger than 1 allows you to prolong the flushing above the minimum flushing
time.

Maximum flushing time

This data entry allows you to define the maximum duration of the flushing
event. The simulation will stop when the maximum flushing time is reached
regardless whether pipes were completely flushed or not.
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15.2 Flushing sequence
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A list of the Flushing sequence data entries for Figure 15.2 follows, with a
short description given for each entry.

Fishng events Settngs FiUshing SEqUENCE  Flushing results

Flushing events .
FlushingEvent_A Startnodes
® 1_3853 Y
() Selection:
Outlet nodes

Hydrants layer: - [
NodelD Type Local flow? Value Add outlet
1_107 Demand |~ O Pick outiet

Remave
= == Define the dosed pipes Add Delete Clear
Description

Identify dosed pipes

Run Close
Figure 15.2  The Flushing sequence box is used to the analysis parameters

Start nodes

This data entry allows you to define the source of fresh water, this could be
the starting node of the first pipe in the flushing sequence or this could be any
other node in the network. The selected node will be used by the program for
accounting for water that is flushed in the selected pipes during the flushing
event. Note, that it is possible to select multiple nodes in case that the pipes
selected for flushing are receiving water from different entry points.

Outlet nodes

This data entry allows you to define the outlet node that is used to flush the
water out of the selected pipelines. The amount of water that is leaving the
system through this node is determined by the program based on the flushing
demand or emitter coefficient defined in Settings. Note, that every outlet can
inherit flushing demand or emitter coefficient from the general settings or that
these entries are defined specifically for the outlet. If you wish to use different
settings per outlet, select “local flow” and enter the required value for the
flushing demand or emitter coefficient.
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Closed pipes for UDF (unidirectional flushing)

This data entry allows you to define pipes that will be closed by the program
during the unidirectional flushing. In order to select such pipes, use “Add”,
“Delete”, and “Clear”.

Valve layer

This data entry allows you to automatically identify pipes that will be closed by
the program during the unidirectional flushing by selecting isolation valves
from the Valve layer that will be closed in the physical system. In order to
select the shapefile with such valves, use “Valve layer” selection and locate
the data source with valves. Next, define the tolerance distance that will be
used by the program to find the pipe that is nearest to the selected isolation
valve.

15.3 Running simulation

Select “Run” from within the Flushing dialog box in order to run the simula-
tion. The simulation progress will be displayed in the application status win-
dow. The simulation can be interrupted (cancelled) by pressing “Esc’.

15.4 Flushing Results

Results of the flushing simulations can be displayed in different ways.

Tabular Results

The simulated flushing results are written into the output CSV file. The CSV
file is a comma separated text file in a format that is suitable for importing into
Microsoft Excel, for example. The tabular results can also be displayed
directly from within the Flushing Analysis dialog box by selecting “Flushing
results”.
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Flushing events

Flushing analysis

Settngs Flshing sequence ushing resuits

Flushing events
FushirgEvent_A

wodty{meter)... VelodtyChargeimeterjsec] She... CriteraPctipercent) FushingTme(second)  FlushingPctipercent)

EEEE

Descrpton Outietid  Startfwsomin)  Sndfbvsomin)  Durabordvs:..  AvgDschargel.. WaberVokam,., AvgFlshSuccessp... AvgFlshVelocty(peroent)

Figure 15.3  Flushing results report

Thematic Maps

The simulated flushing results can be displayed using the colour coded maps.
Select Layers and Add Layer and select one of the flushing result items to
create a colour coded map with the fire flow results.

List of available flushing result items:

Pipes

Pipe ID: unique pipe identifier.

Velocity (max): maximum velocity reached during the flushing event in
the pipe

Velocity change: difference between the flow velocity before flushing and
the maximum velocity during the flushing event.

Shear stress (max): maximum shear stress reached during the flushing
event in the pipe.

Criteria percentage (%): the value indicates how well the flushing criteria
was fulfilled during the simulation. Value of 75%, for example, would
mean that if the required velocity was e.g.1.5 m/s then the actual maxi-
mum velocity reached during the flushing was 75% of that value, i.e. 0.75
*1.5=1.125m/s.

Flushing Time(min): the program computes the minimum time required
to fully replace the pipeline volume be a fresh water from the flushing
source. This time can only be computed in case that it was actually pos-
sible to replace 100% of the pipeline volume. In case that the volume of
replaced water in the pipeline was not 100%, the minimum flushing time
is not computed and the value is set to “-1”.
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e Flushing percentage (%): the value represents the % of water the water
that was replaced in the pipeline during the flushing. Value of 85%, for
example, would mean that 85% of the pipeline volume was replaced by a
fresh water originating from the source of flushing.

o Comment: description indicates the flushing success e.g. pipeline
flushed, pipeline flushed but criteria not reached, pipeline not flushed.

Outlets

o Outlet ID: unique node identifier.

e Start (hrs:min): start of a flushing event is calculated from the start of the
whole flushing sequence and from the idle interval in between flushing
events.

e End (hrs:min): end of a flushing event is calculated from the start time
and duration of a flushing sequence.

e Duration (hrs:min): duration of a flushing event. The duration of a flush-
ing even is computed from the minimum flushing time and a safety factor.
In case that the maximum flushing duration was reached, the duration is
equal to the maximum flushing duration.

e Average discharge (flow units): average flow in a pipe during the flushing
event

o  Water volume (volume units): volume of water that was discharge
(flushed) from the outlet during the flushing event.

e Average flushing success (%): average flushing success from pipes i.e.
a percentage indicating of how well the pipe is flushed weighted by a
pipe length.

e Average flushing velocity (%) : average flushing velocity from pipes.
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16  Pressure Dependent Demands

Traditionally, water demands are defined prior to the simulation and thus
independent of the actual pressure. With the Pressure Dependent Demands,
the Wagner equation can be used to adjust the node demands based on the
available pressure.

Pressure Dependent Demands Analysis is an alternative computational
method based on pressure driven analysis comparing to the traditional
demand driven analysis. Node demands are automatically adjusted based on
the available pressure. This approach can be used to model intermittent
water supply, low pressure situations, and it is also suitable for modelling sys-
tem shut- down and maintenance.

There are three formulations of the demand versus pressure relation that can
be used in computation: Wagner, Tucciarelli, and Fujiwara equation. They all
adjust the node demand based on the available pressure.

Wagner equation [1]:

1

n

P

P
Qnew = Qoriginal(P

actual — " minimum

required Pminimum

Tucciarelli equation [2]:

. P tual
Qnew = Qoriginal(sm(nz‘a#d)z)

Prequire

Fuijiwara equation [3]:

2
_ (PactuaI_Pminimum) (3Prequired_2Pactual_Pminimum
Qnew - Qoriginal (P 3

required — Pminimum)

[1] J. Wagner, U. Shamir, D. H. Marks (1988) "Water distribution reliability: Simulation Methods." J Water Resour
Plan Manage Div Vol. 114.3: 253-275

[2] T. Tucciarelli, A. Criminisi, D. Termini (1999) Leak Analysis in Pipeline Systems by Means of Optimal Valve Reg-
ulation. Journal of Hydraulic Engineering 125(3): 277-285.

