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Models

1

1.1

SIMULATION EDITOR

The simulation editor serves three purposes:

1 It contains the simulation and computation control parameters.

2 Tt is used to start the simulation.

3 It provides a link between the network editor and the other Mikell edi-
tors. The editing of cross sections is a typical example of this link,
where the graphical view of the network editor is used to select cross
sections from the cross section editor. The linkage requires a file name
to be specified for each of the required editors. The file names are input
on the Input Property Page of the simulation editor. An alternative is to
select a file from the File Menu which will recall the appropriate editor.

The edit menu can then be used to edit the objects

Models

3 user sim11

Madels | Input I Simulationl Hesultsl Start I

~ Model

™ Advection-Dispersion

™ Hydrodynaric = | Encroachment

™ Flood Forecast

™ Sediment transport Wi model: Integration method:
I~ water quality |eoosmo =] |Reac =
™ Rainfall-Runoff

— Simulation Mode

& Unsteady

" Quasi steady Q55 default

=

Figure 1.1 The Models tab. Note that the Simulation Mode Box may differ if a
quasi two dimensional steady state solver with vegetation is not

installed.

This page is used to define the simulation models to execute and the simu-

lation mode (unsteady or quasi steady).

Simulation Editor




Simulation Editor

1.1.1

1.1.2

Models

The following abbreviations of module names are used:
HD Hydrodynamic

AD  Advection-Dispersion

ST  Sediment Transport

WQ Water Quality

RR  Rainfall-Runoff

FF  Flood Forecast

When selecting a hydrodynamic model an additional tick box entitled
Encroachment becomes active. When selecting the latter all other tick-
boxes become inactive since the encroachment module is only designed to
function in conjunction with the hydrodynamic module. Further when car-
rying out an encroachment simulation please ensure that the simulation
mode is set to Quasi steady. If the latter is not the case the program will
issue a warning and terminate.

In conjunction with selection of a water quality model two selection boxes
become active:
e Selection of WQ model:
— BOD/DO: Biological Oxygen Demand/Dissolved Oxygen.
— EU: Eutrophication.
— HM: Heavy Metal.
e Integration method.
— RKQC: Fifth order Runge-Kutta with Quality Control.
— RK4: Fourth order Runge-Kutta.
— EULER: Euler or linear solution.

Simulation Mode

Unsteady
The HD calculations are based on hydrodynamic flow conditions.

Quasi steady
At every time step the calculations are based on steady flow conditions.

16
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Input —%

If a quasi two dimensional steady state solver with vegetation is not
installed the Simulation Mode Box will differ from Figure 1.1. Otherwise
a total of four possible settings are available:

1 QSS default: The classic MIKE 11 steady state solver is used.

2 QSS with vegetation: The quasi two dimensional steady state solver
with vegetation is used for the simulation.

3 QSS with energy equation: A submodule of the quasi two dimensional
steady state solver with vegetation. The energy equation is used for
obtaining the water level in the network.

4 QSS with Ida’s method: A submodule of the quasi two dimensional
steady state solver with vegetation. An approximate solution of the
governing equation (Ida’s method) is used for obtaining the water level
in the network.

1.2 Input
8 user.sim11 M= EI [

Models  Input |Simulati0n| Hesultsl Start I

— Input File:
Network ekl 1] | Ed... |
Crozz-sections  [%.xns11) I _I Edit...
Boundary data  [brd11] | | | Edit.
RR Parameters  [%.r11] I _| Edit... |
HD Paramsters [hel11) | Lo| | Edi. |
AD Parameters  [%ad11] | | | Edt.
Wil Parameters [*wql1) I _| Edit...
ST Parameters  (st11) | L] _Edi. |
FF Parameters  [<ff11] | L] _Edi. |
HD Resubt:  [irestl] | .
RR Resubt:  [restl] | .

Figure 1.2 The Input tab.

Based on the model selection from the Models Property Page the user is
required to specify a range of input file names.

[ This button opens a file selection box.

Simulation Editor 17



Simulation Editor

Edit . | This button opens the relevant editor.

Note that the files required are indicated by the active fields. Two excep-
tions are the fields for the result files. A hydrodynamic result file is

required if

e a stand alone Advection-Dispersion/Sediment transport simulation is

to be carried out

or

e if lateral sources from a previous MIKE SHE/MIKE 11 coupled model
run are to be included in a hydrodynamic simulation.

A Rainfall Runoff result file is only required if the hydrodynamic and
rainfall model are to run uncoupled.

1.3 Simulation

The simulation property page contains details of simulation time and ini-
tial conditions for each of the chosen types of models.

Modelsl Input  Simulation | Hesultsl Start I

— Simulation Period

Simulation Start:

Simulation End:

Period: |D1 -01-90 12:00:00 |D1 -02-90 12:00:00 Apply Default |
Time step: IBD Unit: IMin. j
ST time step multiplier: |1
FiR time step multiplier: |1
— Initial Condition:
Addto  Hotstart
Type of condition Hotstart filename file [rate and Time:

™ 010180 120000

™ 010180 120000

™ 010180 120000

HD: Steady State j I
AD: Farameter File j I
ST I Farameter File j I
RR: I Farameter File j I

]

™ 010180 120000

Figure 1.3

The Simulation tab.
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1.3.1 Simulation Period

Period

The date and time for the start and end of the simulation period. The
standard windows date time format is used.

Time Step

The simulation time step.

ST Time Step Multiplier

The ST module may not operate using the same time step as the HD
model. The ST Time Step Multiplier specifies the ST time step as a multi-
ple of the HD time step.

RR Time Step Multiplier

The RR module may not operate using the same time step as the HD
model. The RR Time Step Multiplier specifies the RR time step as a multi-
ple of the HD time step.

1.3.2  Initial Conditions
For each of the modules HD, AD, ST and RR the following can be speci-

fied:

Type of condition

Steady State: HD only. The initial conditions will be calculated
automatically assuming a steady state condition with discharges and
water levels at the boundaries corresponding to the start time of the
simulation.

Parameter File: The initial conditions will be taken from the
parameter file relevant to the module in question.

Hotstart: The initial conditions will be loaded from an existing
result file.

Steady+Parameter: HD only. The initial conditions will be estab-
lished using both the steady state and parameter file method. In
those grid points where data are specified in the Initial (p. 230)
Property Page of the Hydrodynamic Editor (p. 223) the initial con-
ditions will be taken from the parameter file, other grid points will
be calculated using the steady state option.

Hotstart Filename

The name of the existing result file from which the initial conditions
should be loaded.

Simulation Editor
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1.4

Results

Add to File

The results of the current simulation will be added to the end of the hot-
start file. Any information (in the hotstart file) after the simulation start
date will be lost. This part of the file will be replaced by the new simula-
tion results.

Hotstart Date and Time

The date and time at which the initial conditions are loaded from the hot-
start file. If the “Add to File” has been selected the hotstart date and time
will be taken as the simulation start.

8 user.sim11 M= EI |

Modelsl Input I Simulation  Results | Start I

Result

Filename: Staring Freq.:
HD: | =l

a0 | Ll i
st | ]
RR: | =i

Figure 1.4 The Results tab.

For each of the modules selected on the Models Property Page the user
should specify a filename for saving of the simulation results.

The filename can not be edited if the flag “Add to File” has been selected
on the Simulation Property Page. In this case the selected hotstart file will
become the result file as well.

Storing Freq.

To limit the size of the result files the user can specify a save step interval.
The storing frequency is the number of time step intervals between each
saving of the results.

20
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1.5  Start

8 user.sim11 M= EI

Modelsl Input I Simulationl Results  Start |

W alidation status

@ Fun Parameters
@ HD parameters

LI_I _’I Start |

W alidation meszage:

Figure 1.5  The Start tab.

If all specified input files exist, the “Start” button can be pressed and the
simulation will commence. The simulation will take place as a separate
process (MIKE11.EXE) and the progress of the simulation will be
reported in a separate window.

Any error or warning message from the simulation will be saved in a file
with the same name as the simulation file and a .log extension. If any
errors or warnings are encountered during simulation the user is given the
choice of viewing these at the end of the simulation.

Upon completion the simulation results can be viewed using MIKE View.

Simulation Editor
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2 RIVER NETWORK EDITOR

The River Network Editor gives an overview of the current setup and pro-
vides a common link to the various MIKE 11 editors. The network editor
has two main functions:

1 River network input and editing.

This includes:

— Digitising river networks and branch connections.

— Definition of hydraulic structures (weirs, culverts etc.).

— Definition of catchment inflow points (for rainfall run-off model).
2 Overview of all model information in the current simulation.
The editor provides an overview display in a graphical window. Settings

for the graphical view are found in the Settings menu.

The current simulation setup is defined using the Simulation Editor
(p. 15).

NOTE: Cross sections are edited using the River Cross Section Editor
(p. 135), which is accessible from the River Network Editor.

Some of the features available in the Network Editor have been developed
in cooperation with CTI Engineering, CO., Ltd., Japan. Amongst these
are; Tabulated structures, Honma's weir formula (bridges), Routing along
channels, Outflow from Dams/retarding basins and the Steady flow with
vegetation.

2.1  Graphical View

The graphical view is the default view and will be activated automatically
when a river network file is opened or created. Additional graphical views
can be opened using the New Window item under the Window Menu.

Editing of the river network (i.e. the points and branches) is undertaken
using the Graphical Editing Toolbar. Editing tools are also found using the
Pop-Up Menu (right mouse button) these include insert, edit and delete
functions. Typically the Pop-Up Menu is used for editing of cross section
geometry, parameters, hydraulic structures and data held in other MIKE
11 editors. Note that to access information from another editor other than
the Network Editor, an editor file name must be specified using the Simu-
lation File Editor.

River Network Editor e
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Example of insertion of a Catchment link using the Pop-Up menu is
shown in Figure 2.1

“ Cali.nwk11 _ (ol =]
Untitled

40000 15y - - - 4eee-

35000 - - s R oT o memmogeeoes

Paint Properties...

30000 T T . Metwark, LCrozz Sections
E Edi... Boundary 3 Weirs
] | Delete... HD Parameters  » —
25000 ---------- T e o] e
E ' Zoom In ST Parameters Begulating Structures
! Zoom Jut = Control Structures
20000 1. N Previous Zoom ~ Dambreak Structures
] Befresh User Defined
] D T abulated Structures
o G Catchments Catchment Link

Catchment Definition

15000
1 Catchment Definition & Link

10000

5000

10000 20000

Figure 2.1 lllustration of right mouse pop up menu from where all data editors
can be accessed.

2.1.1  File

Import

Point and Branch Data from Cross-Section ASCII File

If a cross section file has been exported to a text file this text file can be
imported to the network editor. In this way point and branch information is
passed from the cross section file to the network file. Please note that this
option only is relevant when the cross section file holds information about
the coordinates.

Point and Branch Data from Point-Branch ASCII File

Point and branch information can be read into the network file using a text
file with the following format:

x-coordinate y-coordinate Branch_Name Chainage
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Alignment Points and Lines from PFS Files

This feature is only appropriate if the Quasi Two Dimensional steady state
with vegetation module is used. It provides a way of importing alignment
line data into a setup. The data in the file must be of the form shown in
Figure 2.2. The file should contain a section of the type “[AlignmentLine]
... EndSect // AlignmentLine” for each alignment line.

[AlighmentlLines]
[AlighmentlLine]
Foint = (1), Ti(1)
Foint X(2), ¥i2)

[
[
Point = X(N), Ti(H)

End3ect // LlignmwentLine
End3ect // LlignmentLines

Figure 2.2 The format used for importing alignment line data.

2.1.2 View

Tabular view

Used when the tabular view of the network file must be shown.

Longitudinal Profile View
Used to select a longitudinal profile for viewing. Select the profile by
clicking the mouse at the first and at the last branch to be included in the
profile.

Query Last Profile Search

Selecting a longitudinal profile in a looped network by clicking at the first
and the last branch in the profile sometimes results in more than one pro-
file. All the possible profiles can be examined by using the ‘Query Last
Profile Search’ option.
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Select Profile EE3
Profilel containing 16 nodes ﬂ
Profile2 containing 24 nodes

Profile3 containing 17 nodes
Profiled containing 25 nodes
Profiled containing 20 nodes
Profilel containing 17 nodes
Profile? containing 17 nodes
Profiled containing 18 nodes
Profiled containing 18 nodes
Profilel0 containing 14 nodes
Profilel containing 14 nodes
Profilel2 containing 22 nodes LI
Prafile13 mantaininn 19 nodes

— Selection Criterion
& Select Profile from List
 Select Shartest Profile

Cancel | Help |

Figure 2.3  Menu used to select between several possible longitudinal profiles.

Network
Here the presentations of the different network objects can quickly be
turned on or off. For a more detailed layout of the graphical view see
Graphics (p. 31).

Boundary

Here the presentations of the different boundary types can quickly be
turned on or off. For a more detailed layout of the graphical view see
Graphics (p. 31).

Hydrodynamic Parameters

Here the presentations of the different hydrodynamic parameters can
quickly be turned on or off. For a more detailed layout of the graphical
view see Graphics (p. 31).

Advection Dispersion Parameters

Here the presentations of the different advection dispersion parameters
can quickly be turned on or off. For a more detailed layout of the graphical
view see Graphics (p. 31).

Sediment Transport Parameters

Here the presentations of the different sediment transport parameters can
quickly be turned on or off. For a more detailed layout of the graphical
view see Graphics (p. 31).

Draw Grid
The drawing of the grid can be switched on and off by using this option.
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Export Graphics

The graphical view can be exported in the following ways:

Copy to Clipboard.

Save to metafile.

Save to bitmap.

— Export layer graphics to file.
2.1.3  Network

Resize area

Area Coordinates EE3

Area Coordinate:

()8
S

[
Min coords: IE [m] ID [m] Cancel
Max coords: I‘IDDDDD [m] I‘IDDDDD [m] Help

e

Figure 2.4  Menu for resizing the area of the graphical view.

The graphical view can be resized by entering the minimum and maxi-
mum coordinates for both the x-axis and the y-axis.

Snap Insert Objects to Points

Here the ‘Snap Insert Objects to Points’ option can be switched on and off.

Auto Connect Branches

When selecting this option all the branches are automatically connected.
The method used to connect the branches can be selected in Network data
(p. 33).

Disconnect All Branches

Choosing this options will remove all branch connections.

Auto Boundary (..) Free Branch Ends

This feature will create boundaries in the boundary file for all free branch
ends. It will be done for the HD module, the AD module or the ST module
depending on the selections in Network data (p. 33).
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2.1.4

2.1.5

Auto Update Chainages

When this option is selected the chainages of the points will be updated
automatically.

Update Chainages

This option is only meaningful if the Auto Update Chainages option is not
selected. The Update Chainages option could be used after having moved
one or several points.

Number Points Consecutively

Layers

Import

Settings

Network

Mumber Points Conzecutively x|

" Enter the number of the first point
J1

Cancel |

Figure 2.5 The menu in which the number of the first point can be entered.

When joining two network files (see B.1.1 Merging .pfs files (p. 381)) itis
necessary that the number of the points in the two files do not overlap. To
avoid this it is possible to renumber the points in one of the network files.

It is possible to import background maps into the graphical view of the
network file. The following file types can be used: bmp, gif§7a and emf.

The network settings dialog contains the following property pages:

Graphics
e Mouse

Network data

Select and edit
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Graphics
Metwork Settings x|
Graphics | Mousel Metwark Datal Select and Editl
5 5‘ ranhioal Doect — Paintz Drawn a:
raphical Objects = _
=T Netwark Foos X[+ |00 = ¢lelal=]- =]
..... Cross Sectionid Calar: _|'| - Pairt fill style: IEolor 'l
----- + Cross Section Cor L
_____ 7 Points Faint gize: |4 [ppt]
----- ~ Alignment Points )
----- +f Alignment Lines - Lines Drawn &
----- + Yegetation Zones I~ | Display Line style: I vl
----- + Dead'water Zone—
..... + Branches Colar: |'| ’_ Palygon fill style: I vl
..... Eranch C i
_____ v L:;TS onneeter Thickness: I‘I_ [pixels]
----- Connection Labels
----- Weirs — Tewt Drawn a:
----- Culverts I D P
[ispl Justification: I vl
----- Fegulating Structu (R HeHiEsien
----- Contral Structures ¥ Caolor: |'| ’_ Background style: I vl
4 3
QK I Cancel | Lol | Help
Figure 2.6 The Graphics property page.

This property page controls the layout of the graphics.

On the left hand side, the dialog shows the items organized in a tree struc-

ture. Each graphical item has branches for points, lines, labels etc. By

selecting a branch it’s settings can be changed in the right hand side of the

dialog.

It is also possible to control if items are displayed or not by using the right
mouse button on a branch. This can be done on different levels in the tree.

River Network Editor
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Mouse

Metwork Settings

Figure 2.7  The Mouse property page.

This property page sets the properties for the mouse. This minimum dis-
tance for which a new point is generated when digitizing is set by using
the ‘Digitize Distance’ field. The radius in pixels for which the mouse
detects points can be set in the ‘Mouse Sensitivity’ field.
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Network data

Metwork Settings E3

Graphicsl Mouge  MNebwork Data | Select and Editl

—Auto Connect Branches

Search Digtance I [m]

Connect to

—Snap to Grid

¥ Use 'shap to grid'

" dvection Dispersion
" Sediment Transport

&' Closest Point in Foreign Branch i) St |1 . [m]
" Closest Foreign Branch Segment Grid Spacing I‘I 0 [m]
—&uto Boundary Free Branch Ends — Branch Default
& .
Inkydlm Dy Branch Type IHeguIar 'l

V' Raotate Branch Graphical Symbols

r— Crozz Section Drawing Style — Drawing Title
€ Urifarm & Automatic IUntitIed
QK I Cancel | Lol Help
Figure 2.8 The Network Data property page.

Auto Connect Branches

Search Distance: The maximum search radius applied when using
the Auto Connect Branches facility under the Network Menu can be
specified here.

Connect to: The automatic connection can either be made to the
nearest point or to the nearest branch segment.
Auto Boundary Free Branch Ends

The facility Auto Boundary Free Branch Ends can generate bound-
ary conditions for the HD, AD or ST models. The desired models
are selected here.

Cross section drawing style

The cross section drawing style may be set to uniform or automatic

Snap to grid

This facility may be used for snapping points to a user defined grid.
The spacing of the grid may be defined here as well.

River Network Editor
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Note the grid spacing used for snapping is not shown.

— Default branch type

The default type of branch is set here. The user can chose between
Regular, Link Channel and Routing.

The Rotate Branch Graphical Symbols checkbox enables the rotat-
ing of graphical symbols such as triangles, rectangles etc. on the
plan plot. Without the activation of this checkbox symbols are
always oriented ’north-south’ but if the feature is enables, the sym-
bols will be oriented towards the direction of the river branches, see
Figure 2.9

““Net2:1 - Modified _ (ol =]

Graphical Symbols nat rotated Graphical Symbols rotated

100000 7

o000 4

auunn—f
munn—f
auunn—f
suunn—f
40000—5
30000—5
zuunn—f

10000 4

LARIRE e e e e 11 A S A B e R e B BB A

o]
i

20000 40000 0 20000 40000

Figure 2.9  lllustration of 'Rotate Symbols’ feature in MIKE 11 Network Editor

— Cross section chainage correction

This switch may be used if chainage corrections should be drawn.
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Select and edit

Metwork Settings

|
|
|
|
|
|

Figure 2.10  The Select and Edit property page.

Here the user specifies which editors are to be included when using the
Select & Edit tool.

Font
Here it is possible to select the font used in the graphical view.

2.2 Tabular view: Network

The tabular view gives an overview of branches, structures, rainfall catch-
ments etc.

2.2.1 Points

The position of the points in the network may edited here. The dialog is
shown in Figure 2.11.
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Definitions

Attributes

— Definition: Altribuite:
#-Coordinate  *v-Coordinate Branch IHNEH 1 Chainage IU
|254DD |3081 1] Chainage Tupe IUser Defined 'l Tupe IDefauIt 'l
— Dwervie
X Coord. ¥ Coord. Branch Chainage Type | Chainage Type 1=
1 23400 30510 [RIVER: 1 Uszer Defined 1] Drefauilt
2 25100 34030 [RIVER: 1 System Defined §2481232  |Default
3 30810 37290 [RIVER: 1 System Defined 1630875 Drefauilt
4 33510 41080 |RIVER: 1 System Defined 23609307  |Default
5 36210 435400 |RIVER: 1 System Defined 33572194 |Default
5] 38910 45640 |RIVER: 1 System Defined 43820317 |Default
7 41620 51330 [RIVER: 1 System Defined 51315474 |Default
g 43780 53510 [RIVER: 1 System Defined 57289474 |Default
9 46450 26210 [RIVER: 1 System Defined 647 56574  |Default
10 49720 55370 |RIVER: 1 System Defined T237236 Drefauilt o
11 52430 60340 [RIVER: 1 System Defined 791 61957  |Default
12 54390 61620 |RIVER: 1 System Defined §358.84819  |Default
13 6750 62700 |RIVER: 1 System Defined G86.07651 Drefault LI

Figure 2.11  The points property page.

The X- and Y-coordinate of the present point may be edited here.

Different attributes are available for editing.

Chainage type

The chainage may either be chosen as user defined or system defined.

Chainage

If the chainage type is set to user defined the chainage may be edited using
this box.

Type

The type of the point may be set here. Three types are available:
1 Default: The point is neither an /- or a Q-point.

2 Forced h-point: The point is used as an s-point.

3 Forced Q-point: The point is used as an Q-point.

Branch

This displays the river branch to which the present point belongs and is
only for verification purposes.
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Overview
An overview of the points is given in this box.

2.2.2 Branches

Branches and points can be inserted or deleted from existing branches
using the Graphical Editing Toolbar.

Alternatively the branch dialog may be used (see Figure 2.12).

Sl il s N e |

| rovom [ oot | PG | e | " | oo e |

RIVER 1 Postive 10000

Figure 2.12  The branch property page.

Definitions

Branch name
Name of the branch.

Topo ID
Topo ID.

Upstr. Ch.
The chainage of the first point in the branch.

Downstr. Ch.
The chainage of the last point in the branch.
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Flow Direction

If specified as positive, simulated discharges will be positive when the
flow direction is from upstream chainage to downstream chainage. Vice
versa if the flow direction is defined as negative.

Maximum dx

Maximum distance between to adjacent h-points. See Tabular View: Grid
Points (p. 124)

Branch Type

— Regular: A minimum of one cross section is required

— Link Channel: No cross sections are required. Instead the parame-
ters given in the Link channel dialog must be specified using the
Edit Link Channel Parameters button.

— Routing: No cross sections are required. Only the flow is calculated,
no water levels. See section 2.4 Tabular view: Routing (p. 108).

— Kinematic Routing: Kinematic Routing can be used to model the
hydraulics of upstream tributaries and secondary river branches,
where the main concern is to route water to the main river system.
The Kinematic Routing method does not facilitate the use of struc-
tures at Kinematic Routing branches. Moreover, the method does
not account for backwater effects. At Kinematic Routing
branches, it is possible to run the model without information
on cross-sections. In turn, this indicates that Kinematic Rout-
ing branches can not be used to model a looped part of a river
network. Employment of Kinematic Routing branches
requires that all branches located upstream of a Kinematic
Routing branch are defined in the same way.

— Stratified: If stratified flow is to be included in the simulation. The
branches for which this vertical resolution is required are to be
specified as stratified.

Connections

The connection point of one branch to another can be specified here. How-
ever, it is recommended that branch connections be defined using the Con-
nect Branch tool in the Graphical Editing Toolbar.

Edit Link Channel Parameters

This option is available when the branch type has been set to link channel.

MIKE 11
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Purpose

The link channel is a short branch used to connect a flood plain to the
main river branch. Link channels do not require cross sections to be speci-
fied and are consequently simpler to use than regular channels. The link is
modelled as a single weir branch and will contain only three computation
points.

Link Channel Parameters: RIYER 1 O - 1000 x|
— Geometry — Bed Resistance
ok I
Bed Level US. IE Tupe IManning's b4 'l
Cancel |
Bed Level DS ID Walue |2D
Additional Storage I Maone ~ l
r— Crozz Section Geometry
—Head Loss Coefficient Depth (m} | Width (m)
Pos. Flow  Meg. Flow f
Inflow ID.5 ID.5
Outflow |1 |1
Additional ID ID
Critical Flowe |1 |1
— B+h - Relation:
Mo. of Gk relations |25 Calculate Q/h relations |
¥ A R C Gc hus US Type hDS DS Type

1 Inlet C Inlet C

Figure 2.13  Link channel property page.

The link channel dialog (see Figure 2.13) is used for specifying all param-
eters appropriate for the link channel e.g. geometry, head los coefficients
etc.

Geometry
The longitudinal geometry is defined from the following parameters:

Bed Level US: Upstream bed level of the link channel.
Bed Level DS: Downstream bed level of the link channel.
Additional Storage: Link channels do not contain cross sections and

do not contribute to the storage capacity at nodal points where the link
connects to a main branch. The Additional Storage parameter can be

River Network Editor
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used to avoid zero storage at nodal points to which only link channels
and no regular channels are connected.

The combo box defines if additional storage is to be added at the
upstream, downstream or both ends of the link channel. The actual
storage is specified in the additional flooded area column of the proc-
essed data on a cross section page.

Bed resistance

The bed resistance along the length of a link channel can be described
using Manning's M or Manning's n.

Head Loss Coefficients

All four factors are dimension less and must be within the range 0.00 -
1.00.

Cross Section Geometry

A depth-width table defines the cross section geometry of a link channel.
Both the depth and the width must be increasing.

Q/h - relations

To calculate the Q/h relationship, specify the number of relationships
required and press the Calculate button. The result of the calculation will
appear in the table. If any of the parameters defining the link channel are
changed the Q/h relations must be re-calculated.

2.2.3 Alignment Lines

Purpose

The alignment lines features are part of the quasi two dimensional steady
state with vegetation module.

The purpose of using alignment lines is to save geo-referenced informar-
tion in the network editor, and to utilize this information to update infor-
mation in the cross section editor. Alignment lines information in the
network file will influence the simulation results only when transferred to
the cross section editor, and such transfer is requested in the cross section
editor. The information in the cross section editor which is subject to be
updated as the result of transferring alignment line information is:

— Positions of markers indicating left and right bank/levee (marker 1
and 3), left and right low flow bank (marker 4 and 5), and lowest
point (marker 2).

— Zone classification.
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Definition.

Vegetation height.

Angle between cross section and direction of flow/branch.

An alignment line is similar to a branch in the sense that it is a line going
through an ordered list of points with x- and y- coordinates. The following
list of types of alignment lines are available:

Left levee bank.
Right levee bank.
Left low flow bank.
Right low flow bank.
Thalweg.

Vegetation zone.

An alignment line must belong to a branch in order to be taken into
account. Only one alignment line of each type can belong to a branch.
However, with the exception that any number of vegetation zones can be
belong to a branch.

User Interface

Figure 2.14 shows the property page for alignment lines. Each alignment
line is shown as a row in the overview in the bottom of the dialog, and the
x- and y-coordinates of the points along the actual line (the line in the row
being high lighted in the overview) is shown in the details in the top of the
dialog.

River Network Editor e
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— Detail

Line type | Left low flow bank j

X ¥ -
1 192307692 |7945.76735
2 2106.22711  |7454. 21245
3 2307 69231 7344 532234
4 250915731 |[THEA1722
] 2673.99267 |T0G9.59707
=]
7
g

28021975 |6E56.44659
2967 03297 |6739.92674
3113.55311 |6463.51648

9 320512521 |6300.3663
10 326007326 |BO95.9011
11 3333.33333 |9097.4359

12 3406.59341  |S695.9707
13 347985348 [9476.19048 LI

Connect to branch |

-~ Dvervie
Hame Type Branch WS Ch. 'S Ch.
1 ALLL Left low flow: bank AL 1] 10000
2 AL LB Left levee bank AL 1] 10000
3 AL RL Right lover flosy bank AL 1] 10000
4 AL RB Right levee bank AL 1] 10000

Figure 2.14  The alignment lines property page.

Depending on the type of alignment line there may, in addition to the x-
and y-coordinates, be other data shown in the details part of the dialog.
These additional data are:

— Left and right bank: Each pairs of expansion and contraction lines
creates a dead water zone along the bank. The dead water zone is
defined by the bank line between the expansion and the contraction
point, and by two straight lines starting at the expansion and the
contraction point. Each of these lines are defined by two angles.
One being the angle (relative to the x-axis of the coordinate system)
of an artificial guide line parallel to the main flow direction, and
one being the angle between the guide line and the dead water line.
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— Vegetation zone. A vegetation height is assigned to each vegetation
zone. Similar to the dead water zone adjacent to an expansion there
is a dead water zone downstream of a vegetation zone. There are
two straight lines pointing in the downstream direction which
defines the dead water zone. These lines are each defined by two
angles. One being the angle (relative to the x-axis of the coordinate
system) of an artificial guide line parallel to the main flow direc-
tion, and one being the angle between the guide line and the dead
water line.

Dead wrater zone

Left flevies
- bank fine
A - “\D [1
Extraction G- £
point \ line
|
'
Contraction
point

Branch line

Figure 2.15  Definition of dead water zone along bank.
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WVegetation
me o Left lewes hank

Fight levee bank

Figure 2.16  Definition of dead water zone behind vegetation zone.

