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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

Set the model type for a MIKE+ project in the Model Type editor under the
General Settings section. This section also contains the Description editor,
wherein a free text note or description about the project may be added.

1.1 Model Type

The Model Type editor provides an at-a-glance view of which MIKE+ features
and modules are active for a project. Active features and modules control the
menus accessible from the Setup tree view.

MIKE+ supports modelling of the following system types:

e Rivers, collection system and overland flows
e  SWMMS5 collection system
e  Water distribution

1.1.1 Features

The following features are activated for ‘SWMMS5 collection system’ models:

o Catchment. Various hydrological processes that produce runoff from
urban areas can be modelled by SWMM. These include:

—  Time-varying rainfall

—  Evaporation of standing surface water

—  Snow accumulation and melting

— Rainfall interception in depression storage

— Infiltration of rainfall into upper soil layers

— Percolation of infiltrated water into groundwater layers

— Interflow between groundwater and the conveyance system
— Non-linear reservoir routing of overland flow

e Collection System Network. This feature allows for the hydrodynamic
simulation of flows and water levels in the urban storm drainage and
wastewater collection networks, thus providing an accurate information
about the network functionality under a variety of boundary conditions.
The model can be enhanced by the variety of real-time control functions.

e 2D overland. This feature allows for the 2D hydrodynamic simulation of
flows on the surface, using DHI's engine. When 2D overland is enabled
with Collection system network, couplings between the SWMM network
and the 2D surface are enabled automatically, enabling simulation of sur-
face flooding from surcharging pipe networks.



1.1.2

Unit

e Coupling to MIKE 21 or MIKE 3 Flow Model FM. When this is active,
the desired MIKE 21 FM or MIKE 3 FM model setup file must be selected
in the 2D / 3D overland model' page. Note that this coupling cannot be
enabled at the same time as the 2D overland feature, since only one
source of overland model can be used at a time.

When the different features are activated, the corresponding menus will be
added in the Setup view. Note that the features are actually included in a sim-
ulation only if they are also included in the simulation definition, from the 'Sim-
ulation setup' editor.

[ = 4

Model type Unit
Model: | SWMMS collection system and overland flows Unit system: | MU_SWMM_US_CFS ~ Edit
Metwork levels specified as Absolute elevations w
Features
2D Overland
Couplings to other products
v
£ >

Figure 1.1 Editor for Model type, Unit, and Features selection

MIKE+ is fully flexible concerning the applied units for numeric attributes,
number of decimals and default values for any attribute in the database. The
system allows for a number of predefined unit environments. The unit envi-
ronment is specified when the model is originally created but can be changed
or modified at any stage. The units are automatically converted in the data-
base. i.e. it is possible to change an existing database from one system to
another.

The term "unit environment" is a pre-defined set of definitions for units,
default values and display formats. The unit environment can be in Sl units
(International System of units) or US units (United States customary units).



Model Type ;

For SWMMS5 collection systems, there are six pre-defined unit environments
within the Sl and US unit groups which differ from each other by the applied
units for flows and volumes.

Within the SI group, the following unit environments are available:

e MU_SWMM_SI_CMS: Sl environment, with flows in m3/s
e MU_SWMM_SI_LPS: Sl environment, with flows in L/s
e MU_SWMM_SI_MLD: Sl environment, with flows in MLD

Within the US group, the following unit environments are available:

¢« MU_SWMM _US_CFS: US environment, with flows in cfs
¢« MU_SWMM _US_GPM: US environment, with flows in gpm
e MU _SWMM _US MGD: US environment, with flows in MGD

Unit

Uit system: [ MU_SWMM_US_CFS
MU SWMM US CFS
Netwark levels) _syumm_Us_GPM
MU_SWMM_US_MGD
MU_SWMM_SI_CMS
MU_SWMM_SI_LPS
MU_SWMM_SI_MLD

Figure 1.2 Selecting the unit environment for SWMM5 models

The unit environment will apply default units to all attributes (parameters) in
the project. These units can then be customised with the Edit button.

The Edit button opens the Units Customisation dialog, which contains a first
table to select units for given attribute types. The second table in the dialog is
used to select the unit for specific attributes. Finally, the third tab in the dialog
contains the units selection for real-time controls in collection system network
simulations.

Powering Water Decisions 11



Units customisation

Unit system

Atfribute types  Individual attributes  Real time control

Default units per type
Attribute type
1st order rate WQ model

-

Age

Angles

Bacteria Concentration
Bathymetry

Bed level

Bed level change

Bed Thickness

Bottom level

Boundary Layer Thickness
Catchment slope
Chezy No
Concentration
Conductivity
Conveyance

Unit file

Impart

MU_SWMM_US_CFs

General Settings

Unit
[fd] -
Ml

[deq]

[M/100 mi]

[in]

[ft]

[ft]

—Default mixed unit—
[ft]

[in]

—Default mixed unit—
[ft~(1/2)fs]

[mafl

linfh]

[ft~3/s]

oK Close

Figure 1.3 Units Customization dialog accessed via the Edit button

ﬁ More information on customizing units are found in the MIKE+ Model Man-
ager User Guide chapter on ‘Units, Default Values and Numeric Formats.’

1.1.3 Network Levels Specification

One may specify how network level values shall be defined in the SWMM5
model via the Model Type editor under the Unit group.

For ‘Network levels specified as’, choose between the options:

o Absolute elevations
¢ Relative depths

This especially affects how level data are defined for Nodes and Conduits.

12
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Description )

Unit

Unit system: | MU_SWMM_US_CFS ~ || Edit

Metwork levels specified as Absolute elevations
Absolute elevations

Relative depths

Figure 1.4 Options for definition of network levels

1.2  Description

The Description editor allows addition of information about the project and a
free text description of the model. It may also be used as a model build log to
make notes on updates and amendments to the model.

[ Description o x
Title

My Project

Description

Description of my project.|

Figure 1.5  The Description editor
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Coordinate System i )

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).
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: Mew module setup

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

ule Setup window

2.2  Background Map

Map Configuration

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

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

Activate a background map overlay by ticking the ‘Visible’ checkbox on the

editor.

Visible
Background map overlay

O Mone

@ Open street map

O Google map

O WMS server
URL

Projection

Google map type

SateliteImage

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

Axis order | XY

Connection settings (optional)

Authentication Proxy server

Layer name

Visible

Connect

Up
Down
Select all

Unselect all

Figure 2.3

16

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

e None
o Open Street Map

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

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

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

An internet connection must be available for Open Street Map, Google Map
and WMS server overlays (Figure 2.4).
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Map Configuration
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Figure 2.4  An example Google Map background on the Map View in MIKE+

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

3 Hydraulic Network Modelling with SWMM

SWMM allows for the hydrodynamic simulation of flows and water levels in
urban storm drainage and wastewater collection networks, providing reliable
information about the network functionality under a variety of boundary condi-
tions. The hydrodynamic simulations can be extended with pollution and
water quality simulations, and the model can also be enhanced by a variety of
real-time control functions.

This chapter provides a comprehensive guide for the preparation of basic
SWMM hydrodynamic simulation models.

The modelling process consists of the following distinct steps:

o Definition of network data

o Specification of boundary conditions

e Adjustment of computation parameters and running simulations

e Result analysis

Furthermore, an important part of successful modelling is model calibration

and verification, which ensure that computed results fit well with observa-
tions.

3.1 Definition of a SWMM Network

4

A SWMM network within MIKE+ can be defined in one of the following ways.
Please note that MIKE+ supports the EPA SWMMS5 format. If you have a
SWMM44 model, conversion tools are available on the US EPA website.

o Import of external data (e.g. GIS, *.INP, MU *.MDB or *.GDB) into MIKE+
SWMM network.
When importing existing model setups into MIKE+, ensure that Unit Sys-
tems and elevation reference settings are consistent.

e Copying network data from MIKE+ CS network into MIKE+ SWMM net-
work

o Graphical data digitalisation and manual data typing within MIKE+

The last option is frequently used in a combination with one of the previous
options to build a well-defined SWMM network model.

The following paragraphs provide a comprehensive information on the
SWMM network data model and the associated editors.

A SWMM network model consists of the following elements:

e Nodes

Powering Water Decisions 19



3.2

Nodes

Conduits
Pumps
Orifices
Weirs
Outlets

SWMM network nodes are hydraulic elements such as Junctions, Oultfalls,
Storage Units and Flow Dividers.

Junctions are conveyance system nodes where links join together.
Physically, they can represent the confluence of natural surface chan-
nels, manholes in a sewer system, or pipe connection fittings. External
inflows can enter the system at junctions. Excess water at a junction can
become partially pressurized during surcharge events and can either be
lost from the system or be allowed to pond atop the junction and subse-
quently drain back through it.

Outfalls are defined as terminal nodes of the conveyance system and
used to define final downstream boundaries under Dynamic Wave flow
routing. For other types of flow routing, they behave as junctions. Only
one link can be incident on an outfall node.

Storage Units are defined as conveyance system nodes that provide
storage volume. Physically, they could represent something as small as
a catch basin or as large as a lake. They are allowed to have any shape
as described by a function or table of surface area versus height.

Flow Dividers are defined as conveyance system nodes used to split
the total flow to two outflow conduits in a prescribed manner. Flow
dividers are only active under Uniform or Kinematic Wave routing and
are treated as simple junctions under Dynamic Wave routing.

The SWMM network Nodes editor organizes related input data into the follow-
ing groups:

Identification. General identification and location information for the
node

Geometry. Node type and basic geometric information

Storage Unit. Further specifications for storage unit nodes

Outfall. Further specifications for outfall nodes

Flow Divider. Further specifications for flow dividers

Description. Optional descriptive information for the node (Figure 3.3)



Nodes

Nodes o x
Identification
x| 77006 1770365656 4 Insert
D |1
v 3101444, 41053473 [7] Delete

Geometry | Storage unit | Outfall | Flow divider | Description

et e

metms [ mim ween [ om
Goundlevd [ 10|[f]  swchdepth | 0|if
Max, depth 11.9| [ft] Ponded area l:l [ft~2]

I]D ~ I ALL ~ I Clear [ ] [ ] 1/12 rows, O selected
i) X coordinate [f] Y coordinate [f] Node type Invertlevel [ft] Ground level [ff] Max. depth [fi] ~
b1 10 F70061,770365656 | 3101444.41053473 | Junction - 118.1 130 11
2 |60 T72421.271455128 | 3102878.36091995 | Junction - 50.9 80 2.1
3 50 T72225.730967083 3102135.3215009 | Junction - 78.7 100 21.3
4 40 F72968.779699364 | 3100075.64108329 | Junction - 83.7 110 26.3
5 70 772525.560957179 | 3102930.51032759 | Junction - 49.2 80 30.8
6 110 772512,520112809 | 3098209.39171809 | Junction - 103.3 130 26.7
7 100 771378.399717581 | 3097370.45083542 | Junction - 108.3 140 31.7
8 0 F71717.331286121 3099423.8410137 | Junction - 98.4 130 3Le
g a0 773190.39023461 | 3103621.40955222 | Junction - 15.4 40 23.6
10 |30 772590.739567554 | 3099332.59002771 | Junction - 85.3 130 44.7
11 120 772525.560957179 | 3098391.89136176 | Junction - 101.7 130 28.3|¥
< >

Figure 3.1 SWMM Nodes editor

3.2.1 Identification

Each node is geographically determined by 'x' and 'y' coordinates. The co-
ordinates may be specified in any local coordinate system.

Identification

x| 770061. 770365656 | [ft] [Esi

D |10 |

v 3101444.41053473| [fY] Delete

Figure 3.2 Nodes editor Identification groupbox

Powering Water Decisions 21



22

Hydraulic Network Modelling with SWMM

The Insert and Delete buttons allow addition and deletion of network ele-
ments directly in the editor, respectively.