[3] O. Fujiwara and T. Ganesharajah (1993) Reliability assessment of water supply systems with storage and distri-
bution networks. Water Resources Res 29.8: 2917-2924. 10.1029/93WR00857
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Pressure Dependent Demands

where:

—  Qurew = adjusted node demand

—  Pactual = actual pressure

—  Prequired = required pressure (such as e.g. 15 m), node demand is
equal to the original demand if the pressure (such as e.g. 5m), node
demand is O if the pressure drops below the minimum pressure

— n = coefficient with recommend values between 1.5 2.0 (2.0 is rec-
ommended by Wagner)

Note that nodes with negative demand i.e. inflow nodes are excluded from
the above equation.

Note that to run the pressure dependent demands analysis, you need to
select Run from within the Pressure Dependent Demands dialog box.

Settings

A list of the Pressure dependent demands data entries for Figure 16.1 fol-
lows, with a short description given for each entry.

Pressure dependent analysis o x
-

Demand Adjusted Analysis is an al il method based on pressure driven analysis comparing to the traditional demand driven analysis.
Node demands are automatically adjusted based on the avaliable pressure.

Global pressure dependent demand settings

Delete

Cancel

Is pressure dependent [Integer] Has local data [Integer] Minimum pressure [m] Required pressure [m] Description

Figure 16.1  The Pressure dependent demands dialog box is used to the analysis
parameters

Minimum pressure

This data entry allows you to define the minimum pressure (such as 5m),
node demand is O if the actual computed pressure drops below the minimum
pressure
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Required pressure

This data entry allows you to define the required pressure (such as 10m),
node demand is equal to the original demand if the actual computed pressure
is above the required pressure.

Formula
This data entry allows you to select the equation that will be used to compute
pressure dependent demands. The options are Wagner equation,

Wagner exponent
This data entry allows you to define the coefficient "n" for the exponent in
Wagner equation (exponent = 1/n).

Global nodes are pressure dependent

This data entry allows you to activate pressure dependent demands for all
nodes unless they are locally changed using the “has local data” option. Sim-
ilarly, if you only want several specific nodes (demands) to be pressure
dependent, unselect this data check box and use local data to define pres-
sure dependent nodes.

Notes
This data entry allows you to enter any notes or further descriptions.

Insert/delete
Allows you to add or remove local data.

Junction ID

This data entry allows you to define the local node. Use “...” to select the
junction node from the list or use the arrow “T” to select the junction node
from the Map.

Description
This data entry allows you to provide user defined description.

Is pressure dependent
This data entry allows you to define the local node as either “pressure
dependent” or “not pressure dependent”.

Has local data
This data entry allows you to define if the local node shares the global pres-
sure settings or whether it will use its own pressure settings (local data).

Minimum pressure (local data)
This data entry allows you to define the minimum pressure that will apply only
to the local node.

Required pressure (local data)
This data entry allows you to define required pressure that will apply only to
the local node.
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16.2 Running simulation

Select “Run” from within the Pressure dependent demands dialog box in
order to run the simulation. The simulation progress will be displayed in the
application status window. The simulation can be interrupted (cancelled) by
pressing “Esc”.

16.3 Pressure dependent demand results

Results of the Pressure dependent demands simulations can be displayed as
results for the standard hydraulic simulation. However, there are several addi-
tional results items that can be used in data display:

Nodes

o Demand (pressure depended requested)
e Demand (pressure depended supplied)
o Demand (pressure depended deficit)

o Demand (pressure depended supplied percentage)
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17  Valve Criticality

Valve criticality allows you to select any valve from your GIS valve layer and
find what other valves need to be closed in order to replace the selected
valve, such as if the valve would be malfunctioning. In order to use this tool,
select Valve Criticality from Tools menu and define the layer containing your
pipe network and valves. Please note that you can select any layer including
shapefiles and that you can combine e.g. pipe network from your hydraulic
model with a shapefile containing GIS valves.

Valve criticality can operate in two modes:
e Interactive mode: allows you to inspect valve one by one by pointing and
clicking the Valve

o Automatic mode: allows you to run the valve criticality for selected valves
in the automatic manner and store the results in the database.

Valve criticality tool helps you to understand the important of isolation valves
and assists you in the valve maintenance and replacement program.

The Valve Criticality dialog box is reached by selecting Tools from the pro-
gram main menu and the by selecting Valve Criticality. Note that to run the
valve criticality analysis, you need to select Run from within the Valve Critical-
ity dialog box.

17.1  Settings

A list of the Valve Criticality data entries for Figure 17.1 follows, with a short
description given for each entry.
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Valve Criticality

Valve cribcality

Mode

(@ Interactive mode

Valve layer v
Pipe layer Pipes v
Tolerance 0,25 [m]

Connect pipes at crossing intersections

O Automatic mode
Valve layer
Valve node ID
Pipe layer Pipes
Pipe ID MUIL

Tolerance 28 [m]

Connect pipes at crossing intersections
Run Cancel Close

Figure 17.1  The Valve Criticality dialog box is used to define the analysis parame-
ters

Interactive mode

This data entry allows you to run the valve criticality analysis in interactive
mode when you click the valve in the Map and the program finds substitute
valves.

Automatic mode
This data entry allows you to run the valve criticality analysis in automatic
mode for any number of selected valves.

Valve layer

This data entry allows you to select the GIS layer with valves (typically isola-
tion valves) that will be used in the valve criticality analysis. Please note, that
in order to select valve layer in this data entry, the valve layer needs to be
already added to the Map layers

Pipe layer

This data entry allows you to select the layer with pipes. It could be a model
pipes layer or GIS pipe layer. Please note, that in order to select pipe layer in
this data entry, the pipe layer needs to be already added to the Map layers.

Tolerance

This data entry allows you to define the spatial tolerance that will be used to
track the pipe network connectivity.
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Connect pipes at crossing intersections

This data entry allows you to define whether the pipe network connectivity will
consider pipes connected whenever they cross each other. In case of a pipe
layer from the hydraulic model this option would not be used because con-
necting pipes require a junction node at their cross connection. However, in
case of a GIS layer this option could be required in order to track the connec-
tivity.

Valve node ID
This data entry allows you to define the valve identification ID that will be
used by the program for reporting purposes.

Pipe node ID
This data entry allows you to define the pipe identification ID that will be used
by the program for reporting purposes.

17.2 Running analysis

Select “Run” from within the Valve Criticality dialog box in order to run the
simulation. In case of “interactive” simulation the program will allow you
select the valve from the Map window. In case of “automatic” simulation, the
program will start analysing all valves and the simulation progress will be dis-
played in the application status window. The simulation can be interrupted
(cancelled) by pressing “Esc”.