The x- and y-coordinates for the points along the alignment lines can be
edited in three ways: 1) Using the tools available in alignment lines tool
bar in the graphical view (see 2.7.2 Tool Bar for Alignment Lines

(p. 129)). 2) Editing the numbers in the tabular view. 3) Using the File
menu to import the coordinates from a text file.

Figure 2.17 shows a river network including alignment lines as visualized
in the graphical view of the network editor.

Once the alignment data are added, the information is ready to be trans-
ferred to the cross section editor.
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Figure 2.17  Example of a river network with alignment.

2.2.4 Junctions

The junctions feature is part of the quasi two dimensional steady state with
vegetation module.

500

Junction 1

0

[ Ghnd | Rwerz | Chnz | Rwers | Chn3 | Topoi |
RiveRt [sh  [RVERz 0 RVERS [0 lunctont |

Figure 2.18  The Junctions dialog.
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2.3

Details

Name, Name2 and Name3: The river name of the three rivers meeting at
the junction.

Chainage, Chainage2 and Chainage3: The chainage of the three rivers
meeting at the junction.

Width of Channell, Channel2 and Channel3: User defined width of the
respective channels.

Angle 1 and Angle 2: The direction angle of channel 1 and 2 with respect
to channel 3.

Distance along channel 3 (D): The distance along channel 3 at which the
local water depth should be used for the determination of the water level
in the downstream points of channel 1 and 2.

Tabular view: Structures

A number of structures such as weirs, culverts, bridges etc. may be imple-
mented in a simulation. Structures are situated at Q-points. The flow over
most of the structures is modelled using the energy equation so that local
head losses can be incorporated. The effect of the bed-friction is not taken
into account thus it is recommended that the /s-points up- and downstream
are situated close to the structure.
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2.3.1 Weirs

RVER1 20 | [oromd Cresten Wer

Figure 2.19  The weir property page.

Location
— River Name: Name of the river branch in which the weir is located.

— Chainage: Chainage at which the weir is located.

— ID: String identification of the weir. It is used to identify the weir if
there are multiple structures at the same location. It is recom-
mended always to give the weir an ID.

Attributes
— Type:
Broad Crested Weir: The calculation of Q/k relations assumes
critical flow at the crest.

Special Weir: The Q/h relationship table must be specified.

Weir Formula 1: A standard weir expression is applied. See the
Reference Manual.
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Weir Formula 2 (Honma): The Honma weir expression is applied.
See the Reference Manual.

— Valve:

None: No valve regulation applies.

Only Positive Flow: Only positive flow is allowed, i.e. whenever
the water level downstream is higher than upstream the flow
through the structure will be zero.

Only Negative Flow: Only negative flow is allowed, i.e. whenever
the water level upstream is higher than downstream the flow
through the structure will be zero.

Head Loss Factors

The factors determining the energy loss occurring for flow through
hydraulic structures (only broad crested weir and special weir).

Geometry

Only broad crested weir and special weir.

Type:

— Level-Width: The weir geometry is specified as a level/width table
relative to the datum.

— Cross Section DB: The weir geometry is specified in the cross sec-
tion editor. A cross section with a matching branch name, Topo ID
and chainage must exist in the applied cross section file. The Topo
ID is assumed to be the same as that specified in the Branches Prop-
erty page, see Topo ID (p. 37).

Datum: Offset which is added to the level column in the level/width
table.

Level/Width: Weir shape defined as levels and corresponding flow
widths. Values in the levels column must be increasing.
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Weir formula Parameters (only weir formula 1)

| mver | chain. | m | @ tywe @ [ vawe | Pt |
RvERT b | [Werromuei  Nne o5

Figure 2.20  The weir property page, formula 1.

Width: Width of the flow.

Height: Weir height. See Figure 2.22

Weir Coeff.: Multiplication coefficient in the weir formula.
Weir Exp.: Exponential coefficient in the weir formula.

Invert Level: Bottom datum level. See Figure 2.22

River Network Editor e 49



—&- River Network Editor

Weir formula 2 Parameters (only weir formula 2 (Honma))

RVERT (20 | Wer o2 Hama)

Figure 2.21  The weir property page, formula 2.

Weir coefficient (C1): Multiplication coefficient in the Honma weir
formula.

Weir width: Width of the flow.

Weir crest level: Weir level. See Figure 2.22
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Figure 2.22  Definition sketch for Weir formula.

Free Overflow Q/h-relations (only broad crested weir and
special weir)

— Broad crested weir: The Q/h relations are calculated using the Cal-

culate button after all relevant information has been entered. The
result of the calculation will appear in the table. In order to compute
the Q/h relation, the nearest upstream and downstream cross section
are used. The cross sections must be within the distance maximum
dx (Maximum dx (p. 38)) defined for the branch in question. The
O/h relation can not be calculated unless the cross sections are
defined. It is also necessary that the Simulation File is open in order
to load the cross section data from a cross section file.

Special weir: Unlike a broad crested weir, the user must specify
QO/h relations corresponding to free overflow conditions. These
must be specified for both positive and negative flows.

Note that Q/h relations must be recalculated if any changes are made to

the weir or if the cross sections up- or downstream have been altered. Fur-
ther note that since a weir in MIKE 11 is defined as a structure causing a

contraction loss and subsequently an expansion loss some constrains are
placed on the geometry of a broad crested weir. The geometry of the weir
must be such that the cross sectional area at the weir is less than the cross
sectional area at both the upstream and the downstream cross section for
all water levels!

River Network Editor e
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2.3.2 Culverts
— Branch name —Head Loss Factor
Eranch Mame I Inflow Clut Flowe Free Overflow Bends
eee: Pasitive Flow  [0.5 J1 J1 Jo
o — Negative Flow  [0.5 J1 J1 Jo
— Aattribute: — Geometry
Upstream [nwvert IU Type IHectanguIar j
DownStr. [nwvert ID — Rectangular Irregular
Length |D width [0 Depth Width
Manning's n |n.n13 Height |u 1
Mo. of Eulverts. |1 Circular
Walve Regulation INone 'l Diameter ID— P I I _’I
Section Type IEIosed 'l
— Flow Condition
O-h relations | Hydraulic Parameters I DOrifice Flow Coefficients I
¥ |Qc,Po| Type ¥ |Qc,He| Type Mo of O /h-relations
1 Mo Flowe 1 Mo Flowe Al
Calculate O-h... |
Branch Chain. 1D Up;lt:::tm D?n“:::‘er;:a Length Manningsn C':llljl;:rfts 1
1 u] u] u] 0.013 1 [or
4 | 2
Figure 2.23  Culvert editor page.
Branch name
River Name: Name of the river branch in which the weir is located.
Chainage: Chainage at which the weir is located.
ID: String identification of the culvert. It is used to identify the culvert
if there are multiple structures at the same location. It is recommended
always to give the culvert an ID.
Attributes
Upstream Invert: Invert level upstream of the culvert.
Downstr. Invert: Invert level downstream of the culvert.
Length: Length of the culvert.
Manning’s n: Manning’s bed resistance number along the culvert.
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No. of Culverts: Number of culvert cells.
Valve Regulation:

— None: No valve regulation applies.

— Only Positive Flow: Only positive flow is allowed, i.e. whenever
the water level downstream is higher than upstream the flow
through the structure will be zero.

— Only Negative Flow: Only negative flow is allowed, i.e. whenever
the water level upstream is higher than downstream the flow
through the structure will be zero.

Section Type: Closed or Open.

Head Loss Factors

The factors determining the energy loss occurring for flow through
hydraulic structures.

Geometry

The cross sectional geometry of a culvert can be specified as:

— Rectangular: The width and height specify the geometry.
— Circular: The geometry is specified by the diameter.

— Irregular Level-Width Table: The geometry is specified using a
level/width table. Values in the level column must be increasing.

— Irregular Depth-Width Table: The geometry is specified using a
depth/width table. Values in the width column must be increasing.

— Section DB: The geometry is specified by a cross section. A cross
section with the same branch name, Topo ID and chainage must
exist in the cross section file. The Topo ID is assumed to be the
same as specified in Topo ID (p. 37).

Flow Conditions

Once the above parameters and the desired number of Q/h relations have
been filled in the button Calculate Q/h relations can be pressed. The result
of the calculation will appear in the table. If any of the parameters defining
the culvert is changed the user should remember to re-calculate the Q/h
relations. In order to compute the Q/h relation, the nearest upstream and
downstream cross section are used. The cross sections must be within the
distance maximum dx (Maximum dx (p. 38)) defined for the branch in
question. The Q/h relation can not be calculated unless the cross sections

River Network Editor e
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2.3.3

&

Bridges

are defined. It is also necessary that the Simulation File is open in order to
load the cross section data from a cross section file.

The Q/h relations are given as (O/y relations (where y is depth above
invert).

The Q/y relations table also shows the type of flow occurring. The possi-
ble types are:

— No Flow: No flow occurs at the first level (y = 0) and when the
valve regulation flag prohibits flow in one direction

— Inlet C: The flow at the inlet is critical

— Outlet C: The flow at the outlet is critical. A backwater curve using
a fine resolution is calculated to relate the discharge to the upstream
water level in the river

— Orifice: The flow at the culvert inlet has an orifice type formation.
The discharge is based on the orifice coefficients shown in the
menu. These coefficients can be edited, added or deleted, if
required. The Q/h relations will be re-calculated after editing the
coefficients

— Full Cul: The culvert is fully wet with a free discharge at the outlet.

Note that O/h relations must be recalculated if any changes are made to
the culverts defining parameters or if the cross sections up- or downstream
have been altered. Further note that since a culvert in MIKE 11 is defined
as a structure causing a contraction loss, a friction loss (bend loss) and
subsequently an expansion loss some constrains are placed on the geome-
try of a culvert. The geometry of the culvert must be such that the cross
sectional area at the inflow is less than the cross sectional upstream of the
culvert for all water levels. Similarly the cross sectional area at the out-
flow end must be less than the cross sectional immediately downstream of
the culvert.

Eight types of bridges may be implemented:

FHWA WSPRO bridge method.

USBPR bridge method.

Fully submerged bridge.

Arch Bridge (Biery and Delleur).

Arch Bridge (Hydraulic Research (HR)).

hn B~ W N =
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6 Bridge piers (D’ Aubuisson’s formula).
7 Bridge piers (Nagler).
8 Bridge piers (Yarnell).

It is possible to combine the free surface bridge flow with submerged and
overflow solutions - except for Fully submerged bridge and Bridge piers
(D’ Aubuisson’s formula).

Also note that the use of the two bridge types Fully submerged bridge and
Bridge piers (D’ Aubuisson’s formula) requires the installation of a sepa-
rate module.

Overflow is only available in combination with submerged flow. When
the bridge structure bottom level is exceeded the bridge type solution will
be ignored and replaced with a submerged solution. When the bridge
structure top level is exceeded the submerged solution is combined with
overflow.

For trouble shooting, consult the reference manual *Trouble shooting for
bridge structures’.

Submergence methods:

1 FHWA WSPRO.
2 MIKEI11 Culvert.

Overflow methods:

1 FHWA WSPRO.
2 MIKEI11 weir.
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~ Location - Methad
River Mame Chainage Bridge I
Riverl 1000 Test |FHw wSPRO =l
~ Dptions i~ Geometiy and Loss factars Liraphic
i il tails:
a5 bmergence Edit... I Dietails... I | [ Dtz |
(W] Overflow — Submergehce
[(15kewness i
= et 1
[TEcosnticity culvert no I ™| Bridge level [battom)
[CItultiple waterway opening |M‘KE11 culvert LI |5 ¥ zedetault _Eﬂl
[ IAsymmetric opening T
[1Spur duk [ Dueifio
EPEL;\;S ¥ Dischia Bl e defall
R IT j' Eridas level{io
[MEETTwWeir =] [0 I
~ Overvi
| Hame chainagel Bridge ID | Type | Submergencel Querflow |
River {1000 [Test | FHAZWEPRO  |MIKETT culvert  |MIKET 1 Wisir |

Figure 2.24  Bridge structure property page.

Name: The river name.

Chainage: The location on the river (not in a point where a cross
section is specified).

Bridge ID: String identification of the bridge.
Method: Type of bridge.
Options: Checkboxes for options available for the chosen method.

Geometry and Loss factors: Edit button for entering geometric
and loss factor options. Detail button for entering loss coefficient
tables.

Graphic: Not available in present release.

Submergence: (Pressure flow) Available if Submergence checkbox
is marked (See Options). The user must select method, FHWA
WSPRO or MIKE 11 culvert. For details on FHWA WSPRO see
Submergence, FHWA WSPRO.

Culvert no: When choosing MIKE 11 culvert details of the culvert
structure are in the culvert menu (See section 2.3.2). Culvert no is
chosen as the number marked in the overview box in the culvert
menu.
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— Bridge level (bottom): Vertical level for the bottom of the girders.

— Overflow: Available if Overflow and Submergence checkbox is
marked (See options). Selection of FHWA WSPRO or MIKE 11
weir method. For details on FHWA WSPRO see Overflow, FHWA
WSPRO.

Weir no: When choosing MIKE 11 weir details of the weir structure

are in the weir menu (See section 2.3.1). Weir no is chosen as the
number marked in the overview box in the weir menu.

~Location - Method
Riwver Mame Chainage Bridae ICv
[Branch2 1000 | |FHw WSPRO =l
— Dpticns Geomety and Lossfactors————————————————— ~Hepghe————————————
— Edt.. | Detais.. Dt
[C1Submergence [ ;I ﬂl | ( ﬁ |
[ 10verflow S ubEGente
5 kewness | lﬁ
E i Gulvertio ] Bridge level{battam]
[_Eccentricity
e - e
[vtultiple watenway opening ||'HW-" WEPRD ;I IU ¥ Use default _E'-l’-ﬂ_\l
[ lasymmetric opening =
[15pur dykes - Dxeilo
[IFiers/piles
L P! WETAE m Leriath Siifece
[FrwawsERE =] [0 I |Paved =]l Dt
~ Owervie
Hame Chainage | Bridge ID I I Type Submergence Ouerflow
1 Branchl 1000 | FHWR VWEPRO FHARWWEPRD  [FHWA WEPRO
2 |Branch? 1000 2 FHR WWEPRO FHAAWWSPRO  [FHWAWWSPRO
3 Branch3 1000 3 LISEPR FHAAWSPRD:  [FHVWA VWEPRO
FHVWA VWEPRO FHAAWEPRO:  [FHWA YWWEPRO
Submerged Brid  |FHARASPRO  |FHWA WSPRO

Figure 2.25 Overview, Branch2 has three bridge openings - 2, 3 and 4. Marked
in the right part of the overview window.

— Overview: Left part show River name, Chaninage and Bridge ID.
Right part show methods for the bridge openings.

Multiple waterway openings: If working with multiple waterway

openings all multiple waterway openings are marked when the
bridge is activated. (See Figure 2.25). In order to ad additional
openings, mark a row in the right part of the overview window and
press insert on the keyboard.
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Working with Loss factor tables:

Loss / adjustment factor tables are viewed by pressing the Details buttons.
The default loss factor tables are generated by pressing the Edit button.

When having default unmarked for a loss factor changes in the loss factor
table will be saved. If default is marked changes will not be saved after
pressing edit.

In the loss factor tables the user can create more columns and rows. Plac-
ing the cursor in the last column (right end) and pressing the arrow button
on the keyboard will create a new column. Pressing the tab button on the

keyboard when having the cursor in last bottom cell creates more lines.

FHWA WSPRO & USPBR Bridge

The FHWA WSPRO and the USPBR methods describe free surface flow
through a bridge opening. The methods use the up and down stream cross
sections inserted in the cross section editor. It is recommended that the dis-

tance between the bridge and the cross sections are one opening width (see
Figure 2.26).

® 20 ®

— o —

[—b —» — b —|

Figure 2.26  Location of up- and downstream cross section. 1: Upstream river
cross section. Defined in the cross section editor. 2: Upstream
bridge cross section. Defined in the network editor, bridge geometry.
3: Downstream bridge cross section. Defined in the network editor,
bridge geometry. 4: Downstream river cross section. Defined in the
cross section editor.

Available options for FHWA WSPRO Bridge:

— Submergence
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Overflow

Skewness, Used when the embankments is not perpendicular to the
approaching flow.

Eccentricity, Used when the bridge opening is eccentrically located
in the river.

Multiple waterway opening

Asymmetric opening, Used for individual definition of left and
right abutments.

Spur dykes

Piers/piles

Available options for USBPR Bridge:

Submergence
Overflow

Skewness, Used when the embankments is not perpendicular to the
approaching flow.

Eccentricity, Used when the bridge opening is eccentrically located
in the river.

Multiple waterway opening

Piers/piles

Geometry and loss factors are viewed by pressing the Edit button under
Geometry and Loss factors.

~ Geometry and Loss factors—

Details ||

Geometry, Waterway opening:

River Network Editor

59



River Network Editor

Geametry I Loss factors |

— W atenway opening = Multizle i PG
Opening type n = [T Wse default staariation poirts
Embankment slope I2 5 .
Left stegnation paimt upstresm 8
“wiatenway length L |5
it stagnat it dayirsteam |0
Arlevelz IE_ Left steanatem port davwrsie
- Erass-section table - upstream —Crogs-cection tahle—downstiesm
¥ Slope [0.001 Diaturn [0 Dtum [0
X z Resista | Marker
1 i) 10 111 Top
2 Bl 1 |4 Bott
3 10 o 112 Low
4 15 1|5 Bott
5 20 10 13 Top
oK I Cancel Help
Figure 2.27 Geometry property page.

— Opening type: (see definition sketch Figure 2.28 - Figure 2.31).
Only used for the FHWA WSPRO method.

— Embankment slope: Only for FHWA WSPRO, opening type II,

III, and IV. Example, insert 2 for a 1:2 slope.
— Waterway length L

— Atlevel z: Only for FHWA WSPRO, opening type II, III, and IV.
Enter the level for witch the Waterway length is measured.
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Without wingwalls

With wingwalls

Figure 2.28  Definition sketch of type | opening, vertical embankments and verti-
cal abutments, with or without wingwalls (after Matthai).

[

Figure 2.29  Definition sketch of type Il opening, sloping embankments without
wingwalls (after Matthai).

[

Figure 2.30 Definition sketch of type Il opening, sloping embankments and
sloping abutments (spillthrough) (after Matthai).

River Network Editor e 61



River Network Editor

Figure 2.31  Definition sketch of type IV opening, sloping embankments and ver-
tical abutments with wingwalls (after Matthai).

Geometry, Cross-section table:

— Slope: If the slope check box is marked the only the upstream
bridge cross section must be defined. The downstream cross section
is generated be copying the upstream cross section and adding the
slope defined in the slope edit box. Upstream bridge cross section
correspond to section 2 and downstream bridge cross section corre-
spond to section 3. (See Figure 2.26).

— Datum: The water level datum is added to the Z values in the Cross
section table.

— X: Horizontal values for the cross section. Note that the x-values
are evaluated with the up and downstream cross section. As a result
it is important that the four cross sections (See Figure 2.26) are
placed correct in respect to the x-values.

— Z: Vertical level of the cross section point.

— Resistance: Additional resistance in the cross section point. 1 is
resistance corresponding to the manning number.

— Marker: Define the abutments (See Figure 2.32).
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harker 1 harker 3

| |

Marker 2

Marker 4 Marker 5

Figure 2.32  Definition of the bridge cross section markers.

Geometry, Multiple waterway opening:

Geometry and loss factors are defined for each opening when working
with multiple waterway openings (see Figure 2.25). The position of each
opening and the corresponding stagnation points are defined from the
stagnation point value (if not default) and from the horizontal values in the
bridge cross sections. (See Figure 2.33)

— Use default left stagnation points: When the checkbox is marked

the stagnation point is set by MIKE 11. When the checkbox is
unmarked the user must define the left up and down stream stagna-
tion points in the edit boxes.

Left stagnation point upstream: Horizontal value (X value) for
the left stagnation point in the upstream river cross section defined
in the cross section editor. Section 1 in Figure 2.26. The stagnation
point to the right is found from the neighbouring opening. The left
stagnation point refers to a lower value of X than the right stagna-
tion point.

Left stagnation point downstream: Horizontal value (X value) for
the left stagnation point in the downstream river cross section
defined in the cross section editor. Section 4 in Figure 2.26. The
stagnation point to the right is found from the neighbouring open-
ing. The left stagnation point refers to a lower value of X than the
right stagnation point.

River Network Editor e
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Upstream Downstream
cross section cross section

I
Left stagnation point
for bridge opening,
Right stagnation point
for neighbaur apening

Bridge opening

Meighbour opening

Figure 2.33  Multiple openings and stagnation points.

Loss factor:
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Figure 2.34  Loss factor property page

— Entrance rounding: Loss factor for FHWA WSPRO, opening type
I. When ’use default’ is ticked a default loss factor table will be
generated from the information entered under entrance rounding.
Corner type: Enter the radius, r for the corner rounding. Wingwall
type: enter the width, W and angle of the wingwall.

Angle

WI/

Spur dykes: FHWA WSPRO, Loss factor when spur dykes is

marked in options. When, use default, a default loss factor table will
be generated. For Straight spur dykes the user must enter length and
offset from the bridge opening. For Elliptical spur dykes the user

must enter length and angle.

River Network Editor e
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— Wingwall: Loss factor for FHWA WSPRO, opening type IV. When,
use default, a default loss factor table will be generated from the
entered wingwall.angle.

— Froude number: Loss factor for FHWA WSPRO, opening type 1.
When, use default, a default loss factor table will be generated.

— Base Coefficient: Loss factor for FHWA WSPRO, opening type I,
II, IIT and IV and USBPR. When, use default, a default loss factor
table will be generated. For the USBPR method an opening type is
chosen.

— Abutment: Loss factor for FHWA WSPRO, opening type III.
When, use default, a default loss factor table will be generated.

— Average Depth: Loss factor for FHWA WSPRO, opening type II.
When, use default, a default loss factor table will be generated.

— Velocity distribution coefficient: Loss factor for the USBPR
method. When, use default, a default loss factor table will be gener-
ated.

— Piers / Piles: Loss factor when ’piers / piles’ is marked in options.
When, use default, a default loss factor table will be generated.
Choose Type (piers or piles) and enter the proportion of waterway
blocked by piers/piles. For the USBPR method the user must
choose a piers type for generating a default loss factor table.

— Eccentricity: Loss factor when eccentricity is marked in options.
When, use default, a default loss factor table will be generated.

— Skewness: When skewness is marked in options an angle for skew-
ness is entered in the edit box, Skewness angle,.

— Resistance: Choose Manning M or n as the unit for resistance.

— Resistance value: The value for resistance on the bridge structure
between markers 1 and 4 and between 5 and 3 (see Figure 2.32).
Between markers 4 and 5 the bed resistance given in the HD editor
will be used.

— Opening/Contraction ratio: Choose channel contraction ration m
or bridge opening ratio M as parameter in the loss factor tables.

Loss factor tables for FHWA WSPRO:
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Table 2.1

Table Opening Type |Function of:
Base coefficient | ¢’ 1 m or M

Base coefficient | ¢’ ILIMTand IV [ or M |1 /p
Froude number |k . 1 F,

Entrance k,,, 1 m or M
Average depth | ¢ I m or M | (Y,+Y,)/(2b)
Abutment k, il x/b L/b
Wingwall kq v m or M
Eccentricity k, LILIIand IV |,

Piers kj LILITandIV | or M

Piles #1 ki~ o I m or M

Piles #1 ki- o1 ILMland IV | or M |L/b
Piles #2 k; L II, III and TV ki~ o1

Spur dike kys k. I, Il and IV m or M

Spur dike #1 k, 11T m or M |L,/b
Spur dike #2 k, III, Elliptical | s or M | L /b
Spur dike #2 k, III, Straight m or M

In the Loss Factor menu the user can choose to use m or M as axis in the

tables.

Where:

m Channel contraction ratio.

M Bridge opening ratio.

River Network Editor
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L Bridge waterway flow length.

b Bridge opening length.

F,  Froude number in downstream bridge section.

(Y,+Y,)/(2b) Average water level in bridge section.

X Unwetted abutment length.

e Eccentricity.

J Portion of waterway blocked by piers/piles.

L, Spurdike length.

Loss factor tables for USBPR:

Table 2.2

Table Function of:
Base coefficient k;‘ M or m
Velocity distribution coefficient| o, |M or m | o,
Eccentricity e M or m |Ak;
Skewness Ak; M or m
Piers Ak* |M or m

In the Loss Factor menu the user can choose to use m or M as axis in the

tables.
Where:
M Bridge opening ratio.
m Channel contraction ratio.

e Degree of eccentricity.
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o, Velocity distribution coefficient in upstream cross-section.

Fully Submerged Bridge
Press the Edit button under Geometry and Loss factors.

~ Geomatry and Loss factors -

Delais... | |

The details of the bridge geometry and location are inserted in the appro-
priate boxes:

— Channel width: The user specified channel width. If a positive
value is implemented the water level increment calculation are
based on a rectangular channel analysis. If a negative value is
implemented a more general momentum equation is solved utilising
the cross sections upstream and downstream of the bridge.

— Section area of submerged bridge: The cross sectional area of the
submerged bridge. Note that since the bridge formula assumes that
the bridge is fully submerged

— Drag coefficient: The drag coefficient of the bridge.

Figure 2.35 shows an example where a submerged bridge is inserted at the
chainage 500 m in the river ‘RIVER 1°. The channel width is specified as
10 m, the section area of the bridge is set equal to 5 m and the drag coeffi-
cient is set to 1.6.

Geometry |
Channel width I" 0
Section area of submerged bridge |5
Dirag coefficient I1 E
[ corstant IU
Ehannel width upstrean of miers: IU
Tiotal width of piers IU
ak, I Cancel | Help |

Figure 2.35 Submerged bridge geometry property page.

Note: If the Froude number downstream of the fully submerged bridge is
@ greater than the criteria (default 0.6) the effect of the bridge is ignored.
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The criteria value may be changed in the Mike11.ini file by setting the
variable:

BRIDGE_FROUDE_CRITERIA.

Arch Bridge (Biery and Delleur) & (Hydraulic Research (HR))

The Arch Bridge methods describes free surface flow trough an arch
bridge opening.

Available options for Arch Bridge:
— Submergence

— Opverflow

Geometry and loss factors are viewed by pressing the Edit button under
Geometry and Loss factors.

zl

Geometry | Loss factors !

Opening width, b

Number of arches

Lewel for bottam of arch curvature
Level far top of arch curvature

Radius of arch curvature, 1

111}

oK | caneel | Hep |

Figure 2.36  Arch Bridge Geometry property page.

5I

Geaomstry  Loss factors |

Coefficient of dischargs, Use default [v

Type-of plers: Squared ¥ I

Dizcharge coefficient | 'I

0K | ceneel | Hep |

Figure 2.37  Arch Bridge Loss factor property page.

— Opening width, b: Opening width at the Arch spring line.
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— Number of arches: The number of arch openings in the bridge.

— Level for bottom of arch curvature: Vertical level for Arch spring
line.

— Level for top of arch curvature: Vertical level upper most point in
the arch.

— Radius of arch curvature, r.

— Coefficient of discharge, Use default: When, use default, a default
loss factor table will be generated.

— Opening/Contraction ratio: Choose channel contraction ration m
or bridge opening ratio M as parameter in the loss factor tables.

Topof arch
curvature

Bottom of arch
curvature

Figure 2.38 Hydraulic variables for Arch Bridge.

Loss factor tables for arch bridges:

Biery and Delleur: Coefficient of discharge, C), is a function of m or M

and Froude number F.

HR: Backwater ratio H,/Y, is a function of Blockage ratio j and Froude

number F .

Bridge piers (D’Aubuisson’s formula)

Press the Edit button under Geometry and Loss factors.

~ Geomatry and Loss factors -

Delais... | |
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The details of the bridge geometry and location are inserted in the appro-
priate boxes:

— C constant: User specified constant (< 1 ).

— Channel width upstream of piers: If the width is positive the
water level increment due to the bridge is calculated on the basis of
a rectangular channel analysis. If a negative value is given the cal-
culation is based on the cross sections upstream and downstream of
the bridge.

— Total width of piers.

Figure 2.39 shows an example with bridge piers inserted at the chainage
500 m in the river ‘RIVER 1°. The bridge piers have been given the topo-
logical identification tag ‘Bridge 1°. The geometry dependent non-dimen-
sional constant has been given the value 0.8, the upstream width is
specified as 10 m and the total width of the piers is set to 3.5 m.

x

Geometry |

Eannel idth

5 I il [ =3 U
Dragcoe Ir'

C constant IU o
Channel width upstream of piers lW 0
Total width of piers I3 5

0K | Cancel | Hep |

Figure 2.39 D’Aubuisson Bridge piers geometry property page

Note: If the Froude number downstream of the piers is greater than the cri-
teria (default 0.6) the effect of bridge piers using D’ Aubuisson’s formula
is ignored. The criteria value may be changed in the Mikel1.ini file by set-
ting the variable:

BRIDGE_FROUDE_CRITERIA.

Bridge piers (Nagler) & (Yarnell)
The Nagler and Yarnell methods describes free surface flow trough a
bridge opening with piers.

Available options for Nagler and Yarnell:
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— Submergence
— Overflow

Geometry and loss factors are viewed by pressing the Edit button under
Geometry and Loss factors.

- Geometry and Loss factors

Details... |

x

Gizometry | Loss factors !