Table 3.1 The edit fields in the Identification group and Description tab page
(mss_Node)

Edit field Description Used or Field name
required by in data
simulations | structure

ID A unique name for the node. Up to 40 Yes MUID
characters (letters, numbers, blank
spaces and underscore characters)
X-coordinate of the node position Yes GeomX
Y-coordinate of the node position Yes GeomY
Description
Description | Descriptive information related to the No Description
structure
Data Reference to an external data source No DataSource
Source from which the record was imported
Asset ID | Id in the asset management system No AssetName
Status | Status from a user- specified list in the No Element_S
Status Codes editor
Network | Type of network i.e Stormwater, Com- No NetTypeNo
Type bined or separate. The list of network
types can be extended by the user.
Network type can be specified for
each element.
Tag Optional label used to categorize or No Tag
classify the node.
Geometry Description
Description | |
Data source | |
AssetID | | Add picture
Status ~
Metwork type v
Tag 5B20170915_WHN20170815_Cleanedup
Figure 3.3 Nodes editor Description tab page
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Nodes

3.2.2 Geometry

A

Define general node properties and geometries in the Geometry tab page of

the editor.
Geometry Description
Node type ~
Invert level [ftl Initial depth I:I [ft]
Ground level ] swchdepth | 0[]
1.9 Ponded area l:l [ft~2]
Figure 3.4  The SWMM Nodes Geometry tab page
Table 3.2 The edit fields in the SWMM Nodes Geometry tab (mss_Node)
Edit field Description Used or Field name
required by in data
simulations | structure
Node type Definition of node as either Junction, Yes TypeNo
Storage Unit, Outfall or Flow Divider
Invert Level Invert elevation of the node Yes Einv
Ground Ground level of the node Yes GroundLevel
level If Network
levels speci-
fied as Abso-
lute
elevations
Max. Depth| Maximum depth of node (i.e. from Yes Dmax
invert to ground surface) If Network
levels speci-
fied as Rela-
tive depths
Initial Initial depth of water at the node at the No DO
Depth start of the simulation

Powering Water Decisions
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Table 3.2 The edit fields in the SWMM Nodes Geometry tab (mss_Node)

Edit field Description Used or Field name
required by in data
simulations | structure

Surch. Additional depth of water beyond the No Dsur
Depth maximum depth that is allowed before
the junction floods. This parameter

can be used to model Bolted/Sealed

manholes
Ponded | Area occupied by ponded water atop No Apond
Area the junction after flooding occurs. If

the Allow Ponding analysis option is
turned on, a non-zero value of this
parameter will allow ponded water to
be stored and subsequently returned
to the conveyance system when
capacity exists. Default is allow pond-
ing is not turned on.

3.2.3 Storage Unit

Define input parameters for storage units in the Storage Unit tab page of the
Nodes editor.

Geometry | Storage unit Description
Geometry type Functional ~ Evaporation l:l
Coefficent |:| [ft] [ tndude infiltration
Constant [ft~2] 0
Exponent I:l 0

Edit 0

Figure 3.5 The SWMM Nodes Storage Unit tab page

The Geometry Type defines how the geometry of storage unit is specified.
The geometry of a Storage Unit can be defined by a Functional geometry or a
tabular geometry description (i.e. From curve).

e Functional. This option uses the following function to define the geome-
try by computing for surface area from water depth:

Area = Coefficient (Depth)Exponent + Constant (3.1)
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o From curve. This option uses a storage area-depth table defined in the
Curves and Relations editor to define the geometry of the storage unit.

As an example, a Storage Unit whose cross-sectional area remains constant
with depth (e.g. a cylinder or cube) can be described by a FUNCTIONAL
geometry type whose coefficient equals the cross-sectional area and whose

exponent is 0.

Table 3.3

Edit fields in the SWMM Nodes Storage Unit tab page (mss_Node)

Edit field

Description

Used or required
by simulations

Field name in data
structure

Geometry Type

Definition of the
type of geometry
description of the

Storage Unit (Func-
tional or From
curve)

Yes

GeomTypeNo

Coefficient

Coefficient for the
Functional relation-
ship between stor-
age depth and
surface area

Yes, if Functional is
chosen

GeomCoeff

Exponent

Exponent for the
Functional relation-
ship between stor-

age depth and
surface area

Yes, if Functional is
chosen

GeomExponent

Constant

Constant value for
the Functional rela-
tionship between
storage depth and
surface area

Yes, if Functional is
chosen

GeomConst

Evaporation

Fraction of potential
evaporation realized

No

Fevap

Storage Geometry

ID of the tabular
geometrical descrip-
tion. The geometry
is specified relative
to the invert level.
This ensures reusa-
bility of the geome-
try for different
Storage Units with
different inverts

Yes if From Curve is
chosen

GeomlID

Powering Water Decisions
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Table 3.3

Hydraulic Network Modelling with SWMM

Edit fields in the SWMM Nodes Storage Unit tab page (mss_Node)

Edit field

Description

Used or required
by simulations

Field name in data
structure

Include Infiltration Option to apply Yes Storagelnfiltra-
checkbox optional Green- tionNo
Ampt infiltration
parameters so that
the storage unit can
serve as an infiltra-
tion basin
Suction Head Average value of | Yes, if Infiltration is | StorageSuction-
soil capillary suc- included Head
tion along wetting
front
Conductivity Soil saturated Yes, if Infiltration is | StorageConductivity
hydraulic conductiv- included
ity
Initial Deficit Fraction of soil vol- | Yes, if Infiltration is | StoragelnitialDeficit

ume that is initially
dry

included

Definition of an outfall in an urban drainage network is optional for uniform
flow (UF) and Kinematic Wave (KW) routing.

However, when applying Dynamic Wave routing, at least one outfall in the
urban drainage system must be defined. It is possible to select between five
types of outfalls:

Free Outfall. Bases the outfall stage on the smaller of the critical and
normal depths of flow in the connecting conduit.

Normal Depth. Uses just the normal depth of flow.

Constant Stage. Uses a constant water elevation at all times.

From Tide Curve. Has outfall stage varying in a repeating fashion over a

tidal period.

Time Series. Allows variation of the outfall stage in a specified manner

over time.
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Geometry

Qutfall Description

Cutfall type Time series ~ [ Mo return valve
Edit
Time series
Figure 3.6 SWMM Nodes editor Outfall dialog
Table 3.4 Edit fields in the Nodes Outfall dialog (mss_Node)

Edit field Description Used or Field name in
required by datastructure
simulations

Qutfall Type Type of outfall Yes FlapGate-
TypeNo
Constant Fixed position of tide gate Yes if Outfall is FixedStage
Stage of type Con-
stant Stage
Tidal Curve | Outfall stage as a function of | Yes if Outfall is TideGatelD
hour of day over a complete of type From
tidal cycle. Curve is specified Tide Curve
in Curves and Relations
Time Series | Outfall stage variation over | Yes if Outfallis | TideGateTSID
time. of type Time
Series
Non Return Option for defining a non- No FlapGateNo
Valve return valve preventing back-
water
Route To | Option for leading the outflow No RouteTo
discharge to another sub-
catchment

3.2.5 Flow Divider

Flow divider nodes can be one of the following types:

o Overflow. All flow above the non-diverted conduits full flow depth is

diverted

o Cutoff Flow. All flow above the cutoff level is diverted.

Powering Water Decisions
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e From Curve. A curve is supplied that specifies the amount of diverted

flow to total flow.

e  Weir. The diverted flow is linearly proportional to the total flow in excess

of some minimum flow

Geometry Flow divider | Description

Divider type Overflow w Divided to ArmoryFM1 D Y

Edit

Figure 3.7 SWMM Nodes editor Flow Divider dialog

Table 3.5 Edit fields in the Flow Divider dialog (mss_Node)

Edit field Description Used or Field name in
required by datastructure
simulations

Divider Type Type of Divider Yes, if Junction | DividerTypeNo
Type is Flow
Divider
Divided To | The ID of the link that receives Yes LinkID
the diverted flow
Cutoff Flow | Cutoff flow value used for a Yes, if Divider CutoffFlow
Cutoff Flow divider Type is Cutoff
Flow
Divider ID of diversion flow series for a | Yes, if Divider | DivertedFlowID
Curve From Curve divider Type is From
Curve

Min. Flow | Minimum flow at which diver- | Yes, if Divider DivertedMin-

sion begins for a Weir divider | Type is Weir Flow
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Conduits
Table 3.5 Edit fields in the Flow Divider dialog (mss_Node)

Edit field Description Used or Field name in
required by datastructure
simulations

Max. Depth | Maximum depth above invert | Yes, if Divider DivertedMax-
at which proportional diversion | Type is Weir Depth
continues for a Weir divider

Diversion Coefficient which determines | Yes, if Divider DivertionCoeff

Coeff what fraction between the min. | Type is Weir
and max. flows the diverted
flow will be given the fraction
that current water depth is of
the max. depth for a Weir
divider
3.3 Conduits

Conduits are pipes or channels that move water from one node (Junctions,
Storage Units, Flow Dividers and Outfalls) to another in the drainage system.
Their cross-sectional shapes can be selected from a variety of standard open
and closed geometries. Irregular natural cross-section shapes are also sup-
ported.

The Conduits editor organizes the related input data into the following groups:

o ldentification. General identification and connectivity information

o Geometry. Basic geometric information for the conduit

o Hydraulic Properties. Cross section data for specially-shaped conduits
e Hydraulic Loss. Head loss characteristics

o Miscellaneous. Other conduit properties

« Description. Optional descriptive information about the conduit. Also
includes option for adding images of the structure (Figure 3.10).

Powering Water Decisions 29



Hydraulic Network Modelling with SWMM

Conduits o x

From node |G152527?48 | lzl lII
Torode  [GS12527741 | =] El

J Geometry | Hydraulic properties | Hydraulic loss | Miscelleaneous | Description |

Identification

o [0

Conduit shape | CIRCULAR ~ Is active

Geom. depth i Length [&] 37.8167265169741 | [f]
Sediment depth 0| [ft] Inletinvert elevation [ft] [ft]
Top width G Outlet invert elevation I:I [ft] [f
Bottom width If] Exponent

Bottom radius [ft] Triangle height

Left side slope [%%a] Right side slope [%5]

Side walls Mone = Barrels

I]I] ~ IALL ~ I Clear [ ] [ ] 1/5000 rows, 0 selected
jin] From node To node Conduit shape Length [ft] Geometric length [ft] Inleti ™
k1 10 GIS2527748 GS[2527741 CIRCULAR - 32.75 37.8167265169741
2 AEC6001004-Dummy |DMH_AECS001004 | Dummy_DMH_Inlet | CIRCULAR - 25 5.73041596943535
3 AECG001005-04 DMH_AECS5001005 |DMH_AECS001004 | CIRCULAR - 74 74.6827459262228
4 AECG001006-05 DMH_AECS001006 |DMH_AECS001005 | CIRCULAR - 144 147. 4664629888 16
5 AECG001003-1314 |DMH_AECS001008 | DMH_AECE00131A | CIRCULAR - g2 75.6292952044686
] AECE001047-46 DMH_AECSE001047 |DMH_AECS001046 | CIRCULAR - 179 179.169236673126
r AECE001043-47 DMH_AECE001048 |DMH_AECE001047 | CIRCULAR - 249 253.479811634275
8 AECS001049-43 DMH_AECS001049 |DMH_AEC5001048 | CIRCULAR - 190 193.070894501212 v
£ >

Figure 3.8  The SWMM network Conduits editor

3.3.1 Identification

Shows ID and connectivity information for conduits. Use the Insert and Delete
buttons to add or remove items directly on the editor, respectively.

Identification

From node |G152000?B?

D [GI51001191

=Y
=Y

Tonode  |CHODDDOO1

Figure 3.9 Conduits Identification group
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Table 3.6 Edit fields in the Conduits editor Identification group and Description tab
page (mss_Link)

Edit field Description Used or Field name in
required by datastructure
simulations

ID Unique conduit Id Yes MUID
From Node Upstream node Yes FromNodelD
To Node Downstream node Yes ToNodelD

Description
Description | Descriptive information related No Description
to the structure
Data Source | Reference to an external data No DataSource
source from which the record
was imported
Asset ID Id in the asset management No AssetName
system
Status Status from a user- specified No Element_S
list in the Status Codes editor
Network Type of network i.e Stormwa- No NetTypeNo
Type ter, Combined or separate. The
list of network types can be
extended by the user. Network
type can be specified for each
element.
Tag Optional label used to catego- No Tag
rize or classify the conduit
Geometry | Hydraulic properties | Hydraulic loss | Miscellaneous | Description
Description |Frank|in 13C7 |
Data source | |
AssetID | | Add picture
Status ~
Metwork type | 2: Storm Water ~

Tag

HWPCF_Hartford_Franklin_20170915_TRC_Cle

Figure 3.10 Conduits Description tab page

3.3.2 Geometry

Specify basic conduit geometric information on the Geometry tab page.