17.3 Valve criticality results

Results of the automatic valve criticality can be displayed in the Map where
each valve can be colour coded by the number that represents the number of
substitute valves.
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18.1

Water Hammer

Water Hammer (a part of the WD-Tools module) simulates transient
(unsteady) flow in any fully pressurized system carrying liquids. MIKE+ Water
Hammer provides a cost effective tool for engineers seeking fast answers to
questions about rapid operation of piping systems. Water hammer is based
on the high-order implicit scheme solving the continuity and momentum
equation using the finite difference method. The initial conditions are modeled
using MIKE+ standard water distribution module.

Water Hammer allows you to model:

e Sudden changes in flows and pressures
e  Pump start-up and pump trip-off

e Valve operations

o Power or equipment failure events

e Surge protection

Water Hammer Calculation

MIKE+ Water Hammer computes hydraulic transients in pipe networks. The
computations are based on the continuity equation:

D gAdH
& 2 a
(18.1)

and the equation of motion:

12, cH
—Q+gA—+—f 0lo|=0
a & 2DA 182

in which Q is the discharge, H - the piezometric head above arbitrary datum, f
- the Darcy-Weisbach friction factor, D - the internal pipe diameter, A - the
cross-sectional area of the pipe, g - gravitational acceleration, a - wave
speed, x - distance along the pipe axis and t - time.

In the governing equations the acceleration terms which are very small com-
pared to the other terms have been disregarded.
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The general expression for the wave speed (only important for water hammer
computations) presented by Halliwell (1963) has been used

aﬁ K
p[l+(K/E )W] (18.3)

in which E is the Young's modulus of elasticity of the conduit walls, K - the
bulk modulus of the fluid, r - the density of the fluid and y - a non dimensional
parameter. For more details see Section 5.

An implicit finite difference scheme described by Verwey and Yu (1993) has
been implemented for water distribution, slow transient and water hammer
simulations. The scheme uses only two adjacent grid points in space on a
non-staggered grid and is defined on three time levels. The elimination of the
most important phase error allows the simulation of both water hammer and
slow transients.

18.2 Theoretical Background

The following section describes the MIKE+ water hammer numerical engine.

18.2.1 Description of Water Hammer Model

194

The water hammer computation is based on the Continuity equation

0 AJH

ax a* 01 (18.4)
and the Momentum equation

20 cH f _

o T &Gyt apgQld = 0 55

where Q is the discharge, H - the piezometric head above arbitrary datum, f -
the Darcy-Weisbach friction factor, D - internal pipe diameter, A - the area of
pipe, g - the gravitational acceleration, a - the wave speed, x - the distance
along pipe axis and t - the time.

In the governing equations the acceleration terms which are very small com-
pared to the other terms have been disregarded.
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Wave Speed

For pure liquids Halliwell (1963) presented the general expression for the
wave speed

a - \/ K
pll + (K/E)y | 1856)

in which E is the Young's modulus of elasticity of the conduit walls, K is the
bulk modulus of the fluid, p is the density of the fluid and v is a nondimen-
sional parameter.

Rigid Conduit
y =0 (18.7)

Thick-Walled Elastic Conduit (D/e<=10)

e anchoring at both ends = full restraint

R’+R’ 2VR/’
v = 2(1+V) R2_R’ - R’ _R’

o i o 1 (188)

in which v is the Poison'’s ratio, R, is an external diameter, R; is an
internal diameter.

e upstream anchoring = upper restraint

(R?+15R’ v(R?-3R?))
v = 2L ROZ_R[Z + Roz_Riz J
(18.9)
o frequent expansion joints = expansion joints
R’+ R’
A VR L
° i (18.10)
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Thin-Walled Elastic Conduit (D/e>10)

e anchoring at both ends = full restraint

(18.11)

in which D is the conduit diameter and e is the wall thickness

e upstream anchoring = upper restraint

v o= g(l — 0.51/)

(18.12)
o frequent expansion joints = expansion joints
v = D
e (18.13)
Tunnels Through Solid Rock, Parmakian 1963
e Unlined tunnel
=1E=G
4 (18.14)
where G is the modulus of rigidity of the rock.
o Steel - lined tunnel
DE
l// = —_—
GD + Ee (18.15)

in which e is the thickness of the steel liner and E is the modulus of elasticity
of steel.
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Theoretical Background

Reinforced Concrete Pipe

A

This pipe can be replaced by an equivalent steel pipe having equivalent

thickness.

(18.16)

in which e is the thickness of the concrete pipe, A - the cross-sectional area
of steel bars, L - the spacing of steel bars, E, - the ratio of the modulus of
elasticity of concrete to steel (0.06 - 0.1), but 0.05 for cracks.

Diagrams

The following diagrams can be used in order to estimate the wave speed.

Glass uPvC
= Fluid - water
= |
= H —
3 'la el
2 =
w -In
2 "
; 500
0 T T T T
0 50 100 150 200
Diameter/Wall thickness (DVe)
Figure 18.1  Fluid water

250

Values of Young's Modulus of Elasticity and Poisson's Ratio for a range of

common materials are available in the following table.

Table 18.1  Values of Young's Modulus of Elasticity and Poisson's Ratio for a range
of common materials
Material Young’s Modulus Poisson’s Ration (-)
(10E9 N/m2)

Aluminum 70 0.3

Cast Iron 80-110 0.25

Concrete 20-30 0.1-0.3

Copper 107-130 0.34

Glass 68 0.24
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Table 18.1 Values of Young's Modulus of Elasticity and Poisson's Ratio for a range
of common materials

Material Young’s Modulus Poisson’s Ration (-)
(10E9 N/m2)

GRP 50 0.35
Polyethylene 3.1 -

PTFE Plastic 0.35 -

PVC Plastic 24-2.8 -
Reinforced Concrete 30-60 0.15
Rubber 0.7-7.0 0.46-0.49
Steel 200-24 0.3
Titanium 103.4 0.34

Typical values of Bulk Modulus:

e K=2.05x 10E9 N/m2 for water
e K=1.62x 10E9 N/m2 for oil.

18.3 Numerical Scheme and Algorithm

198

The numerical solution is based on the approach suggested by Verwey and
Yu (1993). An implicit, space-compact finite difference scheme has been
implemented for simulation in pipe networks including a variety of control ele-
ments. The same numerical scheme can be used for simulation of both
hydraulic transients and water distribution problems. The inertia terms in the
governing equations can be manipulated to produce relatively fast conver-
gence for steady state problems.