Opering width, b 20

Wumberot arches ,”7
Lesel far Bottanm of arch carvatins g

Lewel fartop of arch cuivatus g

Hadiis af st clyaturs, | 0

oK | caneel | Hep |

Figure 2.40 Nagler and Yarnell Bridge piers geometry property page.

zl

Geometry  Loss factors |

Coefficient of discharge, Use default [v

Tupe of piers Squared 'I
Discharge coefficient | M 'I

oK | caneel | Hep |

Figure 2.41  Nagler and Yarnell Bridge piers Loss factor property page.

— Opening width, b: The total opening width between the piers.

— Coefficient of discharge, Use default: When, use default, a default
loss factor table will be generated.

— Type of piers: When, use default, marked choose Type of piers.

— Opening/Contraction ratio: Choose channel contraction ration m
or bridge opening ratio M as parameter in the loss factor tables.
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Loss factor tables for piers bridges:

Nagler: Coefficient of discharge k, and adjustment factors 6 and B are

functions of m or M.

Yarnell: Pier coefficient K is a function of m or M.

Submergence, FHWA WSPRO

The method describes pressure flow through a submerged bridge and is
used in combination with one of the methods describing free-surface flow.
Submergence is available if the Submergence check box is marked (see
Options) and FHWA WSPRO is selected in the Submergence box.

~ Submergence

CUIYETLT ~| Brdge level [bottam]
[FHwawSPRO =] |5 ¥ Use default Dietails.. |

Figure 2.42 Submergence, FHWA WSPROQO, property page.

— Bridge level (bottom): Vertical level of the bottom of the girders.

— Use default: When use default a default loss factor table will be
generated.

— Details: Loss factor tables are viewed by pressing the Details but-
ton. The loss factor table is only of interest if orificed flow is set to
ON in the MIKE11.ini file. orificed flow is in general not recom-
mended.

Overflow, FHWA WSPRO

The method describes weir flow bridge and is used in combination with
submerged flow. Overflow is available if the Overflow check box is
marked (see Options) and FHWA WSPRO is selected in the Overflow
box.

— Owerflow
¥ Discharge coefficient, use default

EE :lY Bridge level ftop)  Length Surtace

[FHwAwSPRD >| |6 |5 [Paved =]  Detais.. |

Figure 2.43  Overflow, FHWA WSPRO, property page.

— Bridge level (top): Vertical level of the road.
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— Length: Width of top of embankment in the direction of flow.

— Discharge, Use default: When use default a default loss factor
table will be generated.

— Surface: When Use default marked, choose a surface type for gen-
erating default loss factor tables.

— Details: Loss factor tables are viewed by pressing the Details but-
ton.

Loss factor tables for road overflow:

Road overflow #1: Discharge coefficient C, is a function of the ratio
between maximum elevation along the top of the embankment 4, and

waterway length L, for 4, /L,>0,15.

Road overflow #2: Discharge coefficient C, is a function of total head

available to produce weir flow H for h,/L;>0,15.

Road overflow #3: Submergence factor k, is a function of the ratio
between minimum elevation along the top of the embankment 4, and total

head available to produce weir flow H .
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2.3.4

Regulating

— Location and Type — Regulation Function
Branch Mame Chainage Type | Value in J2 | Factor |
I I IFunction of h and/or O j 1 | | |
1D
— Location and Type of Control Paint
Branch Mame Chainage Type
J1 Paint: I I IQ-points j
J2 Paint: I I IQ-points j
— Dwervie
Branch Chainage Type 1D M Branch |.M Chainage| M Type
1 Function of h andior & Q-poirts
| | |

Figure 2.44  Regulating structure property page.

This structure type is applied where discharge through a dam is to be regu-
lated as a function of the water level, and the inflow into the reservoir.

The Regulating property page is used for defining a regulating structure
such as a pump. The property page consists of a number of dialog boxes
(see Figure 2.44) whose functionality is described below:

Location and Type

River Name: Name of the river branch in which the weir is located.

Chainage: Chainage at which the weir is located.

Type:

— Function of Time: The discharge through the structure is specified
as a function of time. The actual discharge time series must be spec-
ified in the Boundary Editor (p. 159) using the Hydrodynamic

(p. 161) tab.

— Function of  and/or Q: The discharge through the structure is
defined as a function of 4 or Q at two locations (J1 and J2) in the
river model: Q = f(J2) - J1
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¥/

ID: String identification of the structure. It is used to identify the struc-
ture if there are multiple structures at the same location. It is recom-
mended always to give the structure an ID.

Location and Type of Control Point

This section is only available when the regulation is specified as a //Q
function. The locations J1 and the J2 are specified in terms of branch name
and chainage. In addition the user must specify J1 and J2 as being an /- or
a Q-point.

Regulation Function

This section is only available when the regulation is specified as a /Q
function. The function f(J2) is specified in the Regulation Function table
as a series of factors for corresponding values of J2.

Note that a regulating structure may be used for implementing an internal
QO/h-relation. This is done by choosing the J2 point as the A-point upstream
of the structure and letting the function f(J2) describe the required Q/h-
relation. Finally a dummy branch must be included in the set-up. This
dummy branch should be constructed so that a unit discharge flows
through it. The J1 point is then simply chosen as a Q-point in the dummy
branch.

2.3.5 Control Str.

Control structures may be used whenever the flow through a structure is to
be regulated by the operation of a movable gate which forms part of the
structure.They can also be used to control the flow directly without taking
the moveable gate into consideration. In this case it simulates a pump.
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Location

Attributes

Direct gate o
Direct gate o

—

i [100 [anGete [Overfw

Figure 2.45 The control structure property page.

Branch name
Name of the river branch in which the structure is located.

Chainage
The chainage in which the structure is located.

ID

String identification of the structure. It is used to identify the structure if
there are multiple structures at the same location. It is recommended
always to give the structure an ID.

Gate Type
— Overflow: This gate type corresponds to a variable crested weir.

— Underflow: This gate type corresponds to a vertical sluice gate.

78

MIKE 11



Tabular view: Structures —%

— Discharge: This gate type corresponds to a pump.

— Radial gate: This gate type corresponds to a Tainter gate. In con-
trast to the other gate types a radial gate does not need any informa-
tion about head loss factors. Instead a number of radial gate
parameters must be entered, see Radial Gate Parameters (p. 80).

Number of gates

The number of identical gates is entered here. This variable is used when a
series of identical gates are simulated.

Underflow CC

This is the contraction coefficient used for underflow gates only. Default
value is 0.63.

Gate width
The width of the gate. Not applicable for gates of the Discharge type.

Sill level

The level of the sill just upstream of the gate. Not applicable for gates of
the Discharge type.

Max. Speed

This variable defines the maximum allowable change in gate level per.
time. (If a discharge gate is chosen the variable defines the maximum
allowable change in discharge per. time). This variable is introduced
because the control strategy defining the variation of the gate level can
result in very rapid changes in gate level. This is probably not realistic,
further it can create instabilities in the computation.

Use initial value

If an initial value is requested this check box must be checked.

Initial Value

If the ‘Use initial value’ checkbox is checked the initial value must be
written in this field.

Head loss factors

The factors determining the energy loss occurring for flow through
hydraulic structures.
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Radial Gate Parameters

The look of the control structure property page when a radial gate is cho-
sen is shown in Figure 2.46.

~Location————————— Radial Gate P
ﬁ\mﬂe E‘Ilhuealga = Tune Factor |1 Trunhian |1 Tran. Battom I-D.152
D Height |1 Wweir Coeff. |1.838 Tran. Depth IU.304
IMainGate Fadius |1 ‘weir Exp. |1.5
—Altributes———————— [~ Contral Definition:
Gate Type IHadlaI [j Priority Ca':ﬂ'-::‘;““ Cg;tpr:l T:;?)Zt Type of Scaling
Reloass |1 1 1 Direct gate o |H Gateley  |Mone
Underflow CC IU-53 2 2 Direct gate o |H Gateley  |Mone
Gate Width |1D
Sill level |15
Max speed ID.DD‘I
™ Use Iritial Value
Iritial Yalue [ Details... |

— Owervies
Branch | Chainage [} Type Ho. Gates ”“dzrg""" Gate width | Sill level
1 Main 1000 MainGate  |Radial Gate |1 063 10 15
< | 0

Figure 2.46  The control structure property page when a radial gate has been
selected.

In Mikel1 radial gates are automatically divided into an underflow part
and an overflow part. When specifying gate levels for a radial gate the
user should specify the level for the underflow part, i.e. the level of the
bottom of the gate. The gate level for the overflow part is then calculated
based on geometric considerations.

Tune Factor

Discharge calibration factor. This factor is used only on the part of the dis-
charge that flows below the gate.

Height

Height above sill of the overflow crest of the gate when the gate is closed,
see Figure 2.47.
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Radius
Radius of gate, see Figure 2.47.

Trunnion

Height above sill of centre of gate circle, see Figure 2.47.

Weir Coeff.

Coefficient used when calculating the flow above the gate.

Weir Exp.

Coefficient used when calculating the flow above the gate.

Tran. Bottom

Parameter used to define the transition zone between free flow and sub-
merged flow. Corresponds t0 Y74y, porrom defined in Hydraulic Aspects -
Radial Gates in the reference manual.

Tran. Depth

Parameter used to define the transition zone between free flow and sub-
merged flow. Corresponds t0 y7,qp, peps defined in Hydraulic Aspects -
Radial Gates in the reference manual.

Eadius

Height

Trunnion

Figure 2.47  Definition of a radial gate.
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Control definitions

The way the gate level is calculated is determined by a control strategy. A
control strategy describes how the gate level depends on the value of a
control point. For a specific gate it is possible to choose between an arbi-
trary number of control strategies by using a list of ‘if” statements. For
each of these statements it is possible to define an arbitrary number of
conditions that all must be evaluated to TRUE if the ‘if’-statement is to be
evaluated to TRUE. It is hereby made possible to use different operating
policies depending on the actual flow regime, time etc.

From above it is realized that it takes two things to define a control strat-
egy: The conditions that must be fulfilled for the strategy to be executed
and the control strategy itself.

The control strategy itself is a relationship between an independent varia-
ble (the value of the control point) and a dependent variable (the value of
the target point). As an example: Assume that the position of the gate is
determined by the downstream water level. The control point is then the
grid point downstream of the gate. The value of the water level in this
points thus determines the value of the target point which in this example
will be the gate level. The reason for using the concept ‘Target Point’ and
not just call it gate level is as follows: In Mikel1 there are different Calcu-
lation Modes. It is hereby made possible both to define control strategies
that determines the value of the gate level directly and control strategies
that determines the gate level indirectly. Suppose that you want to know
how the gate should be operated in order to maintain a certain water level
on the upstream side of the gate. The requested upstream water level has a
seasonal variation due to a seasonal variation of the flood risk. To do this
in Mikel1 the control point is the time and the target point is the upstream
water level. The way to get from the requested water level to a gate level
is done by choosing the calculation mode ‘Iterative Solution’. In this case
Mikell will iterate on the gate level until the upstream water level equals
the requested value (or acceptable close to this value).

Five main parameters must be defined: Priority, Calculation Mode, Con-
trol Type, Target Type and Type of Scaling. Further some more details
must be defined. We start with a description of the main parameters. As
seen in Figure 2.45 or Figure 2.46 the control definitions section consists
of a table. Each line in this table represents the main parameters of an ‘if’-
statement.

Priority
As mentioned under Control definitions (p. 82) it is possible to make

Mikell choose between an arbitrary number of control strategies. These
control strategies are organized using a list of ‘if” statements. The control

82

MIKE 11



Tabular view: Structures —%

strategy belonging to the first of these statements that are evaluated to
TRUE will be executed. It is thus of importance for the user to define
which ‘if’-statement that are evaluated first, second, third and so on. This
is enabled by the priority field. In this the user defines the priority of the
‘if’-statement by writing an integer number. By default the first line in the
table will have priority equal to one, the second line will have priority
equal to two and so on. Note that the ‘if’-statement with the lowest prior-
ity always will be evaluated to TRUE. This is because this statement is
connected to the default control strategy that will be executed when all
other ‘if’-statements are evaluated to FALSE.

Calculation Mode

— Direct Gate Operation: This is the default calculation mode,
which determines the value of the gate level directly (gate discharge
in case of a discharge gate).

— PID operation: This calculation mode corresponds to a PID oper-
ated gate. With this calculation mode the gate level is determined
indirectly using the following equation:

n TY T n n
u' = OLIK{I +?+7‘1}{y,,¢f—y 1 2.1)

i N

T n—1 n—1 T, n-2 n-2 n—1
_(XZK{I + 27‘1}{_)7“,]( -y }_a3KFd{yref -y }—M

where u” is the gate level (or discharge in case of a discharge struc-
ture) at the n’th time step, K a factor of proportionality, T; the inte-
gration time, 7, the derivation time, T, the sampling period, i.e. the
simulation time step, yfef is the required value of the target point at
the »n’th time step, y* the actual value of the target point at the n’th
time step, 0.7, 0., 03 are weighing factors. In this way {y,.r- y} rep-
resents a deviation from the desired situation. This deviation is min-
imized by the PID algorithm in (2.1).

The variables K, T, T;, o.;, 0., and o3 are entered by the user, see
Iteration / PID (p. 90). The rest is calculated by Mikell.
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Momentum equation: If ‘Momentum equation’ is chosen the flow
through the structure will be calculated using the momentum equa-
tion instead of the energy equation. This corresponds to ignoring the
presence of the structure. Because of this no calculation of gate
level/discharge will take place. Therefore specification of control
point, target point and scale factor has no importance when choos-
ing calculation mode as ‘Momentum equation’. An example where
this calculation mode could be useful is in a river with an inflatable
dam.

Iterative solution: This calculation modes gives an indirect deter-
mination of the gate level/discharge. In Control definitions (p. §2) a
small example was given explaining how this calculation mode
could become useful. When using this calculation mode the user
must take great care when choosing the target points. This is
because the iteration takes place for a fixed time step. If the target
point is placed too far away from the gate the changes in gate level
during the iterative procedure will not have any effect on the value
of the target point The parameters that the user must enter when
‘Iterative solution’ is chosen as calculation mode are described in
Iteration / PID (p. 90).

Control Type

Here the type of control point is chosen.

h: Water level in a point.

dh: Difference between water levels in two points.
Q: Discharge in a point.

dQ: Difference between discharges in two points.
abs(Q): Absolute value of the discharge in a point.
Q_Structure: The discharge through a structure.
Sum_Q: The sum of flows in points and structures.
V: Velocity in a point.

Gate level: The level of a gate.

Acc. Vol.: Accumulated volume running through a point.
Time: The target point will be given as a time series.

Min of hour: Integer expressing the minutes at the time of calcula-
tion.

Hour of day: Integer expressing the hour at the time of calculation.
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Day of week: Integer expressing the day of the week at the time of
calculation. Monday corresponds to one, tuesday to two and so on.

Day of month: Integer expressing the day of the month at the time
of calculation.

Month of year: Integer expressing the month of the year. January
corresponds to one, February to two and so on.

Year: The year given as an integer value.

Time after start: This control type is used in control strategies with
a gate operation that can not be interrupted. An example could be a
gate that closes from fully open to fully closed during half an hour
when the water level downstream reaches a certain level. Because it
is not known when the closing procedure is initiated it is not possi-
ble to describe it using a time series. Instead the gate level is
described as a function of time measured relative to the time at
which the procedure was initiated, i.e. the first value of the Control
Type ‘Time after start’ MUST always equal zero. If it is decided to
operate a gate using this control type no other operating policies can
be invoked before the actual gate operation has finished. In the
example this means that no other operating policies can be used
during the half hour it takes to close the gate.

Concentration: A concentration of any compound.

Target Type

Here the type of the target point is chosen.

h: Water level in a point.

dh: Difference between water levels in two points.
Q: Discharge in a point.

dQ: Difference between discharges in two points.
abs(Q): Absolute value of the discharge in a point.
Q_Structure: The discharge through a structure.
Sum_Q: The sum of flows in points and structures.
V: Velocity in a point.

Gate level: The level of a gate.

Concentration: A concentration of any compound. Note that con-
centration can not be used as target type if the calculation mode is
chosen as ‘Iterative solution’.
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Type of scaling:

— None: This is the default value. When this is chosen no scaling of
the value of the target point will take place.

— Scaling with internal variable: When this is chosen the value of
the target point will be scaled with the value of a specified internal
variable. See Control Strategy (p. 86) for a list of the internal varia-
bles that can be used as scaling factors.

— Scaling with time series. When this is chosen the value of the tar-
get point is scaled with a factor taken from a time series.

Details
When pressing the details button a new dialog pops up. This is used to
enter the necessary details in defining the operating rules for control struc-
tures in Mikell. There are four property pages: ‘Control Strategy’, ‘Con-
trol- and Target point’, ‘Iteration/PID’ and ‘Logical Operands’.
Control Strategy
Control Strategy | Contral- and Targetpointl Iteration / PID I Logical Dperandsl
Control |Target Poi Tupe of Scaling IScaIe with Time Series j
Point Value Value
1 o 1 — Scaling. Intemal Yariable—————— [~ Scaling. Time Series
g 12 i : Wariable Type IH 'l Time Series File
7 2 a7z Bz, Seal Eaii |— | ik 2000-10054BinCo |_|
3 4 3 Chainage, Scale Point 1 I Time Series ltem

Mame, Scale Paint 1 IEontrol_BrantI

1]
Comp Mo, Scale Point 1 1]
1]

I—
Branch, Scale Paint 2 I
I—

Chainage, Scale Paint 2

St i ) Fan S aling Baitt |

Figure 2.48 The Control Strategy property page.

Here the relationship between the value of the Control Point and the value
of the Target Point are entered. This is done in the table on the left side of
the property page.

Also the information about scaling of the target point are entered here. The
Type of Scaling field is linked to the Type of Scaling field described in
Target Type (p. 85). Below this field there are two sections: A ‘Scaling,
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Internal Variables’ section and a ‘Scaling, Time series’ section. Both of
these will be greyed out if ‘None’ is chosen as scaling type.

If Type of Scaling is chosen as ‘Scale with time series’ a dfs0 file contain-
ing the relevant time series can be allocated by pressing the button to the
right of the ‘Time Series File’. At the same time the relevant item in the
dfs0 file can be selected.

If Type of Scaling is chosen as ‘Scale with internal variable’ some of the
following fields must be filled by the user:

Variable Type: The type of internal variables that can be used are:

— h: Water level in a point.

— dh: Difference between water levels in two points.

— Q: Discharge in a point.

— dQ: Difference between discharges in two points.

— abs(Q): Absolute value of the discharge in a point.

— Q_Structure: The discharge through a structure.

— Sum_Q: The sum of flows in points and structures.

— V: Velocity in a point.

— Gate level: The level of a gate.

— Concentration: A concentration of any compound.
Branch, Scale Point 1: This field contains the name of the branch with

the scaling point.

Chainage, Scale Point 1: This field contains the chainage of the scaling
point.

Name, Scale Point 1: This field is used only when Variable Type equals
Gate Level or Q_Structure. The field holds the structure ID of the relevant
structure.

Comp No, Scale Point 1: This field is used only when Variable Type
equals Concentration. The field holds the number of the relevant compo-
nent.

Branch, Scale Point 2: This field is only used if the Variable Type equals
dH (H; - H,) or dQ (Q; - Q»). The field holds the name of the branch in
which the H; or Q, should be found.
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Control Definitions x|

Control Strategy  Control- and Targetpoint | Iteration / PID I Logical Dperandsl

Contral Type Target Paint Type IWI Time series files

Branch, Cantral Paint 1 ain Branch, Target Paint 1 IMain I _I
Chainage. Control Paint 1 5500 Chainage. Target Paint 1 W Time series item

Mame, Cantral Paint 1 Mame, Target Point 1 IMainGate I

Comp Mo, Contral Paint 1
Branch, Control Paint 2

Chainage, Control Paint 2

St af 8 Far (St B |

LR

Chainage, Scale Point 2: This field is only used if the Variable Type
equals dH (H; - H,) or dQ (Q; - Q). The field holds the name of the
chainage of the H, or Q, point.

‘Sum of Q for Scaling Point’-button: This button is only activated if
Variable Type is chosen as Sum_Q. How to enter the necessary data in this

case is described in Sum of Discharges (p. 95).

Control and Target Point

Comp Mo, Target Point 1 ID
Branch, Target Point 2 I
Chainage, Target Paint 2 ID

Eitrm i ) Fan Narget Baitt: |

Figure 2.49 The Control- and Target point property page.

Control Type: Here the type of Control Point is chosen. This field is
linked to the Control Type field described in Control Type (p. 84).

Branch, Control Point 1: This field contains the name of the branch with
the control point.

Chainage, Control Point 1: This field contains the chainage of the con-
trol point.

Name, Control Point 1: This field is used only when Control Type equals
‘Gate Level’ or ‘Q_Structure’. The field holds the structure ID of the rele-
vant structure.

Comp. No., Control Point 1: This field is used only when Control Type
equals ‘Concentration’. The field holds the number of the relevant compo-
nent.
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Branch, Control Point 2: This field is only used if the Control Type
equals ‘dH ‘(H; - Hy) or ‘dQ’ (Q; - Qy). The field holds the name of the
branch in which the H; or Q, should be found.

Chainage, Control Point 2: This field is only used if the Control Type
equals ‘dH’ (H; - Hy) or ‘dQ’ (Q; - Q). The field holds the name of the
chainage of the H, or Q, point.

‘Sum of Q for Control Point’-button: This button is only activated if
Control Type is chosen as ‘Sum_Q’. How to enter the necessary data in
this case is described in Sum of Discharges (p. 95).

Target Point Type: Here the type of target point is chosen. This field is
linked to the Target Type field described in Target Type (p. 85).

Branch, Target Point 1: This field contains the name of the branch with
the Target point.

Chainage, Target Point 1: This field contains the chainage of the target
point.

Name, Target Point 1: This field is used only when Target Type equals
‘Gate Level’ or ‘Q_Structure’. Then this field holds the structure ID of the
relevant structure.

Comp. No., Target Point 1: This field is used only when Target Type
equals ‘Concentration’. Then this field holds the number of the relevant
component.

Branch, Target Point 2: This field is only used if the Target Type equals
‘dH’ (H; - Hy) or ‘dQ’ (Q; - Q). Then this field holds the name of the
branch in which the H; or Q, should be found.

Chainage, Target Point 2: This field is only used if the Target Type
equals ‘dH’ (H; - Hy) or ‘dQ’ (Q; - Q). Then this field holds the name of
the chainage of the H, or Q, point.

‘Sum of Q for Target Point’-button: This button is only activated if Tar-
get Type is chosen as ‘Sum_Q’. How to enter the necessary data in this
case is described in Sum of Discharges (p. 95).

Time Series File: This field holds information about the relevant time
series file in case that the Control Type is chosen as “Time’. If the button
to the right of this field is pressed it is possible to browse for the file. At
the same time the relevant item in the time series file can be selected.
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Time Series Item: This fields hold the name of the item chosen in the
time series file that are selected in the Time Series File field.

Iteration / PID

PID-Section: Here the necessary data is entered if the calculation mode is
chosen as PID-operation.

Control Definitions x|

EontrolStrategyI Control- and T argetpoint LogicaleerandsI

—FID

Integration time, Ti |3DD Deerivation time, Td ID.S Proportionality factar, K |1
‘weighting factor l— ‘weighting factor l— ‘weighting factor l—
for timestep 1, al 1 far timestep 2, a2 o7 far timestep 3, a3 1

— Iteration

Usze absolute o relative value IAbsqute 'l
WValue - ID.‘I <= Target Value <= Walue + ID.‘I
Max. change of gate level ID.‘I

Figure 2.50 The lIteration / PID property page when calculation mode is chosen
as PID-Operation.

Integration Time, Ti: Corresponds to 7;in eq. (2.1).
Derivation Time, Td: Corresponds to 7 in eq. (2.1).
Proportionality Factor, K: Corresponds to K in eq. (2.1).

Weighting factor for time step 1, al: Corresponds to o; in
eq.(2.1).

Weighting factor for time step 2, a2: Corresponds to o, in eq.
(2.1).

Weighting factor for time step 3, a3: Corresponds to 03 in eq.
(2.1).

Iteration-Section: Here the necessary data is entered if calculation mode
is chosen as Iterative solution. When making an iterative solution it is nec-
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essary to define some criteria for when the solution is acceptable. Mikell

use a criteria

TPRequir‘ed - leltLow < TPACt < TPRequired + leltHigh

that can be expressed like:

(2.2)

where TPp,qyireq 18 the required value of the target point, TPy, is the actual

value of the t

arget point, Limit;,,, is the amount that the actual value of the

target point can be smaller than the required target point and Limity;gy, i8
the amount that the actual value of the target point can be larger that the
required value of the target point.

Control Definitions x|

Control Strategyl Contral- and Targetpaint ;|

—FID

i Logical Operands I

Integration time, Ti IBDD
|1—

‘weighting factor
for timestep 2, a2

‘weighting factor
for timestep 1, al

Derivation time, Td ID.S

Froportionality factor, K |1
‘weighting factor l—
for timestep 3, a3 I

—

— Iteration

Usze absolute o relative value IAbsqute 'l
ID.‘I

Max. change of gate level

<= Target Value <=

—

Walue -

Walue + ID.‘I

Figure 2.51

Value

Value

The lteration / PID property page when calculation mode is chosen
as lterative Solution.

-: This field corresponds to Limitz,,, in eq. (2.2).

+: This field corresponds to Limity;,y, in eq. (2.2).

Use absolute or relative value: Two options exist: ‘Absolute’ and
‘Relative. When choosing ‘Absolute’ the limits in the convergence
interval given in the ‘Value -’ and the ‘Value +’ fields are inter-

preted

as absolute values. If ‘Relative’ is chosen the values are

interpreted as fractions of the requested value of the target point.
Example: Suppose that the Target Point is the water level down-
stream of the gate and the requested value of the Target Point is 20.
Limit, ,,, and Limit, ,,, are both equal to 0.2. If ‘Absolute’ is chosen
the iteration stops when the actual water level is between 19.8 and
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Control Definitions x|
Contral Strategy I Control- and T argetpoaint I Iteration # PID Logical Operands |
Branch |Chainage Branch |Chainage |_. Use Time Series |Time Series
LOTYPE yame Lo1| Lot |MameLot|CompHol, 02| 102 |59"|75.value| V™8| Fie ttem
1 H | hdain 9500 = no o .| Sumof @
2 |Q_Sir Main 10000 MainGate = yes Cymike2000-1 |M4214GQ .| _Sum of @

20.2. If ‘Relative’ is chosen the iteration stops when the actual
value is between 16 and 24

Max. Change of Gate Level: This field holds the maximum
change of the gate level (or discharge in case of a discharge gate)
that can take place during one iteration and will be used as the first
guess at the change in gate level. Both positive and negative values
can be entered. In this way the user can make sure that the first
guess at a new level makes the iteration go in the right direction.

Logical Operands

dH

hdain

10500

hdain

9500

o

no

| Sumof @

Figure 2.52  The Logical Operand property page.

As stated in Control definitions (p. 82) it is possible to define a number of
conditions that all must be evaluated to TRUE if the whole ‘if’-statement
is to be evaluated as TRUE. These conditions are in Mikell called ‘Logi-
cal Operands’.The logical operands are entered in the Logical Operand
property page, see Figure 2.52. Each row in this table corresponds to a
logical operand.

Note that it is not necessary to enter any logical operands for the ‘if’-state-
ment with the lowest priority. The control strategy belonging to this ‘if’-
statement is the default strategy and will always be executed when all
other ‘if’-statements with higher priority are evaluated to FALSE. As an
example think of a gate where the gate level is a known function of time.
In this case only one control strategy is needed. The control type will be
‘Time’ and the target type will be ‘Gate Level’. Calculation mode is cho-
sen as ‘Direct Gate Operation’. It is not necessary to enter any logical
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operands because when only one control strategy is specified this strategy
will have the lowest priority.

LO Type: This field holds the type of Logical Operand.

h: Water level in a point.

dh: Difference between water levels in two points.
Q: Discharge in a point.

dQ: Difference between discharges in two points.
abs(Q): Absolute value of the discharge in a point.
Q_Structure: The discharge through a structure.

Sum_Q: The sum of flows in points and structures. If this is chosen
data must be entered in a special dialog. This dialog opens when
pressing the ‘Sum of Q’-button to the right of the table. How to
enter data in this case is described in Sum of Discharges (p. 95).

V: Velocity in a point.
Gate level: The level of a gate.
Acc. Vol.: Accumulated volume running through a point.

Min of hour: Integer expressing the minutes at the time of calcula-
tion.

Hour of day: Integer expressing the hour at the time of calculation.

Day of week: Integer expressing the day of the week at the time of
calculation. Monday corresponds to one, tuesday to two and so on.

Day of month: Integer expressing the day of the month at the time
of calculation.

Month of year: Integer expressing the month of the year. January
corresponds to one, February to two and so on.

Year: The year given as an integer value.
Concentration: A concentration of any compound.

TS-Scalar: The logical operand is here a number given in a time
series.
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— Loop number: This is a special type. To illustrate the use, an exam-
ple is appropriate: Imagine a situation where a certain water level
downstream of the structure is required, but only under the condi-
tion that a minimum discharge through the gate is maintained. This
requires two iteration loops. In the inner loop (the first one) an iter-
ation will be performed in which the required water level down-
stream is achieved. In the outer loop (second loop) it is checked if
the discharge is larger than or equal to the minimum discharge
allowed. This check is performed AFTER the inner loop has con-
verged. If the discharge is too low a new iteration takes place in
which it is ensured that the discharge is not smaller than the mini-
mum required. In order to be able to formulate such a problem in
Mikell the Logical Operand type ‘Loop-Number’ has been imple-
mented. The inner loop corresponds to ‘Loop Number’ equal to
one, the next loop corresponds to ‘Loop Number’ equal to two and
SO on.