Powering Water Decisions

31



Hydraulic Network Modelling with SWMM

Geometry | Hydraulic properties | Hydraulicloss | Miscelleaneous | Description

Is active

Geom. depth i Length [f] | 3411.03833161938
o Inlet invert elevation [ft]

Qutlet invert elevation l:l [ft]

Conduit shape CUSTOM -

32

MNone

Barrels

Calculate

Figure 3.11  The Conduits editor Geometry tab page
Table 3.7 Edit fields in the Conduits editor Geometry tab page (mss_Link)
Edit field Description Used or required Field name in
by simulations datastructure
Conduit Shape | Conduit cross sec- Yes ShapeTypeNo
tion shape
Is Active Option to include Yes Enabled
or disregard the
conduit in model
simulations
Max. Height Maximum conduit | Yes for all shapes Depth
depth except IRREGU-
LAR shape
Length Length of conduit Yes Length
Inlet Invert Eleva- | Elevation or depth Yes Inletinvert
tion/Offset of upstream end of
conduit above the
upstream node
invert
Qutlet Invert Ele- | Depth or elevation Yes Outletinvert
vation/Offset of downstream end
of conduit above
the downstream
node invert
Sediment Depth | Sediment depth in | Yes, if CIRCULAR | SedimentDepth
conduit shape
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3.3.3

Table 3.7 Edit fields in the Conduits editor Geometry tab page (mss_Link)
Edit field Description Used or required | Field name in
by simulations datastructure
Top Width Top width Yes, if TopWidth
TRIANGULAR,
PARABOLIC,
POWER,
RECT_TRIANGU-
LAR, or
RECT_ROUND
shape
Bottom Width Bottom width Yes, if MODBAS- BottomWidth
KETHANDLE
shape
Bottom Radius Conduit bottom Yes, if BottomRadius
radius RECT_ROUND
shape
Left Side Slope | Left side slope of | Yes, if TRAPEZOI-| LeftSideSlope
trapezoid DAL shape
Right Side Slope | Right side slope of | Yes if TRAPEZOI- | RightSideSlope
trapezoid DAL shape
Side Walls Option for defining If Shape = SidewallsNo
walls along the RECT_OPEN
cross section
Exponent Exponentin power | Yes, if POWER Exponent

function for
describing the

a number of bar-
rels, meaning that
it consists of a mul-

tiple number of
parallel pipes of
equal size, slope
and roughness.
Default value is 1.

shape
Triangle Height |Height of triangular | Yes, if RECT_TRI-| TriangleHeight
shape ANGULAR shape
Number of Barrels | A conduit can have Yes Barrels

Note that a DUMMY conduit shape is a connecting pipe without geometry.

Hydraulic Properties

Define cross sections for CUSTOM or IRREGULAR shape conduits on the

Hydraulic Properties tab page.
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Geometry

Shape ID

Hydraulic properties

Hydraulic Network Modelling with SWMM

Hydraulic loss

J5I_Horseshoe v

Miscelleaneous

Description

Figure 3.12 The Hydraulic Properties tab page

Table 3.8

(mss_Link)

Edit fields in the Conduits editor Hydraulic Properties tab page

Edit field

Description

Used or required
by simulations

Field name in
datastructure

Transect ID

ID for the Transect
describing conduit
geometry
expressed as sta-
tion/elevation value
pairs in the Tran-
sects editor

If Shape = IRREGU-
LAR

TransectID

Shape ID

ID for the Shape
describing conduit
geometry
expressed as
depth/width values
defined in the
Curves and Rela-
tions editor

If Shape = CUS-
TOM

ShapelD

3.3.4 Hydraulic Loss

Define hydraulic loss parameters for conduits on the Hydraulic loss tab page

of the Conduits editor.

34
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Geometry

(O Use material

Hydraulic properties

Hydraulic loss

(® Use local parameters

H-W roughness

D-W roughness

0.01
110

(g

Miscelleaneous

Description

Average losscoeff
Entry loss coeff

Exit loss coeff

2,

Figure 3.13 The SWMM Conduits Hydraulic Loss tab page

Table 3.9 Edit fields in the Hydraulic Loss tab page (mss_Link)
Edit field Description Used or required Field name in
by simulations datastructure
Use Material Option to use loss Yes FricNo = 1
parameters from
the Materials editor
Material 1D ID for the desired If FricNo =1 MateriallD
conduit material
from the Materials
editor
Use Local Param- | Option to use loss Yes FricNo = 2
eters parameters
defined on the tab
page
Manning Rough- | Manning n value | If FricNo =1 and Roughness
ness for the conduit | Conduit Shape <>
FORCE MAIN
H-W Roughness | Hazen-Williams | If FricNo =1 and | ForceMainRough-
coefficient for the | Force Main Equa- nessHW
conduit tion = Hazen-Wil-
liams
D-W Roughness | Darcy-Weisbach | If FricNo =1 and | ForceMainRough-
coefficient for the | Force Main Equa- nessDW
conduit tion = Darcy-Weis-
bach
Average Loss | Average loss coef- No AvgLossCoeff

Coeff

ficient (using aver-
age velocity in

conduit)

Powering Water Decisions
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Table 3.9 Edit fields in the Hydraulic Loss tab page (mss_Link)

Edit field Description Used or required Field name in
by simulations datastructure
Entry Loss Coeff | Entry Loss coeffi- No EntryLossCoeff
cient (using
entrance velocity)
Exit Loss Coeff |Exitloss coefficient No ExitLossCoeff

(using exit velocity)

Minor losses are only computed for the Darcy-Weisbach Dynamic wave rout-
ing option. The minor losses, H,, are computed as:

2
H, = K%’E (32)

Where K is the energy loss coefficient, and v the flow velocity.

Miscellaneous

Define other parameters for the conduit on the Miscellaneous tab page.

Geometry | Hydraulic properties | Hydraulicloss | Miscelleansous | Description

[ Flap gate
S — N

Figure 3.14 The SWMM Conduits Miscellaneous tab page

Table 3.10  Edit fields in the Miscellaneous tab page (mss_Link)

Edit field Description Used or required Field name in
by simulations datastructure

Flap Gate Option for activat- Yes FlapGateNo

ing a flap gate pre-

venting backwater
flow

Initial Flow Flow in conduit at Yes InitialFlow
start of simulation
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Table 3.10  Edit fields in the Miscellaneous tab page (mss_Link)
Edit field Description Used or required | Field name in
by simulations datastructure
Max Flow Maximum flow Yes MaxFlow
allowed through
conduit
Culvert Code* Culvert type code No CulvertCode
forinlet geometry if
conduit is a culvert
Seepage Rate | Seepage loss rate No SeepageRate

from the conduit

Codes.

* Refer to the EPA SWMM Help Culvert Code Numbers chapter for Culvert

Pumps

Pumps are drainage system elements that lift water to higher elevations. The
relation between a pump's flow rate and conditions at its end node is
described by a pump curve. MIKE+ SWMM represents a pump as a link con-
necting two nodes, where the pump itself is placed at the upstream node.

The Pumps editor organizes the related input data into the following groups:

o Identification. General identification and connectivity information

e Pump Properties. Pump data

o Description. Optional descriptive information about the pump. Also
includes an option for adding images of the structure.

Powering Water Decisions
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Pumps o x
Identification
From node |G152001789 | lzl EI
D [ArporRaPs |
Tonode  [GIS607258% | [ ]
Pump properties | Description
Initial status ON
[ 1deal pump
Startup depth | 6.8 Ifg
Shutoff depth | 3.8]Ifg
Pump curve | AirpothT4| l:l
I]D vI.AJ_L VI Clear [ ] [ ] 1/32 rows, 0 select]
D From node To node Initial status OM Ideal pump Startup depth [ft] Shutoffd ™
k1 AirportRdPS | GIS2001789 GISE072539 W r 6.8
2 |ArmoryPS1 | ARMORYPSSTOR1 ArmaryFM-1 r r 8.5
3 |ArmoryPS2 | ARMORYPSSTOR1 ArmaryFM-2 r r 8.5
4 |ArmoryPS3 | ARMORYPSSTOR1 ArmaoryFM-3 r r 8.7
5 BushnellPS1 | BUSHMELLPSWETWELL |BushnellFM-1 r r 11.93
6 BushnellP52 | BUSHNELLPSWETWELL |BushnellFM-2 [ [ 12.03
7 BushnellPS3 | BUSHNELLPSWETWELL |BushnellFM-3 r r 12,13
8 BushnellPS4 | BUSHNELLPSWETWELL |BushnellFM-4 [ [ 45 w
£ >

Figure 3.15 The SWMM Pumps editor

Identification

The identification groupbox holds information on the element ID and connec-
tivity. Use the Insert or Delete buttons to add or remove records from the edi-
tor, respectively.

Identification

Fromnode |ARMORYPSSTOR1

D [Armorypst |

=Y
=Y

To node |ArmoryFM—1

Figure 3.16  Pumps Identification groupbox

Table 3.11 Edit fields in the Pumps Identification groupbox and Description tab
page (mss_Pump)

Edit field Description Used or Field name in
required by datastructure
simulations

ID Id of the Pump Yes MUID
From Node Location of Pump Yes
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Table 3.11 Edit fields in the Pumps Identification groupbox and Description tab
page (mss_Pump)

Edit field Description Used or Field name in
required by datastructure
simulations

To Node Receiving Node Yes

Description
Description | Descriptive information related No Description
to the structure
Data Source | Reference to an external data No DataSource
source from which the record
was imported
Asset ID Id in the asset management No AssetName
system
Status Status from a user- specified No Element_S
list in the Status Codes editor
Network Type of network i.e Stormwa- No NetTypeNo
Type ter, Combined or separate. The
list of network types can be
extended by the user. Network
type can be specified for each
element.
Tag Optional label used to catego- No Tag
rize or classify the pump
Pump properties | Description
Description | |
Data source | |
AssetID | | Add picture
Status ~
Metwork type v

Tag

Figure 3.17 The Pumps Description tab page

3.4.2 Pump Properties

Define essential pump properties on the Pump Properties tab page.
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Edit fields in the Pump Properties tab page (mss_Pump)

Edit field

Description

Used or required
by simulations

Field name in
datastructure

Initial Status ON

Option to setinitial
status as ON

No

InitialStatusNo

Ideal Pump

Option to define
the pump as
“ideal”

No

IdealPumpNo

Startup Depth

Depth at the inlet
node at which the
pump turns on

Yes

StartupDepth

Shutoff Depth

Depth at the inlet
node at which the
pump shuts off

Yes

ShutoffDepth

Pump Curve ID

Reference to a tab-

ular Pump curve in

Curves and Rela-
tions

Yes

PumpCurvelD

An ideal pump will have a flow rate equal to the inflow rate at the inlet node
(From Node), and thus does not require a pump curve. The ideal pump must
be the only outflow link from the inlet node.

A pump curve must be defined for each pump. Pump curves are defined in
the Curves and Relations editor. The following pump curves types are sup-

ported:

e Pump Curve 1 (Volume-Flow). An off-line pump with a wet well where

flow increases incrementally with wet well volume

e Pump Curve 2 (Depth-Flow). An in-line pump where flow increases
incrementally with node depth

e Pump Curve 3 (Head-Flow). An in-line pump where flow varies continu-
ously with head difference between the inlet and outlet nodes

e Pump Curve 4 (Depth-Flow). A variable speed in-line pump where flow
varies continuously with node depth

The on/off status of pumps may be controlled dynamically through user-
defined control rules.