The implicit finite difference formulation is based on a non-staggered grid in
time and space, where at each grid point the independent variables Q and H
are to be computed. The friction term in the governing equations has been
expressed as

1 f
‘Q‘ngﬁ(

S

o 0|

n n+1
Qj—l j-1 +

9o

(18.17)

The coefficients for the water hammer model have been derived and have the
following form:
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18.3.1 Coefficients for the numerical scheme

a, = (61,u2— 61,y+1)+Cr2<60 ~60° —1)

a, = (61//2— 6y + 1) + Cr2(6t9 ~60 - 1)

Al =a (1-y)Ax

Bl=-0 At +«,
Cl=a y Ax
DI=60 At -«,

El=~(1-0)At(Q}, + Q) -0} -0/ )+ 0A(Q}, - 0)) +
+a, (07 =207 - 07 +20! ) +a, (1- w)AH! | +a, yAH™

A2=-ga b At +a,,
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3a° At

gAA)c2
3a° AL

(18.18)

(18.19)

(18.20)

(18.21)

(18.22)

(18.23)

(18.24)

(18.25)

(18.26)

J 18.27)

(18.28)
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18.3.2 Looped

B2 = (1 — t//)Ax + fric AZAx‘Q;,l‘

(18.29)
C2=gaf At—a, (18.30)
D2 =wAx+ ﬁ’icAfo‘Qf (18.31)

E2=(1-p )AXQ" +yAxQ! ' + gA(1-O)AH  —H" + H' ) —H" )+
+gAOMH", ~H" )+ o, (H —2H! —H") +2H")

Jj-1

\ ey

network solution algorithm

The main algorithm generates a set of grid points using a finite difference
scheme, see Cunge, Holly, Verwey (1980). The grid is introduced in time and
space, where at every point the values of H and Q are defined as the
unknown variables. Between the two successive grid points in time and
space both the continuity and the momentum equation are applied. Together
with the necessary boundary data, a sufficient number of equations are
obtained to solve H and Q at every grid point.

The general form of the governing equations is

ALH"+B1.07+CLH" +DI Q" =EI (18,39

A2,H7 + B2,Q1"/ + C2,H} + D2,0" = E2, (18.34)

where coefficients A1,B1,C1,D1,E1 for the continuity equation and
A2,B2,C2,D2, E2 for the momentum equation are derived from the high-order
scheme.

The looped algorithm is based on the fact that a looped network contains ele-
ments known as nodes which represent the confluence of several flow paths,
some of which originate from other nodes, some from boundary points. A sys-
tem of simultaneous linear equations is developed where the piezometric
head changes at each node are the only unknowns. Solution of this system
by any matrix elimination technique yields the piezometric heads at each
node.

Suppose that there are three links, 2-1,2-3 and 2-4 and that there are b grid
points along branch 2-3 and c grid points along a link 2-4, see Figure 18.2.
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For any computational grid point, equations (18.35), (18.36) may be written
as

H=LILH+MILH,+NI
(18.35)

O=L2H+M2H,+ N2 (18.36)

where L,M,N are functions of coefficients A, B, C, D, E, found through a dou-
ble sweep elimination

Figure 18.2 Part of a looped pipe network

These equations express the partial dependence of the unknown variables Q
and H at any grid point in a branch on the value of H in the two adjacent
nodes.

At internal nodes a compatibility condition must be satisfied. The simplest
condition is node continuity and common piezometric head.

201" =0
k=1

(18.37)

n+l __ pn+l _| _ 1,n+l _ 1,n+l
h[l - h12 _K - hlk _K - hlm (1838)

where n+1 indicates the (n+1)Dt time level in the solution, k is the index of the
links emanating from node 2, and m is the number of such links. These rela-
tions can be written for each from M nodes, and this leads to a system of M
linear equations having as unknowns the piezometric head changes H at
each node.

(8] {n} ={T, } (18.39)
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where [S] is a coefficient's matrix, M x M elements, {h} is a vector of
unknowns, M elements; {T(L)} is a vector of the free terms.

This system of linear equations may be solved by any matrix inversion tech-
niques. Once the increments of piezometric head H are known at the nodes,
it is possible to recompute Q(i) and H(i) values for all intermediate grid points
through equations (18.37) and (18.38).

The looped algorithm may be described by the following steps:

o The coefficients of the high-order scheme discretize the governing equa-
tions between two successive grid points on a branch.

e The local elimination method is used to express Q and H grid point val-
ues on each branch in terms of H at the branch ends (nodes).

e One equation for each node leads to the system of linear equations that
is solved by the matrix elimination method.

o Substitutions inside the branches yield the Q(i) and H(i) values for all
intermediate grid points from the known values of H at the branch ends.

18.3.3 Hydraulic structures

The implementation of a hydraulic structure in the domain of the solution may
be solved by replacement of the governing equations by another set of equa-
tions that characterise the particular hydraulic structure. Every time the main
algorithm comes to the location of such a structure, it must switch between
the governing equations. Any hydraulic structure can be implemented into
such a numerical scheme in the following way. The hydraulic structure is
placed between the two successive grid points, and we can assume that.

Another way of implementing a hydraulic structure is to handle it in the similar
way to a node. The hydraulic structures are not located between the two suc-
cessive grid points but in the node. Instead of modifying coefficients A,B,C,D,
and E, we increase the number of linear equations.

The main algorithm is designed in such a way, that, after a process of lineari-
sation and discretization of the governing equations, it solves them on a pre-
scribed set of grid points using an appropriate numerical scheme. If a
hydraulic structure is present in the domain of the solution, the algorithm must
replace the governing equations by other equations defining a hydraulic
structure in order to provide the numerical solution. Various hydraulic struc-
tures can be coupled together, e.g., the closing of one valve can determine
the operating of another valve. In cases where this link exists between
hydraulic structures, communication must be maintained and controlled by
this main algorithm. This message has to be attached to the object in such a
way that it represents the reality. Object-oriented design has been applied to
create a safer interface to the numerical algorithm, since the low level opera-
tions that remain the same are hidden inside objects.
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18.4 Water Hammer Calculations

Water hammer simulates transient (unsteady) flow in any fully pressurized
system carrying liquids. MIKE+ Water Distribution Water Hammer provides a
cost effective tool for engineers seeking fast answers to questions about
rapid operation of piping systems. Water hammer is based on the high-order
implicit scheme solving the continuity and momentum equation using the
finite difference method. The initial conditions are modeled using MIKE+
Water Distribution standard water distribution module.

Water Hammer allows you to model:

e Sudden changes in flows and pressures
e  Pump start-up and pump trip-off

e Valve operations

o Power or equipment failure events

e Surge protection
Water hammer data preparation

allows you to create all the input files interactively and save them for compu-
tation. Data Preparation is integrated into editors used for any water distribu-
tion model setup and addition data entries used only for transient modeling
are enabled when the model type is set to "Water hammer". The data prepa-
ration provides interactive data input, editing and error checking. Graphical
facilities enable the display of data on a plan plot and use the Query-By
Examples (QBE) facilities of the database. .