— TSLGLC: Making a simulation using a time step of five minutes
will result in an update of the gate level for every five minutes.
Sometimes this gives too much information. Maybe the user is only
interested in updating the gate level every hour. This can be
achieved using this TSLGLC (Time Since Last Gate Level
Change) type of logical operand. This variable counts the time
since the gate level last changed and can thus be used to ensure that
the gate level is not updated at every time step.

Branch Name LO1: This field contains the name of the branch with the
Logical Operand.

Chainage LO1: This field contains the chainage of the Logical Operand.

Name LO1: This field is used only when LO Type equals ‘Gate Level’,
‘Q_Structure’ or ‘TSLGLC’. Then this field holds the structure ID of the
relevant structure.

Comp. No.: This field is used only when LO Type equals ‘Concentration’.
The field holds the number of the relevant component.

Branch Name LO2: This field is only used if the LO Type equals ‘dH’
(H; - Hy) or ‘dQ’ (Q; - Q»). The field holds the name of the branch in
which the H, or Q, should be found.

Chainage L.O2: This field is only used if the LO Type equals ‘dH’ (H; -
H,) or ‘dQ’ (Q; - Q»). The field holds the name of the chainage of the H,
or Q, point.
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Sign: Here the operator used in the logical expression is used. The user
can choose between {<, <=, >, =>, =, <>}.

Use TS-value:
— No: If ‘No’ is selected the value of the Logical operand is compared

to the value entered in the “Value’ field.

— Yes: If “Yes’ is selected the value of the Logical Operand is com-
pared to the value found in the relevant time series.

Value: Here the value that must be compared with the logical operand is
entered.

Time Series File: This field holds information about the relevant time
series file in case that the Use TS-value is chosen as ‘Yes’ or in the situa-
tion where the LO Type is chosen to be ‘TS-Scalar’.

Time Series Item: This field holds the name of the item chosen from the
time series file that was selected in the Time Series File field.

Sum of Discharges

Sum of Discharges x|
Factor Type Branch | Chail Struc. Hame|
1 1 Dizcharge in grid point Main 1000
2 05 Discharae in gric point Trib
|51 -1 Structure Discharge Main 20000 Gate20000
’TI Cancel

Figure 2.53 Input page to Sum of Discharges.

It is possible to add any number of discharges and use this as a Control
Type, Target Type, Scaling Type or a Logical Operand. The discharges can
be taken from any grid point and any structure in the setup. Further each
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2.3.6

discharge can be multiplied with a user defined factor. This factor can be
both positive and negative. The sum of Q can be expressed as:

i=n

sumof Q = ZfaciQi 2.3)

i=1

n is the number of discharges to sum, fac; the factor to be multiplied with
the i’th discharge, Q;.

Factor: This corresponds to fac; in eq. (2.3).
Type: This holds the type of discharge to add.

— Discharge in grid point: A discharge in a grid point is selected.

— Structure discharge: The discharge in a structure is selected. Note
that this is not the same since you can have several structures in the
same grid point.

Branch: The name of the branch with the grid point / structure from
which the discharge should be taken.

Chainage: The chainage of the grid point / structure.

Struc. Name: In case Structure Discharge has been chosen as the type the
structure ID must be given here.

Dambreak Str.

General

Most dambreak setups consist of a single or several channels, a reservoir,
the dam structure and perhaps auxiliary dam structures such as spillways,
bottom outlets etc. Further downstream the river may be crossed by
bridges, culverts etc. It is important to describe the river setup accurately
in order to obtain reasonable results. There is no limit to the number of
dam structures in a MIKE 11 model.

River channel setup

Setting up the river channel description in the cross-section data base is
the same for dambreak models as it is for other types of models. However,
due to the highly unsteady nature of dambreak flood propagation, it is
advisable that the river topography be described as accurately as possible
through the use of as many cross-sections as necessary, particularly where
the cross-sections are changing rapidly.
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Another consideration is that the cross-sections themselves should extend
as far as the highest modelled water level, which will normally be in
excess of the highest recorded flood level. If the modelled water level
exceeds the highest level in the cross-section data base for a particular
location, MIKE 11 will extrapolate the PROCESSED data.

Reservoir description and appurtenant structures

In order to obtain an accurate description of the reservoir storage charac-
teristics, the reservoir can be modelled as a single h-point in the model.
This point also corresponds to the upstream boundary of the model where
inflow hydrographs are specified.

The description of the reservoir storage is carried out directly in the proc-
essed data. The only columns which contain 'real’ data are those contain-
ing the water level and the additional flooded area.

In this way the surface storage area of the dam is described as a function
of the water level. The lowest water level should be somewhere below the
final breach elevation of the dam, and should be associated with some
finite flooded area. (This first value, hence, describes a type of 'slot' in the
reservoir).

The cross-sectional area is set to a large finite value. It is only used when
calculating the inflow headloss into the breach.

It may be practical to locate the dambreak structure on a separate branch
containing only three calculation points, as shown in Figure 2.54.

SPILLWAY BRANCH

SPILLWAY STRUCTURE

RESERWVOIR
DAMBREAK STRUCTURE

RESERVOIR BREANCH RIVER BEANCH

Figure 2.54  Typical setup for dambreak simulation
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The dam

At the Q-point where the dambreak structure is located, the momentum
equation is replaced by an equation which describes the flow through the
structure. This may be either critical or sub-critical. A check on the energy
levels at the structure and at the next downstream h-point is first carried
out to determine which description is applicable. Refer to the MIKE 11
HD Reference Manual, Dambreak Section.

As the momentum equation is not used at the Q-point, the AX step used
between the adjoining h-points is of no consequence. The maximum AX
step should, however, be greater than the difference between given chain-
ages to prevent the insertion of interpolated cross- sections.

Spillways and other structures

If a spillway is added to the dam itself, it could be described as a separate
branch, see Figure 2.54.

At the node where the two branches meet, the surface flooded area is taken
as the sum of the individual flooded areas specified at each h-point.

Hence, if the reservoir storage has already been described in the reservoir
h-point, the spillway h-point should contain no additional surface areas. In
this case both the width and the additional flooded areas should be set to
zero. The cross-sectional area, hydraulic radii, etc. can be given as for the
reservoir branch.

It is not a requirement that a separate branch for the spillway structure is
defined. The dambreak and the spill way structure can be located in the
same grid point, i.e. as a composite structure. The advantage of having
two separate branches is that the discharge through the spillway and the
dambreak structure is given as two separate time series in the result file.
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Specifying the dambreak

~ Location
Brahch name Chainage
D

—

—Head loss Factor

Inflow
Positive Flow  [0.5

Outflow Free Overflow
I‘I 1

Megative Flow ID.5

[1 [1

— Dam Geometry

i~ Failure Moment and Mode

Crest Level ID Failure Maoment IHours after Start 'l
Crest Length ID Hours after start ID
Wi i et Dvenelaient [ate and|time: ID‘I -01-90 12:00:00
Besenainwaten evel I
Apply Limiting Section IND 'l ’
Failure Mode ITime Dependent 'l Erasion Parameters...l
Topao D I
Riiver Mame I — Time Step Contral
Chainage ID Time after failure when changing the time step ID
#ecoor of center breachlﬂ Factar by which the time step iz multiplied |1
— Dwervie
- Crest App Iy
Branch Chainage 1D Crest Level Limiting LPI LPO
Length _
Section
1 1] 1] Mo 05 1

2l

Figure 2.55 The Dambreak structure property page.

This Dambreak structure property page is used for inserting dambreak
structures in a given network. The property page (see Figure 2.55) consists
of a number of dialog boxes whose functionality is described below.

Location

— River Name: Name of the river branch in which the dambreak is

located.

— Chainage: Chainage at which the dambreak is located.

— ID: String identification of the structure. It is used to identify the
structure if there are multiple structures at the same location. It is

recommended always to give the structure an ID.

Dam Geometry

— Crest Level: The crest level of the dam before failure.
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Crest Length: The crest length (perpendicular to the flow) of the
before failure.

Limit for Breach Development

Apply limiting cross section:

No: The development of the breach will be unlimited.

Yes: The development of the breach is limited (e.g. solid rock below
the dam). The shape of the limitation should be specified in the
Cross Section Editor (p. 135).

Topo ID: Topo ID applied when using a limiting section in the
cross section file

River Name: River Name applied when using a limiting section in
the cross section file

Chainage: Chainage applied when using a limiting section in the
cross section file

X-coor at centre breach: The x-coordinate of the breach centerline
specified in the coordinate system applied for the raw data of the
limiting section.

Head Loss Factors

The factors determining the energy loss occurring for flow over/through
the hydraulic structure.

Failure Moment and Mode

The moment at which the dam failure commences can be defined in three

ways:

1 Hours after Start: The failure is specified to take place a specified
number of hours after the start of the simulation.

2 Date and Time: The failure time is specified as a date and time.

3 Reservoir water level: The failure is specified to take place when the
water level in the reservoir (assumed to be the grid point immediately
upstream of the dam) exceeds a certain level.

The development of the breach can take place in two different ways:

1 Time Dependent: The development of the dam breach is specified by
the user in terms of breach level, width and slope as functions of time.
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This specification takes place through the Hydrodynamic (p. 161)
property page in the Boundary Editor (p. 159).

2 Erosion Based: MIKE 11 calculates the breach development by use of
a sediment transport formula for which the parameters are specified in
the Dambreak Erosion Dialog.

Making dambreak simulations

Initial Conditions

In many cases dam failures occur on a dry river bed downstream. How-
ever, such initial conditions should be treated with caution in MIKE 11.

Hence, before a dambreak is actually simulated, it is expedient to create a
steady-state 'hot start' file which can be used for all subsequent dambreak
simulations.

The easiest method of creating such a file is to make a setup identical to
that used for the dambreak, with the following exceptions:

1 A small lateral inflow is added at the first h-point in the river down-
stream of the dam. This will ensure some depth of water in the river
from which a steady-state can be reached

2 The inflow into the reservoir can be non-zero, if desired.

3 The dambreak structure should be specified not to fail, i.e. to ensure
that the maximum calculated reservoir level is greater than the speci-
fied failure reservoir level (i.e. failure will not occur during the genera-
tion of the steady- state hot start file).

Initial conditions (% and Q) for this 'hot start' simulation must be specified
in the supplementary data, including the reservoir level.

This setup should be run until a steady-state condition is reached (Q =
constant = lateral inflow at the downstream boundary). If this file (.res11)
is very large, a further simulation can be carried out by using this as a hot
start and run it for a few time steps, using the same boundary conditions as
previously. This smaller file can then be used for all future hot starts and
the larger file can be discarded.

With the hot start file ready, the dambreak simulation can now be carried
out. It is suggested that a DELTA value of slightly more than the default of
0.5 be used to damp out short waves which may lead to numerical instabil-
ities. A time step of the order 1-10 minutes is suggested.
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2.3.7 Dambreak Erosion
—Dam Break Structure - Erogion Failure
Lo |
— Dam Geometry — Initial Failure
Upstream Slope IE IBreach Failure Initially j ﬂl
Downstream Slope IU— — Breach Failure
Top Width ID Initial Lewvel ID
— Material Properties—————————————— el it !
Grain diameter ID ~ Piping Failure
Specific gravity |D Starting Level |D
Porasity ID Initial Diameter |1
Crit. Shear Stress ID Roughness IF
Side Erozion Index IU— Collapse Ratio (D) I‘I—
Yolume Lozz R atio ID
r— Limit of Breach Geometry Calibration Cosf. I.I—
Final Bottom Level ID
Final Bottom ‘Width ID
Breach Slope ID
Figure 2.56  The Erosion property dialog.
This dialog (Figure 2.56) is accessed from the Dambreak Str. (p. 96) prop-
erty page in the Tabular view: Structures (p. 46) by pressing the
Erasian F'arameters...l . button (can only be accessed if the Failure Mode is
set to Erosion Based). The dialog can only be used to specify erosion
based failure modes.
Purpose
The breach depth relationship is calculated using the Engelund-Hansen
sediment transport formula. Breach width is determined from the product
of breach depth and the side erosion index specified by user.
Dambreak Geometry
e Upstream slope: Slope (horizontal: vertical) of the upstream face of the
dam structure.
e Downstream slope: Slope (horizontal: vertical) of the downstream face
of the of the dam structure.
o Top Width: The top width of the dam crest.
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Material Properties

e Grain Diameter: Representative grain diameter of the dam core mate-
rial.

e Specific Gravity 2.5 - 2.7: Relative density of the dam core material.
e Porosity 0.3 - 0.5: Porosity of the dam core material.

e Crit. Shear Stress 0.03 - 0.06: Critical shear stress of dam core material
used for sediment transport estimation (Shields criteria).

e Side Erosion Index: Multiplication factor used to calculate breach

width erosion rates from breach depth predictions.

Limit of Breach Geometry

The breach will continue developing until it has reached the breach geom-
etry limit, which is defined by

e Final bottom level: The minimum level to which the breach is allowed
to develop.

e Final bottom width: The maximum width to which the breach is
allowed to develop.

e Breach slope: Slope (horizontal: vertical) on either side of the breach.

Initial Failure

The failure of the dam can initially take place in two ways:

— as a breach starting at the top of the dam

or
— as a piping failure through the dam.

Breach Failure

e Initial Level: The level of the breach develops in one time step as an
initial breach shape.

e Initial Width: The width of the breach develops in one time step as an
initial breach shape.

Piping Failure

e Starting Level: The level at which piping failure begins to occur.

e Initial Diameter: The diameter of the piping breach which develops in
one time step as an initial breach shape.

e Roughness: Pipe roughness used to calculate the Darcy friction factor.

River Network Editor e
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e Collapse Ratio (D/y) > 0: When the ratio between the diameter of the
pipe (D) and the distance from the top of the dam to the top of the pipe
is larger than the collapse ratio the pipe collapses.

e Volume Loss Ratio 0 - 1: When the dam collapses some of the material
may be carried out without depositing on the bed of the breach. The
volume loss ratio is the fraction of the material to be washed out imme-
diately after collapse.

e (Calibration Coef. > 0: Calibration multiplication factor used to adjust
the calculated change in pipe radius.

2.3.8 User Defined Structures

User defined structures are yet to be implemented in the calculation kernel
of MIKE 11.

2.3.9 Tabulated Structure

Y [ []|

- Detail =

River name I Mumnber of columns |4

Chainage I Mumber of rows |4

Structure (D I i ater level datum IU

Calculation Mode IQ =fh U/, hD/AS) 'l Dizcharge factor |1

h D/S

1 h LS 1) 1] 1] 1]

2 1] 1] 1] 1] 1]

3 1] 1) 1) 1) 1]

4 1) 1] 1] 1] 1]

5 1) 1] 1) 1) 1]
— Dvervie

- Discharge
Branch Chainage 1] Cale. Mode | WL Datum e
1 @ = f(h LS, hi0 1
-
1] | v

Figure 2.57  The Tabulated Structure property dialog.
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The Tabulated Structure property page is used for defining a structure reg-
ulated by a user defined relation between the discharge through the struc-
ture and the up- and downstream water level. The relation is defined in a
table. The property page consists of a number of dialog boxes (see

Figure 2.57) whose functionality is described below:

Details

River Name: Name of the river branch in which the structure is
located.

Chainage: Chainage at which the structure is located.

Structure ID: String identification of the structure. This has no influ-
ence on the simulation. It is only used to identify multiple structures at
a single location within a result file.

Calculation Mode:

Q =1(h U/S, h D/S): The discharge is given as a function of the up-
and downstream water level. The upstream water level (h U/S) must
be tabulated in the first column and the downstream water level (h

D/S) must be tabulated in the first row in the table. Then the corre-
sponding discharges must be tabulated.

The upstream water level must increase in the right direction and
the downstream water level must increase in the downward direc-
tion. The discharge can not increase in the right direction and it can
not decrease in the downward direction.

H U/S=f(h D/S, Q): The upstream water level is given as a func-
tion of the discharge and downstream water level. The downstream
water level (h D/S) must be tabulated in first column and the dis-
charge must be tabulated in the first row in the table. Then the cor-
responding upstream water levels must be tabulated.

The discharge must increase in the right direction and the down-
stream water level must increase in the downward direction. The
upstream water level must increase in the right and the downward
direction.

H D/S= f(h U/S, Q): The downstream water level is given as a
function of the discharge and upstream water level. The upstream
water level (h U/S) must be tabulated in the first column and the
discharge must be tabulated in the first row in the table. Then the
corresponding downstream water levels must be tabulated.
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The discharge must increase in right direction and the upstream
water level must increase in the downward direction. The down-
stream water level must decrease in the right direction and increase
in the downward direction.

Number of Columns: Set number of columns in the table. The
number of columns must be 4 or higher. A large number of columns
will increase the accuracy and the stability of the results.

Number of Rows: Set number of rows in the table. The number of
rows must be 4 or higher. A large number of rows will increase the

accuracy and the stability of the results.

Water level datum: The water level datum is added to the up- and
downstream water level in the table.

Discharge factor: The discharge factor is multiplied to the discharge
in the table.

2.3.10 Energy Loss

— Location —&brupt Change in River Alignment—— — Gradual Change in River Alignment
River Mame I I~ &pply energy loss I~ &pply energy loss
Chainage ID Alignment change IU Alignment change IU
D I Foughness coefficient ID
—Usger Defined Energy Loggs——— [~ Flow Contraction Loss———— 1~ Flow Expansion Loss
™ Apply energy loss ™ Apply energy loss ™ Apply energy loss
Fuositive flow IU Fuositive flow IU Fuositive flow IU
Megative flow IU Megative flow IU Megative flow ID
— Dwervie
River Chainage 1D Ali Ali g Posi‘tiueIN gati uaiﬁl!&l“ gati 'osit
1 0 0 0 0 0 o 0 o 0
| | |

Figure 2.58 Energy Loss property page dialog.
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The Energy Loss property page is used to define energy losses associated
with local flow obstructions such as sudden flow contractions or expan-
sions and gradual or abrupt changes in the river alignment. Moreover, a
user defined energy loss coefficient can be defined.

At each specified Energy Loss point a discharge grid point is inserted at
run-time. At each time level of the computation the discharge at Energy
Loss points is computed by use of the energy equation:

2
2i2 (2.4)
8

AH = ¢

in which AH is the energy loss, g is the acceleration of gravity, Q is the
discharge and A is the cross-sectional wetted area. The quantity, {, denotes
the energy loss coefficient as specified in the Energy Loss property page
dialog.

Details:

River name: Name of the river in which the Energy Loss point is
located.

Chainage: Chainage at which the Energy Loss point is located.

ID: String identification of the Energy Loss point. The specified ID has
no influence on the simulation.

Apply energy loss: Determines whether, or not, the associated energy
loss type is applied in the simulation.

Alignment change: Denotes the angular change in river alignment at
the Energy Loss point in question.

Roughness coefficient: The roughness coefficient is of the order of 0.2
for rough pipes and of the order of 0.1 for smooth pipes.

Positive flow: Denotes the energy loss coefficient in the case of posi-
tive flow across the Energy Loss point in question. Applies to user
defined loss, contraction loss and expansion loss.

Negative flow: Denotes the energy loss coefficient in the case of nega-
tive flow across the Energy Loss point in question. Applies to user
defined loss, contraction loss and expansion loss.
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Overview table: Contains information on all kinds of energy losses
applied at each Energy Loss point within the river network.

2.4 Tabular view: Routing

Routing is a simplified hydraulic calculation. Normally, simulation of how
a flood wave or a hydrograph propagates along a branch is based on solv-
ing the St. Venant equations. This requires cross section information, how-
ever, if such is not available routing may be an alternative. There are no
water levels calculated in routing branches, and what routing does is trans-
forming a hydrograph, i.e. Using the inflow hydrograph at the upstream
end of a branch (provided either as a boundary condition or coming from
the upstream node of the branch) as input routing calculates the outflow
hydrograph. Typically a routing element represents a reach of a river or a
flood control device such as a reservoir or a hydraulic control structure.

To allow for the insertion of routing components into a branch the branch
type must be set to “Routing”. See section 2.2.2 Branches (p. 37).

Any number and combination of routing components are allowed. If no
routing components are inserted in a routing branch, the outflow will
equal the inflow. The order of the routing components are determined by
the chainage of the components.

A routing component is any of the data types described in the following
sections.

Routing can be combined with normal hydrodynamic simulation such that
in some branches routing is applied while in others hydrodynamic simula-
tion is done. The only requirement is that at the upstream end of a routing
branch there should either be no other branch connected, or only branches
which are routing branches as well.

2.4.1  Channel routing
Currently (version 2000) only non-linear storage function is available for
channel routing. The dialog for specifying the parameters for channel
routing is shown in Figure 2.59.
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| | i

Figure 2.59 Dialog for channel routing.

In the dialog the user should specify the following parameters:

Name: Name of the branch where the routing component is located.
Chainage: Chainage at which the routing component is located.

ID: Name of the routing component. Does not influence the simulation.
Type: Currently only non-linear storage is implemented.

K1, P1, Q1, K2, P2, Tl, Tlz: Parameters for the calculation. See technical
reference for more details.

NOTE! The Non-Linear Storage Function method includes a number of
default *Advanced’ variables which are editable for the user through the
MIKET11.Ini file. These variables comprise; 'Errorl’, *Error2’, ’IR1’ and
"IR2’.

2.4.2 Flood control Q and Q-rate

The dialog for specifying the parameters for “Flood control Q and Q-rate”
is shown in Figure 2.60.
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-~ Detail
Mame IDAME
Chainage IEDDD
1D IUndefined
Type IBucket discharging method j
Dizcharge constant 100
Dizcharge constant 02 I
Dizcharge constant 03 I
Factor FACA ID.‘I
Factor FACE I
M aximum storage Whias IBDDDDDDD
-~ Dvervie
Hame Chainage 11} Type Q Q2
1 DA 5000 Undefined Constart discharging method type & 300
2 DAM2 5000 Undefined Constant discharging method type B 100
51 DAM3 5000 Undefined Constant ratio dizcharging method type & 100
4 A4 5000 Undefined Constart ratio dizcharging method type B 300
] DAMS 000 Undefined Bucket dizcharging method 100
il | i

Figure 2.60 Dialog for flood control Q and Q-rate.

In the dialog the user should specify the following parameters:

Name: Name of the branch where the routing component is located.
Chainage: Chainage at which the routing component is located.

ID: Name of the routing component. Does not influence the simulation.
Type: The user should select the actual type of flood control.

Q, Q2, Q3, FACA, FACB, YMAX: Parameters for the calculation.
Depending on the selected type of flood control fewer or more or the
parameters are required. See technical reference for more details.

2.4.3 Flood control H-Q / H-V curve

The dialog for specifying the parameters for “Flood control H-Q/H-V
curve” is shown in Figure 2.61.
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— Detail
Mame IN GD1
Chainage IEDDD
1D IUndefined
¥ Iriitial waater level |322.8
Storage - Water level| Outflow
Water level TS 3 oY) 0
1 215 1] 2 32358 542
2 280 G885.174 3 F25.35 2194
3 290 13316.05 4 331.42 57
4 300 18977 916 5 336.95 127.53
] 305 22315.923 5] 340.45 14427
5] 310 26035 556 7 341 .9 181.99
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-~ Dvervie
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1 o 5000 |Undefined  [3228 |

Figure 2.61  Dialog for flood control H-Q / H-V curve.

In the dialog the user should specify the following parameters:

Name: Name of the branch where the routing component is located.
Chainage: Chainage at which the routing component is located.

ID: Name of the routing component. Does not influence the simulation.
Type: The user should select the actual type of flood control.

Initial water level: If checked the water level specified will be applied,
otherwise the initial water level will be equal to the water level giving an

outflow equal to the initial inflow.

Water level / Storage volume: A table of water levels and corresponding
storage volumes.

Water level / Outflow: A table of water levels and corresponding out-
flow.
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NOTE! The Flood Control H-q / H-V method includes a number of
default Advanced’ variables which are editable for the user through the
MIKET!1.Ini file. These variables comprise; "Error’, and "'IBUN’.

2.4.4  Flood control by orifice

The dialog for specifying the parameters for “Flood control by orifice” is
shown in Figure 2.62.

— Detail

Mame INGD2 Emer. w. of zplw. BH IBD

Chainage IEDDD Fegular h. of splw. DL |3

[} IUndefined Emer. d. of splw. DH |2D

Mumber of spillwaps MAMA |2 Feqg. @ coef. splw [open ch] C1L I‘I.S

Max storage Wha ISDDDDDDDD Emer. O coef. splw [open ch] C1H |2

Fegular fndh. of splw. HE |322.8 Feqg. @ coef. splw [orifice] C2L ID.S

Emer. fndh. of sphw. HT |341.5 Emer. @ coef. splw [orifice] C2H ID.S

Fegular w. of sphw. BL |3 =

orage -
Water level volume
1 215 1]
2 280 G885.174
3 290 13316.05
4 300 18977 916
5 305 22318923
& 310 26035 566 |
-~ Dvervie
| Hame | chai | | wmax | w8 | HT | BL
1 Jrzo2 5000 |Undefined |2 |900000000 {3228 |3415 |3
4| |

Figure 2.62 Dialog for flood control by orifice.

In the dialog the user should specify the following parameters:

Name: Name of the branch where the routing component is located.

Chainage: Chainage at which the routing component is located.

ID: Name of the routing component. Does not influence the simulation.

Additionally a range of parameters should be specified. See the reference
manual for more details.
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2.4.5 Diversions

The dialog for specifying the parameters for a diversion is shown in

Figure 2.63.
-~ Detail
Mame IUpper Reach
1D |2DDD
Main -
Inflow channel @ Tributary &
1 1] 1] 1]
2 100 a0 10
3 200 173 25
4 400 320 g0
5 g00 GO0 200
-~ Dvervie
i Main river | Tributary
River /'S Topo ID DS DS
1 Upper Reach (2000

Figure 2.63  Dialog for diversion of flow.

Normally when applying the routing facilities the network does not split
the flow as a proper calculation of the split requires a water level to be cal-
culated. However, using the diversion facility the user is allowed to spec-
ify how a branch splits into two branches. This is done by pre-defining the
split of flow, i.e. for a range of inflow discharges the amount continuing
along the main branch and along the tributary branch should be specified.
In the dialog the user should specify the following parameters:

River U/S: Name of the branch coming from upstream.

ID: Name of the routing component. Does not influence the simulation.

Main River D/S: Name of the first downstream branch.

Tributary D/S: Name of the second downstream branch.
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2.4.6

Inflow, Main channel Q, Tributary Q: For a range of inflow discharges
the amount continuing along the main branch and along the tributary
branch should be specified.

Whether the main river downstream carries the majority of the flow does
not matter.

This facility does not allow a routing branch to split be into more than two
branches. If this is required an artificial routing branch with no routing
elements has to be applied. Figure 2.64 shows how this is done when a
branch splits into three branches.

i~nial-h
1IGIal Dialictl

into three br:
tO-three DI

D
oy
[0

S dding-anartificial branch

h R " U.— Piaar . B—
ancnes. llows Tor splitting; Into
hree branches

o

1
t
4 { +
10t alioweda 1or ro uting

Figure 2.64  Splitting routing branch into three branches.

Kinematic Routing Method

Kinematic Routing can be used to model the hydraulics of upstream tribu-
taries and secondary river branches, where the main concern is to route
water to the main river system. The Kinematic Routing method does not
facilitate the use of structures at Kinematic Routing branches. Moreover,
the method does not account for backwater effects.

Since the Kinematic Routing method is unconditionally stable, it facili-
tates the use of large time steps, which is important when running the
model in parallel with the hydrological model, MIKE SHE.

At Kinematic Routing branches, it is possible to run the model without
information on cross-sections. In turn, this indicates that Kinematic Rout-
ing branches can not be used to model a looped part of a river network.
Employment of Kinematic Routing branches requires that all branches
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located upstream of a Kinematic Routing branch are defined in the same

way.

Definition:

Branch Mame TopoID Upstr. Ch. Downstr.Ch.  Flow Direction Maximum d=  Branch Type

river 1980 |Pasitive =] 10000 Kinematic Houting Jhd

Figure 2.65 Definition of Kinematic Routing branches.

~ Location ~ User-Defined OH-Relation
River Name Chainage I Discharge | Elevation
Tiver 1] kin rout 1
— Altribuite:
Compute elevation by Compute discharge by
[H-relation j IMuskingum routing method j

— Muskingum FRouting P

K ®
05 1]
— Dwervie
River Hame| Chainage 1D Compute el| Compute diI K S
1 river 1] kin rout @H-relatio Muskingu |D.5 u]

Figure 2.66  Definition of Kinematic Routing elements.

The dialog used to define a Kinematic Routing branch is shown in
Figure 2.65, while the dialog used to define Kinematic Routing elements
is shown in Figure 2.66.

Details

Location

River name: Name of the river in which the Kinematic Routing point
is located.

Chainage: Chainage at which the Kinematic Routing point is located.

ID: String identification of the Kinematic Routing point. The specified
ID has no influence on the simulation.
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Discharge Computation

Muskingum method: A routing method that requires the following
input parameters:

— K: Time scale describing the travel time of the water through the
Kinematic Routing element in question.

— x: A weighting factor greater than zero and smaller than 0.5.

Muskingum-Cunge method: A routing method that does not require
any input parameters. At each time level of the computation, the
method computes the spatial variation of K and x, cf. above, the inten-
tion being to approximate the diffusion of a natural flood wave.