3.5 Orifices

Orifices are openings in a wall of a manhole junction or storage unit used to
model outlet and diversion structures in drainage systems. Orifices belong to

40
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the group of Link components connecting two nodes. An orifice can have
either a circular or rectangular shape, be located either at the bottom or along
the side of the upstream node, and have a flap gate to prevent backflow.

Orifices attached to storage units are active under all types of flow routing.

Those attached to other types of nodes are active only under Dynamic Wave
flow routing; otherwise the flow through them is zero.

The flow through an orifice is computed based on the area of its opening, its
discharge coefficient, and the head difference across the orifice. The area of
an orifice's opening can be controlled dynamically through user-defined con-
trol rules.

The Orifices editor organizes the related input data into the following groups:

o Identification. General identification and connectivity information
o Geometry. Geometric data for an orifice
o Hydraulic Properties. Orifice hydraulic parameters

o Description. Optional descriptive information about the element. Also
includes an option for adding images of the structure.

[ = 4
Identification
From node |GISZDDSDD4—1 | EI Insert
ID |ArmoryPS_Gate
Tonode  |[ARMORYPSSTOR1 | [ El S
Geometry | Hydraulic properties | Description
Type SIDE w Crifice shape RECT_CLOSED ~
S T E—
N T —
D ~ | ALL ~ | Clear [] show selected [ | Show data errors
D From node To node Type Crifice shape Opening [ft] | G
b1 ArmoryPS_Gate GIS2005004-1 ARMORYPSSTOR 1 SIDE - |RECT_CLOSED ~ 7|12
2 BondStOR Jz2 GIS2001509 BOTTOM - RECT_CLOSED ~ 1|L5
3 BushnellP5_Gate GISE0074597 BUSHMNELLPSWETWELL | SIDE - |RECT_CLOSED ~ 7|12
4 Capitol-P24-5iphon1 | GIS2000878 GIS2000873-1 SIDE - | CIRCULAR - 1.333| 0
5  |FishFryGate FishFryInlet FishFryComm SIDE - |RECT_CLOSED = 303
& G17A_Plate2 GIS6072394-Well3 | G17A_Plate SIDE - | CIRCULAR - 25| 0O
7 G17APlatel GISE072394-Well2 | G17APlatel SIDE - | CIRCULAR - 25| 0
8 G17B_Plate GIS6072395 G17BFlate SIDE - | CIRCULAR - 35| 0
9 G21C50 G21 D5 GISE007200 SIDE - | CIRCULAR - 2 0
10 |GardenStGate GIS2004256 GardenStSluice SIDE - | CIRCULAR - 3| 0
11 |GIS1006343 P4SiphonInlet GIS2002063 SIDE - | CIRCULAR - i| 0
12 |IslandRdGate GIS2377208 CDM2378596 SIDE - | CIRCULAR - 2 0| w
£ >

Figure 3.18 SWMM Orifices editor
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3.5.1 Identification

The identification groupbox holds information on the element ID and connec-
tivity. Use the Insert or Delete buttons to add or remove records from the edi-

42

tor, respectively.

Identification

From node |G21_D5

| E[R]

Insert

D [caicso | Tonode  [GIS6007200 | [ El e
Figure 3.19  Orifices Identification groupbox
Table 3.13 Edit fields in the Orifices Identification groupbox and Description tab
page (mss_Oirifice)

Edit field Description Used or Field name in
required by datastructure
simulations

ID Id of the Orifice Yes MUID
From Node Node location of orifice Yes FromNodelD
To Node Downstream node Yes ToNodelD

Description
Description | Descriptive information related No Description
to the structure
Data Source | Reference to an external data No DataSource
source from which the record
was imported
Asset ID Id in the asset management No AssetName
system
Status Status from a user- specified No Element_S
list in the Status Codes editor
Network Type of network i.e Stormwa- No NetTypeNo
Type ter, Combined or separate. The
list of network types can be
extended by the user. Network
type can be specified for each
element.
Tag Optional label used to catego- No Tag
rize or classify the orifice
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Orifices

Geometry

Hydraulic properties

Description

Description

|Gahe open ~half way observed in CCTV 2019; .-'-\I|

Data source |CCT\:I

AssetID |

Status 1: Model

Metwork type | 3: Combined

Tag |

Figure 3.20 Orifices Description tab page

3.5.2 Geometry

| Add picture

Specify geometric properties for orifices on the Geometry tab page.

Table 3.14  Edit fields in the Orifices Geometry tab page (mss_Orifice)
Edit field Description Used or required Field name in
by simulations datastructure
Type Type of orifice: Yes TypeNo
SIDE or BOTTOM
Orifice Shape Shape of the ori- Yes ShapeTypeNo
fice opening: CIR-
CULAR or
RECT_CLOSED
Opening Height/Diameter of Yes Height
orifice opening
Width Width of orifice Yes, if Orifice Width
when fully open | shape is RECT_-
CLOSED
Crest Height/Ele- |Offset height of ori- | Yes (if Orifice Type CrestHeight
vation fice bottom from | is BOTTOM then
invert of upstream | Crest Height is set
node zero in SWMM
engine)
Open/Close Time | Time it takes to Yes TimeToOpenClose

open or close a
gated orifice in
decimal hours

3.5.3 Hydraulic Properties

Define hydraulic flow properties for orifices on the Hydraulic Properties tab

page of the editor.

Powering Water Decisions
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Geometry | Hydraulic properties | Description

[ Flap gate

Figure 3.21  Orifices Hydraulic Properties tab page

Table 3.15  Edit fields in the Hydraulic Properties tab page (mss_Orifice)

Edit field Description Used or required Field name in

by simulations datastructure
Flap Gate Option to add a No FlapGateNo
checkbox flap gate prevent-

ing reverse flow
through the orifice

Discharge Coeff | Orifice discharge Yes DischargeCoeff
coefficient. A typi-
cal value is 0.65.

3.6 Weirs

Weirs, like orifices, are used to model outlet and diversion structures in a
drainage system. Weirs are typically located in a chamber of a manhole,
along the side of a channel, or along the top of a storage unit. MIKE+ SWMM
represents a weir as a link connecting two nodes, where the weir itself is
placed at the upstream node. A flap gate can be included to prevent backflow.

The Weir editor organizes the related input data into the following groups:

o Identification. General identification and connectivity information
o Geometry. Geometric data
o Hydraulic Properties. Hydraulic parameters

o Description. Optional descriptive information about the element. Also
includes an option for adding images of the structure.
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Weirs o x
Identification
[y
ID |FFCommByps
Tonode FishFry\Www lII El Delete
J Geometry | Hydraulic properties | Description |
e
Opening I
Length [ dm
N —
5
I]IJ ~ IALL ~ I Clear [ [ 1/101 rows, 0 selected
D From node To node Type Coeffident Opening [f] Length [f] Side slope £
» 1 |FFC FishFryComm FishFry\Www Roadway - 3.25 5 0
2 |FishFryWeir FishFryCommOut | FishFry\Ww TRANSVERSE - 10 4 0
3 GIS1005778_2 |12 GIS2001509 TRANSVERSE = 1.5 4 0
4 |IS1_ThrotdeWr |GIS2000785 GI52000786 TRANSVERSE - 7 6.5 0
5 Olds9_Tertiary  |GIS2000409 GI52000409-Tert | TRANSVERSE - 5 4 0
] Olds9-Secondary | GIS2000409 GIS2000409-5ec | TRAMSVERSE - 5 L 0
7 |ORG23 GIS2004330 G23-1 TRANSVERSE - 3 261 0
8 ORGBI GIS2002219 GIS2002219-2 TRANSVERSE = 135 4.25 0
9 |P2Blockage GIS2002104 P2Blockage TRANSVERSE - 3.48 3.17 0
10 |slink_89 GI52002191 P51 SIDEFLOW - 321 8 0
11 [WEIRJuncPR JuncPR axprassl TRANSVERSE - 23.04 &0 0
12 |WeirNBPR. MBPR.4296 GI56010876 TRANSVERSE ~ 35 Fid 0| w
< >

Figure 3.22 The SWMM Weirs editor

3.6.1 Identification

The identification group box holds element ID and connectivity information.
Use the Insert or Delete buttons to add or remove records from the editor,
respectively.

Identification

I

From node |G152004380 SEr

D [oRG23

=Y
| [h ] [ oekeee

To node |G23—1

Figure 3.23  Weirs Identification groupbox
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Edit fields in the Weirs Identification groupbox and Description tab page

Table 3.16
(mss_Weir)

Edit field Description Used or Field name in
required by datastructure
simulations

ID Id of the Weir Yes MUID
From Node Node location of Weir Yes FromNodelD
To Node Receiving Node Yes ToNodelD

Description

Description | Descriptive information for the No Description

element

Data Source | Reference to an external data No DataSource

source from which the record
was imported
Asset ID Id in the asset management No AssetName
system
Status Status according to a user- No Element_S
specified list in the Status
Code editor
Network Network type describes the No NetTypeNo
Type type of network i.e Stormwater,
Combined or separate. The list
of network types can be
extended by user. Network
type can be specified for each
hydraulic element.
Tag Optional label used to catego- No Tag
rize or classify the weir

Geometry | Hydraulic properties | Description

Description |Sheet 14, FFPS 1953 and M-2, 2005 upgrade.T0|

Data source | |

AssetID | | Add picture

£

Status

£

Metwork type

Tag NM_20170807_v30_Run2016

Figure 3.24  Weirs Description tab page
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3.6.2 Geometry

Specify weir geometric properties on the Geometry tab page.

Table 3.17  Edit fields in the Weirs Geometry tab page (mss_Weir)

Edit field Description Used or required | Field name in
by simulations datastructure
Type Type of weir from a Yes TypeNo
predefined list
Opening Height of weir Yes Height
Crest Height/Ele- | Offset of weir crest Yes CrestHeight
vation above invert eleva-
tion of location
node
Length Length of weir Yes Length
Side Slope Side slope of weir If Type = V- SideSlope
NOTCH or TRAP-
EZOIDAL

The following weir types are available, each with a slightly different formula
for computing flow as a function of area, discharge coefficient and head dif-
ference across the weir:

o TRANSVERSE (rectangular shape)

o SIDEFLOW (rectangular shape)

e V-NOTCH (triangular shape)

e TRAPEZOIDAL

e Roadway

Weirs attached to storage units are active under all types of flow routing.

Those attached to other types of nodes are active only under Dynamic Wave
flow routing; otherwise the flow through them is zero.

The height of the weir crest above the inlet node invert can be controlled
dynamically through user-defined control rules. This feature can be used to
model RTC controlled Weirs and inflatable dams.

Roadway weir types model roadway overtopping using the FHWA HDS-5

(Hydraulic Design Series 5) method and would typically be used in parallel
with culvert conduits.
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3.6.3 Hydraulic Properties
Define weir hydraulic parameter values on the Hydraulic Properties tab page.
Geometry | Hydraulic properties | Description
Flap gate
Can surcharge
Discharge coeff{roadway) Mo end contractions I:I
o Coeffident curve I:l
Road surf Paved ~ Road width I:I [f
Figure 3.25 Weirs Hydraulic Properties tab page
Table 3.18  Edit fields in the Weirs Hydraulic Properties tab page (mss_Weir)
Edit field Description Used or required Field name in
by simulations datastructure
Flap gate Option to add a No FlapGateNo
flap gate prevent-
ing backflow
Can surcharge Option for allow- No CanSurchargeNo
ing weir surcharge
where upstream
water level can go
above height of
opening
Discharge Coeff Weir discharge Yes DischargeCoeff
coefficient
No. End Contrac- | Number of end | Yes, if weir type is | NoEndContrac-
tion contractions for | TRANSVERSE or tions
Transverse and TRAPEZOIDAL
Trapezoidal weirs
End Coeff Discharge coeffi- | Yes, if weir type is Cd2
cient for triangular | TRAPEZOIDAL
ends of trapezoidal
weir
Coefficient Curve Optional weir No CoeffCurvelD
curve that relates | Does not apply to
discharge coeffi- | ROADWAY weirs
cient to head
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Table 3.18  Edit fields in the Weirs Hydraulic Properties tab page (mss_Weir)
Edit field Description Used or required | Field name in
by simulations datastructure
Road Surface Type of road sur- | Yes, if weir type is RoadSurf
face, PAVED or ROADWAY
GRAVEL
Road Width Width of the road Yes, if weir is RoadWidth
lanes and shoul- ROADWAY

ders

Outlets

Outlets are flow control structures typically used to control outflows from
storage units. They are used to model special flow-head relations that cannot
be characterized by either orifices or weirs. MIKE+ SWMM represents an
Outlet as a link connecting two nodes, where the outlet itself is placed at the

upstream node.