The present version will handle any number of pipes, nodes, and loops in
complex networks with various components.

Water hammer result presentation

enables you to view results generated from the calculation as thematic maps,
time series graphs, profile plots, or as text in ASCII format. The results can be
displayed using different plots, namely time series plots of the variables, time
series plots of the variables for the current time in the longitudinal profile, and
colour-coded plan plots. The last two choices can be used for a time anima-
tion. The use of colour-coded plan plots allows you to define what numerical
ranges of variables between grid points correspond to a particular colour.
Zoom facilities enable to magnify interesting portions of drawings.

18.4.1 Running water hammer simulations
In order to be able to start water hammer simulations you have to prepare the

steady state model and obtain satisfactory results. In the next step, you need
to specify Water Hammer Analysis type in the Setup - General Settings -
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Modules dialog, enter data into fields used for transient analysis, define
boundary conditions and computational parameters.

Initial conditions

Initial conditions are computed with the use of the steady state analysis. The
results of the initial state are saved in the file as H, Q values at the beginning
and end of the pipes respectively and in the vicinity of hydraulic structures
such as valves, pumps, etc. There is a direct connection between the result
file from initial conditions and the water hammer execution, in spite of the fact
that the two models use different computational grids and different numerical
engines.

Boundary conditions

There are in principle two types of boundary conditions, namely the piezo-
metric head, H, above a specified datum, e.g., in tanks, and the discharge, Q,
e.g., water demand. Both H and Q are given under selected names as time
series in the Curve and Relations Editor and stored in the database. These
boundary conditions may be assigned to any node in the network. Boundary
for each time step is assigned from given time series specified by the user. If
time step used by water hammer computation is smaller than appropriate
neighbouring values in boundary conditions time series then linear interpola-
tion is applied. There are nodes of the following types: H - boundary, Q -
boundary, compatibility and structure (hydraulic component) description. It
should be pointed out that time patterns, used in the Steady State Model, are
ignored by the Water Hammer simulations.

For the Initial State for Water Hammer Model, the water level and/or dis-
charges are constant in time. The boundary conditions using time series must
be specified for a sufficiently long time interval.

Computational parameters

General parameters consist of fluid density, fluid bulk modulus, absolute tem-
perature, vapour pressure and gravitational acceleration. The most important
numerical parameter is a time step. Since a numerical solution must be stable
and as accurate as possible, you have to choose a proper value of D;. The
stability condition is given by the Courant number

_ aht
Ax

Cr
(18.40)

in which a is the wave speed and Dx is the distance between two successive
grid points. In principle, an implicit, space-compact scheme is unconditionally
stable, with exact solutions generated for the Courant numbers Cr = 0.5 and
Cr = 1.0, respectively. The scheme enables us to vary the Courant number

over pipes while maintaining its high accuracy. Accurate results are produced
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in the range 0< Cr < 1.1. You should try to maintain the Courant numbers
below unity, but as close as possible to Cr = 1. If you select the menu item
Geometry and Branch, you can control the values of Courant numbers. The
question how to choose the time step is dictated by the nature of the hydrau-
lic transient itself and by the shortest pipes in the system. The time step can
vary from the order of 10-3 to 10+1 seconds. The time steps must be small
enough in order to describe very fast changes of variables. It is recom-
mended to start with the shortest pipe section and to calculate the time step,
considering Cr = 1. Pipe sections with high Courant numbers are numerically
treated in MIKE+ Water Distribution as rigid pipelines. This simplification ena-
bles a user to deal with a very short pipe section which would not be impor-
tant within the water hammer simulation. Once the time step has been
prescribed, you have to input the simulation time. MIKE+ Water Distribution
calculates a number of time levels, which you need to prescribe in the Check
level item. In the Project parameters' window you can also change throughout
network whether you intend to use a friction factor and/or an absolute rough-
ness.

The last group of parameters is referred to as advanced parameters. For an
experienced user there is direct access to a weighting coefficient g which has
a default value of 0.5. For special cases you can use weak forward centring
of the scheme and hence activate the diffusive part of the truncation error,
see Verwey and Yu (1993).

18.4.2 Definition of network layout

An example of a topological representation of a network is shown in Fig.3.1.
The solution domain consists of branches connected one to another by
means of nodes. Grid points are generated along branches and they repre-
sent the place where we are looking for the solution of the governing equa-
tions. Different hydraulic structures can be included later at selected places in
the network.

GRID POINTS

MODE  ppancH

Figure 18.3  Definition Network Layout

For model construction, we can define a range of model elements such as
nodes, branches, grid points and hydraulic structures.
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Branches

Nodes

Water Hammer

can be used to represent pipes of constant properties. In the pipe network,
branches may include hydraulic elements, for example, valves, pumps.
Nodes represent the applicable boundary conditions at the end of branches.

are elements that represent free branch ends, branch connections or a spe-
cific storage. At nodes with one simple pipe connected, boundary conditions
are usually defined by specifying the values of piezometric head or discharge
as a constant value or as a function of time. Flow continuity and a piezometric
level compatibility is assumed at nodes connecting several branches

together.

Generally, there are these three different types of nodal boundary conditions:

e H(pressure (m) is given).
e Q (discharge (I/s) is given).
e  Compatibility (common H).

Other types of nodes can be given as:

Table 18.2  Node boundary conditions

Node Type Meaning Variable
H-Boundary Given HGL H=f(t)
Q-Boundary Given Demand Q=f(t)

(inflow/outflow)

Continuity Continuity None
Junction node without demand Continuity None
Junction node with demand Given Demand Q=const

dependent) Demand

Tank Calculated HGL H=f(t), H=const
Air-Chamber Calculated HGL H=f(t)
Vented Air-Chamber Calculated HGL H=Af(t)
Air-Valve Calculated HGL H=f(t)
Emitter Calculated (pressure Q=f(t)

Shaded VARIABLE types are set automatically by the program.
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Grid points

are generated automatically by Water Hammer along the branches and they
represent the computational grid where the values of piezometric head and
discharge are solved and the input and/or output data are required. The pro-
gram generates grid points based on the hydraulic time step entered by the
user, wave speed given for every pipe and Courant number criterion. The
system requires a different computational grid for steady state and water
hammer computations.

Computational grid and hydraulics structures

The hydraulic components are located either in nodes or on branches. An
example of grid-generation in a water distribution application with a valve
illustrates the procedure of implementation of the hydraulic components. For
water hammer applications the grid is defined as a function of the length of
the pipe elements, the wave speed of water hammer and the speed of system
operation.