No transformation: Employment of this option indicates that the
flood wave is not transformed in passing the Kinematic Routing ele-
ment in question.

Water Level Computation

User-defined discharge-elevation method: Employment of a dis-
charge-elevation relation indicates that the water level is looked up in
the specified table using as input to the interpolation scheme the com-
puted discharge. If this method is adopted, cross-sections need not be
specified in the cross-section editor.

Resistance method: Employment of his option indicates that the Man-
ning resistance method is used to compute the water level. This method
requires as input cross-section information, the computed discharge
and a bed resistance value.

2.5 Tabular view: Runoff/groundwater links

This section gives details of how to implement possible links to a rainfall
runoff model or linkage to DHI’s groundwater model MIKE SHE.
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2.5.1 MIKE SHE links

RIVER 1

1000 Usze Grid Data

Feduced [a)

[

RveR1 0 oo |3 N - N R

Figure 2.67 MIKE SHE links dialog.

Include all branches

If this button is pressed all branches included in the MIKE 11 set-up are
copied to the MIKE SHE coupling page. Branches that should not be in
the coupling can subsequently be deleted manually and remaining specifi-
cations completed. Thus you may have a large and complex hydraulic
model, but only couple (certain reaches of) the main branches to MIKE
SHE. All branches will still be in the hydraulic MIKE 11 model but MIKE
SHE will only exchange water with branch reaches that are listed in the
MIKE SHE coupling definition page.

Observe that the Include all branches feature will overwrite existing spec-
ifications.
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Location

Leakage

Inundation

Branch name, US and DS Chainage

The name of the branch and the upstream and downstream chainage for
the river reach where the MIKE SHE coupling should be used. One branch
can be sub-divided into several reaches. A reason for doing so could be to
allow different riverbed leakage coefficients for different reaches of the
river.

Exchange Type

A,b or ¢ should be chosen and refers to the 3 different river aquifer
exchange types (described in the technical documentation of the MIKE
SHE User Manual) of exchange between surface water and aquifer. When
the MIKE 11 coupling is used the exchange type specification in MIKE
SHE is ignored.

Leakage Coefficient (1/s)

Leakage coefficient for the riverbed lining (see exchange documentation).
The leakage coefficient is relevant only if the exchange type is either b or
c.

Flood Area Option

The Flood Area or Inundation Area option is one of the new facilities in
MIKE SHE and allows that a number of model grids are flooded (being
part of a river, lake, reservoir etc.). The flood area may be defined as no
flooding, auto(matic) or manual. These three may also be used in parallel
for different branches or even for specific coupling reaches within the
same branch

If the no flooding option is adopted rivers are considered lines located
between adjacent model grids. No flooding can occur and over-bank spill-
ing is not possible.

If the auto(matic) or manual option is used a river or a lake (with wide
cross-sections) may cause flooding of a number of grids in MIKE SHE. A
reference system is established between MIKE 11 A-points and individual
model grids in MIKE SHE. Subsequently a simple flood-mapping proce-
dure is adopted to calculate water stage on the ground surface (in MIKE
SHE). The flood mapping procedure simply compares simulated water
levels (in an A-point) with the ground surface elevation in reference grids.
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If the water level is higher than the ground surface elevation, flooding
occurs. The reference system between A-points and model grids may be
established automatically by MIKE SHE or it may be established (partly)
manually (see below). Each (potentially flooded) MIKE SHE grid point is
referenced to the nearest MIKE 11 A-point on a coupling reach with the
same floodcode value.

e No Flooding

The no flooding option is equivalent to the old formulation in MIKE
SHE where rivers are considered a line between two adjacent model
grids. If this option is used one of the three river-aquifer exchange for-
mulations will be adopted. River-Overland exchange is always one-
way, namely overland to river. Over-bank spilling is not possible when
the No flooding formulation is adopted. The river water level may rise
above the topographic elevation of the adjacent grids without flooding
the grids.

If the no flooding option is applied the floodcode is not used.

e Automatic Flood Area Option

The automatic flood-area option is often useful if the geometry of riv-
ers, lakes etc. is not too complex. Thus, for instance, if a large wide
river without too much meandering is considered, the automatic flood
area option will typically be feasible.

When the automatic option is chosen, MIKE SHE's set-up program
will automatically generate the potentially flooded areas (flood grid
code map) depending on the location of the individual rivers and on the
width and location of the river cross-sections. The specified coupling
reach floodcode is used as grid code, and the flood-mapping procedure
described above is applied. Thus it is important to use unique coupling
reach floodcode values to ensure correct mapping to the corresponding
grid points.

e Manual Flood Area Option

The manual option allows the user to delineate the potentially flooded
areas, using a T2 grid code file - the floodcode file specified in MIKE
SHE's user interface. If the river system considered is a very complex
system with looped networks, meandering generating a complicated
geometry, it will typically give the best result to create a floodcode file
manually by digitising the floodplain/lake delineation and use this
option.
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The flood-mapping procedure above is applied. The potentially
flooded area of each coupling reach must be defined with a unique
integer grid code value in the floodcode file, and the same integer
value specified as coupling reach floodcode.

Flood Code

Specification needed when the automatic or manual flood area option is
chosen.

As described above the coupling reach floodcode is used for mapping
MIKE SHE grids to MIKE 11 A-points, and for the automatic option also
for generating the flood grid codes of the actual coupling reach. It is
important to use unique floodcodes to ensure correct flood-mapping.

Bed Topography
Specification needed when the automatic or manual flood area option is
chosen.

The MIKE SHE ground surface elevation can be re-defined in flood area
grid points, depending on the bed topography option. It should be empha-
sised that the flood mapping and dynamic flooding during the simulation
requires a good consistency between the MIKE 11 cross-sections and the
ground surface elevations of the corresponding MIKE SHE flood grid
points.

e Use Cross-section

When this option is specified the ground surface elevations of the
actual flood grid points are substituted with values directly interpolated
from the MIKE 11 cross-sections of the actual coupling reach. The set-
up program performs an inverse-distance-weighted interpolation, using
points (elevations) on the MIKE 11 cross-sections as discrete input
points. When the distance between individual MIKE 11 cross-sections
is higher than 2 Dx (grid size) extra discrete points are generated by
linear interpolation between the MIKE 11 cross-sections before the
grid interpolation is made. This is done to ensure that an approximate
river cross-sectional topography is incorporated in all MIKE SHE grids
along the river and not only where a MIKE 11 cross-section is located.

Please note that the interpolated grid values are only used inside the
area delineated by the MIKE 11 cross-sections used for interpolation.
When the manual flood area option is used, the user defined flood area
is not necessarily identical with the flood area covered by the MIKE 11
cross-sections. If the automatic flood area option is used the area cov-
ered by the MIKE 11 cross-sections and the flood area will always be
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consistent, as the flood-area is generated (automatically) based on the
MIKE 11 cross-sections.

In principle the use cross-section option ensures a good consistency
between MIKE SHE grid elevations and MIKE 11 cross-sections.
There will, however, often be interpolation problems related to river
meandering, tributary connections, etc. where wide cross-sections of
separate coupling reaches overlap. Thus it is recommended to make the
initial MIKE SHE set-up using the Use Cross-section option and then
subsequently retrieve and check the resulting ground surface topogra-
phy (using the MIKE SHE Input Retrieval tool). If needed the retrieved
ground surface topography (T2 file) can be modified (MIKE SHE
Graphical Editor) and then used as input for a new set-up, now using
the use grid data option described below.

e Use Grid Data

MIKE SHE grid data is used instead of MIKE 11 cross-sections. It is
checked whether the optional bed elevation file has been specified in
MIKE SHE's user interface:

— Bed Elevation File specified

When the bed elevation file has been specified the ground surface
elevations of the actual flood grid points are substituted with values
from the specified T2 file. The option is useful when the surface
elevation data of the flood areas is more detailed than the regional
terrain model.

— Bed Elevation File not specified

The regional MIKE SHE surface topography is also used in flood
areas.

As described above the specified T2 file will often be a retrieved
and modified surface topography from a previous set-up with use
cross-section option.

Bed Leakage

Specification needed when the automatic or manual flood area option is
chosen.

As described in the technical documentation the infiltration/seepage of
MIKE SHE flood grids is calculated as ordinary overland exchange with
the saturated or unsaturated zone, either using full contact or reduced con-
tact with a specified leakage coefficient.
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The bed leakage option tells whether the overland-groundwater exchange
option and leakage coefficient specified in MIKE SHE's user interface
should also be used in the actual flood area, or substituted by the corre-
sponding river-aquifer Exchange Type and Leakage Coefficient specified
for the actual coupling reach.

e Use grid data

The overland-groundwater exchange option and leakage coefficient
specified in MIKE SHE's user interface is used. Both can be single
value or distributed (T2 file).

e Use river data

The MIKE SHE overland-groundwater exchange option and leakage
coefficient in flood grid points are substituted with the corresponding
river-aquifer Exchange Type and Leakage Coefficient specified for the
actual coupling reach. Please note that the two reduced contact options
(exchange types B and C) result in the same overland-groundwater
exchange option.

The substitution is made in all flood grid points of the actual coupling
reach.

Overview of MIKE SHE coupling reaches
This box presents an overview of the link with MIKE SHE.
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2.5.2  Rainfall-runoff links

— Catchment Definitions Connection to Branches

Mame Ic:atc:h22 Branch name IHiver 1
Area |1 1] Upstream Chainage ID

Downstream Chainage |1 noo
— Dwervie
H o Branch us. DS.
ame Hame Chainage | Chainage
1 catchz2 10 River 1 1] 1000

Figure 2.68  Rainfall-runoff links dialog.

Catchment discharge can be calculated by the Rainfall Runoff Module and
input as lateral inflows to the hydrodynamic module. The property page is
used to specify the lateral inflow locations in the river network.

Catchment Definitions

Name: Name of input catchment.

Area: Catchment area.

Connection to Branches

Branch Name: Name of the river branch for catchment inflow.

Upstream and Downstream Chainage: The catchment inflow can be
uniformly distributed along a river branch by specifying the upstream and
the downstream chainage. Inflow will occur at a single point in the case of
equal upstream and downstream chainage.

Overview

The dialog supplies a tabular overview of the catchments.
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2.6 Tabular View: Grid Points

Generate Grid Points |

— Simulation Output Contral
& Save results from all grid points
' Save only results from selected points

=- S_etup Chainage | Tupe | Diata |
= Metl. k11 1] h ®-Sec
O ER 0 - 000 280 #] Structure
1000 h #-Sec

Figure 2.69 Grid points dialog.

Purpose
The page has two specific purposes:

1 The page presents summary information on the computational network
(or grid) points prior to the simulation.

2 The page can be used to limit the number of computational points
saved in result files. (e.g. for large models it is desirable to save only
those grid points required and to discard remaining results thus pre-
venting result files from becoming too large).

The page has no influence on the simulation results and is only for infor-
mation purposes (i.e. the user is not required to the press the Generate
Grid Points button prior to a simulation. However if changes are made to
the model setup (e.g. the location of cross sections or the maximum delta-
X in a branch is altered) then the Generate Grid Points button can be
pressed to update the tabular information presented.

All generated grid point information is displayed in the Graphical View of
the network. To view the grid point information in the graphical view you
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must ensure the correct options are selected in the Network Settings Dia-

log.

Control of Output

When reduced output is selected only those grid points highlighted with a
check mark in the right hand side tree view, will be saved. The three levels
in the tree view are model setup, model branch and model grid points.
These are described below.

Table 2.3

Level in tree
view (right

Content of the list view (left hand part)

hand part)
Setup Branches: Total number of branches
h: Total number of h-points
Q: Total number of Q-points
h*: Total number of selected h-points
Q*: Total number of selected Q-points

Filename.nwk11

Branches

Branch Name:
US Chn:
DS Chn:

Length:
h:

Q:

h*:

Q"
Chainage:

Type:
Data:

Name of the branch
Chainage of the upstream end of the branch

Chainage of the downstream end of the
branch

Length (m) of the branch

Number of h-points in the branch

Number of Q-points in the branch
Number of selected h-points in the branch
Number of selected Q-points in the branch

Chainage of the grid point. A check mark
before the chainage indicates that the grid
point is selected.

hor Q.

Several types of information are possible:
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Table 2.3

Level in tree Content of the list view (left hand part)
view (right
hand part)

The “-*“ symbol in an h-point row indicates
that no cross section is present at this loca-
tion (i.e. the h-point is generated by interpo-
lation between neighbouring cross sections
to fulfil the maximum delta-x criteria).

The “-“ symbol in a Q-point row indicates
this is a standard Q-point where the momen-
tum equation is solved.

The word “X-sec” in an h point row indicates
that a cross section exists at this location.

The word “Structure” in a Q point indicates
that a structure is located at this location.

2.7 Tool bars

The graphical view is facilitated with two tool bars. One for graphical
editing of the river network, and one for graphical editing of alignment
lines (see 2.2.3 Alignment Lines (p. 40) for more details about alignment
lines)

2.7.1 Tool Bar for River Network

The tool bar for graphical editing of the river network is shown in
Figure 2.70. In the following the functionality of each of the icons in the
tool bar is explained.

|
YA 7 R AT Tt A ST A g

Figure 2.70  Tool bar for editing river network

Select object. This icon activates the selection mode which is also
W the default mode. Points, layers and other objects can be selected
by pointing and clicking with the left mouse button. Multiple
objects can be selected by moving the mouse to a corner of the area of
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interest, clicking and dragging with the left mouse button. Objects located
within the marked area will be selected. Selected objects are identified by
a red frame indicator.

: Add new points. New points can be added by a point and click
£+  operation using the left mouse button. Multiple points can be
added by pressing the left mouse button and holding it down

while moving the mouse along the desired path. New points will be cre-
ated with a spacing determined by the “minimum digitize distance” speci-
fied in the Mouse Settings property page of Network Settings. Points
added with this tool will always be added as free points, i.e. not connected
to a river branch. Alternatively you can add new points and define a river
branch in one operation using the following tool.

. Add points and define branch. This tool creates points and
% branches in a single operation. Point and click at successive loca-
tions along a desired path. Points can also be added by pressing
the left mouse button and holding it down while moving. Double click on
the last point to end the branch.

Delete points. This tool deletes both free points and points con-

nected by a branch. Move the cursor over the point (the cursor

will change style to indicate that a point has been detected) and
press the left mouse button to delete. Multiple points can be deleted by
holding the left mouse button down while moving the cursor over the
points.

: Move points. This tool moves both free points and points con-
£7  nected by branching. Select the point using the left mouse button
and then drag to the desired location.

Define branch. This tool creates one or more branches by draw-
[+  ing aline through two or more free points. Select the first point to
be included in the branch and drag the cursor through the free
points to be included in the branch. Alternatively new points can
be added in one operation by using the Add points and define branch

Auto route branch. This tool automatically determines a river
% branch route from a set of free points. To use this tool you select
the first point and drag to the last point on the branch. The editor
automatically determines a path through intermediate free points by
always searching for the closest point.
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Delete branch. This tool deletes a branch without removing the
& river points. Point at the branch to delete and click once with the
left mouse button.

Cut branch. This tool divides a single branch into two separate
< branches. Move the cursor to the required segment where the
break is required. When the cursor changes style press the left
mouse button once to cut the branch.

Merge branch. This tool merges two separate branches into one.
=" Move the cursor to the beginning or the end of a branch, click at
this point with the left mouse button and drag to the connection
point on another branch.

Insert point. This tool will insert free points into an existing

branch. Move the cursor to a point on an existing branch, click

with the left mouse button and drag the cursor to the free point for
inclusion into the branch path.

; Exclude points. This tool will exclude points connected along a
o branch. Move the cursor over the point to be excluded and click
the left mouse button once. The point is excluded from the branch
path but is not deleted.

Connect branch. This tool is used to connect two river branches

% ata junction point.Click and drag with the left mouse button from

a river branch end point (upstream or downstream) to the junction
point on a neighbouring branch.

Care should be taken when connecting four or more branches. In such
cases all branches connections should be made to a single junction point
as shown in Figure 2.71.

Incorrect branch Correct branch
connection connection
L
‘\ N
| \
S -
\ T r
| -
| -
e

Figure 2.71  Connection of four or more branches.
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. Disconnect branch. This tool deletes a branch connection. Select
82 the point at the end of the branch to be disconnected and click
with the left mouse button once.

Repeat insert. The repeat insert tool will add a copy of the latest
B object (weir, cross section, boundary condition, initial condition

etc.) created using the Insert facility in the Pop-Up Menu. The
repeat insert button is a fast and convenient way of inserting multiple
objects to the river network. The current object type is shown in the status
bar when the repeat insert button is activated. After activating the repeat
insert tool you should point and click once at the desired location of the
new object.

Select & edit. This tool is similar to the Edit facility found in the

Pop-Up Menu. The tool is a fast convenient way of accessing the

various editors required for objects on the river network. To con-
trol the number of editor windows activated use the Select and Edit Set-
tings Property Page of the Network Settings property sheet.

2.7.2 Tool Bar for Alignment Lines

The tool bar for graphical editing of the river network is shown in. In the
following the functionality of each of the icons in the tool bar is explained.

I - |
O e TR N A LIV B

Figure 2.72  Tool bar for editing alignment lines.

New alignment line.Add a new alignment line by pointing and

clicking at successive locations along a desired path. Points can

also be added by pressing the left mouse button and holding it
down while moving. Double click on the last point to end the line. Once
added the line should be given the correct type and be connected to a
branch.

Move alignment line points.This tool moves points on an align-
£7  ment line. Select the point using the left mouse button and then
drag to the desired location.

o Delete alignment line points. This tool deletes points on an align-
7®  ment line. Move the cursor over the point (the cursor will change
style to indicate that a point has been detected) and press the left
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mouse button to delete. Multiple points can be deleted by holding the left
mouse button down while moving the cursor over the points

Insert points to alignment line. This tool will insert free points

into an existing alignment line. Move the cursor to a point on an

existing branch, click with the left mouse button and drag the cur-
sor to the free point for inclusion into the branch path. The free point to be
inserted must be added using the tool “Add new point” in the available in
the toolbar for river network editing.

. Add points to alignment line. Using this tool you can add points
€ toan existing alignment line. Point are added at the upstream or
downstream end. Click once at the point to which you want to add
new points. Then point and click at successive locations along the desired
path.

Spline alignment line. Splines an alignment line by automatically
Ad adding new points in between the existing points. Once you have

clicked at the icon in the tool bar, you should click once at the first
point in the branch to be splined, then click at the last point. Points will be
added only between the first and last point clicked at. The coordinates of
the existing points will not change a result of the splining. Figure 2.73
shows an alignment line before and after splining. Five points have been
added between all existing points

Before splining After splining

T

Figure 2.73  Alignment line before and after splining.

Merge alignment lines. Merges two existing alignment lines into
“*  one such that the properties for the merged line equals the proper-
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ties of the first line. Click once at the downstream end of the first line, then
click once at the upstream end of the second line, and the lines are merged.

Connect alignment line. Connects a new alignment line to a
branch. Click once at the alignment line to be connected, then
click once at the branch the alignment line should belong to.

84

Dead water line in vegetation. Adds a dead water zone behind a
& vegetation zone (see Figure 2.16). The vegetation zone must be

connected to a branch before this tool is applied. Using this tool
the should select (by clicking once) the two points along the vegetation
zone at which the two dead water lines should start. Once the user has
selected the two points the tool automatically finds the direction of the
flow by finding the point on the branch which is closest. This defines the
guide lines, and once the angle between the guide line and the dead water
line is specified by the user, the dead water lines are created.

. Dead water line along bank.Adds a dead water zone adjacent to
" an expansion (see Figure 2.15). This tool is only available for
left/right levee bank alignment lines that has been connected to a
branch. Using this tool the should select (by clicking once) the two points
along the bank line at which the two dead water lines should start. Once
the user has selected the two points the tool automatically finds the direc-
tion of the flow by finding the point on the branch which is closest. This
defines the guide lines, and once the angle between the guide line and the
dead water line is specified by the user, the dead water lines are created.
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3 CROSS SECTION EDITOR

The Cross Section Editor manages stores and displays all model cross sec-
tion information.

There are two types of cross section data; the raw survey data and the
derived processed data. The raw data describes the shape of the cross sec-
tion and typically comes from a section survey of the river. The processed
data is derived from the raw data and contains all information used by the
computer model (e.g. level, cross section area, flow width, hydrau-
lic/resistance radius). The processed data can be calculated by the cross
section editor or entered manually.

Each cross section is uniquely identified by the following three keys:

e River Name: The name given to the river branch. String of any length.
e Topo ID: Topographical identification name. String of any length.

e Chainage: River chainage of cross section (positive direction down-
stream).

Refer to one of the following sections for more Information:

3.1 Raw data View (p. 135)

3.2 Processed data view (p. 147)

3.3 Importing cross sections using File Import (p. 150).

3.4 Exporting cross sections using File Export (p. 155)

Some of the features related to the Steady flow with vegetation module are

implemented in the Cross Section Editor. These have been developed in
cooperation with CTI Engineering, CO., Ltd., Japan.

3.1 Raw data View

The raw data view is the default and is displayed whenever a cross section
file is opened or created (see Figure 3.1).
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Figure 3.1 The raw data view.

The raw data editor is made up by three views plus a number of additional
dialog boxes:

o Tree view: Provides a list of all cross sections in the file. The list is dis-
played using a tree structure with three levels. The upper level contains
river names, the second contains the Topo-IDs, and the third contains
cross section chainage.

e Tabular view: Selecting a cross section with the left mouse button will
display the section information in the tabular view.

e Graphical view: An x-z-plot of the cross sectional data with markers
and vegetation zones indicated (the latter only for the quasi two dimen-
sional steady state solver with vegetation).

3.1.1  Dialog boxes

River Name, Topo ID and Chainage

Non-editable information of the river name the topological identification
tag and the chainage along the river. These values may be changed by
selecting the appropriate level in the tree view using the rename facility
(see Context sensitive pop-up menus).
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Cross section ID

An identification tag may be entered here. This tag is subsequently dis-
played in MIKEView and does not influence the calculations.

Section Type
The type of section is set here. Four possibilities are listed:

— Open section: The typical setting for river cross sections.
— Closed irregular: Closed sections with arbitrary shape.

— Closed circular: Circular shape where only the diameter need to be
given.

— Closed rectangular: Width and height is required.

Radius Type
The type of hydraulic radius formulation is set here. The choices are:

— Resistance Radius: A resistance radius formulation is used.

— Effective Area, Hydraulic Radius: A hydraulic radius formulation
where the area is adjusted to the effective area according to the rela-
tive resistance variation.

— Total area, Hydraulic Radius: A hydraulic radius formulation where
the total area is equal to the physical cross sectional area.

Resistance

Only used in conjunction with the quasi two dimensional steady flow with
vegetation module.

The setting for the resistance column in the tabular view (see Figure 3.4).

Datum

A datum may be entered here which is added to all vertical coordinates in
the tabular view.

Coordinates

Plane coordinates may be entered here for the left/right end of the cross
section. If non-zero values are entered the values are used in the graphical
view of the network to display the cross section width.

Cross Section Editor
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Correction of X-coor

This is used for determining the correction angle for the X-coordinates in
the profile. The correction may be used for situations where the cross sec-
tion profile isn’t perpendicular to the center line of the river.

The correction angle can be automatically calculated by activating the
‘Calculate angle’ button.

The correction applied is simply a projection of the cross sectional profile
on the normal to the thalweg of the river i.e. the correction reads

X, = xcos0 3.1

cor

where 0 is illustrated below

o Cross sectional profile

Thalweg

0

Figure 3.2  Definition sketch of the correction angle.

Morphological Model

A level of division can be entered. This level of division is used for acti-
vating the flood plain description as specified in section 6.3 Flood Plain
Resistance (p. 229).

Additional tick boxes

At the bottom left corner of the editor two tick boxes are present.

Synchronize processed data

By ticking this box the processed and raw data are synchronized i.e. if
both views are open the data displayed corresponds to the same cross sec-
tion.
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Update processed data automatically

Ticking of this box ensures automatic updating of processed data.

Additional buttons

Insert cross section

Pressing this button activates a pop up dialog as shown below.

Inzert branch |
River narme IHiver 1
Topo 1D EER
Firzt chainage IdE?
Cross section 1D I.-i'-.t bridge]

k. I Cancel

Figure 3.3 The Insert branch dialog.

In this dialog the appropriate information is entered and OK is pressed.

View processed data

This button activates the processed data view.

Update markers

This button updates markers 1,2 and 3 as the extremes of the cross section.
Note this facility overwrites user settings of these three markers unless the
appropriate boxes under Settings —> Cross section.... —> Update Markers
have been unticked.

Update zone classification

Only used in conjunction with the quasi two dimensional steady flow with
vegetation module.

Used for updating the zone classifications in the cross section.
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3.1.2 Tabular view

The tabular view is only appropriate if the section type is set to open or to
closed irregular and may in such a case consist of up to six columns given
by:

X

This column contains the transversal coordinates of the raw data.

yA

The vertical coordinates of the raw data.

Resist.

This column is used for setting relative resistance.

In conjunction with the quasi two dimensional steady flow with vegetation
module it is used for setting local values of Manning’s M or n. Depending
on the setting in the resistance combo box (see Figure 3.4).

Reziztance

-

Mannin%'s b
| [

Figure 3.4  Resistance combo box. Only visible if a Quasi two dimensional
steady state solver with vegetation has been installed.

Mark

The column is used for setting the markers 1 to 9 plus possible user
defined marks. Clicking an element in the column opens a marker dialog
as shown below.
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Select Markers [ %]
™ (1) Left levee bank ™ (3] Right levee bank.
™ [4) Left lows flow bank ™ [5) Right lows fow bank.
™ (6] Left coordinate marker [ [7) Right coordinate marker
™ (8] Left channel bank ™ [9) Right channel bank.

™ [2) Lowest point

™ User marker ID

Cancel |

Figure 3.5  Select marker dialog box.

A number of markers may be set in this dialog:

— Left/right levee bank: Defines the extend of the cross section used
for the calculations.

— Left/right low flow bank: Defines the extent of the low flow chan-
nel. Only used in conjunction with the quasi two dimensional
steady flow with vegetation module.

— Left/right coordinate markers: Defines the points in the cross sec-
tion corresponding to the coordinates used for determining the cor-
rection angle.

— Left/right channel bank markers: Defines the points in the cross sec-
tion corresponding to extend of the main channel. The markers have
an effect on the calculation of the processed data. For details consult
the reference manual.

— Lowest point: The lowest point of the river may be set using this
marker. The marker is used for post processing only and thus does
not affect the calculations.

Zone

This field and the following are only of concern in conjunction with the
@ quasi two dimensional steady flow with vegetation module.

The type of zone is set here by clicking an element whereby a selection
combo box is displayed with the following choices:

Normal: A normal zone.

Dead water: A user defined dead water zone.

— Vegetation zone: A vegetation zone not at the bank.

Bank vegetation: A vegetation zone adjacent to the bank.
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Please note that the calculation kernel of MIKE 11 does not allow vegeta-
tion zones to be defined on vertical sections. The simulation will terminate
if this is violated.

Veg. h.

If a zone is set to either vegetation or bank vegetation this field becomes
active. The vegetation height is set here and the average vegetation height
for the corresponding panel is displayed in the graphical view.

Context sensitive pop-up menus

Selecting a river branch or cross section with the right mouse button will
open context sensitive pop-up menus. The following editing facilities are
available:

Copy Cross Section

The Copy Cross Section dialog is activated from the pop-up menu in the
tree display of the raw data view. A cross section chainage must be
selected before activating the pop-up menu.

A dialog requests a Topo-ID, branch name and chainage before copying
the cross section.

Rename Cross Section

The rename cross section dialog is activated from the pop-up menu in the
tree display of the raw data view. A cross section must be selected before
activating the pop-up menu. A new cross section chainage must then be
entered.

Insert Branch

The Insert Branch dialog is activated from the Insert Cross Section button
on the raw data view or by selecting Insert on the tree view pop-up menu.

A dialog requests the River Name, Topo-ID and Chainage of a cross sec-
tion to be inserted on the selected river branch.

Copy Branch

The copy branch dialog is activated from the pop-up menu in the tree dis-
play of the raw data view. The Topo-ID of the river branch must be
selected before activating the pop-up menu.

A dialog requests a river branch name and Topo-ID before copying the
Ccross sections.
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Rename Branch

The Rename Branch dialog is activated from the pop-up menu in the tree
display of the raw data view. A river branch must be selected before acti-
vating the pop-up menu. A new river branch name must then be entered.

Combine Branch

The combine dialog is used to combine two river branches of the same
name but with differing Topo-ID. The combination is saved as a new river
branch of the same name and a specified Topo-ID. The facility is designed
for combining cross sections at chainage locations where two sources of
cross section data exist.

A typical example occurs when combining survey (SUR) cross sections
with digital elevation model (DEM) sections. A DEM is used to extract
sections from broad flood plains while survey is used to obtain river sec-
tions. The combine feature will produce a composite section which can be
saved under a new Topo-ID.

e Topo-ID of DEM profiles:

Topo-ID of the DEM or first sections.

e Topo-ID of SUR profiles:
Topo-ID of the SUR or second sections.

e Topo-ID of combined profiles:
Topo-ID of the combined sections. Section will only be created at loca-
tions with corresponding chainage.

e Maximal difference:
The Maximal difference is the tolerance limit within which sections are
considered to correspond.

e Synchronize to:

Specifies the method for combining sections. Currently only one
option is available:
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Figure 3.6  Center (mark 2) The plot shows a DEM section (indicated by the
blue/dark dots) and a SUR section (indicated by the grey dots). The
combined section will include the DEM section from x=0 to the left
marker (the diamond) of the SUR profile, then the SUR profile to the
right marker (third diamond from the left) of the SUR profile and
finally the DEM profile for the remaining part of the section.