Outlets attached to storage units are active under all types of flow routing.
Those attached to other types of nodes are active only under Dynamic Wave
flow routing; otherwise the flow through them is zero.

The Outlet editor organizes the related input data into the following groups:

o Identification. General identification and connectivity information

e Hydraulic Properties. Hydraulic and geometric parameters for the out-

let

o Description. Optional descriptive information about the element. Also
includes an option for adding images of the structure.

Powering Water Decisions
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Outlets o x
Identification
Sy
0
R — Y
Hydralic properties | Description |
[ Flap gate
Type Functional/depth V
[ em
e
Q-curve ID El
I]IJ ~ I ALL ~ I Clear [ ] [ ] 1/1rows, 0 selected
D From node To node Type Height [ft] Coefficient Q-curve ID Exponent Flap gate
b1 GIS2527307 Functional/depth = 2 10 0.5 I

Figure 3.26 The SWMM Outlets editor

Identification

The identification group box holds element ID and connectivity information.
Use the Insert or Delete buttons to add or remove records from the editor,
respectively.

Identification

- Fromnode [ GI52527807 | =] El
Outiet
D [oute | Tonode | | [ & ]

Figure 3.27 Ouitlets Identification groupbox

Table 3.19  Edit fields in the Outlets Identification groupbox and Description tab
page (mss_Outlet)

Edit field Description Used or Field name in
required by datastructure
simulations

ID Id of the Outlet Yes MUID
Location Node location of the outlet Yes FromNodelD
To Receiving node No ToNodelD
Description
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Table 3.19  Edit fields in the Outlets Identification groupbox and Description tab
page (mss_Outlet)

Edit field Description Used or Field name in
required by datastructure
simulations

Description | Descriptive information for the No Description
outlet
Data Source | Reference to an external data No DataSource
source from which the record
was imported
Asset ID Id in the asset database No AssetName
Status Status according to user speci- No Element_S
fied list in Status Codes editor
Network Network type describes the No NetTypeNo
Type type of network i.e Stormwater,
Combined or separate. The list
of network types can be
extended by user. Network
type can be specified for each
hydraulic element.
Tag Optional label used to catego- No Tag
rize or classify the outlet
Hydraulic properties | Description
Description
Data source
AssetID Add picture

Status

Metwork type

Figure 3.28 Outlets Description tab page

3.7.2 Hydraulic Properties

Specify geometric and hydraulic parameters for outlets on the Geometry tab

page.

Powering Water Decisions
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Description

Flap gate
Type Functional/depth ~
[ =
Figure 3.29 Outlets editor Hydraulic Properties tab page
Table 3.20  Edit fields in the Outlets Hydraulic Properties tab page (mss_Outlet)
Edit field Description Used or required | Field name in
by simulations datastructure
Flap Gate | Option for adding a flap gate Yes FlapGateNo
preventing backflows
Type Outlet Type: Yes TypeNo
Tabular/depth,
Tabular/head,
Functional/depth,
Functional/head
Height Minimum water depth at Yes Height
upstream node for outflow to
occur
Coefficient | Coefficient of power function | Yes, if Outlet Type Qcoeff
that relates outflow to head is Functional
across the outlet for a Func-
tional outlet
Exponent Exponent of power function | Yes, if Outlet Type Qexpon
that relates outflow to head is Functional
across the outlet fir a Func-
tional outlet
Q-curve ID | ID of rating curve with outflow | Yes if Outlet Type QcurvelD
rate as a function of head is Tabular
across the outlet for a tabular
outlet

Outlet types are based on how flow is computed as a function of freeboard
depth or head across the outlet:

o Tabular/depth. Uses a tabulated curve of flow-freeboard depth values.
o Tabular/head. Uses a tabulated curve of flow-head difference values.

52
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o Functional/depth. Uses a power function Q = Coefficient(yExponent)
where y is the freeboard depth above the outlet's opening.

e Functional/head. Uses a power function Q = Coefficient(yExronent) where
y is the head difference across the outlet.

An outlet can have a flap gate which restricts flow to only one direction and
prevents backwater flow.

The flow through an outlet is determined by a user-supplied function or table
of flow versus head difference across the outlet (Q-curve ID). This flow can
be controlled dynamically through user-defined control rules.

3.8 Transects

Transects are geometric cross section data describing how bottom elevation
varies with horizontal distance over the cross section of a natural channel or
irregularly-shaped conduit. The figure below (Figure 3.30) displays an exam-
ple of a transect for a natural channel.

MIKE+ offers a tool for automatically generating or editing transect data from
survey points or DEM data. Access the Create and Update Transects tool
from the Network Editing Tools toolbox on the CS Network menu ribbon
(Figure 3.31).

& Owverbank & Channel

—————————————————————

________________

Elevation

____________

T ! T f T !
1] 20 40 B0 g0 100 120 140
Station

Figure 3.30 Definition of Transect data (Source: EPA SWMM Help Manual)

File Project Map CS network Catchments Simulation Toals Results
L A
@ Target layer: Eﬁi ﬁ D | @
2 @ Target layer + / m &2 ?ﬂ
~ Targetlayer  ~ Open layer MNetwork View WD
editor editing tools ~ netwark

i Interpolation and assignment  Ctrl+T, Ctrl+A i
Create and update transects |

H ‘d Create and update transects M
2

Figure 3.31 Access the Create and Update Transects tool from the CS Network
menu ribbon.
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Each transect has a unique ID. When a conduit has an IRREGULAR shape
then a user-defined Transect must be set to define the cross-section shape
for the conduit.

The SWMM engine converts these data into tables of area, top width, and
hydraulic radius versus channel depth. In addition, as shown in the figure
above, each Transect can have a left and right overbank section whose Man-
ning roughness can be different from that of the main channel. This feature
can provide more realistic estimates of channel conveyance under high flow
conditions.

The Transects editor organizes the related input data into the following
groups:

« ldentification. General identification and description
o Geometric & Hydraulic Properties. Transect geometry and Manning n

information
Transects o x
e
0
Description | ‘
ILrsert | Dekte | Up | Down - Geometric & hydraulic properties
Transects data Transect geometry Manning n
Station [ft] Elevation [ft]
o m T i~
: 0 (]| [P N— o
3 110 1002
. 50 wos| | Horwntasriiepend ot [ 0] chamen lem (1191
— —
jin} ~ L ALL ~ J| Clear ows, 0
Transects
D Description Left bank station [ft] Right bank station [ft] Horizontal shrink/expand fact  Elevation offset [f] Meander ratio Leﬁ{
»1 1004 1004 o 0 0
< >

Figure 3.32 The SWMM Transects editor

Identification

jin} |Transect_1

Dele:

Description | |

Figure 3.33  Transects Identification groupbox
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Table 3.21 Edit fields in the Transects editor (mss_Transect)

Edit field Description Used or Field name in
required by datastructure
simulations

ID ID of the transect Yes MUID
Description | Descriptive information on the No Description
transect

Transect Geometry

Left Bank Left overbank station Yes Xleft
Station
Right Bank Right overbank station Yes Xright
Station
Horizontal |Horizontal shrink/expand factor Yes Wfactor

Shrink/ by which the distance between
Expand Fac- each station is multiplied

tor
Elevation Elevation offset Yes Eoffset
Offset
Meander Meander ratio Yes LFactor
Ratio
Manning n
Left Over- Manning n for left overbank Yes Nright
bank n
Right Over- | Manning n for right overbank Yes Nleft
bank n
Channel n Manning n for main channel Yes Nchannel
Insert = Delete Up Down
Transect geometry
Transects data
Station [ft] Elevation [ft] Left bank station I
k1 =) 1000
2 100 g9 Right bank station [f
3 110 1002 Horizontal shrinkfexpand fact l:l
4 150 1004
Elevation offset l:l [ft]

Figure 3.34 Transects geometry groupbox on the Transects editor

Specify station-elevation value pairs describing the transect in the Transects
Data secondary table.

Powering Water Decisions 55



3.9

56

Table 3.22

Hydraulic Network Modelling with SWMM

Edit fields in the Transects Data secondary table

Edit field

Description

Used or required
by simulations

Field name in
datastructure

Station

Distance of cross
section station
from some fixed
reference

Yes

Station

Elevation

Elevation of the
channel bottom at
a cross section
station relative to
some fixed rela-
tive reference

Yes

Elevation

Controls

Control rules are used to define how pumps and regulators are controlled
based on simulation time or conditions at specific nodes and links.

The Controls editor organizes the related input data into the following groups:

Identification. Identification and description

Control Rules. Built from combinations of conditions and actions and
are defined in the input box
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Controls o x
Identification
D [armORYPS_GRAVITY
Description | |
Is active
IF NODE ConnRiver50.0 HEAD < 22.0
THEN ORIFICE ArmoryPS_Gate SETTING =0
I]D vI.AJ_L VI Clear [ ] [ ] 1/36 rows, 0 select]
jin} Is active Description Condition )

[ A T B S PU R N

R

ARMORYPS_GRAVITY

IF NODE ConnRiver50.0 HEAD < 22.0 THEN ORIFICE ArmoryPS_Gate

ARMORYPS_PUMPING

IF NODE ConnRiver50.0 HEAD > 22.63 THEN ORIFICE ArmoryPS_Gab

BUSHMELLPS_GRAVITY

IF NODE ConnRiver50.0 HEAD < 13,0 THEN ORIFICE BushnellPS_Gate

BUSHMELLPS_PUMPING

IF NODE ConnRiver50.0 HEAD = 13,5 THEMN ORIFICE BushnellPS_Gate

FishFry IF NODE FishFryWW HEAD > 10 AND NODE FishFryWwW HEAD <= 127
G17APLATEL IF SIMULATION TIME == OTHEN ORIFICE G17APlate1 SETTING = 0.2
G17APLATEZ IF SIMULATION TIME == 0.0THEM ORIFICE G17A_Plate2 SETTING =

G17BPLATELOW IF SIMULATION TIME >= OTHEMN ORIFICE G17B_PLATE SETTING = 1

GARDENSTGATE IF SIMULATION TIME = OTHEN ORIFICE GardenStGate SETTING = 0.¢
HUDSOM1 IF NODE ConnRiver50.0 HEAD »>= 19,13 THEN ORIFICE GIS5007896 !
HUDSOMZ IF NODE ConnRiver50.0 HEAD < 19.03 THEN ORIFICE GIS5007896 SE

IslandOutfallGateClose

U A AR A IR A A IS

IF NODE IslandRdWW HEAD < 8 THEN ORIFICE IslandRdGate SETTIN

>

Figure 3.35 The SWMM Controls editor

Table 3.23  Edit fields in the SWMM Controls editor

Edit field Description Used or Field name in
required by datastructure
simulations

ID ID of the specific rule Yes MUID
Description | User's descriptive information No Description
related to the node
Is Active | Option for activating/deactivat- Yes Enabled
ing a control rule during a sim-
ulation
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Is active

IF NODE ConnRiver50.0 HEAD < 22.0
THEM ORIFICE ArmoryPS_Gate SETTING =0

Figure 3.36  Control rules input box

Define control rules in the dialog dividing the lines into Conditions and
Actions. Please note there can only be either a Condition or an Action in one
line. Build control rules as combinations of conditions and actions using the
following elements:

Table 3.24  Elements for building control rules

Elements Description Used or required by
simulations
Operator IF, AND, OR, THEN, ELSE Yes
Object Node, Link, Pump, Orifice, Weir or Yes
Simulation
Object ID ID of the object Yes
Attribute | Depth, Head, Inflow, Flow, Setting, Yes
Time, Date, Clocktime

Relation =<, >, <> <=>= Yes
Value Value Yes

3.10 CS Network Tools

58

There are several tools available for facilitating edits to collection system net-
work data. These tools are accessed via the CS Network menu ribbon.