Specific pipe data

Input of pipes is the same as in the case of steady state analysis. Then you
have to specify the wave speed. Wave speed (celerity of the pressure wave)
is the only one specific (and mandatory) parameter for the water hammer cal-
culations:

o Wave speed: the sonic velocity is also the speed at which the pressure
waves generated by water hammer travel in the pip (m/s or ft/s)

In case of a pipe with a check valve, the following fields need to be defined:
e check valve time to open: time interval to open the valve from closed
position (sec)

e check valve time to close: time interval to close the valve from open posi-
tion (sec)

e check valve cracking pressure: pressure that is required to open the
valve (m or psi)

e check valve minimum velocity: velocity that is required to keep the valve
open (m/s or ft/s)

e check valve is regulating: initial position of the valve i.e. if the valve is ini-
tially in the closed position (Yes/No)

o check valve idle interval: time interval that is needed before the valve
close or open again (sec)

e check valve can reopen: setting that defines if the valve can re-open
after it gets closed (Yes/No)
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Identification

From node |RAW_WATER_PS Insert

ID RWP_1A 28 EIEI

To node RWP_PS_1A _IN_

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

Wave speed 1200 [m/s]

Check valve is regulating

0.25 Check valve can reopen

Figure 18.4  Pipe editor with water hammer settings
Junction node demands

Until specified as Water Hammer Boundary conditions, node demands are
kept constant through out the water hammer simulation period. Junction
demands i.e. multiple demands and their patterns - diurnal curves are use to
calculate the steady state i.e. initial conditions for water hammer and they are
kept on the same value for the water hammer analysis. Node elevation must
be defined for every node.

Control rules

Simple Control Rules and Rule Based Controls are ignored during the water
hammer analysis. Valve opening and pump scheduling is handled directly by
the specific valve and pump data in Pumps and Valves editors and in Curves
and Relations Editor.

Specific pump data

Input of pumps is the same as in the case of steady state analysis. Then you
have to specify rated rotational pump speed and its schedule - time series of
the rotational pump speed versus time.

Pumps may be located inside pipeline systems (booster pumps) or they may
be connected to a suction well. Pumps are frequently used for various pipe-
line systems, and may operate during hydraulic transients with constant
pump speed. Alternatively, the pump speed can decrease and/or increase
depending on pump shut-down and/or pump start-up. The greatest difficulties
come from hydraulic transient flows caused by turbopumps, since they may
work in four quadrants. Four quadrants pumps are currently not supported.

There are in principle four dependent variables describing any state of a
pump, namely:

o discharge - Q (m3/s)
o total dynamic head (tdh) - H (m)
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e rotational speed - N (rpm)

e shafttorque - T (N.m)

The total dynamic head is defined as follows:

2 2
V p V p
tdH =H = d_, d:zd - S S 2
2g pg 2g pg $

_.41)

where the subscripts, d and s denote the discharge and suction flanges,
respectively. Power input P (kW) is defined as:

p_P8QH _ . T2zN

d 60 (18.42)

where h is the pump efficiency and T (N.m) is the torque which may be calcu-
lated from this equation.

Manufacturers may provide pump performance characteristics using other
variables, e.g., {H, Q, N, P}, {H, Q, N, h}. If the pump operates only in the first
quadrant, the typical pump characteristics {H, Q, N, h} for a given rotational
speed of a centrifugal pump are shown in Figure 18.5. The H - Q curve
should be a monotonously decreasing function and then it is called a stable
pump curve. The H - Q performance curve for a pump operating at constant
rated speed may be approximated as:

H=Db+aQ2

where b is the shut-off head and a is determined for maximum efficiency of
the pump.

If the pump characteristics does not satisfy parabolic relation large errors may
be produced in transient method and in all computation modules if the pump
discharge is out of the Q-H curve.
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Figure 18.5 Q- H Curve

Another performance characteristic curve which should be specified by the
manufacturer is the net positive suction head (NPSH). The absolute pressure
at the inlet flange of the pump should be above NPSH in order to avoid cavi-
tation.

By applying the principles of dimensional analysis, the following relationships
can be written for a pump operating at two different speeds N1, N2

] 3
2 (18.43)

Subscripts 1 and 2 are only for corresponding points on an affinity law parab-
ola. The affinity laws for discharge and head are accurate for all types of cen-
trifugal pumps. However, large errors may be produced using the affinity law
for a power requirement. It is recommended to compute P from head, dis-
charge and efficiency and not from affinity laws.

Many of the important transient analyses situations are caused by start-up
and shutdown of pumps. For a pump power failure the change in rotational
speed of the pump depends upon the unbalanced torque applied

_ pPgOH T T2zN
n 60

P
(18.44)

where |, (N.m.s) is combined moment of inertia and D; (s) is time step used
for the calculation.
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Pump start-up can be described by similar equation

AN:( Tm—T )At30
1
@ (18.45)

where, Tm (N.m) is the motor torque.

The relation between the pump speed and the total pump dynamic head is
described by the following equation:

tdH oy,
tdH, =——1%" N

t 2
100% (18.46)

where, index (100%) represents the 100% of the pump rated speed and the
time index t represents the actual value of tdH and N during the analysis.

Three different modes can be used in the transient flow analysis:

1. pump is controlled by a pump operation schedule (N-time) curve

2. pump is controlled by a pump operation schedule until time of the simula-
tion is equal time of the power failure, then pump shutdown is applied
and pump remains stopped till the end of the computation run.

3. pump is primarily stopped (N equals zero) until time of pump start-up is
reached, then pump start-up equation is applied.

Moment of Inertia, resistance of a rotating body to the change of its rotational
speed, sometimes called rotational inertia. In linear motion, inertial mass is
the measure of the resistance of a body to a change in its state of rest or uni-
form motion in a straight line. In rotational motion, moment of inertia is the
measure of the resistance of a body to a change in its rate of rotation.The
laws of motion of rotating objects are equivalent to the laws of motion for
objects moving in a line, with moment of inertia replacing mass, angular
acceleration replacing linear acceleration, and so on.

Force = mass x acceleration (F = ma) (linear motion)
Torque = moment of inertia x angular acceleration (T = Ia) (rotational motion)

The moment of inertia of a body can be calculated by dividing the object up
into many small elements each with mass, m. If each element is a distance,
ri, from the axis of rotation, the moment of inertia of the body is given by:

lo Zmrj
=1 (18.47)



The moment of inertia of a body depends on the axis about which the body is
rotated. If two axes of rotation have different distributions of mass around
them, then the body will have different moments of inertia for each of these
axes.

Torque, a twisting effort applied to an object that tends to make the object turn
about its axis of rotation. The magnitude of a torque is equal to the magnitude
of the applied force multiplied by the distance between the object's axis of
rotation and the point where the force is applied. In many ways, torque is the
rotational analogue to force. Just as a force applied to an object tends to
change the linear rate of motion of the object, a torque applied to an object
tends to change the object's rate of rotational motion.

PUMP TORQUE
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Figure 18.6  Pump torque curve
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Figure 18.7 Motor torque curve
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The following fields need to be entered in addition to water distribution mode-
ling:

Operation type:

—  Pump schedule: pump operation is defined by a pump speed vs time

curve
—  Pump trip off: calculated pump trip off based on pump's data

—  Pump start up: calculated pump start up based on pump's data

Operation schedule: pump operation defined as pump speed vs time
curve that is used before the pump starts up or fails.