Insert Interpolated

This feature is only available when selecting a cross section. The cross
section editor gives the user the possibility of inserting interpolated cross
sections in a given set-up. When selecting this feature a dialog appears.

The user can either choose to interpolate a single cross section at a given

chainage or multiple cross sections. In the latter case a maximum distance
between the cross sections and also the range of the interpolation need to

be specified.

Finally three tick boxes gives the user additional options:

e Calculate processed data: The processed data is calculated as the cross
sections are created.

e Extract cross section informations from river editor: Checking this the
interpolated cross section will be updated with respect to marker posi-
tions and zone classifications according to the alignment line informa-
tion in the network editor. Corresponds to the button called "Update
Zone Classification" in the raw data dialog.

e Include existing interpolated cross sections in interpolation: This box
should not be ticked in case the linear interpolations are to be based on
the original data only.
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3.1.3 The Cross section pull down menu

Info

When the cross section editor is active the cross section pull down menu
may be activated. This menu has two items:

This simply gives an overview of data in the cross section data base:

e Number of Rivers
e Number of Topo IDs
e Number of cross sections in actual Topo ID

e Number of X, Z in actual profile.

Apply to all sections

This option activates a dialog with a number of options. To change any of
the below please tick the respective ‘change’ tick box.

Raw data - Radius Type

The user can choose to change the radius type of all cross sections in the
set-up.

Raw data - Datum
The global datum can be changed here.

Raw data - Section Divide

A global level of division can be set here.

Raw data - Resistance Type
The global resistance type may be changed using this facility.

Processed data - Level selection method

The global settings for the selection of the water levels used for calculat-
ing the processed data may be set here.

Processed data - Number of levels

The global number of levels used for determining the processed data is set
here.

Action to be done

A number of options to be applied to all the cross sections in the set-up are
available:
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e Update zone classification.
e Update correction angle.

e Update markers.

e Recompute all.

Please note that applying any of the above will overwrite any user edited
settings/data. There is no undo feature so make sure to save the cross sec-
tion data before activating the OK button.

Graphical Settings

Graphics settings

The graphics settings consists of a tree structure view of all possible set-
tings for the graphical elements of the cross section editor. The desired
elements are ticked and the properties are set using the right hand side of
the dialog box.

Drawing Settings

A number of settings are available:

— Draw GIS marks: Marks the locations on a cross section where
data has been extracted from GIS images.

— Draw history: Creates a watermark as a history of previous cross
sections drawn on the graphical view. The current cross section is
drawn in black. This feature allows comparison of multiple cross
sections on a single scale.

— Automatic rescale: Automatic re-scaling of the graphical view
when raw data is being displayed. This prevents plotting of cross
sections outside of the display area.

— Allow global selection: Allows previous cross sections displayed
as watermarks to be selected from the graphical view using the
mouse pointer. If this function is off, the mouse pointer will only
select from the current cross section displayed in black.

Drawing style

The drawing style controls the Z axis display in the graphical view. There
are three options available:

1 Absolute Including Datum: The displayed Z values include the datum
factor.

2 Absolute Excluding Datum: The displayed Z values exclude the datum
factor.
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3 Relative to Bottom: The Z values are displayed relative to the lowest
point in the cross section regardless of the datum. (i.e. all cross sections
will be displayed with the lowest point set to 0 metres.)

3.1.5 Miscellaneous settings

Overall Radius setting
The default setting of the radius type may be altered here.

Confirmations

The user can specify whether a confirmation dialog box should appear
when deleting points or clearing history in the graphical view.

Align

A snap to grid feature in the cross section editors graphical view.

Default Resistance in Raw Data

Dialog used for setting the default settings of the resistance column in the
tabular view of the cross section editor.

3.1.6 Update Markers settings

This dialog is used for setting the markers which should be automatically
updated when activating the update markers button.

3.2 Processed data view

¥

Selecting the View Processed Data button on the Raw data View (p. 135)
activates the processed data view.

Note that when utilizing the quasi two dimensional steady state with vege-
tation module the processed data does not reflect the values used in the
calculation. In the calculation kernel of this module the X, Z - coordinates
of the individual cross sections are used for determining the hydrody-
namic parameters of the individual panels.

The processed data view is similar to the raw data display. A tree view
exists on the left where the required cross sections can be selected. A tab-
ular view provides all processed data and a graphical view on the right
hand side displays the processed data graphically (see Figure 3.7).
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Figure 3.7  The processed data view.

3.2.1 Tabular View

The processed data is calculated from the raw data and contains the fol-
lowing parameters:

Level

The level in the cross section. The calculation levels can be manually set
using the Levels Dialog activated by the Levels button.

Cross section area

Cross sectional flow area.

Radius

A resistance or hydraulic radius depending on the selected type. (Selection
is made in the raw data view.)

Storage width

Top/Storage width of the cross section.

Add. storage area

The surface area of additional storage to be added at a cross section. This
is useful for representing small storage’s associated with the main branch
such as a lakes, bays and small inlets.
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Resistance factor

This factor can be used to apply a variable resistance for incremental lev-
els of flow height in the section cross section.The roughness parameter in
the Bed Resistance (p. 232) Property Page of the Hydrodynamic Editor
(p. 223) is multiplied by the resistance factor.

Conveyance

Conveyance is not used in the simulation but is displayed for the purposes
of checking that the conveyance relationship is monotonously increasing
with increasing water level.

Note that this may not be the case for closed sections or in some instances
of sudden width increase in the section geometry when using the hydraulic
radius option.

Processed Data Levels

The levels dialog controls the number and method of processed data levels
selection.

Level Selection Method

There are three methods by which the levels can be selected:

1 Automatic: The levels are selected automatically. If the resistance
radius is applied the levels are selected according to variations in sec-
tion flow width. If hydraulic radius is applied the levels are selected
according to variation in the section conveyance.

2 Equidistant: The levels are selected with equidistant level difference.

3 User defined: The levels can be fully or partially selected. The
selected levels are entered to the levels table on the dialog. If the
number of defined levels is less than required by the Number of Levels
specification the remaining levels will be selected automatically.

Minimum Level

The minimum calculation level. (The default is the lowest point in the sec-
tion).

Maximum Level

The maximum calculation level.

Number of Levels

The desired number of calculation levels. The automatic level selection
method may not use the full number of level specified. This will occur

Cross Section Editor

149



—% Cross Section Editor

when a fewer number of levels is sufficient to describe the variation of
cross sectional parameters.

A minimum of two levels is required. There is no upper limit to the
number of levels.

Table of Levels

This section of the dialog is only applicable if the level selection method is
user defined. The required levels are entered into the table manually. Lev-
els can be added by pressing the Tab key while positioned at the bottom of
the table. Levels can be deleted by selecting the row number and pressing
the Delete key.

3.3 Importing cross sections using File Import

Via File — Import it is possible to read cross-section data (raw or proc-
essed) from a text file into MIKE 11.

The read facilities can be used to read cross-sectional data stored in an
external data base format. The cross-sections are then read in via a tempo-
rary text file created as a medium between the external data base and the
MIKE 11 data base.

From the text file MIKE 11 can load the data and change them to MIKE
11's internal data base format. The text file formats must correspond to
one of two types, depending on whether raw or processed data is to be
read.

3.3.1 Import Raw Data

Selecting File —> Import —> Import Raw Data it is possible to import raw
data into MIKE 11°s cross section data base. The File format must con-
form to the following format:
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Eranch Name
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Figure 3.8  File format of ASCII file used for importing data into MIKE11.

In Figure 3.8 TOPO_ID is to be understood as the topological identifica-
tion tag of the river. River name is self explanatory, the chainage should be
entered in meters. The coordinates of the centerpoint of the cross section
may be entered here for use in the network editor, if this is not required
zero should be entered. The flow direction is set to one if the positive flow
direction is to be entered else it is set to zero, again this is only for use if
the information is to be imported into the network editor. The datum is
entered in meters and the type of radius used is set.The DIVIDE X-section
is either set to OFF (0) or to ON (1) if the latter is the case the level of
divide should be entered in meters proceeding the switch indicator. The
cross-sections topological identification tag follows. The section INTER-
POLATED is set to OFF(0) or ON(1). If a correction angle of the cross
section is to be used this may be entered here. After PROFILE the number
of points (n) in the cross section should appear. Following this a table of
values of X,Z,r. and markers are required.

X x-coordinate
Z z-coordinate
I, relative resistance

The markers are set according to:
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<#l> marker 1
<#2> marker 2
<#4d> marker 3
<#8> marker 4
<#16> marker 5
<#32> marker 6
<#64> marker 7
<#128> marker 8
<#256> marker 9

Note that if a point has two or more markers the number after # is found as

a summation, for example:

<#6> indicates that the point represents marker 2 and 3.

Markers 4-7 are only of concern for the quasi two dimensional steady state
with vegetation module.

Each type of information must start with an explanatory text line followed
by one or more lines containing numerical information. This text line must

start with three fixed characters, depending on the type of data:

e Horizontal coordinates

Text line: Coordinates

Numerical line: 1  27.43 13.293

"0" : The rest of the line will be ignored.

"1" : The x- and y-coordinates will follow.

"2" : The x;, y; and X,, y, coordinates of the section ends follow

Positive current direction

Text line: Flow direction
Numerical line: 1 270
"0" : The rest of the line will be ignored.

"1" : The direction will follow
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e Datum adjustment

Text line: Datum
Numerical line: (-)12.22

The datum adjustment will be added to the z-coordinates from the
profile

e Closed section

Text line: Closed section.
If this text line does not occur the section will be taken as open

e Radius formulation

Text line: Radius type

Numerical line: 0

0 - Resistance radius

1 - Hydraulic radius using effective area
2 - Hydraulic radius using total area

The default is O (Resistance radius) except for closed sections, where
the default is 2.

e x-z coordinates

Text line: Profile

Numerical lines: At least three lines containing corresponding values
of x and z and optionally the relative resistance and/or markers. If the
relative resistance is omitted 1.0 will be used. The x-values must
always be increasing except for a closed section.

e End of a cross-section

Text line: sk sdksdoskokokokokokokokoko ok kot stttk dkokok ok

Small or capital letters can be used. It is optional to specify the above
information except the x-z coordinates (profile).
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There are no limits on the number of cross-sections allowed in the text
file. Numbers can be entered in a 'free format'; i.e. with any number of
decimal places.

If there is an error in the text file, the loading will be terminated and infor-
mation will be given regarding the erroneous line.

If data for a particular cross-section already exists in the data base, the
data in the text file will be ignored.

Selecting File —> Import —> Import Raw Data and Recompute it is possi-
ble to import raw data into MIKE 11’s cross section data base and recom-
pute the processed data automatically.

3.3.2 Import Processed Data
Selecting File —> Import —> Import Processed Data it is possible to import
processed data into MIKE 11°s cross section data base. The configuration
of a text file containing processed data must conform to the following for-
mat:
Topo_id
River name
chainage
COORDIMATES
D
FLOW DIRECTICH
D
PROCESSED DATA
Lewvel Cross sec Hydraulie Width add. f£1. RFesist.
[§1d]] area (m2) radius (m] [§1d]] areas (m2) factor
Li1) 1) Ri{1) Bi(1) AT1(1) rEi1)
Liz) iz R{Z) Bi(z) AT1(Z) rf(z)
| | | | | |
| | | | | |
LM am R(M) B (M) ATL (M) rf (M)
e e e e e
Figure 3.9  Format used for importing processed data.
The first three lines are as for raw data: Topo-ID, River Name and River
Chainage. As for raw data format, it is hereinafter possible to specify
information about:
e horizontal coordinates (as for raw data)
e positive current direction (as for raw data)
154 MIKE 11



Exporting cross sections using File Export —%

e processed data

The explanatory text line (see raw data) initiating the processed data must
start with PROCESSED DATA. After this line, two text lines (headings),

followed by M (number of levels) lines with the hydraulic parameters can
be specified. The processed data for each cross-section must finish up with
a line containing: *#*##kkkx,

Selecting File —> Import — Import and overwrite Processed Data it is pos-
sible to import processed data into MIKE 11°s cross section data base and
overwrite the existing processed data. This facility is often used if for
example additional storage areas have been added to the processed data
and these data are copied into another data base.

3.3.3 Import Coordinates of Levee Marks

Selecting File -> Import -> Import Coordinates of Levee Marks it is possi-
ble to import X, and Y coordinates for right and left levees into MIKE 11’s
cross section database.

The format of the ASCII text-file containing Levee marks coordinates is:
River Name, Topo-ID, Chainage, Left X, Right X, Left Y, Right Y (items
can be divided by 2 or more spaces or 1 or more tabs). One line for each
series of coordinates.

3.4 Exporting cross sections using File Export

Via File —> Export it is possible to write cross-section data (raw or proc-
essed) from the MIKE 11 data base to a text file.

There are three possibilities:

1 Export All...: Both raw and Processed data is exported to a text file.
2 Export Raw...: Only the raw data is exported to a text file.

3 Export Processed...: Only processed data is exported to a text file.
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4 BOUNDARY EDITOR

The boundary editor consists of four tabs:

e Hydrodynamic (p. 161)

e Advection dispersion (p. 163)
e Sediment transport (p. 166)

e Rainfall-Runoff (p. 168)

For each of these four tabs there exists some common features described
below.

4.0.1 Item Selection

Selection of items are simplified with the following functions:

e Edit (p. 159)

e Browse (p. 159)

e Items (p. 160)

e Specifying Time series File and Item (p. 160)

A boundary condition is defined by assigning a time series item to a
boundary point. The selection of the required items is simplified using the
following available functions:

Edit

The LI button opens the time series file listed in the Time
Series File field by activating the Time Series Editor. The time series can
be modified using edit, add and delete functions.

The Edit button is only active if a file-name of an existing "dfs0" file is
listed in the Time Series File field.

Browse

Browse...
The 4' button opens the file selection dialog for selection of a
time series file (*.dfs0). This function is used when defining a boundary
condition.

The selected time series file (*.dfs0) can be located in any directory on the
disk. Use the File selection dialog to locate the "dfs0" file and select the
required file.
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The button activates the DFS Time Series Item Selector.

From the time series item selector a specific item can be selected and
linked to a boundary definition.

Specifying Time series File and Item

Time series items are saved in a time series file (*.dfs0). A boundary con-
dition can be defined by selecting a time series file using the Browse but-
ton or by manually typing the full name and path of the required dfs0-file
(including extension) in the Time Series File field. The required items
stored in the dfsO file can then be linked to the model boundary points.

A dfsO-file contains one or more time series items of different types (e.g.
water level, Discharge etc.). The Items button activates the DFS Item
Selector, which lists the available items for the specified boundary type
(e.g. Water Level, Discharge etc.). An item can be selected from the list
and will be displayed in the Items Tree view.

Time series items can be modified using the Time Series Editor, activated
by the Edit button on the Property Page.
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4.1  Hydrodynamic

t Bndl.bnd11 M= E|
Hydra Dynamic: | Advection Dizpersion I Sediment Transport I Fiainfall B unoff I
Riiver Mame: Chainage: Boundary Type:
River 1 |0.000000 [waterLevel 7]
—water Level Specification:
Time Series File: ITS‘I.deU Edit... | Browse... | Items...
El-Wiater Level
e water level 1
River Hame Chai Boundary Type
1 RIVER: 1 1000.000000 Discharoe
2 River 1 0.000000 Wiater Level

Figure 4.1 The Hydro Dynamic Property Page.
Boundary conditions for hydrodynamic (HD) simulation are defined using
the Hydro Dynamic Property Page (Figure 4.1).

To define a boundary condition a time series item must be assigned to a
boundary point.

4.1.1  Boundary types, Hydrodynamic model:

Water level

Must be applied as either an upstream or downstream boundary condition.

Discharge

Can be applied as either an upstream or downstream boundary condition.
A discharge boundary type can also be applied as side tributary flow (lat-
eral inflow) or as a time dependent regulating function/structure where

Qstruc = Q).

Q/h Relation

Q/h Relations can only be applied at downstream boundaries.
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Q/h boundaries are applied at downstream boundary conditions when it is
not reasonable to apply a water level boundary with constant or time vary-
ing water level. Such a situation may exist where the model does not
extend to a sea or lake, and where the water level at the boundary, there-
fore, is not independent of the upstream conditions.

As arule Q/h boundaries should only be used at boundary points where
outflow from the model area takes place.

Note: MIKE 11 will not extrapolate the O/ relation past the highest spec-
ified water level value. If this situation arises during a computation, the
program will halt with an error message.

Wind Field

Wind fields can be applied globally or as branch specific factors. The glo-
bal wind field is applied by specifying GLOBAL in the river name field.
Branch specific wind fields are introduced by specifying the river name of
a branch. If a branch specific wind field is not specified a global wind field
is assumed. Wind fields are applicable to whole branches and it is not pos-
sible to specify a chainage value for specific reaches. Inclusion of wind
shear stress calculations in the computation is specified in the Hydrody-
namic Editor (p. 223) under Wind (p. 231). The user can reduce the effect
of the wind shear stress by applying a topographical wind factor in certain
reaches using the Hydrodynamic Editor (p. 223). When applying a wind
field as a boundary condition both the wind velocity and wind direction
must be specified. The direction of the wind is degrees in clock wise direc-
tion from (model) north. (See Figure 4.2).

NORTH

WIND

Figure 4.2  Definition of wind direction.
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Dambreak

Time dependent failure modes for a dambreak computation must be speci-
fied using a time series file. The file defines the shape and development of
the breach which includes, dam breach level, breach width and breach
slope.

Resistance Factor

A time variant resistance factor can be specified using a time series rough-
ness factor. The roughness parameter (Manning or Chezy) values speci-
fied in the HD Parameter File will be multiplied by the time variant
factors. The factor applies only to branches specified in the river name
field i.e. the factor is applied to the whole branch thus a longitudinal vari-
ation is not possible. If the river name is specified as GLOBAL, the multi-
plication factors are applied to all branches without a specific definition -
a branch specific factor always overrides a global definition. Any number
of resistance factors can be applied. Only global or branch specific resist-
ance factor series are applicable and it is not necessary to enter a chainage.

Heat Balance

Three items are needed for specifying a heat balance boundary:

— Air temperature
— Relative humidity
— Sunshine

Heat balance is also taken into account in normal Mike 11 branches.

Dam

In case one would like to include a dam in a heat balance set-up the
boundary type dam should be chosen. Here one needs to specify a dis-
charge through the dam and a gate level, width and height.

4.2 Advection dispersion

Boundary conditions for advection-dispersion (AD) simulations are
defined using the Advection-Dispersion Property Page (Figure 4.3).

To define a boundary condition a time series item must be assigned to a
boundary point.
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4.2.1

4.2.2

i Bndl.bnd11 M= E
Hydra Dynamic ~ Advection Dispersion | Sediment Transportl FRiainfall Hunoffl

Riiver Mame: Chainage: Component Mumber.  Boundary Type:
River 1 ID ID IEoncentration j
— Concentration

Time Series File: ITS‘I.deU Edit... | Browse... | Items... I

B E:onc:entration ™ Lateral inflovoutfloe
----- conc 1
River Hame Chai Comp t Hum| Boundary Type

1 River 1 0.000000 o Concentration

Figure 4.3 The Advection Dispersion property page.

Component number

The AD and WQ models are capable of modelling the advection disper-
sion and water quality processes of multiple substances/components. Each
boundary definition must be assigned a component number that corre-
sponds to the number of components defined in the Components (p. 270)
Property Page from the Advection-Dispersion Editor (p. 261).

A boundary time series for component ‘0’ will be applied to all compo-
nents not otherwise specified. This allows multiple concentrations to be
specified using a single time series (e.g. at an open boundary or closed
boundary).

With the exception of Temperature, it is possible to apply time series using
a unit specification (e.g. mg/l) different from the global unit specified in
the Advection-Dispersion Editor (p. 261) (e.g. g/1). The time series units
will be adjusted automatically.

Lateral inflow/outflow

A lateral inflow introduces mass to the model simulation; consequently
the concentration time series must include discharge values for the mass to
be calculated. When entering a concentration time series for lateral
inflows the ‘Lateral Inflow/outflow’ must be enabled and both concentra-
tion and discharge items must be selected from the Items Selector.
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The user has the option to include (or neglect) tributary inflows in an HD
simulation. If lateral inflows are included the discharge series applied for
the HD simulation should match the discharge series applied to the con-
centration time series.

4.2.3 Boundary Types, Advection Dispersion/Water Quality models

Concentration

Concentration time series may be used as external boundary conditions or
as lateral source points. If an external boundary condition is applied in the
AD-simulation, the discharge from the HD simulation will be used com-
pute the mass transport in or out of the system. Units are selected using the
‘Unit’ column.

Bacteria Concentration
Concentration of E Coli bacteria. Unit in Counts x1E6 / 100 ml

Temperature

Temperature is used if the WQ module is activated in conjunction with an
AD simulation.

WQ Temperature function

Temperature forcing function used when the Eutrophication module is
activated in conjunction with an AD simulation.

WQ Sun Radiation function

Incident light radiation forcing function used if the Eutrophication module
is activated in conjunction with an AD simulation.
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4.3 Sediment transport

¥ bnd1.bnd11 mEE|

Hydro Dynamicl Advection Dispersion  Sediment Transport | Fiainfall Hunoffl

Riiver Mame: Chainage: Boundary Type:
River 1 ID ISedimentTransporj
— Change |n Fraction Yalue
Time Series File: ITS‘I.deU Edit... | Browse... | Items... I
=- S_ediment Tranzport Fraction Mumber: ID
- Sediment
River Hame Chail Boundary Type
1 River 1 0.000000 Sediment Transport

Figure 4.4 The Sediment Transport property page.

The Sediment Transport property page (Figure 4.4) contains all boundary
conditions required for Sediment Transport (ST) simulations.

4.3.1 Fraction Number

Boundary conditions for each fraction (particle size) specified in the Sedi-
ment Transport Editor (p. 333) (Data for graded ST (p. 342) property
page) must be defined when using the graded sediment transport model.
Fraction numbers must be specified for the boundary types options listed
as; ‘Sediment transport’, ‘Fraction value’ and ‘Change in Fraction value’.

4.3.2 Boundary Types, Sediment Transport model

Sediment Transport

A Sediment transport boundary condition can be applied as an external
boundary or as a lateral sediment inflow. Sediment transport boundary can
be applied with both positive and negative values imposing either sedi-
ment addition or abstraction (e.g. dredging).
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Bottom Level

Bottom level can be applied as an external boundary condition only. It is
used in applications of the sediment transport module including morpho-
logical updating of the river bed level.

Change in Bottom Level

Change in bottom level can be applied the same way as for the bottom
level type described above. Change in bottom level is specified in either
depth/s or depth/day.

Fraction Value

Fraction of each particle size in the graded sediment module.Fraction val-
ues can be applied both as external and lateral sediment inflows and are
specified in percentage distribution. The sum of all fractions at each
boundary must equal 100% over the entire simulation period.

Change in Fraction Value

Change in fraction value can be applied the same way as for the fraction
value type above. The value is expressed as change of percentage distribu-
tion/day.

Sediment supply

The Sediment boundary condition is an alternative to defining a sediment
transport boundary with measured sediment transport values. Choosing
this option, no time series file and item shall be defined and the sediment
transport at the boundary locations will be calculated automatically based
on the HD-conditions at the location at the actual time.The Sediment sup-
ply boundary condition could be used if e.g. measurements are not availa-
ble for the sediment transport at the boundary or if it is simply desired to
let the model determine the sediment transport at the inflow boundary
point purely based on the HD-conditions at the given time.
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4.4 Rainfall-Runoff

|
¢ bndl.bnd11 [_ [T =]
Hydra Dynamicl Advection Dispersionl Sediment Transpart  Rainfall Runaff |
Catchment M ame: Boundary Type:
Catchment 1 IHainfaII j
— Rainfall
Time Series File: ITS‘I.deU Edit... | Browse... | Items... I
El- Rainfal
.. Rain
Catchment Hame Boundary Type
1 Catchmert 1 Rainfall
4] | 2

Figure 4.5  The Rainfall-Runoff property page.

The Rainfall-Runoff property page (Figure 4.5) contains all boundary con-
ditions and setup parameters required for rainfall-runoff (RR) simulations.

Note that all parameters of the rainfall-runoff model are edited using the
Rainfall-Runoff Editor (p. 173) and all boundary conditions and setup
parameters required for rainfall-runoff (RR) simulations are stored in the
file “default.bnd11”. Thus the Rainfall-runoff property page is included
for verification purposes only.

4.4.1 Boundary Types, Rainfall-Runoff model

Rainfall

Rainfall appears as accumulated precipitation from the time of the preced-
ing rainfall value.

Evaporation

Evaporation appears as accumulated evaporation from the time of the pre-
ceding rainfall value.
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Temperature

The temperature is used when the snow routine is activated.

Irrigation

Irrigation for a specific catchment. Only used in connection with the Irri-
gation module in the RR-model.
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5 RAINFALL-RUNOFF EDITOR

Simulation

The Rainfall Runoff Editor (RR-editor) provides the following facilities:

e Input and editing of rainfall-runoff and computational parameters
required for rainfall-runoff modelling.

o Specification of timeseries. Time series are specified on the Time-
series page within the Rainfall Runoff Editor. In other MIKE 11
modules, the time series input are specified in the boundary file.

e Calculation of weighted rainfall through a weighting of different
rainfall stations to obtain catchment rainfall.

e Digitising of catchment boundaries and rainfall stations in a graphical
display (Basin View) including automatic calculation of catchment
areas and mean area rainfall weights.

e Presentation of Results. Specification of discharge stations used for
calibration and presentation of results.

Some of the features in the Rainfall Runoff package have been developed
in cooperation with CTI Engineering, CO., Ltd., Japan. Amongst these are
additional methods for Calculation of Runoff from catchments and Calcu-
lation of Mean Precipitation of basins (method of Thiessen polygons and
Isohyetal Mapping).

The Rainfall Runoff Editor builds a file containing all the specified data
with extension .RR11. Once the catchments have been defined and the
rainfall-runoff, and the model parameters specified in the rainfall-runoff
editor, the Simulation is started from the MIKE 11 Run (or simulation)
Editor. It should be noticed that:

e The time series specified in the Time series page are collected in
a MIKE 11 boundary file for use in MIKE11. The saving of the
RR-editor file will automatically generate this “default.bnd11"
file, which is used as boundary file on the input page in the simulation
editor. The “default.bnd11” will normally automatically appear in the
boundary data field after having selected the RR input file. The bound-
ary data field will appear gray as shown on Figure 5.1.

e Time step: It is recommended to use a time step not larger than the time
step in the rainfall series and not larger than the time constant for rout-
ing of overland flow. See example on Figure 5.2.
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e Simulated catchment results can be linked with the River Network.
Catchment runoff/discharges and be inputted as lateral inflows and
summed to Normal and Routing river branch types, see sections 2.5.2
and 2.4 in the River Network Editor guide.

Results

MIKE 11 generates a variety of output types from a Rainfall Runoff simu-
lation ready to be used for model calibration and result presentation. These
are described in Section 5.8

30 skawa.sim11

Model:  Input ISimuIationI Hesultsl Start I

i~ Input File:
Network Frwkl 1] | o] Edi |
Crozz-sections  [%.xnz11] I _I Edit...
Boundary data  [*bnd11) I'::\Mnkel':".em:\.Skc‘.wa\[le!aull.I:-nd‘l'I _J Edit...
FiR Parameters  [%n1] IEI:\MikeZero\Skawa\Skawa.HH1‘I _| Edit... |
HD Parameters (“hdt1] | | Edi |
AD Parameters [%ad11] | 2 DETE
‘Wil Parameters [*wgll) I __I Edit...
ST Parameters  [%st11] | ] _Edi. |
FF Parameters  [ff11) | ] _Edi. |
HD Resubt:  [hrestl) | =]
FRResuts  [uestl] | [z

Figure 5.1 Input page to the rainfall-runoff simulation in the Simulation Editor

30 skawa.sim11

Modelsl Input  Simulation I Hesultsl Start I

— Simulation Period

Simulation Start: Simulation End:
Period: |S1 -01-01 12:00:00 |9?-1 0-31 06:00:00 Apply Default |
Time step: |1 2 Unit: IHours j

ST time step multiplier: |1
RiR time step multiplier: I'I

- Initial Conditions

Addto Hotstart
Type of condition Hotstart filename file [rate and Time:

HD: [SteadyState 7] | I [50-01-0012:00:00
AD:  |PametsiFle =) | I a00701 12:00.00
5T:  [PaametscFile. 7] | [0 [80:01-07 20000
RR: IParameter Fie =] | I [s00107 12:00.00

BV DY

Figure 5.2  Simulation page to the rainfall-runoff simulation in the Simulation
Editor. In this example aTimestep=12 hours.
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Editing using the clipboard

Overviews in the Editor shown in the bottom of each page can be copied
to the clipboard. This facility is useful, when editing a setup with many
catchments. Editing of the rainfall-runoff parameters can be carried out in
a spreadsheet after having copied the Overview to the spreadsheet via the
clipboard. After editing, the parameters are copied back to the Overview
and saved in the Rainfall Runoff Editor.

5.1 Specifying model Catchments

Skawa.RR11 - Modified

The catchment page is used to prepare the catchments to be included in the

RR setup (see Figure 5.3).