File Project Map CS network Catchments Simulation Tools Results

ce tee DS AN B @ «| N

Open layer Network. Special View WD
editor editing tools ¥ tools network

~ Targetlayer ~

Figure 3.37 CS Network tools on the CS Network menu ribbon
The tools are grouped as:

« Network Editing Tools. Includes tools that assist in assigning or deriv-
ing model network data from various available data sources:

— Interpolation and Assignment
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—  Create and Update Transects

o Special Tools. Offers the Spatial Processing tool, which may be used for
performing various GIS processing operations on polygon and line fea-
tures in the project.

—  Spatial Processing

3.10.1 Interpolation and Assignment

The Interpolation and Assignment tool helps assign values to any field in the
MIKE+ database either by taking the attribute value directly from another fea-
ture/attribute or by interpolating between any number of other features.

Examples of the tasks that may be performed with this tool are:

e Assign ground elevation values from a raster layer representing the DEM
to nodes

e Assign the diameter of manholes to be equal to the largest pipe entering
the manhole

e Calculate missing values for manhole invert levels from a point theme
using Inverse Distance weighted spatial interpolation

o Calculate pipe levels by interpolating values following the network
(pipes)

e Assign a value to a construction year and or contractor based upon a
polygon theme giving city areas

The source of the data (i.e. the features from where values are taken) may be
any layer in the MIKE+ Map view, including layers that have been added as
background layers. Any compatible data value can be assigned to almost any
field in the database. This also means that it should be used with some care
as it obviously can also make completely non-sense assignment if the wrong
fields or names are specified.

The tool is accessed through the MIKE+ CS Network menu ribbon under Net-
work Editing Tools.

Metwork
editing tools

#  Interpolation and assignment  Crl+T, Ctrl+A
Yaf Create and update transects

Figure 3.38 CS Network Editing Tools
The tool is used following the steps below:

o Target selection
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e Assignment Method
e Assignment options (depending on the method chosen)
e Overall assignment

o Reporting
Each of the above steps are described in detail in the following sections.
Target Selection

First, select the target layer and attribute for the assignment--i.e. the model
element and property that shall be modified/defined. A target map layer (net-
work component) must first be selected followed by a target attribute from the
selected network component. For example, nodes layer, ground level attrib-
ute.

Once the empty fields are populated, MIKE+’s data validation functionality
changes the “Target Selection” section of the workflow heading colour from
red to green.

Interpolation and assignment

Target selection

Assignment Method

Target map layer: Modes w
Overall assignment
Target attribute: GroundLevel i
Reporting
Configuration file:
Open ... Save ... Run

Figure 3.39 The Interpolation and Assignment tool Target Selection dialog
Assignment Method

Then, define the method to use for assigning values to the target, and the
data source.
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Target selection

Source and assignments

(O Assign from raster grid cells

Assignment Method

(O Assign from nearest feature

Assignment options

(O Use IDW interpolation between features

Overall assignment

(O Assignment from network neighbours

Reporting

(® Linear interpolation along network path

(O Directly assign a value or NULL

Source - map layer: MNodes ~
Source - attribute: GroundLevel w
Configuration file:
Open ... Save ... Run

Figure 3.40 The Assignment Method dialog

The method selected will influence the valid choices for the data source. A
number of methods exist:

Powering Water Decisions

Assign from Raster Grid Cells. This will assign a value from the raster
(DEM) cell located directly above the target data. For example, assign
node ground levels based on levels in a raster. If the target is a polyline
or polygon the tool will use the centroid position to determine the correct
cell. No interpolation is done. The supported raster formats are *.DFS2
files, ESRI text files (*.TXT, *.ASC), Arc/Info binary grids, GeoTIFF files
(*.TIF, *.TIFF).

Assign from Nearest Feature. The tool will locate the feature from the
source layer that is closest to the feature in the target layer. If lines or pol-
ygons are used the centroid position is used for calculating distances.

Use IDW Interpolation Between Features. This option will make an
Inverse Distance Weighted (IDW) interpolation between features in the
source layer to determine the value for each target feature. The IDW
parameters are fixed to the following: max number of points is 12 and the
max distance away from the target feature is 300 (map units).

Assignment from Network Neighbours. This option will take the
source value from a network neighbour to the feature being updated.
This obviously requires both the target and the source to be included in
the same network. For example, assign manhole diameters from other
manhole diameters nearby. Assignment will only be done if the immedi-
ate neighbour has the requested value i.e. the network will not be traced.
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o Linear Interpolation Along Network Path. This option will do a dis-
tance weighted interpolation along the path of the network. If the direct
neighbours do not contain values (null) the network is traced until a value
is reached or the number of 'hops' (number of network nodes traced
though) exceed a given maximum.

o Directly Assign a Value or NULL. This option allows to assign a spe-
cific value or to delete the content of an attribute (by assigning the NULL
value).

Depending on the choice of assignment method, the two selection boxes for
the source data will be filled with layers/attributes compatible with the choice
of method (i.e. only raster layers will be shown for raster assignment) or
greyed out in the case of the last option.

Assignment Options

When the assignment method is ‘Assignment from network neighbours’ or
‘Linear interpolation along network path,” extra parameters need to be speci-
fied in the Assignment Options section.

Assignment options
Target selection (® Closest node
Assignment Method (O Upstream element
Assignment options O Downstream element
Overall assignment (O Upstream Neighbour max, value
. (O Upstream Neighbour min, value
Reporting
(O Downstream Neighbour max. value
(O Downstream Neighbour min, value

(O Max. value of neighbours

(O Min. value of neighbours

Configuration file:

Open ... Save ... Run

Figure 3.41 The Assignment Options dialog

For the ‘Assignment from network neighbours’ assignment method, the fol-
lowing assignment options are available:

o Closest Node. This will use the node that is closest to the one being
assigned to. This option is only relevant if both target and source are
nodes.
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o Upstream Element. This option will assign from the upstream element
(upstream/downstream is as defined by the GIS geometric network and
may differ from the actual flow direction (which may not be constant).

o« Downstream Element. This option will assign from the downstream ele-
ment (upstream/downstream is as defined by the GIS geometric network
and may differ from the actual flow direction (which may not be constant).

e Upstream/Downstream Neighbour Max. Value. These two options will
scan the connected network neighbours upstream/downstream and use
the maximum source value found as data source. Example: for assigning
ground level and diameters.

o Upstream/Downstream Neighbour Min. Value. These two options will
scan the connected network upstream/downstream neighbours and use
the minimum source value found as data source. Example: for assigning
invert levels.

e Max. Value of Neighbours. This option will scan the connected network
neighbours and use the maximum source value found as data source.
Example: for assigning ground level and diameters.

e Min. Value of Neighbours. This option will scan the connected network
neighbours and use the minimum source value found as data source.
Example: for assigning invert levels.

For the ‘Linear interpolation along network path’ option, only the maximum
number of hops (i.e. number of elements away) need to be specified.

Max. number of hops: |3 =

This allows control of how many network 'hops' the interpolation will search
for a value. The search continues until the max number is reached or a non-
null value is found. When the value is set to 5 or higher it may cause instabil-
ity (particularly in looped networks). A value of 0 means that only immediate
neighbours are taken into consideration. Large values may be time consum-
ing if a large number of features are selected for update.

Overall Assignment

This step of the workflow controls which features are taken into account for
the assignment operation.
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Target selection
Assignment Method
Assignment options
Overall assignment

Reporting
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Overall assignment

Only assign value to missing (NULL) values
[ value also considered missing:
Only assign values to selected record

Only assign if feature is inside the extent of the source layer

{Only IDW and nearest feature assignment methods)
[] After assign change RECORD status to

[] After assign change ATTRIBUTE status to
Max, radius:

Max. no of features: 12

Configuration file:

Open ... Save ... Run

Figure 3.42 The Overall Assignment dialog

The following options are available:

Only assign value to missing (NULL) values. Features that already
have a value in the target field will not be updated. Removing this tick
mark will overwrite any existing attribute values.

Only assign values to selected records. Only records that are
selected before the wizard was started are taken into consideration for
updates.

Only assign to features inside the extent of the source layer. This
option prevents the tool from extrapolating outside the boundaries of the
source layer when looking for the closest feature or when doing IDW
interpolation.

After assign change RECORD status to. This option changes the sta-
tus of the modified records (e.g. nodes), by applying the predefined sta-
tus selected from the list. This is the main status for the record (e.g. the
nodes), which is typically found in the Description tab.

After assign change ATTRIBUTE status to. This option changes the
status of the modified attribute (e.g. ground level), by applying the prede-
fined status selected from the list. Every record is defined with multiple
attributes, and this option will change the status for the updated attribute
only. Attribute status information (e.g. the node's ground level) is found in
the Property And Result Explorer Status menu.

MIKE+ - © DHI A/S



CS Network Tools )

Data source
Asset ID
Critical level
Description

Mode type
Diameter
Ground level
Bottom level
Basin geometry
River ID
Chainage

Figure 3.43 Element attribute status on the Property and Result Explorer
Running the Tool and Reporting

Finally, update the model with the specified interpolation/assignment settings,
click on the Run button. The Reporting tab page gives a summary of the fea-
tures that have been updated.

Interpolation and assignment o x

Reporting

Target selection

Assignment Method 4 features have been updated

Assignment options

Overall assignment

Reporting

Configuration file: |

|Open | | Save ... || Run

Figure 3.44 The Reporting dialog

Note that the features to be updated are selected on the Map before clicking
on Run to make it easy to check that only the expected features are included.
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This selection does not check for other constraints i.e. null values may still
prevent some of the selected features from being updated.

Configuration File

As with other MIKE+ tools, it is possible to save the tool setup configuration
(Save button located near the bottom of the tool). A configuration file is cre-
ated in *. XML format, which can be reused later (Open button).

3.10.2 Create and Update Transects

66

The Create and Update Transects tool is used for deriving or updating tran-
sects data used for Conduits with Irregular cross sections. Transects data
describe how bottom elevation varies with horizontal distance over the cross
section. These are represented by Station-Elevation value pairs defined on
the Transects editor in MIKE+.

Access the tool through the MIKE+ CS Network menu ribbon under Network
Editing Tools.

Metwork
editing tools

#  Interpolation and assignment  Crl+T, Ctrl+A ’

Yaf Create and update transects

Figure 3.45 CS Network Editing Tools
Use the tool proceeding thorough each section of the dialog as follows:

e Method

e Survey Points Settings (depending on the method chosen)
o DEM Settings (depending on the method chosen)

e Input Selection

¢ Running the Tool and Reporting

Each of the above steps are described in the following sections.

Select the transect editing process to perform on the Method tab page of the
dialog. The available operations are:

o Create Transects from Survey Points. Generate transects from survey
points in *.SHP or *.XYZ file formats. This option activates the Survey
Points Settings tab page, wherein one defines the file and the attribute
from which elevation values are taken.
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Create or Extend Transect from DEM. Generate new or extend exist-
ing transects from a DEM raster. Transect data may be derived based on
the locations of existing conduits or background features. This option
activates the DEM Settings tab page on the dialog.

Create Transects from Survey Points and DEM. Use both survey
points data and a DEM to create or extend transect data. This option
activates both the Survey Point Settings and the DEM Settings tab pages
on the dialog.

Update Transects with DEM. Option to make changes to existing Tran-
sects using a DEM raster, when, for example, new updated elevation
data are available for the study area.

Generate transects o x

Method

@ Create transects from survey points

Survey points settings

(O Create or extend transects from DEM

Input selection (O Create transects from survey points and DEM

Reporting (O Update transects with DEM

[ Add vertical walls at ends of transects, with height |5

Configuration

Open... Save... Run Close

Figure 3.46 Method section on the Generate Transects dialog

There is also an option for adding vertical walls with a specified height to the
ends of created/updated transects. Tick on the ‘Add vertical walls at ends
of transects’ option, and define the height of the vertical wall in the input box
beside the option.