Rotational pump speed: pump speed (rpm)

Moment of inertia: pump moment of inertia (kg m2 or Ib ft2)

Pump torque: pump torque (Nm = m2 kg s2 or Ib ft)

Motor torque: motor torque (Nm= m2 kg s2 or Ib ft)

Pump start up time: time when the pump starts up (sec)

Pump trip off time: time when the pump trips off (sec)

Identification

ID |RWP_PS_1A

Pump Properties
Operation type
Operation schedule
Rotational pump speed
Moment of inertia

Pump torque

Pump tripoff tme

Fromnode |RWP_PS_1A IN_

To node RWP_PS_1A_OUT E

Energy | Regulation | Water hammer | Description
Pump TripOff
RWP_PS_OPER
1800 | [rpm]
40| kg*m~2]
TORQUE

60 |[sec]

Insert

Delete

Figure 18.8 Pump editor with water hammer settings
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Water Hammer

PUMP O-H CURVE
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Figure 18.9 Pump Q-H curve defined for 100% rated speed

Specific valve data

Input of valves is the same as in the case of steady state analysis. Then you
have to specify valve characteristic curve (in case of TCV valves) and valve
schedule - relation between valve opening versus time.

The relationship between the flow Q and the head drop DH is expressed
using a discharge coefficient Cd for:

In-line valve

0=0Cd Av\/2gAHCaf:L

\/E (18.48)

where Av is the valve area and x is the valve minor loss coefficient.

Free-discharge valve

1

Ve +1 (18.49)

where xf is the valve minor loss coefficient for a free-discharge valve.

0o=Cd Av\/2gAH Cd =

Values of the discharge coefficients as functions of the relative valve opening
(which is the ratio of valve and pipe area) have to be specified in the in Curve
Editor. Typical representative data is of the following form
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Discharge coefficient for a typical in-line valve

i 10 20 30 40 1] G0 70 an a0 100
Yalve Opening (24

Figure 18.10 Discharge coefficient for a typical in-line valve
Remarks:

TCV Throttle Control Valves can also be used as Isolation Valves for example
for isolation of a pipe section in case of repair, isolation of a pump, etc.

The following fields need to be entered in addition to water distribution mode-
ling:

e Operation schedule: valve opening (stroke position) vs time

e« Valve characteristics: valve Cd or Kv coefficient vs time

o x
Identification
Fromnode |RWP_PS_1A_OUT E Insert
ID RWP_PS_1A TCV
To node RWP_PS_1A TCV E Delete
Valve Properties | Regulation | Water hammer | Description
Valve settings

Operation schedule RWP_PS_TCV_OPER_| | ...

Valve characteristics | TCV

Figure 18.11 Valve editor with water hammer settings
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VALVE Cd CHARACTERISTICS
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Figure 18.12 Valve Cd Characteristics

VALVE Kv CHARACTERISTICS
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Figure 18.13 Valve Kv Characteristics (Example)

The relation between Cd and Kv valve coefficients is given by the following
equation:

Kv

d=—"
36004,/2g 15.50)

The relation between Cd valve coefficient and x minor loss coefficient is given
by the following equation:

(18.51)
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or, for an in-line valve:

\/E (18.52)

Note, that the valve minor loss coefficient used for the steady state analysis
must correspond the initial valve opening used for the water hammer analy-
sis.

Specific project options settings

Analysis type included fast transient flow analysis. Currently, only Sl units
with LPS are allowed for the transient flow analysis along with Darcy-Weis-
bach friction expression. Specific numeric parameters, such as theta - used to
centre the high order finite difference scheme in time, default value of 0.5,
and others can be defined.

Specific time settings

Running the fast transient analysis requires entering specific time setting,
namely hydraulic time step and duration of the analysis. Pressure waves trav-
els with a high speed in the pressurized pipe networks; wave speed in steel
pipes is app. 1,200 m/s. In order to maintain Courant number criterion, dt -
time step has to be very small number such as dt = 0.1s.

At
Cr =1=a—

Atx (18.53)

in which a - wave speed, dt - time step, dx - grid step, Cr - Courant number, a
non dimensional parameter.

Specific curves data

The following curve types below are available in the ‘Curves and relations’
editor, for use in Water Hammer simulations:

Table 18.3 Curve data

Curve type Description
HGL transient boundary Define how HGL changes in time
Q transient boundary Define how flow changes in time (positive

value-outflow, negative value-inflow)

Valve schedule Define valve opening and closing as a func-
tion of time
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Table 18.3 Curve data

Water Hammer

Curve type

Description

Valve characteristic

Flow coefficient versus valve opening

Pump schedule

Define pump starting and closing as a func-
tion of time

Pump torque

Pump torque versus flow

Motor torque

Motor torque versus pump rotational speed

Dual-acting valve characteristic

Air discharge versus gauge pressure

18.4.3 List of components

List of supported components

The following components are supported by the Water Hammer simulations.

218

Table 18.4  List of supported components
Component Remark
Tank Supported
Pump Supported

Pressure reducing valve PRV

Not supported (*)

Pressure sustaining valve PSV

Not supported (*)

Pressure breaker valve PBV

Not supported (*)

Flow control valve FCV

Not supported (*)

Throttle control valve TCV Supported
Closed pipes Supported
Pipes with check valves CV Supported

Node demands

Multiple junction demands including their
patterns are kept constant during water
hammer analysis.

Emitter

Supported

(*) replace the valve with a throttle control valve TCV and use the steady

state valve opening (stroke position) as the initial valve opening in the valve

operation schedule curve used in water hammer setup.
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List of unsupported components

The following components are not supported by the Water Hammer simula-
tions.

Table 18.5  List of unsupported components

Component Remark

General purpose valve GPV Not supported

Simple control rules Not supported
Rule base controls Not supported
Patterns Demand and Reservoir patterns need to be

entered as Transient Boundary Conditions

List of additional components

Several additional network components are used in Water Hammer simula-
tions comparing to EPANET based simulation. These components (struc-
tures) are classified according to their location either in nodes or on
branches.

Table 18.6  List of new components

Component Remark

Air Chamber Supported
Vented air-chamber Supported
Air Valve Supported

18.4.4 Components located in nodes

One of the most frequently used components of water distribution networks
are tanks. Depending on their geometry, the tanks are classified as rectangu-
lar tanks, circular tanks, or tanks with the Depth-Volume curves. Tanks are

entered in the same way as in the case of steady state or extended period
analysis.

Tanks
Surge Tanks have been widely used for hydroelectric systems in order to pro-

tect the low-pressure supply tunnel. They may also sometimes be suitable for
water supply schemes. There are various types of Surge Tanks. The sche-
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matic presentation of common Surge Tanks is the same as mentioned above
for Tanks.