— Catchment Definition

Eatchmentsl Mk I 1R I SMAF’I Urbanl Timeseriesl

Catchment name

Catchment area

Riainfall runoff model type

Inzert catchment I ISKAW'A_U FF

|

|474.687
V' Calibration plot

— Catchment Overvie

Hame

Model

Area

Calculated Area

#D

1 SHAWA_UPP Ak 474 557 474 587 o
2 SHAMA_LOW Ak G&3.469 G&3.469 o
3 SHAWYA, Combined 1155.36 o

Figure 5.3 The Catchment page. Additional catchments are prepared via the
Insert Catchment dialog. The Example includes 2 sub-catchments
and a combined catchment which includes the 2 sub-catchments
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Inserting Catchments

New catchments are defined via the Insert Catchment dialog (see

Figure 5.4). The insert catchment dialog is automatically activated for the
first catchment, when creating a new RR-parameter. A new RR parameter
File is created from the MIKEZero File dialog. Additional catchments are
defined when pressing the button: Insert catchment.

A new catchment can be prepared as a copy with parameters from an
existing catchment or with default parameters (see Figure 5.4). The copy
also includes time series from the existing catchment.

Insert Catchment

Catchment name : Create az a copy of :

|SKAWA up

SKawA_LIPP
SKAwA_LOW

Rainfall runaff model
I Mk - i

Catchment area

|4?4.88?
ok l Cancel |

Figure 5.4  Insert Catchment Dialog.

Catchments Definitions

A catchment is defined by:

Catchment Name

Simulations can be carried out for several catchments at the same time.
The catchment name could reflect e.g. the location of the outflow point.

Rainfall Runoff Model type

The parameters required for each Rainfall-Runoff model type are speci-
fied in separate pages in the editor (see Figure 5.3). Following models can
be selected:

1 NAM: A lumped, conceptual rainfall-runoff model, simulating the
overland-, inter- flow, and base-flow components of catchment runoffs
as a function of the moisture contents in four storages. NAM includes a
number of optional extensions, including an advanced snow-melt rou-
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Calculated

tine and a separate description of the hydrology within irrigated areas.
Auto calibration is available for 9 important parameters.

2 UHM: The Unit Hydrograph Module includes different loss models
(constant, proportional) and the SCS method for estimating storm run-
off.

3 SMAP: A monthly soil moisture accounting model.

4 Urban: Two different model runoff computation concepts are available
in the Rainfall Runoff Module for fast urban runoff.: A) Time/area
Method and B) Non-linear Reservoir (kinematic wave) Method

5 Combined: The runoff from a number of catchments, constituting
parts of a larger catchment, can be combined into a single runoff series.
Each of the sub- catchments must be specified separately by name,
model type, parameters etc. The combined catchment can be defined
only after the sub-catchments have been created. The combined catch-
ment is defined in the group for combined catchments, which is acti-
vated when selecting combined catchment. The runoff from the
combined catchment is found by simple addition of the simulated flow
from the sub-catchments.

Catchment Area

Defined as the upstream area at the outflow point from a catchment.

Calibration plot

A calibration plot will automatically be prepared for catchments, where
the time series for observed discharge have been specified on the Time
series Page and the selection of calibration plot has been ticked off. The
calibration can be loaded from the Plot composed and is saved in the sub-
directory RRCalibration with the file name: Catchment-name.plc. The
time series in these plots are also available in DFSO format in the subdi-
rectory RRcalibration with the file name: Catchmentname.dfs0.

Figure 5.28 shows an example on a calibration plot.

Areas

The Calculated area shown in the Catchment Overview is based on the
digitised catchment boundaries in the Graphical display. The calculated
area is activated when the Basin View has been selected, see section 5.7.
The Catchment Area is shown in the edit fields for Area and Calculated
Area, when transferring a catchment from the Basin View to the catch-
ment page. The Area which is used in the model calculation can after-
wards be modified manually.
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Example on a catchment setup

The catchment data included in Figure 5.3 is input data to a setup of a
catchment in Poland. Rainfall Runoff parameters from this setup is used in
many of the following illustrations. The setup of the catchment is further
described in Section 5.9: A step-by-step procedure for using for using the
Rainfall Runoff Editor.

5.2 The NAM Rainfall-runoff model

The NAM model is a deterministic, lumped and conceptual Rainfall-run-
off model accounting for the water content in up to 4 different storages.
NAM can be prepared in a number of different modes depending on the
requirement. As default, NAM is prepared with 9 parameters representing
the Surface zone, Root zone and the Ground water storages. In addition
NAM contains provision for:

— Extended description of the ground water component.
— Two different degree day approaches for snow melt.

— Irrigation schemes.

— Automatic calibration of the 9 most important (default) NAM
parameters.

Parameters for all options are described below.

5.2.1 Surface-rootzone

Parameters used in the surface and the root zone are described below (see
Figure 5.5).
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5 Skawa RR11 - Modified

Catchments  MAM | LIHM I SMaP I Timeseries I
Surface-Rootzone i Ground ' ater I Snow Melt I Irrigation I Initial Conditions I Autocalibration I
I SKawia,_LIPP

-~ Storages
M aximum water content in surface storage
M aximum water content in root zone storage Lmax 102

 Runaff P
Ovwerland flow unoff coefficient CROF ID.SBE
Time constant for routing interflow CKIF 238
Time constant for rauting overland flow Ck1.2 I‘I 38
Root zone treshold value for overland flow TOF ID.3?2
Root zone treshold value for interflow TIF ID.D289

~ Dvervie

Hame Umax Lmax COOF CKIF CK1,2

1 SHAWA_LIPPY 188 102 0.565 238 138
2 Shaa | O 15 200 o7 1e+003 20
4] | ]

Figure 5.5  NAM - Surface Rootzone.

Maximum water content in surface storage (Umax).

Represents the cumulative total water content of the interception storage
(on vegetation), surface depression storage and storage in the uppermost
layers (a few cm) of the soil. Typically values are between 10 - 20 mm.

Maximum water content in root zone storage (Lmax)

Represents the maximum soil moisture content in the root zone, which is
available for transpiration by vegetation. Typically values are between 50
— 300 mm.

Overland flow runoff coefficient (CQOF)

Determines the division of excess rainfall between overland flow and
infiltration. Values range between 0.0 and 1.0

Time constant for interflow (CKIF)

Determines the amount of interflow, which decreases with larger time
constants. Values in the range of 500-1000 hours are common.
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5.2.2

Time constants for routing overland flow (CK1, 2)

Determines the shape of hydrograph peaks. The routing takes place
through two linear reservoirs (serial connected) with the same time con-
stant (CK1=CK?2). High, sharp peaks are simulated with small time con-
stants, whereas low peaks, at a later time, are simulated with large values
of these parameters. Values in the range of 3 — 48 hours are common.

Root zone threshold value for overland flow (TOF)

Determines the relative value of the moisture content in the root zone
(L/Lmax) above which overland flow is generated. The main impact of
TOF is seen at the beginning of a wet season, where an increase of the
parameter value will delay the start of runoff as overland flow. Threshold
value range between 0 and 70% of Lmax, and the maximum values
allowed is 0.99.

Root zone threshold value for inter flow (TIF)

Determines the relative value of the moisture content in the root zone
(L/Lmax) above which interflow is generated.

Ground Water

For most NAM applications only the Time constant for routing baseflow
CKBF and possibly the Rootzone threshold value for ground water
recharge TG need to be specified and calibrated. However, to cover also a
range of special cases, such as ground water storages influenced by river
level variations, a number of additional parameters can be modified.

The Ground Water parameters are described below (see Figure 5.6).

Overall Parameters

Time constant for routing baseflow (CKBF)

Can be determined from the hydrograph recession in dry periods. In rare
cases, the shape of the measured recession changes to a slower recession
after some time. To simulate this, a second groundwater reservoir may be
included, see the extended components below.

Root zone threshold value for ground water recharge (Tg)

Determines the relative value of the moisture content in the root zone
(L/Lmax) above which ground water recharge is generated. The main
impact of increasing TG is less recharge to the ground water storage.
Threshold value range between 0 and 70% of Lmax and the maximum
value allowed is 0.99.
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Catchments  MAM IUHM I SMAF’I Timeseriesl

Surface-Rootzone  Ground Water I Show Meltl Irrigationl Initial Eonditionsl Autocalibrationl
I Skawia, LIPP
= Owerall P.
Fioat zone treshold value for GW recharge TG ID.488
Time constant for routing bazeflow CkKBF I2.599+003

-~ Extended Component

"' Change ratio of Gw-area to catchment area Carea I'I

" Change specific yield of groundwater reservair Sy 1]

™ Threshold groundwater depth for baseflow GWILBFO I'IL'I—
™ Seasonal variation of masimurn depth EditEeasanal. I
™" Capillary fus, depth for urnit fus GwleFi [l

" Abstraction I | Specified irtimesernies Editasbstraction,

I~ Lower baseflow, recharge to lower reservoir Calaws IU
Time constant for routing lower bazeflow Chlow I'I e+004

- Dvervie
TG CKBF Carea Sy GWLEFD
0456 | 2.59e+003 1 0.1 10
05 2e+003 1 0.1 10
il | o

Figure 5.6  NAM - Ground Water.

Extended Ground Water Component

Ratio of ground water catchment to topographical (surface
water) catchment area (Carea)

Describes the ratio of the ground water catchment area to the topographi-
cal catchment area (specified under Catchments). Local geological condi-
tion may cause part of the infiltrating water to drain to another catchment.
This loss of water is described by a Carea less than one. Usual value: 1.0.

Specific yield for the ground water storage (Sy)

Should be kept at the default value except for the special cases, where the
ground water level is used for NAM calibration. This may be required in
riparian areas, for example, where the outflow of ground water strongly
influences the seasonal variation of the levels in the surrounding rivers.
Simulation of ground water level variation requires a values of the specific
yield Sy and of the ground water outflow level GWLBFO, which may vary
in time. The value of Sy depends on the soil type and may often be
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5.2.3

Snow Melt

assessed from hydro-geological data, e.g. test pumping. Typically values
of 0.01-0.10 for clay and 0.10-0.30 for sand are used.

Maximum ground water depth causing baseflow (GWLBFO0)

Represents the distance in metres between the average catchment surface
level and the minimum water level in the river. This parameter should be
kept at the default value except for the special cases, where the ground
water level is used for NAM calibration, cf. Sy above.

Seasonal variation of maximum depth

In low-lying catchments the annual variation of the maximum ground
water depth may be of importance. This variation relative to the difference
between the maximum and minimum ground water depth can be entered
by clicking Edit Seasonal...

Depth for unit capillary flux (GWLBF1)

Defined as the depth of the ground water table generating an upward cap-
illary flux of 1 mm/day when the upper soil layers are dry corresponding
to wilting point. The effect of capillary flux is negligible for most NAM
applications. Keep the default value of 0.0 to disregard capillary flux.

Abstraction

Ground water abstraction or pumping may be specified in a time series
input file, in millimetres, or given as monthly values in mm by clicking
Edit Abstraction.

Lower base flow. Recharge to lower reservoir (Cqlow)

The ground water recession is sometimes best described using two linear
reservoirs, with the lower usually having a larger time constant. In such
cases, the recharge to the lower ground water reservoir is specified here as
a percentage of the total recharge.

Time constant for routing lower baseflow (Cklow)

Is specified for CQlow > 0 as a baseflow time constant, which is usually
larger than the CKBF

The snow module simulates the accumulation and melting of snow in a
NAM catchment. Two degree-day approaches can be applied: a simple
lumped calculation or a more advanced distributed approach, allowing the
user to specify a number of elevation zones within a catchment with sepa-
rate snow melt parameters, temperature and precipitation input for each
zone.
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The simple degree-day approach uses only the two overall parameters: a
constant degree-day coefficient and a base temperature.

The Snow melt module uses a temperature input time series, usually mean
daily temperature, which is specified on the Timeseries page.

The Snow Melt parameters are described below (see Figure 5.7).

Catchments  MAM IUHM I SMAF’I Timeseriesl

Surface-HootzoneI Ground ‘water  Show Melt | Irrigationl Initial Eonditionsl Autocalibrationl

[ Temperature file on timeseries page | I Skawis_UPR

i~ Dwerall P.
Constant Degree day coefficient Cznow |3
Basze temperature [ snow/rain | Tg ID

~ Elevation Zone:

¥ Dielineation of catchmert int elevation zones Edit Zones... |

-~ Estended Component

[ Seasonal variation of Cshow [ Spec i limeseries EditEeasnmal.. |
™ Radiation cosfficient [ Radiation file on timeseries page | IU

" Rainfall degree day coefficient ID
-~ Dvervie
Hame Csnow To Cradiation| Crain
1 1] 0 1]
2 SHAWS | O 3 1] 0 1]

Figure 5.7  NAM - Snow Melt.

Include Snow melt

Ticked for a sub-catchments with snow melt included.

Overall Parameters

Constant Degree-day coefficient (Csnow).

The content of the snow storage melts at a rate defined by the degree-day
coefficient multiplied with the temperature deficit above the Base Temper-
ature. Typical values for Csnow is 2-4 mm/day/C.
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Base Temperature snow/rain (T0).

The precipitation is retained in the snow storage only if the temperature is
below the Base Temperature, whereas it is by-passed to the surface storage
(U) in situations with higher temperatures. The Base Temperature is usu-

ally at or near zero degree C.

Extended Snow Melt Component

Seasonal variation of Csnow

May be introduced when the degree-day factor is assumed to vary over the
year. Variation of Csnow may be specified in a time series input file or
given as monthly values in mm/day/C by clicking Edit Seasonal.

Radiation coefficient

May be introduced when time series data for incoming radiation is availa-
ble. The timeseries input file is specified separately on the time series
page. The total snow melt is calculated as a contribution from the tradi-
tional snow melt approach based on Csnow (representing the convective
term) plus a term based on the radiation.

Rainfall degree-day coefficient

May be introduced when the melting effect from the advective heat trans-
ferred to the snow pack by rainfall is significant. This effect is represented
in the snow module as a linear function of the precipitation multiplied by
the rainfall degree coefficient and the temperature deviation above the
Base Temperature.

Elevation Zones

Elevations zones are prepared in the elevation zone dialog (see Figure 5.8)

Number of elevation zones

Defines the number of altitude zones, which subdivide the NAM catch-
ment. In each altitude zone the temperature and precipitation is calculated
separately.

Reference level for temperature station

Defines the altitude at the reference temperate station. This station is used
as a reference for calculating the temperature and precipitation within
each elevation zone. (The file with temperate data is specified on the time-
series page).
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Dry temperature lapse rate

Specifies the lapse rate for adjustment of temperature under dry condi-
tions. The temperature in the actual elevation zone is calculated based on a
linear transformation of the temperature at the reference station to the
actual zone defined as the dry temperature lapse rate (C/100m) multiplied
by the difference in elevations between the reference station and the actual
zone.

Wet temperature lapse rate

Specifies the lapse rate for adjustment of temperature under wet condi-
tions defined as days with precipitation higher than 10 millimetres. The
temperature in the actual elevation zone is calculated based on a linear
transformation of the temperature at the reference station to the actual
zone defined as the wet temperature lapse rate (C/100m) multiplied by the
difference in elevations between the reference station and the actual zone.

Reference level for precipitation station

Defines the altitude at the reference precipitation station (The file with
precipitation data is specified on the timeseries page).

Correction of precipitation

Specifies the lapse rate for adjustment of precipitation. Precipitation in the
actual elevation zone is calculated based on a linear transformation of the
precipitation at the reference station to the actual zone defined as precipi-
tation lapse rate (C/100m) multiplied by the difference in elevation
between the reference station and the actual zone.

Elevation of each zone is specified in the table as the average elevation of
the zone. The elevation must increase from zone (i) to zone (i+1).

Area of each zone is specified in the table. The total area of the elevation
zones must equal the area of the catchment.

Min storage for full coverage

Defines the required amount of snow to ensure that the zone area is fully
covered with snow. When the water equivalent of the snow pack falls
under this value, the area coverage (and the snow melt) will be reduced
linearly with the snow storage in the zone.

Maximum storage in the zone

Defines the upper limit for snow storage in a zone. Snow above this values
will be automatically redistributed to the neighbouring lower zone.
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5.24

Irrigation

Max water retained in snow

Defines the maximum water content in the snow pack of the zone. Gener-
ated snow melt is retained in the snow storage as liquid water until the
total amount of liquid water exceeds this water retention capacity. When
the air temperature is below the base temperature TO, the liquid water of
the snow re-freezes with rate Csnow.

Dry temperature correction, wet temperature correction and correction of
precipitation in the zone can be specified manually or calculated automat-
ically as defined above.

Elevation Zones [ %]
I Skaws_ PP
Mumber of elevation zones i
. H
Reference level for temperature station 360 s
1 |SKawws UPP
IV Diy temperature lapse rate Calculate | I-D.B 2 |sHame Lo
v et temperature lapse rate Calculate | I-D.4
Fieference level for precipitation station ID
™ Correction of precipitation [E5lculate | IE‘
Zone 1 2 3 4 5 6 T 8 9 10
Elevation 350 430 250 630 a0 ga0 930 1.05e+ |1.15e+ |1.35e+
Area 1596 |69.32 |146.892 10205 |S646 |36.01 156 (1192 (829 (93
Min storage for full coverage 100 100 100 100 100 100 100 100 100 100
Maix storage in zone 1e+004|1e+004|1e+004 |1e+004 | 1e+004 | 1e+004 |1e+004 (1e+004 |1 e+004|1e+004
e weater retained in snow o o o o o o o o o o
Dry temperature correction 008 |-054 114 (174 |-234 |-294 [-354 |44 |-474 |-5594
et tempersture correction 004 |-036 |-076 (116 |-156 |-196 |[-236 |-276 |-316 |-396
Correction of precipitation o] u] u] u] u] u] u] u] u] u]
oK Cancel

Figure 5.8 NAM - Snow Melt, Elevation Zones.

Minor irrigation schemes within a catchment will normally have negligi-
ble influence on the catchment hydrology, unless transfer of water over the
catchment boundary is involved. Large schemes, however, may signifi-
cantly affect the runoff and ground water recharge through local increases
in evaporation and infiltration. If the effect of an irrigation area within a
catchment is to be simulated, separate NAM catchments are defined for
the irrigated area and the remaining area and a combined catchment
defined to accumulate the runoff.

A time series of applied irrigation must be specified as a rainfall series on
the timeseries page.

The Irrigation parameters are described below (see Figure 5.9).
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5 RRParl - Modified

Catchments  MAM |UHM I SMAF’I Timeseriesl

Surface-Rootzone I Ground ' ater I St Melt  Irrigation I Initial Conditions I Autocalibration I
r'z [ Irrigation file on timesenes page | IRR

— Infiltration P.
Infiltration rate at field capacity KD-inf |1

~ lmigation Sources %
Local ground water PC_LGW ISD—
Local river FC_LR ISD—
External river PC_ExR IU.DD
River name '—
Chainage ID—

— Crop Coefficients and Losse:

™ Specify crop coefficients and operational lozses Edit Grop. |

i~ Dvervie
Hame KO-inf PCLGW | PC LR PC_EXR | River Hame | !
1 IRR 1 a0 a0 1]
< | i

Figure 5.9  NAM - Irrigation.

Include irrigation

Ticked for a sub-catchments with irrigation included.

Infiltration Parameters

Infiltration rate at field capacity (k0-inf)

Defines the infiltration, which is taken directly from the upper storage
using a Horton-type description. This substitutes the standard NAM infil-
tration calculation, and the overland flow coefficient CQOF and the

threshold value TOF are consequently not required, when irrigation is
included.

Irrigation sources

Can be local ground water, a local river, an external river, or a combina-
tion of these. Local ground water will be taken from the NAM ground
water storage and irrigation water taken from a local river will be sub-
tracted from the simulated runoff. If all the water is abstracted from an
external source, outside the catchment, no subtractions are made.
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Crop coefficients and operational losses

May be specified separately. The monthly crop coefficients are applied to
the potential evaporation. The operational losses, including also convey-
ance losses, are given in percentage of the irrigation water as losses to
groundwater, overland flow or evaporation, (see Figure 5.10).

Seazonal variation for lrrigation

IRR
— Crop Coefficient
Jan  Feb  Mar  Apr May  Jun  Jul Aug  Sep Oct Moy  Dec
N N N TR N N O O N
— Dperational and Conveyance Loszes in Percent of Abstracted 'water
Lozzes to Jan  Feb  Mar  Apr May  Jun  Jul Aug  Sep Oct Moy Dec
Groundwater |0 0 0 ] 1] 1] 0 1] 1] a i] ]
Dserland flow {0 1] 0 1] 1] 1] 1] 1] 0 1] 1] 0
Evaporation |0 i} 0 i} 1} 0 i} 0 i} i} i} 0
(6]8 | Cancel |

Figure 5.10  Seasonal variation of crop coefficients and losses.

5.2.5 Initial conditions

The initial conditions are described below.

Surface and Rootzone

The initial relative water contents of surface and root zone storage must be
specified as well as the initial values of overland flow and interflow.

Ground water

Initial values for baseflow must always be specified. When lower base-

flow are included a value for the initial lower baseflow must also be spec-
ified.

Snow melt

Initials values of the snow storage are specified when the snow melt rou-
tine is used. When the catchment are delineated into elevation zones, the
snow storage and the water content in each elevation zones are specified.
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Skawa.RR11 - Modified

Catchments  MAM | LIHM I SMaP I Timeseries I
Surface-Rootzone I Ground ' ater I Snow Melt I Irrigation  Initial Conditions I Autocalibration I
I SKawia,_LIPP
— Surface and Rootzone
Fielative water content in surface storage [0-1] U max I
Relative water content in root zone starage [0-1] L/ max IU.S
Overland flow QOF ID
Interflovw alF ID
— Ground 'water
Baszeflow BF ID
Latwer brasetlow (i meluded famEy-page | BELa ID
i~ Show belt
Show storage Edit zones ... |
- Overvie
Hame u L QOF QlF BF 1
1 IPF 1 o4 1) 1) 1)
2 SHaa | O —| 1 o4 1) 1) 1)
4] | 2

Figure 5.11  NAM - Initial Conditions.

5.2.6 Autocalibration

Automatic calibration is possible for the most important parameters in the
NAM model. A detailed description of the automatic calibration is given
in the Rainfall-runoff reference manual.

The parameters used in the autocalibration are described below (see
Figure 5.12).
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kawa.RR11 - Modified

Catchments  MAM | LIHM I SMaP I Timeseries I
Surface-Rootzone I Ground ' ater I Snow Melt I Irrigation I Iritial Conditions ~ Autocalibration |
” I Skaws_LIPP
— Calibration P.
Parameter Fit Initial Yalue Lower Bound Upper Bound +
Ui V! 188 10 20
Lmax V! 102 100 300
CQOF V! 0.565 01 1
CHIF V! 238 200 1e+003
Ch1.2 V! 138 10 a0
TOF V! 0.372 1] 0.99
TIF V! 0.0289 1] 0.99
TG V! 0486 1] 0.99
CHEF V! 2.59e+003 1e+003 4e+003 ;I
— Objective Function
¥ Overalwater Balance
¥ Dverall Root Mean Square Emor
I™ Peak flaw AMSE Peak flow> [0
™ Lo flow RMSE Lavi flaw < IU
M arimum number of esaluations I2DDD
- Dvervie
Hame
1
2 Shaa | O

Figure 5.12 NAM - Autocalibration.

Include Autocalibration
Ticked for a sub-catchment with autocalibration included.

Calibration parameters
The automatic calibration routine includes the 9 model parameters:

— Maximum water content in surface storage (Umax).
— Maximum water content in root zone storage (Lmax)
— Overland flow runoff coefficient (CQOF)

— Time constant for interflow (CKIF)

— Time constants for routing overland flow (CK1, 2)

— Root zone threshold value for overland flow (TOF)
— Root zone threshold value for inter flow (TIF)

— Time constant for routing baseflow (CKBF)

— Root zone threshold value for ground water recharge (Tg)
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The user specifies which of these parameters should be included in the
autocalibration and the minimum and maximum range for each parameter.

Objective Function

In automatic calibration, the calibration objectives have to be formulated
as numerical goodness-of fit measures that are optimised automatically.
For the four calibration objectives defined above the following numerical
performance measures are used:

1 Agreement between the average simulated and observed catchment
runoff: overall volume error.

2 Overall agreement of the shape of the hydrograph: overall root mean
square error (RMSE).

3 Agreement of peak flows: average RMSE of peak flow events.
4 Agreement of low flows: average RMSE of low flow events.

The user determined which of these objectives should be considered in the
autocalibration.

Stopping Criteria

The automatic calibration will stop either when the optimisation algorithm
ceases to give an improvement in the calibration objective or when the
maximum number of model evaluation is reached.

Running the autocalibration

After preparing the autocalibration parameters the autocalibration is
started as a normal simulation.

When the autocalibration is completed the message box as shown in
Figure 5.13 will pop up. The Revised parameters are made available by

reloading the RR-file.

A calibration plot of the results is prepared in the RRcalibration directory
and can be loaded via the Plot-composer.

MIKE 11

e Autocalibration Completed.
Skawis_LUPP.RR11 has been updated. Reload file to see revised parameters.
Flot of rezults : Load RRcalibrationh\SKAMwA,_LIPP.plc .

Figure 5.13 Message box after autocalibration is finished.
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5.3 UHM
Introduction
The UHM (Unit Hydrograph) module constitutes an alternative to the
NAM model for flood simulation in areas, where no streamflow records
are available or where unit hydrograph techniques are already well estab-
lished.
The module includes a number of simple unit hydrograph models to esti-
mate the runoff from single storm events. The models divide the storm
rainfall in excess rainfall (or runoff) and water loss (or infiltration).
The UHM parameters are described below (see Figure 5.14).
RRPar3 - Modified
Catchments | Nak  UHM |SMAF’| Timezeres
I UHM-CAT
— Adjustment and B aseflo
Area adjustment factor |1
EBazeflow ID
—Hydrograph
SCS dimensionless
—Loss Model
IEonstant loss j Initial Loss ID
= Faifall erlarmemett Constant Logs IU—
—Lag Time
IEurve number method j Lag Time Calculate ”2
Hydraulic Length |1 1]
Slope |5
Curve Mumber l?5
= Overview
Hame AreafAF | Baseflow | InitLoss | ConstlLos [RunoffCoe| L
1 UHM-CAT 1 1) 1) 1) 0.75
X 2
Figure 5.14 UHM Parameters
Areal adjustment and Baseflow
An areal adjustment factor (different from 1.0) may be applied if the
catchment rainfall intensity is assumed to differ from the input rainfall
data series.
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A constant baseflow may be added to the runoff.

These parameters are used for all types of UHM models

Hydrograph

The distribution of the runoff in time can be described using different
methods:

SCS triangular hydrograph

The standard hydrograph in which the time to peak is assumed to be half
the duration of the excess rainfall plus the lag time t;.

SCS dimensionless hydrograph

Derived from a large number of natural unit hydrographs from catchments
of varying size and location. The flow values are expressed in Q/Qp,
where Qp is the peak discharge, and the time in T/Tp, where Tp is the time
from the start of the hydrograph rise to the peak.

User defined hydrographs

Should be specified in their dimensionless form, i.e. Q/Qp as a function of
T/Tp, as for the SCS dimensionless hydrograph above.

Four other methods for describing the hydrograph will be made available
in subsequent versions of UHM. These are

Storage Function

Quasi Linear Storage Function

Nakayasu

Rational method

Loss model

Constant loss

The infiltration is described as an initial loss at the beginning of the storm
followed by a constant infiltration:

Proportional loss
A runoff coefficient is specified as the ratio of runoff to the rainfall.

The SCS method

The SCS Loss model uses a Curve number that characterises the catch-
ment in terms of soil type and land use characteristics.The model further
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Lag time

SMAP

operates with three different levels of the antecedent moisture conditions
AMC, where the initial AMC is specified.

Three other loss models will be made available in subsequent versions of
UHM. Theses are

— Nakayasu

— fl-Rsa

— No loss

Can be specified directly in hours or calculated by the standard SCS for-
mula:

SCS formular

Three parameters are specified: Hydraulic Length, Slope and Curve
Number. Use the ‘calculate’ button to calculate the actual lag time.

Introduction

SMAP is simple rainfall runoff model of the lumped conceptual type.

It has been designed to work on the basis of monthly input data and there-
fore constitutes an economic alternative to the NAM model in scenarios
where a daily resolution of the results is not required. This is often the
case in overall water resources planning or for analyses of longterm reser-
voir operations. In such situations data preparation time may be saved if
simulations are carried out with monthly time steps only.

The SMAP model has been tested by DHI on various dry tropical and sub-
tropical catchments and has shown almost the same degree of accuracy on
the simulated monthly flow as the NAM model. The model does not
include a snow melt routine and is not recommended to be used in areas
where snow melt has significant influence on the hydrographs.

Model Parameters

The model accounts for the water storage in two linear reservoirs repre-
senting the root zone and the groundwater reservoirs respectively.