Add vertical walls at ends of transects, with height I:I [ft]

Survey Points Settings

Powering Water Decisions

If the selected method from the previous tab page involves the use of survey
points, the survey points data file and parameters related to how data from
the file shall be interpreted by the tool are defined on the Survey Points Set-
tings tab page.
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Generate transects o x

Method
Survey points settings Survey points layer: Layers\SurveyPointsValues.shp ~

Elevation attribute: Z | |meter  w

Gathering points in transects
(O Automatically using transect ID attribute Transect ~

(® Manually by selecting points in digitised polygon (right-dick to stop digitizing)

Configuration

Open... Save... Digitize Close

Figure 3.47  Survey Points Settings tab page on the Generate Transects dialog
Define the following on the page:

e Survey Points Layer. Choose or load the shape file or *.XYZ file to use
in the processing from the dropdown list or the ellipsis button, respec-
tively.

o Elevation Attribute. Choose the item from the shape or *.XYZ file to use
as source of elevation values.

o Gathering Points in Transects. Set how values are obtained and saved
as transect data:

— Automatically using Transect ID attribute. Select the attribute in
the file that connects the individual survey points to a specific tran-
sect. All survey points with the same ID field will be created as one
transect.

— Manually by selecting points in digitised polygon. Define a poly-
gon on the Map covering survey points to be used for a transect.
Click on the ‘Digitize’ button at the bottom of the dialog to start
defining the polygon feature on the Map. Right-click on the Map to
end digitizing the polygon. This option creates one transect at a
time.

The transect will be created as a straight line through the connected survey
points using a least square fit. The individual survey points are projected
orthogonal on to the transect line.
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Vertices

Survey points

Conduit

T—

Figure 3.48 Survey points are projected onto the transect
DEM Settings
If the selected transect creation method involves the use of DEM data, the

DEM raster file and parameters related to how data from the file shall be used
by the tool are defined on the DEM Settings tab page.
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Generate transects o x
Method Elevation and spacing
DEM layer: C:\Usersinsd\OneDrive - DHI\Documents\DHI Work1109510 ~
DEM settings Maximum spacing between points: (® Half cell size from DEM 0.5 [m]
O Custom spacing 1

Input selection

Maximum number of points: | 100

Reporting
[ Use bilinear interpolation from 4 dosest cells

Transect location

(® Create one new transect per conduit Width [m]

(O Create new location from layer
Assign ID from attribute
(O Extend existing with fixed width on both sides of conduits 500

(O Extend existing up to alignment lines

1000
(O Manually digitize on map (right dick to stop digitizing)

Configuration

Open... Save... Run Close

Figure 3.49 DEM Settings tab page on the Generate Transects dialog

Elevation and Spacing
Define the following parameters under the Elevation and Spacing group:

o DEM Layer. Define or load the DEM raster layer to use for transects gen-
eration. These raster files may be in *.TXT, *.ASC, *.DFS2, *.TIF, or
*.TIFF formats.

e Maximum Spacing Between Points. The maximum spacing between
transect points can be user-specified or assumed as half the cell size of
the DEM.

— Half cell size from DEM. Half the DEM grid size resolution.
— Custom Spacing. Option to define a spacing for transect point val-
ues.

o Maximum Number of Points. Should the specified maximum spacing
between points results in more than the allowed maximum points the
spacing is increased to obtain the maximum number of points.
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Use Bilinear Interpolation from 4 Closest Cells. Option to use bilinear
interpolation when extracting elevation values from DEM cells. If
unchecked, the elevation along the transect will be the exact value from
the DEM cells that are intersected, whereas if bilinear interpolation is
used, elevation values will be the interpolated from the 4 closest neigh-
bouring DEM grid cells.

Transect Location
Define the following parameters under the Transect Location group:

Create One New Transect per Conduit. Option to define one transect
per conduit (as selected on the Input Selection tab page).

—  Width. Define the width of the transects to be generated.

Create New Location from Layer. Use a shape file containing transect
polylines at the requested locations along the irregular conduits in the
model. Select the shape file to be used in the drop-down list of shape
files.

Transects will only be generated where shape file features intersect with
the selected conduits. The transect will be generated as a straight line
from the first to the last point in the line shape.

— Assign ID from Attribute. Automatically assign an ID to each gen-
erated transect by activating this option and selecting the shapefile
attribute from the dropdown list.

Extend Existing with Fixed Width on Both Sides of Conduits. Option
to extend transect data a fixed distance on both sides of the conduits.
Define the fixed width in the input box beside the option.

Extend Existing up to Alignment Lines. Option to use defined align-
ment lines to extend existing transects data.

— Alignment Lines Layer. Define/load the shapefile defining the
alignment lines from the dropdown list or via the ellipsis button.

— Marker Attribute. Shapefile attribute that contains the identifier cor-
responding to markers.

—  Left Extent Marker Value. The marker attribute value representing
the left extent line.

— Right Extent Marker Value. The marker attribute value represent-
ing the right extent line.

— Maximum Length to Extend per Side. The length defines the max-
imum distance a transect can be extended. If an alignment line is not
found within the given distance, the transect will not be updated.
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Manually Digitize on Map (Right Click to Stop Digitizing). Define the
location of the transect to be generated directly on the Map (intersecting
a conduit). Click on the ‘Digitize’ button at the bottom of the dialog to start
defining the transect line feature on the Map. Right-click on the Map to
end digitizing the line. This option creates one transect for one conduit at
a time.

Input Selection

Input Selection options control for which conduits transects are generated.
These options are not available for settings involving manual digitization of
transect locations on the Map, as this process creates one transect (for the
intersected conduit) at a time.

Generate transects o x

Method Conduits selection

O Al conduits

Survey points settings

(O Conduits from selection on the map

DEM settings

Reporting

(O Conduits from table Edit table
Input selection ® single conduit Channel1 | I I
Configuration
Open... Save... Run Close

Figure 3.50 The Input Selection tab page on the Generate Transects dialog

Options available include:

All Conduits. New transects are generated for all conduits.

Conduits from Selection on the Map. New transects are generated
only for conduits selected on the Map.

Conduits from Table. The conduits for which new transects are gener-
ated are specified in a table. Click on the Edit Table button to access the
Select Conduits dialog.
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Select conduits *
Include  Conduit 1D | Insert |
Channel2 “
4
& |Channel3 »
» =RE v
Import from file

Figure 3.51The Select Conduits dialog accessed via the Edit Table button

o Single Conduit. Select the conduit for which a transect will be created
from the ID Selector list accessed via the ellipsis button.

1D selector [x]

| | [ search || cear |

Lo | cancel |

Figure 3.52The ID Selector list

Running the Tool and Reporting

For options not involving manual digitization of transect lines on the Map,
manually run the tool via the Run button at the bottom of the dialog.

A status report of the operation is displayed on the Reporting tab page of the
dialog. The report may then be saved in a *.TXT file via the Save Report but-
ton. Use the Clear Report button to remove previous status reports displayed
on the tab page ready for a new run of the tool.
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[= 4

Method

Transect Transect_7 is generated
Survey points settings 1 transects was generated

. Ended
DEM settings
Input selection
Reporting
Save report Clear report
Configuration
Open... Save... Run Close

Figure 3.53 The Reporting tab page on the Generate Transects dialog

When a transect is created for a conduit, the conduit ID is indicated in the
transect Description including the line coordinates for the transect.

Identification
Insert

jin} |Transect_6 |

Delete

|Descripﬁon |Channel1 (17523589; 5347854) - (1752367; 5347818) ||

If another transect is made for the same conduit, the Description for the previ-
ous transect is removed to avoid confusion about which conduit a transect is
associated.

Also, when extending transects, left and right bank locations are updated (if
they are initially different than 0).

Configuration File

Save the tool setup configuration via the Save button located near the bottom
of the tool dialog. An *. XML configuration file is created, which may be reused
later via the Open button.

3.10.3 Spatial Processing
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The Spatial Processing tool may be used to perform various GIS processing
operations on SWMM project Line and Polygon features. These layers are
either model element layers or shapefile layers loaded into the project.

The tool is accessed via ‘Special Tools’ on the ‘CS Network’ menu ribbon.
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ox
Spedial

tools ™

@) Spatial processing L

Figure 3.54 The Spatial Processing tool on the NS Network menu ribbon

Spatial processing o x
Polygon  Line
Targetlayers | SywMMLinksLayer -
Method Buffer w
Buffer | 5 |

Qutput path |IueBead1_S\“a’MM WLayers\SWMMLinksLayerBuffer 5m.shp | v

Figure 3.55 The Spatial Processing tool dialog
Line

Operations such as Buffer and To Polygon may be performed for line layers.
The analysis results are saved in a new shapefile and automatically loaded

into the project as a new layer. It may also be imported as a model element

feature.

o Target Layers. Line layer to be modified (i.e. to which the operation will
be done).
e Method. Dropdown menu for selecting spatial operation to use:

—  Buffer. Creates buffer polygons around target layer features accord-
ing to a buffer distance.

— To Polygon. Converts the line features to polygons. Note that
polyline features must be closed with overlapping start- and end-ver-
tices to be converted to polygons.

« Buffer. Distance around the line features that will be buffered. If Method
= Buffer.

o Output Path. Use the ellipsis button “...” to specify the path and file
name for the resulting feature layer from the operation.

¢ Run. Button for executing the spatial processing.
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Polygon  Line

Target layers C:\Wsersmikeadmin\Documents\Odense L andUse \FlowPath

Method Buffer ~

Buffer | 5 |

Qutput path |1in \DocumentsOdense L andUse \FlowpathBuffer 5m.shp | D

Figure 3.56  Spatial processing for lines

Operations such as Merge and Clip may be performed between various poly-
gon layers. The analysis results are saved in a new shapefile and automati-
cally loaded into the project as a new layer. It may also be imported as a
model element feature.

Define the following parameters when using the tool for polygon features:

Target Layers. Polygon feature to be modified (i.e. to which the opera-
tion will be done).

Reference Layers. The second polygon layer used to modify the target
layer.

Keep Properties. Information on the feature attributes to keep for the
resulting layer.

Method. Dropdown menu for selecting spatial operation to use:

—  Clip. Extracts from target the areas intersecting the reference. Fea-
tures in target not intersecting the reference are also kept.

— Erase. Removes from target the areas intersecting the reference.

— Merge. Features in both layers combined, where intersecting fea-
tures are fused in new features.

— Join. Extracts from target the areas intersecting the reference.

Output Path. Use the ellipsis button “...” to specify the path and file
name for the resulting feature layer from the operation.

Run. Button for executing the spatial processing.
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Spatial processing

Palygon  Line

Target layers | C:\sersimik

in\Documents\Odense L andUse\Green.sh |

Reference layers |C:V...x. ik

in\Documents\Odense L andUse\Catchmer |

Keep properties | Target

|

Method | Jain

|

Qutput path

|:eadmin\,Documems‘l,Odense\,l_andUse‘l,GreenJoinExhent.5

=

Figure 3.57  Spatial Processing dialog Polygon tab page
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4 Rainfall-Runoff Modelling with SWMM

MIKE+ provides a versatile set of tools and computational models for model-
ling surface storm runoff and infiltration on urban and semi-rural catchments.
The User can quickly prepare a precipitation-runoff model setup of desired
level of detail (in terms of spatial discretization and input data) and use the
computed runoff as a load to the collection network.

Various hydrological processes that produce runoff from urban areas can be
modelled by SWMM. These include:

e  Time-varying rainfall

o Evaporation of standing surface water

e  Snow accumulation and melting

o Rainfall interception in depression storage

o Infiltration of rainfall into upper soil layers

o Percolation of infiltrated water into groundwater layers

o Interflow between groundwater and the conveyance system

e Nonlinear reservoir routing of overland flow

Spatial variability in these processes is achieved by dividing a study area into
a smaller collection of homogeneous areas. In literature, different terms are

used to describe the delineation of large study areas into smaller sub-areas
each containing its own fraction of pervious and impervious areas.

The following terms for the delineation of areas are widely used in North

America:
e Basin
e Sub-basin

o Watershed/Sewershed
e Catchment

Throughout this documentation the term catchment will be used as the term
for the smallest hydrological unit of land.

Overland flow can be routed between catchments or to load points of a drain-
age conveyance system.