The governing equations describing their hydraulic behavior are the dynamic
equation and the continuity equation. Losses are disregarded at the junction,
but are taken into account for pipes. Parameters characterizing the Surge
Tank are:

Parameters:

e Node ID.

o Maximum water depth above datum.
o Starting water depth for computation.
e Tank bottom level.

o Tank Type:

— Rectangular tank: [a] [b] right prism rectangular tank, the base with
sides a, b

—  Circular tank: vertical cylinder with diameter D

—  Variable: depth versus volume curve

Air-Chambers

Air Chambers contain compressed air which prevent very low minimum pres-
sures in the pipeline and hence column separation. They are frequently used
behind the pumps in water supply pipelines. Mostly they are cylindrical with a
vertical and/or horizontal axis. A horizontal cylinder may be preferred for a
very long pipeline when a large volume of air is required. The analysis is sim-
ilar for both cases, but the computation of the volume of air in a horizontal cyl-
inder is more difficult. Figure 18.15 illustrates an Air Chamber with a vertical
cylindrical tank.

The hydraulic behavior of an Air Chamber is described by the relation
between air pressure, its volume and continuity equation. It is assumed that
the enclosed air follows the polytropic relation for a perfect gas

C=H . *v¥
alr ailr (18.54)

in which H,; and V4, are the absolute pressure head and the volume of the
enclosed air, k is the exponent in the polytropic gas equation (x = 1.0 for an
isothermal expansion, k = 1.4 for adiabatic expansion). The orifice losses are
different for the inflow and outflow from the chamber.

The following fields need to be entered in addition to water distribution mode-
ling:



Water Hammer Calculations )

o Polytropic expansion: the exponent in the polytropic gas equation
(default value k=1.2).

Identification
X 19.9505004882813  [m] Insert

ID |CW_ACH
¥ 5.70770263671875 | [rm] Delete

General | Air-chamber properties | Description

Library
Base elevation 9 [m]
Zone ID

Is active

Polytropical expansion 1.2

Figure 18.14 Air chamber editor with water hammer settings

]

Compressed] | Compressor
air

+ 7 Water reservoir

LT

Figure 18.15 Air chamber

Vented air chambers

Vented Air Chambers contain air which prevent very low minimum pressures
in the pipeline and hence column separation. Vented Air Chambers are
equipped by dual-acting valves that allow air to be sucked into its chamber
and to escape there from, while preventing the outflow of liquid. The outflow
of air is usually restricted and the escaping air is compressed by the liquid in
the chamber. They are frequently used behind the pumps in water supply
pipelines. Mostly they are cylindrical with a vertical and/or horizontal axis.
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The hydraulic behavior of an Air Chamber is described by the relation
between air pressure, its volume and continuity equation. It is assumed that
the enclosed air follows the izotermic relation for a perfect gas

C=H _ *v~
air alr (1855)

in which Hair and "air are the absolute pressure head and the volume of the
enclosed air, k is the exponent in the polytropic gas equation (k = 1.0 for an
isothermal expansion, k = 1.4 for adiabatic expansion). m is the entrapped air
volume, pair is the air pressure inside a chamber for which the Qair (air dis-
charge) is taken from the dual-acting valve characteristics. Next chart shows
characteristics of Pont&Mousson, Ventex dual-acting valve, diameter of
150mm.

Dual-acting valve characteristics

= SA000
v

200000 -

1,50000 -

1,00000- 4

Air discharge [mi’s]

falatatatalal
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i} 30000 -20000 -10000 10000 20000
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=]
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Figure 18.16 Dual-acting Valve Characteristics

When the pressure inside the Vented Air Chamber drops below the atmos-
pheric pressure, dual-acting valve opens and the air flow into a chamber. The
proper valve characteristics are required to set by a user. As soon as the lig-
uid starts flowing back into the dual-acting valve, valve closes.

Parameters:

o Node ID. Vented-air chamber can be located only in the "dead-end"
node, i.e. node with only one adjacent pipe. Vented air-chambers are
defined as junction nodes with an air-valve.

o Dual-acting Valve characteristics: Relation between gauge pressure and
the air flow through the dual-acting valve.

In order to define the venter air chamber, use the Junction Editor and set the
node to a "air valve" and use the valve equivalent diameter to represent the
vented air chamber volume.
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x | [Dual-acting vablve

il

Figure 18.17 Vented Air-Chamber

Air-Valve

Air valves, similar to Vented Air Chamber contain air which prevent very low
minimum pressures in the pipeline and hence column separation. Air valves
are modelled as small Vented Air Chamber equipped by dual-acting valves
that allow air to be sucked into its chamber and to escape therefrom, while
preventing the outflow of liquid. When the pressure inside the surrounding
pipes drops below the atmospheric pressure, air-valve opens and the air flow
into a system. The proper valve characteristics are required to set by a user.
As soon as the liquid starts flowing back into the dual-acting valve, valve
closes.

The following fields need to be entered in addition to water distribution mode-
ling:

e Valve diameter: diameter (mm or in)

o Polytropic expansion: the exponent in the polytropic gas equation
(default value x=1.2).

e Dual acting valve curve: air valve characteristics

Identfication
X 3000.00012207031 | [m] Insert
ID |CWP_3000
! 0}m] Delete

Geometry | Demand Initial water quality | Air-valve | Description

Valve diameter 200 [mm]
Polytropic expansion 1.2

Dual-acting valve curve |AV

Figure 18.18 Air valve editor with water hammer settings
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Figure 18.19 Air Valve

18.4.5 Tutorial

This section contains a brief summary describing how to set up Water Ham-
mer when creating a new project based on a steady state model.

1. Add wave speed to every pipe.
Make sure every junction node has elevation defined.

Use hydraulic time step of 0.01 or 0.05 sec for networks in towns and
0.1sec for large transmission systems.

Use report time step 0.5 - 1 sec or 0.1 (as in above case)
Project options | Water hammer - set theta to 0.505 - 0.51 for better sta-
bility.

6. You do not need any water hammer boundaries for tanks/reservoirs (they
are set automatically by the program)

7. You do not need any water hammer boundaries for junction node
demands (they are set automatically by the program)
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10.

11.

12.

Powering Water Decisions

Set "user defined pipe length = 10m" for all pipes that have a shape
length < 10m (for numerical purposes).

If you have pump stations with multiple pumps, close (=remove) all but 1
for the transient mode and use the equivalent pump characteristics.

Change all valves to TCV, e.g. PRV and PSV or FCV valves need to be
replaced by a TCV with a setting (local loss) that will give the same pres-
sures/flows.

You might need to add a TCV valve to an air chamber connecting pipe
and close it initially and open with the pump fail.

If you have any inflows into the system, Q(t) boundary conditions must
have positive flow values (negative flow values = outflow).
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