4.1 Catchments

Catchments are hydrological units of land whose topography cause surface
runoff to drain to a single point. The user is responsible for the delineation of
a watershed/sewershed into a compatible number of catchments, and for
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identifying the outlet point of each catchment. Outlet points can be either
nodes of the conveyance system or other catchments.

Catchments can be divided into pervious and impervious sub-areas. Surface
runoff can infiltrate into the upper soil zone of the pervious sub-area, but not
through the impervious sub-area. Impervious areas are themselves divided
into two sub-areas - one that contains depression storage and another that
does not. A portion of the runoff flow from one sub-area in a catchment can
be routed to the other sub-area, or both sub-areas can drain to the catchment
outlet.

For SWMM models, the Catchments editor organizes data into the following
groups.

o ldentification

e General Information

e SWMM Catchment Connections

e SWMM Hydrology & Hydraulic Properties

o  SWMM Infiltration

e Description

Note that catchment data in the Catchment editor is shared by Network mod-
els in MIKE+ (i.e. MIKE 1D, SWMM, River).

[= 4
Identification
I t
X 1024657.71855456 | [ft] nser
ID [4000_24 2 R1 |
¥ 854520, 116536882 | [fi] Delete
General | SWMM Catchment connections | SWMM Hydrology & Hydraulic Properties | SWMM Infiltration | Description
Hydrological model SWMM Hydrology ~
Catchment area 75.13961 | [ad | 75.466244985549¢
£
D ~ | ALL ~ | Clear [] show selected [ | Show data errors
D ¥ coordinate [ft] Y coordinate [ft] Catchment area [ac] Geom area [ac] Person Equi

b1 4000_24 2 R1| 1024597.71859456 | 5854520.1165368582 75.13961 | 75.4662449855498

2 4000_24M 1017585.92078691 | B862375.3856356987 858.6189 | 858.618821616116

4000_245 1019358.090958427 | 856711.6835673139 899,167 | 899.167047372306

4 4005_00N 1019063.46112977 | 823058.731075936 725 | 724.964664690252

11 |4401_03 992090.794201262 | 811188.161521463 1089 | 1210.51983241924

12 |4401_20 986807, 184147837 | 819537.075484856 3193 | 3548.16340174502
£
£ >

Figure 4.1 The Catchments editor for SWMM models
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Catchments are featured as a data layer in MIKE+. They can be managed
both graphically on the Map and through the Catchments editor.

The two modes complement each other, and efficient management of catch-
ment data can be achieved through joint application of both modes.

The graphical mode (i.e. Edit Features functionality from the Catchments
menu ribbon) allows digitisation of catchment extent by tools like Create, Edit,
Delete, and Split. Descriptions of graphical catchment tools are found in the
Model Manager User Guide.

The Catchments editor is used for:
o Editing catchment attributes. It is possible to insert catchments through

the editor; these are given a schematised quadratic shape.

o Editing connections to model networks and hydrological data for Rainfall-
Runoff models.

o Editing catchment hydrological model attributes. It is possible to edit
catchment attributes in relation to various hydrological runoff models
available in MIKE+.

4.1.1 Identification

The Catchments editor has a general Identification group containing informa-
tion on catchment identifier and geographic location.

Identification

Insert
X 1095418,71343999 [fi] desl

D [Catchment_6 |
¥ 907896.342153769 [f] Delete

Figure 4.2 The Catchments editor Identification group

Powering Water Decisions 81



) Rainfall-Runoff Modelling with SWMM

Table 4.1 Edit fields in the Catchments editor Identification group (msm_Catch-

ment)
Edit field Description Usage Attribute Table
Field
ID Unique catchment Yes MUID
identifier
X X coordinate of the Yes GeomCentroidX
catchment geome-
try centroid
Y Y coordinate of the Yes GeomCentroidY
catchment geome-
try centroid

Other catchment attributes related to hydrological modelling and connections
to model networks are organized in tabs within the editor and are described in
succeeding Sections.

41.2 General

General catchment attributes related to hydrological model type and geome-
try are specified in the General tab page of the Catchments editor.

In MIKE+, the geographical extent of a catchment is determined by the catch-
ment polygon perimeter. MIKE+ provides information on the total catchment
area based on polygon geometry.

In some cases, the geographical boundaries of a catchment do not coincide
with the actual drainage area. A catchment extent may be defined based on
some administrative division, while the drainage network is present only in
some parts of the catchment. In such cases, the User may specify the Catch-
ment Area value, which overwrites the actual geometric area in all hydrologi-
cal computations.
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General | SWMM Catchment connections | SWMM Hydrology & Hydraulic Properties | SWMM Infiltration | Description

Hydrological model SWMM Hydrology ~

Catchment area 75. 13961| [ad | 75.466244985549¢

< >

Figure 4.3  The Catchments editor General tab page

Table 4.2 Edit fields in the Catchments editor General tab page (msm_Catch-

ment)
Edit field Description Usage Attribute Table
Field
Hydrological Model | Hydrological runoff Yes HydrologicalMod-
model to use for a elNo
catchment
Catchment Area | The catchment area Optional Area
of relevance for the
project (<= Geom
Area)
(Derived Geometric | Program-calculated | Calculated (read- GeomArea
Area) geometric area of only)
the catchment poly-
gon

4.1.3 Catchment Connections

To transfer runoff generated on catchment surfaces into the collection net-
work, the model must include information about the connection of the catch-
ment outlet to the network.

For SWMM models, MIKE+ supports the connection of catchments to nodes
as well as other catchments wherein runoff is routed from one area to
another. One or multiple catchments can be connected to the same node.

Define catchment connections for SWMM models on the SWMM Catchment
Connections tab page of the Catchments editor.
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General | SWMM Catchment connections | SWMM Hydrology & Hydraulic Properties | SWMM Infiltration | Description

Load to Node i
4000_24_2 R1
Figure 4.4  The SWMM Catchment Connections tab page in the Catchments editor

The definition and management of catchment connections is supported both
through the editor and by a set of graphical catchment connection tools
accessed via the Catchments menu ribbon.

Fie Froject  Map  Cometwork | Catcheerss | Smuaton  Tools Rests

e £ Tagetioe: m ;y! E r:l g:—w:;:mmmm iﬁau-:!:rml!\. 5 -00' é\ ) = ’c.‘j
P | (Camen O S e o amens o -l R
Figure 4.5  The Catchment Connection tool on the Catchments menu ribbon

Table 4.3 Edit fields in the Catchment Connections tab page (msm_Catchment)
Edit field Description Usage Attribute Table
Field
Load to Specifies the type of network Yes SWMM_Load-
element to which the catch- ToNo
ment is connected.
Options are:
Node
Catchment
Load Point | ID of Node that receives the Yes SWMM_ OutletNo-
ID catchment runoff If Load to = Node delD
Outlet ID of Catchment that receives Yes SWMM_Outlet-
Catchment the surface runoff If Load to = Catch-| CatchmentID
ID ment
Raingage ID |Rain Gauge boundary setup ID Yes SWMM_Rain-
associated with the catchment gagelD
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4.1.4 Hydrology & Hydraulic Properties

Powering Water Decisions

The concept of the surface runoff used by SWMM is illustrated in the figure
below. Each catchment surface is treated as a nonlinear reservoir. Inflow
comes from precipitation and upstream catchments. There are several out-
flows, including infiltration, evaporation, and surface runoff.

The capacity of this "reservoir" is the maximum depression storage, which is
the maximum surface storage provided by ponding, surface wetting, and
interception.

Surface runoff per unit area, Q, occurs only when the depth of water in the
"reservoir" exceeds the maximum depression storage, dp, in which case the
outflow is given by Manning's equation (Kinematic Wave).

Q - Runoff

AN
=

\

Infiltration

Figure 4.6 Nonlinear Reservoir Concept

Depth of water over the catchment is continuously updated with time by
numerically solving a water balance equation over the catchment.

Define SWMM surface runoff computation data on the SWMM Hydrology &
Hydraulic Properties tab page of the Catchments editor.
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General | SWMM Catchment connections | SWMM Hydrology & Hydraulic Properties | SWMM Infilration | Description

Width l:l [fl Imperv. d. storage [in]
Ground slope [%] Perv. d. storage [in]
Imperviousness [%] 9% DCIA wjo d. storage ]
Tmpervious Manning [s/m™(1/3)] Subarea routing PERV -
Pervious Manning [s/m~(1/3)] Percent routed 2]
N-perv Pattern l:l Infil Pattern l:l

Figure 4.7 The SWMM Hydrology & Hydraulic Properties tab page of the Catch-
ments editor

Table 4.4 Edit fields in the SWMM Hydrology & Hydraulic Properties tab page
(msm_Catchment)

Edit field Description Used or Field name in
required by datastructure
simulations

Width Width of catchment Yes SWMM_Width
Ground Ground slope of catchment in Yes SWMM_Slope
Slope percentage
Impervious- | Impervious part of the catch- Yes SWMM_Imper-
ness ment area in percentage vious

Impervious |Manning number for the Imper- Yes SWMM_NIm-

Manning vious part of the area perv

Pervious | Manning number for the Pervi- Yes SWMM_NPerv

Manning ous part of the area

Imperv. d. | Size of Impervious Depression Yes SWM-

Storage Storage M_DImperv
Perv. d. Stor-| Size of Pervious Depression Yes SWMM_DPerv
age Storage
%DCIA w/o | Percent of the impervious area Yes SWMM_Imper-
d. Storage with no depression storage vPctZero
Subarea Choice of internal routing of Yes SWMM_Route-
Routing runoff between pervious and ToNo
impervious areas:
IMPERYV: runoff from pervious
area flows to impervious area
PERV: runoff from impervious
flows to pervious area
OUTLET: runoff from both
areas flows directly to outlet
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Catchments
Table 4.4 Edit fields in the SWMM Hydrology & Hydraulic Properties tab page
(msm_Catchment)

Edit field Description Used or Field name in
required by datastructure
simulations

Percent Percent of runoff routed Yes SWMM_Pc-
Routed between subareas tRouted
Snowpack | Snowpack parameter set ID (if Optional SWMM_Snow-
ID any) assigned to the catch- PackID
ment
Curb Length | Total length of Curbs in the No SWMM_Cur-
catchment. Only used when bLength
pollutant buildup is normalized
to curb length
N-perv Pat- | Operational monthly pattern Optional SWMM_NPer-
tern that adjust pervious Manning n vPatternID
DStore Pat- | Optional monthly pattern that Optional SWMM_Dstore-
tern adjust depression storage PatternID
Infil Pattern | Optional monthly pattern that Optional SWMM_ InfilPat-
adjust infiltration rate ternID
4.1.5 Infiltration

Powering Water Decisions

Infiltration is the process of rainfall penetrating the ground surface into the soil
over the pervious areas of catchments. SWMM supports the following meth-
ods for modelling infiltration:

Horton Method. This method is based on empirical observations show-
ing that infiltration decreases exponentially from an initial maximum rate
to some minimum rate over the course of a long rainfall event. Input
parameters required by this method include the maximum and minimum
infiltration rates, a decay coefficient that describes how fast the rate
decreases over time, and a regeneration constant that describes the res-
toration of infiltration rate during dry periods.

Green-Ampt Method. This method for modelling infiltration assumes
that a sharp wetting front exists in the soil column, separating soil with
some initial moisture content below from saturated soil above. The input
parameters required are the initial moisture deficit of the soil, the soil's
hydraulic conductivity, and the suction head at the wetting front.
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e  Curve Number Method. This approach is adopted from the NRCS
(SCS) Curve Number method for estimating runoff. It assumes that the
total infiltration capacity of a soil can be found from the soil's tabulated
Curve Number. During a rain event this capacity is depleted as a function
of cumulative rainfall and remaining capacity. The input parameters for
this method are the curve number, the soil's hydraulic conductivity (used
to estimate a minimum separation time for distinct rain events), and a
regeneration constant that describes the restoration of infiltration capac-
ity during dry periods.

¢ Modified Horton Method. A modified version of the Horton Method that
uses the cumulative infiltration in excess of the minimum rate as its state
variable (instead of time along the Horton curve), providing a more accu-
rate in