SMAP has five calibration parameters (see Figure 5.15):
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5 RRPar3 - Modified

Eatchmentsl b I UHM  SMaP | Timeseries

I SMAP-CAT
— SMAP P,
Max Storage Root Zone SAT IEDD
Surface RBunoff [OF = P * [(RSOL/ASAT] * &2 el |1
Evaporation Ea=Ep* [RSOL/SAT] " el el |2
Groundwater Recharge REC=Crec*RSOLRSOL/ASAT] 4 Crec ID.‘I
Baze flow - Time Constant for routing Ck |4e+003
™ Autocalibration B et I
~ Initial ¥ alue
Fielative water content in root zone storage [0-1] Fizol ID
Base flow Gbin |D
-~ Dvervie
Hame SAT e2 el Crec CK R
1 00 1 2 01 4e+003
4] | 2

Figure 5.15 SMAP Parameters

Max Storage Content of Root Zone (SAT)

Determines the maximum storage in the root zone storage at saturation in
millimetres. The parameter determines how much water is available for
evapotranspiration. The model does not account for evaporation from
interception or surface depressions. Thus the magnitude of SAT is nor-
mally somewhat larger than what may be estimated from rooting depth
and field capacity. Values of SAT range from 300 mm to 1500 mm. The
parameter influences the total evaporation in the model and hence the
overall water balance.

Similar to the NAM model many of the process descriptions in the SMAP
model depends on the current saturation fraction of the root zone storage.

I.e. the current storage of water (RSOL) divided by the max. possible stor-
age (MAX).

Surface Runoff exponent (E2)

SMAP calculates the Surface runoff (OF) as a fraction of the rainfall input
during the Time step (P). The surface runoff depends both of the degree of
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saturation of the root zone and of the exponent E2. Note that the surface
runoff will be the full rainfall amount when the root zone is saturated.
Small values of E2 will increase the runoff. It is recommended to start cal-
ibration with E2 values close to 1.

Evaporation Exponent

The actual evaporation (EA) is calculated as a fraction of the potential
Evapotranspiration (EP). It depends on the current saturation degree of the
root zone and the exponent E1. Small E1 will increase the Evaporation.

Groundwater Recharge Coefficient (Crec)

Crec determines, together with the degree of saturation in the root zone,
the amount of the current root zone water content (REC) to be transferred
to the groundwater in each time step. Crec varies between 0 and 1.

The parameter influences the total amount of base flow generated by the
model.

Base flow Routing constant (CK)

The base flow routing constant (CK) is the time constant of the linear
groundwater reservoir and is entered in the selected time unit (e.g. hours).
The larger the value the slower the base flow routing. Normal interval is
between 500 hours and 3000 hours.

Autocalibration Option

Not yet implemented!

In addition to the above parameters the root zone content (in mm) at the
start of the simulation and the initial base flow (in m3/s) needs to be spec-
ified.

Calculation Time Step

The calculations in SMAP are non-iterative and fully forward centred.
Hence, all calculations are based on the stage variables calculated in the
previous time step. It is therefore recommended to perform calculations
using daily calculation time steps even in situations where the rainfall
input is on a monthly basis. The output (or storing) frequency can be
selected on the Results page in the simulation editor and may be set to 30
days if comparison with monthly data are required. This ensures current
update of the stage variables within an output interval and improves the
results.

Please note, however, that the discharge output in the main result file is in
m3/s and represent an instantaneous value at by the end of the last calcula-
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tion time step. l.e. it is not the average discharge during the storing inter-
val.

Values of specific discharge (in mm) accumulated over the storing interval
are available in the file for additional results. This file also includes time
series of other relevant parameters such as groundwater recharge, base
flow and root zone moisture.

5.5 Urban

5.5.1 Introduction

Two different urban runoff computation concepts are available in the
Rainfall Runoff Module as two different runoff models:

Model A) Time/area Method
Model B) Non-linear Reservoir (kinematic wave) Method

The Model type (A/B) is selected in the first group box Model Parameters
-> Model (see Figure 5.16 and Figure 5.17)

5.5.2 Urban, model A, Time/area Method

The concept of Urban Runoff Model A is founded on the so-called "Time-
Area" method. The runoff amount is controlled by the initial loss, size of
the contributing area and by a continuous hydrological loss.

The shape of the runoff hydrograph is controlled by the concentration time
and by the time-area (T-A) curve. These two parameters represent a con-
ceptual description of the catchment reaction speed and the catchment
shape.

The Parameters for Model A are described below (see Figure 5.16)
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5 RRParl - Modified

Eatchmentsl ] I WHH I StdsF Urban I Timeseriesl
[ moDELAE
—Model P.
Madel m Time of Concentration 420
Impervious area IF Initial Loss IDB—
Reduction Factor IUS—
Time &rea Curve Mo m
— &dditional Ti
Constant Flow IE— Load based on inhabitants ID_
" Ewvaporation ™ Snowmelt B IJ_
-~ Dvervie
Model
A

Figure 5.16  Urban Page. Model A, Time/area Method.

Impervious Area

The Impervious area represents the reduced catchment area, which con-
tributes to the surface runoff

Time of Concentration

Defines the time, required for the flow of water from the most distant part
of the catchment to the point of outflow

Initial Loss

Defines the precipitation depth, required to start the surface runoff. This is
a one-off loss, comprising the wetting and filling of catchment depres-
sions.

Reduction factor

Runoff reduction factor, accounts for water losses caused by e.g. evapo-
transpiration, imperfect imperviousness, etc. on the contributing area.
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Time/Area Curve

Accounts for the shape of the catchment lay-out, determines the choice of
the available T/A curve to be used in the computations.

Three pre-defined types of the T/A curves are available:
1) rectangular catchment
2) divergent catchment

3) convergent catchment

5.5.3 Urban, model B, Time/area Method

The concept of surface runoff computation of Urban Runoff Model B is
founded on the kinematic wave computation. This means that the surface
runoff is computed as flow in an open channel, taking the gravitational
and friction forces only. The runoff amount is controlled by the various
hydrological losses and the size of the actually contributing area.

The shape of the runoff hydrograph is controlled by the catchment
parameters length, slope and roughness of the catchment surface.
These parameters form a base for the kinematic wave computation
(Manning equation).

The Parameters for Model B are described below (see Figure 5.17)
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5 RRParl - Modified

Eatchmentsl ] I WHH I StdsF Urban I Timeseriesl
I MODEL &
—Model P.
Model Iw VI
Length I‘ID
Slope ID.DD‘I
Impervious Pervious
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Area J100 Ja0 Jo Jo J60
Manning Number [0 [0 J20 J30 B Edt |
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" Evaporation ™ Snowmelt B IEl
-~ Dvervie
Hame Model I
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Figure 5.17  Urban Page. Model B, Non-linear Reservoir (kinematic wave)
Method

Length

Conceptually, definition of the catchment shape, as the flow channel. The
model assumes a prismatic flow channel with rectangular cross section.
The channel bottom width is computed from catchment area and length.

Slope

Average slope of the catchment surface, used for the runoff computation
according to Manning.

Area
The area distribution percentages divide the catchment area into five sub-

catchments with identical geometrical, but distinct hydrological proper-
ties. The five sub catchment types are:

— impervious steep

— impervious flat
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— pervious -small impermeability
— pervious - medium impermeability

— pervious - large impermeability

The hydrological properties of each of the sub-areas can be adjusted by
modifying the appropriate hydrological parameters (see Figure 5.18 show-
ing default values). The sum of the specified areas (in %) must be equal to
100%.

Model B Parameters
[ wMopELA
Impervious Surface Perviousz Surface
Fioof Area Flat Area Small Infil Medium Infil Large Infil
‘wetting Joos Joos Joos Joos
Storage |os Jn Jn |2
Start Infiltration |26 |26 |72
End Infilration |26 |26 [105
Exponent |o |o |0.0015
Inverse Horton's equation ID ID I3E-005
Manning number (60 70 Ja0 Ja0 12
ok | Cancel |

Figure 5.18 Model B, Hydrological Parameters for individual sub-catchments.

Wetting loss

One-off loss, accounts for wetting of the catchment surface.

Storage loss

One-off loss, defines the precipitation depth required for filling the
depressions on the catchment surface prior to occurrence of runoff.

Start infiltration

Defines the maximum rate of infiltration (Horton) for the specific surface
type.

End infiltration

Defines the minimum rate of infiltration (Horton) for the specific surface
type.
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Horton's Exponent

Time factor "characteristic soil parameter". Determines the dynamics of
the infiltration capacity rate reduction over time during rainfall. The actual
infiltration capacity is made dependent of time since the rainfall start only.

Inverse Horton’s Equation

Time factor used in the "inverse Horton's equation”, defining the rate of
the soil infiltration capacity recovery after a rainfall, i.e. in a drying
period.

Manning's humber

Describes roughness of the catchment surface, used in hydraulic routing of
the runoff (Manning's formula).

Additional Time series

Additional runoff

Additional runoff Evaporation check box - controls if the evapo-transpira-
tion process will be included in the runoff computations can be specified
as a constant flow or specified as load based on inhabitants (PE). An
additional time series for load (qload) is specified on the time series, when
the flow is based on load based on inhabitants (PE>0). The flow is calcu-
lated as:

Flow = [PE]lqload(t) (5.1)

Evaporation

Evaporation check box - controls if the evapo-transpiration shall be calcu-
lated based on a time series (when checked the time series is specified on
the Time series page) or based on a constant loss (equal to 0.05 mm/hour).

Snow melt

Snow melt check box - controls if snow melt is included in the calculation.
The content of the snow storage melts at a rate defined by the degree-day
coefficient CSnow multiplied with the temperature deficit above 0 Degree
Celsius. Typical values for Csnow is 2-4 mm/day. When snow melt is
checked a time series for temperature is specified on the Time series Page.
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5.6 Time Series

The Time series page serves two purposes: Input of time series and calcu-
lation of weighted time series (see Figure 5.19)

EH Skawa.RR11:1 - Modified

Catchments | Natd | UHM | SMap  Timeseries

I Skaws_ PP
— Hydrological Timeseries for Selected Catchment
Weighted ) =
Data type iigoariie File name Hem Browse

Rainfall o SHAWA_UPP_RAIN WWEIGHTED

Evaporation H| E.DFSO 6310

[Chserved discharge) H| @ DFs0 203

Temperatuire [ |TDFs0 B507 |
~ Mean Area \Weighting - -

& tie fived eambiatone. 1

‘weighted average | Distribution in time

Browse i |
Station no. T 1 2 3 4 I
Filename p.dfs p.dfs p.dfs0 p.dfs0

|ftem 6512 6314 6313 G507 B
1. Combination| 1 000002 0.267 0.0679 0.238 0.426
2. Combination| 0 o o o o
3. Combination| 0 o o o o
4. Combination| 0 1] 1] 1] 0| |58
4] | _’l_I

i~ Catchment - Maty Overvie

Data type IHainfaII L! Tupe IWeighted average_‘J Combination I‘I 'l
StationMo. | 1 2 3 4 5
Catchm. tem| 6512 6514 6513 6507 6505
1 Skava LUPP 0267 0.0679 0.238 0.426 1)
2 SHAVA | O |U 1] 0.0565 0196 0315
<] | i

Figure 5.19  Time series Page.

Input of time series
The input time series for the rainfall-runoff simulations are specified on
this page. The time series are used as boundary data to a MIKE 11 simula-
tion. The saving of the RR-editor file will automatically generate the
file ““default.bnd11" which is used as boundary file on the input page in
the simulation editor. Following data types are used:

Rainfall

A time series, representing the average catchment rainfall. The time inter-
val between values, may vary through the input series. The rainfall speci-
fied at a given time should be the rainfall volume accumulated since the
previous value.
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Evaporation

The potential evaporation is typically given as monthly values. Like rain-
fall, the time for each potential evaporation value should be the accumu-

lated volume at the end of the period it represents. The monthly potential
evaporation in June should be dated 30 June or 1 July.

Temperature

A time series of temperature, usually mean daily values, is required only if
snow melt calculations are included in the simulations.

Irrigation

An input time series is required to provide information on the amount of
irrigation water applied, if the irrigation module is included in a NAM
simulation

Abstraction

Groundwater abstraction can be included in NAM simulations for areas,
where this is expected to influence e.g. the baseflow. The data should be
given in mm.

Radiation

A time series of incoming solar radiation can be used as input to the
extended snow melt routine.

Degree-day coefficient

A time series of seasonal variation of the degree-day coefficient can be
specified as input to the extended snow melt routine.

Observed Discharge

A time series of observed discharge values can be specified and used for
model calibration. The observed discharge must be specified when auto-
matic calibration is included.

The selection of the observed discharge will automatically enable addi-
tional output which includes a calibration plot with comparison of
observed and simulated discharge and calculation of statistical values. See
Section 5.8.

Calculation of Weighted time series

This calculation usually needs only be made once. Once the calculation is
made the result are stored in time series that can be used for subsequent
rainfall-runoff modelling runs.
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If the rainfall data, weights or number of catchments changes the calcula-
tion must be repeated.

The Mean Areal Weighting calculation can be performed in two ways.

1 Directly within the Rainfall Runoff Editor. From the top toolbar menu
select Basin Work Area and the Calculate mean precipitation. The cal-
culation is made without requiring a model run.

2 During a simulation. A new simulation is started in the Simulation Edi-
tor: If the weighted time series is ticked, the Mean Area weighting cal-
culation is carried out as part of the model run.

It is recommended to use option 1.This will ensure that the available peri-
ods of the input files specified in “default.bnd11” are known in the simula-
tions editor.

After having calculated the weighted time series once the calculation can
be disconnected when removing the tick mark for weighted time series.

Mean Area Weighting

Weighted Average combinations

Where complete time series for all stations are available for the entire
period of interest only one weight combination is required. Where data is
missing from one or more stations during the period of interest different
weight combinations can be specified for different combinations of miss-
ing data.

It is not necessary to specify weight combinations for all possible combi-
nations of missing stations. For each calculation, the Mean Area Weight-
ing algorithm will identify estimate weights which best represent the
actual combination of missing data. In most cases only one set of weights
need to be specified. The Mean Area Weighting algorithm will automati-
cally redistribute weights from missing stations equally to the stations
with data.

Alternatively, the user may specify the weight to be used for specific com-
bination of missing data. For each such catchment, a suitable weight
should be specified for the reporting stations and a weight of “-1.0” given
for the non-reporting station(s), including missing data.

Distribution in time

If data is available from stations reporting at different frequencies, e.g.
both daily and hourly stations, the Distribution in time of the average
catchment rainfall may be determined using a weighted average of the
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high-frequency stations. You may, for example, use all daily and hourly
stations to determine the daily mean rainfall over the catchment and sub-
sequently use the hourly stations to the distribute (desegregate) this daily
rainfall in time. Different weight combinations for different cases of miss-
ing values may be applied also to this calculation of the distribution in
time.

Time fixed combinations

It is possible to specify fixed periods with different combinations. The
periods are specified from the menu bar (select: Parameters | Time-fixed
combinations). To enable calculation: Tick mark in the check box on the
time series page.

Deleting stations

Stations which are not longer valid in the weight combinations are
removed from the editor by deleting the station number in the editor.

Delete values

The delete value used in the time series indicating periods with missing
data is usually specified with the default delete value ‘1e-30’. The default
delete value can be changed via the MIKEZero Data Utility tool.

5.7 Basin View

The Basin View provides an graphical interface for some useful rainfall-
runoff modelling tools providing facilities to:

e Digitise catchment boundaries and the location of rainfall stations
e (Calculate catchment areas

e Calculate weights used for mean area rainfall calculation

The Basin View is as default not activated when a Rainfall Runoff file is
opened or created. It is often not required to activate the Basin View for
preparation of the RR-file.

5.7.1 Activating the Basin View

To activate the Basin View within MIKE 11 select View and Basin View
from the top menu bar. When opening a new Basin View the extent of the
basin area is defined in the Define Basin Area dialog.
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5.7.2

5.7.3
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Cancel |
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Figure 5.20 Define Basin Area Dialog.

When opening a new Basin View at least one catchment (usually the
default) must exist in the Rainfall Runoff Tabular View, which must be
open same time as the Basin View. This initializes the Rainfall Runoff
Editor. The default catchment can afterwards be deleted from the catch-
ment page in the Tabular View, such as the catchments in the Basin View
and on the Tabular View are the same.

Importing Layers

The layer management tool is used to import a graphical image used as
background in the Basin View (select “Layers | Layer management” from
the menu bar). The graphical image is georeferenced in the image coordi-
nates dialog when importing the layer.

Basin Work Area

The Basin Work Area dialog selected from the top menu bar contains fol-
lowing facilities (see Figure 5.21).

MIKE Zero - Skawa.RR11
File Edit Grd Miew Parameterz Lapers | Basin‘wWork Area Window  Help
JJ el | & E| = Importﬁasi.n Defin.iti.o.ns...'
Import Station Definitions. ..
Ex=port Catchment Polygons. ..

Thiezzen Options...
Izohyetal Options. .
Calculate Mean Precipitation
LCombination Definition. ..

Graphical Settings...

Besize Working Area...
Delete Selected ltems
Create Polygors...

LCopy Metafile To Clipboard
Save View To Metafile...

Basin Work Area.

Figure 5.21

Import Basin Definitions
Import of predefined Basin Definitions from a file with the format:
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1 nl

X1Y1

X2Y2

... Xnl Ynl

2

n2

X1Y1

X2Y2

... Xn2 Yn2

#

Line 1: Number of catchment boundary sections and pairs of (x,y)-

coordinates.

Line 2 - Line4 : (x,y) -coordinates for first catchment boundary section.

Line 5: Number of catchment boundary sections and pairs of (x,y)-

coordinates.

Line 6- 8: (x,y) -coordinates for second catchment boundary section.

LIne 5 to 8 are repeated for the following sections. The # Marks the of

all sections

Import Station Definitions

Import of predefined Location of Rainfall Stations from a file:

1

2

3

4

478.2

488.5

462.5

425.0

98.0

110.1

113.2

151.9

Line 1 - 4 : Station number, (X,y)-coordinates.

The lines are repeated until the last station.
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Export Catchment Polygons

Export of Catchment boundaries to a file.

Thiessen Options

Preparation of Thiessen Weights takes place from the “Thiessen Option”-
dialog. Select number 1 for the first combination and press OK (see
Figure 5.22). Thiessen weights have now been prepared on the Time
series page (see Figure 5.19, Time series page in the Rainfall Runoff Edi-
tor).

Thieszen Options

Calculation of Thiessen polygons/weights ——
l——— -DK
* 1
Cancel |

Figure 5.22  The Thiessen Option dialog.

Apply the weight “-1.00” (for stations with missing data) on the timeseries
page before calculating of other combinations.

Showing Thiessen polygons for a catchment on the Basin View:

1 Press the Thiessen icon () on the Basin View toolbar.
2 Right click on the basin view.

3 Select combination number and left click on the catchment.

Isohyetal Options

The Isohyetal Option is used as a post processing tool to calculate average
catchment rainfall for a fixed period based on isohyetal lines. The tool has
no link to data on the Timeseries page in the Rainfall Runoff Editor. It
should therefore be noticed that the Isohyetal Option can not be used to
prepare weights and time series of mean area rainfall used as input to the
rainfall-runoff calculation. Select the Isohyetal Options to activate the Iso-
hyetal Option dialog (see Figure 5.23). The dialog has the following

pages:

1 Preparation of periods.
2 Grid Interpolation

3 Isoline Options
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4 Calculated catchment rainfall based on interpolated isolines

To see the Isolines on the Basin View: Press the Isoline icon on the Basin
View toolbar (&2).

Isohyetal Options

Rainfall data | Girid interpolation | Isolines | Catchments |

— Period of time ta include

" User specified period

Start I2DDD£DS.-"05 10:51:54 —' v|

End  [2000/05/05105754 =1~

—Accumulation Setting

¥ &llow Delste values

Maximum value of Gap filing |‘I 0

— Statistics on calculated value

Minimum I[l

I awirnum l['

Apply Mow |

Figure 5.23 Isohyetal Options dialog

Calculate Mean Precipitation

After having prepared the Thiessen weights (see Figure 5.19, Time series
page in the Rainfall Runoff Editor), this option is used to calculate the
weighted time series used as catchment mean rainfall for a Rainfall-runoff
calculation.

Combination Definitions

Options used to View different Thiessen Polygons on the Basin View.

Graphical Settings

Graphical Settings can be modified from the Graphical Settings Dialog
(see Figure 5.24).

The “Graphics” page is used to adjust display options for the following
graphical objects:

— Basin Web Objects (active when editing or deleting objects)
— Catchment Objects
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— Station Objects
— Thiessen Objects

The page “Mouse” is used to adjust the digitizing distance and the Mouse
sensitivity for digitizing on the screen.

Graphical Settings
Graphics I Mousel
= m Eranhical DEEe! — Points Drawn a:
=]- raphical Objects _
D‘q BaS|nWebDb|ec:ts IV Display ><|+||:|| a ||:'|<>"6 /—\lvl ' |U|
Color: | B Fontfilswe  [whie <)
Paint gize: | [ppt]
i~ Lines Drawn as
[¥ | Display Line style: m
. Thiessen Objects Calor: —l'l l_ Palpgor fill style: I 'l
Inzide Catchment - :
« PolignnLiries Thickness: IZ [pixelz]
‘e of  Station Paints
- Outside Catchment — Teut Drawn a:
i +f Polygon Lines o Jistification:
H tification: I vl
b of  Station Points ik <=llealoh
Colaor: |'I l_ Background style: I wl
0K I Cancel | Sl | Help I

Figure 5.24  Graphical Settings.

Resize Working Area

The working area on the Basin View can be resized from this option.

Delete selected items
After selection a catchment boundary (press the delete boundary icon: &
and click on the actual boundary) or selecting a rainfall station (press the

default mode icon: # and click on the actual station) the item can be
deleted either by using this option or by pressing the delete button.

Create Polygons

After having digitized the catchment boundaries this option is used to cre-
ate catchment polygons (alternatively press the Create Polygon Catch-

ments icon: ). Each catchment will be created in the Rainfall Runoff
Editor, including an automatic calculation of the area.

Copy Metafile to clipboard
The Basin View is copied to a the clipboard.

Rainfall-Runoff Editor
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Save View to Metafile

The Basin View is saved as a Metafile (*.emf). Afterwards this Metafile
can be used as background image in the River Network Editor.

5.7.4  Preparing Catchments

Defining Catchment Boundaries

Defining and editing boundaries is mainly undertaken using the add catch-
ment boundary button (&) from the Basin View toolbar. The first catch-
ment boundaries are defined as a set of points connected by straight lines
forming a polygon. To define the boundaries press the add catchment
boundary button and start digitising the first catchment boundary. To close
the first catchment boundary polygon double click on the mouse. Digitis-
ing of additional boundaries is initiated when selecting the add catchment
boundary, clicking on the mouse with the cursor placed close to an exist-
ing boundary point. The first boundary line for the second catchment is
therefore from the closest existing boundary points to the cursor

points. This boundary is closed when double clicking on the mouse close
to an existing boundary point.

Deleting Catchment boundaries

Existing catchment boundaries can be deleted as follows:

1 Press the “Delete Boundary”-icon (#4).
2 Click on the actual boundary to be deleted.

3 Press the delete button.

Testing catchment
After having prepared the catchment boundaries the “Test fill catchment”-

icon (#) can be used to test the validity of the digitized catchment poly-
gons.

Create Polygons

Catchments are created within the Rainfall Runoff Editor using the “Cre-
ate Polygon Catchments”-icon (2%) after having digitized the catchment
boundaries. Each catchment will be created in the Rainfall Runoff Editor,

including automatic calculation of the area. Catchment names can be mod-
ified in the Rainfall Runoff Editor.
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5.7.5 Inserting Rainfall Stations

Defining Stations

New rainfall stations are created with the “Create New Stations” icon

(). Click in the Basin View on the Station Location and use the “Edit

Station”-dialog to select the time series and select the name for the Rain-

fall station (see Figure 5.25).

Edit Station

i~ File Selection
Ok I
File name : C:AMikeZero\Skawa'p. dfz0
I J Cancel |

Item number : |111

Itemn name : |98589

— Location coordinate:

# [333550

¥: [5527000

-~ Station

Mame:  |96563

Mumber : I?

Frecipitation ||

Figure 5.25  Edit Station Dialog.

Deleting Stations

Rainfall stations are deleted from the Basin View as follows:

1 Press the default mode icon: #
2 Click on the actual station.

3 Press the delete button.

Editing Stations

Stations are modified in the “Edit Station”-dialog as follows:

1 Press the default mode icon: #

>

2 Right click on the actual station and select “Edit Station”.

5.7.6 Preparing Thiessen weights
Thiessen weights are prepared from the menu bar (Basin View | Thiessen

Options).

Rainfall-Runoff Editor
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Figure 5.26 shows an example of a Basin View for two catchment show-
ing the catchment boundaries, 7 rainfall stations and the Thiessen poly-
gons for all 7 stations.

Skawa.RR11:2 - Modified

Comb. #1

Untitled
5545000 7 5

5540000 7

b

E_M“ '
E[ongeg.l BN

5535000 7

’l_ruJ [}

5530000 s

5525000

5520000

5515000

5510000 -

5505000 4= - S
5500000 I

5495000

5490000

5435000 TR
3g0000 380000 400000 410000 420000

Figure 5.26  Basin View with catchment boundaries, rainfall stations and Thies-
sen polygons.

5.8 Result Presentation

Results

MIKEI11 generates two Rainfall Runoff Result files. The first result file
contains simulated runoff and net precipitation. The second, additional
result file (RRAdd) contains time series of all calculated variables, such as
the moisture contents in all storages, the baseflow etc., and can be very
useful during model calibration. The results of the simulation can be gen-
erated in two formats, either as RES11 or DFSO filetype. The format of the
result file should be selected before running the simulation. Three facili-
ties are available to plot and analyze the results of a rainfall-runoff simu-
lation:

1. MikeView. To apply MikeView for result analysis during calibration,
use RES11 as result file type. Plot layouts can be generated (and saved) in
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MikeView for comparing simulated and observed flow while displaying
e.g. the Root Zone storage variation, the snow storage, the rainfall etc.

2. MikeZero Time series Editor The time series editor can also be used

to view and compare simulated and measured results and to export results
to e.g. a spreadsheet for further processing. The result file should then be

given a DFS0 extension.

3. MikeZero Plot Composer. The MIKEZero Plot composer, which also
uses DFSO files, is suitable for arranging final plots for presentation in
reports and can also be used in the calibration procedure.

Summarised output

MIKE 11 generates as standard a table with yearly summarised values of
simulated discharge. The table is stored as the textfile “RRStat.txt” in the
current simulation directory. The table is extended with observed dis-
charge for catchments, where the time series for observed discharge have
been specified on the Timeseries Page. This includes a comparison
between observed and simulated discharge with calculation of the water
balance error and the coefficient of determination.

The output from a NAM catchment is extended with summarised values
from other components in the total water balance for a catchment.
Figure 5.27 shows an example on the content of summarised output.

SIMULATED PERIOD : From: 1991/ 1/ 1 12:88 To: 1997/18/31 6:88
TIMESTEP : 12.88 HOURS
(Accumulated values in mm)

Catchment: SKAWA_UPP, Area= 474.89 km2

Period | Q-obs  0Q-sim %diff |Rainfall PotEwap fActEvap|
19917 17 1 - 19927 17 1 | 18.2 482.6 -15.4 | 1889.1 551.6 529.1
19927 17 1 - 19937 17 1 | Lo8.7 391.3 4.3 | 825.8 671.5 488 .1
19937 17 1 - 19947 17 1 | 331.3 316.8 4.4 | Fi1.8 688.1 582.9
19947 17 1 - 19957 17 1 | 458.4 M2.6 18.8 | 985.1 656.3 548.8
19957 17 1 - 19967 17 1 | 478.3 421.9 18.3 | 944.8 539.5 496.8
19967 17 1 - 19977 17 1 | 653.8 685.3 -4.8 | 1127.7 467 .5 4547
19977 17 1 - 1997718731 | 536.5 558.4 -2.6 | 1831.5 519.3 491.3

19917 1/ 1 - 1997/18/31 | 3277.3 3260.9 a.

W

| 6775.8 A4885.9 3502.1

Coefficient of determination: R2 = 8.839

Figure 5.27 Example of contents of summarised output from a NAM catchment
with observed discharge included.
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Calibration Plot

A calibration plot will automatically be prepared for catchments, where
the time series for observed discharge have been specified on the Time
series Page and the selection of calibration plot has been ticked off on the
catchment page. The calibration can be loaded from the Plot composed
and is saved in the subdirectory RRCalibration with the file name: Catch-
ment-name.plc. The time series in these plots are also available in DFSO
format in the subdirectory RRcalibration with the file name: Catchment-
name.dfs0. The plot shows following results (see Figure 5.28):

HE SKAWA_UPP.plc - Modified ]
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Dawnish Hydraullc InsHiute Resules | =
e i P L L T e ——r e T
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Figure 5.28 Example on a Calibration Plot

— Comparison between observed and simulated discharge.

— Comparison between accumulated series for observed and simu-
lated discharge.

— Values for water balance error and coefficient of determination.

It should be noticed that the calibration plot requires the results saved for
each simulation timestep (See Simulation editor, Results Page).
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A combined catchment has no input timeseries and is therefore not repre-
sented on the Timeseries page. The observed discharge for a combined
catchment is therefore included as the observed discharge for the previous
catchment on the Timeseries Page.

5.9 A Step-by-step procedure for using the RR-Editor

This section illustrates the steps required to create a rainfall-runoff model
setup, and then carry out an auto calibration and model simulation The
example is based on the Skawa catchment, which is located in the Upper
Vistula Basin in Poland. The figures presented in this chapter describing
the Rainfall Runoff Editor are taken from this example. The following
step were performed:

1

Opening of a new MIKE11 RR - Parameter file. A catchment must
be defined in the first “Insert Catchment’-dialog (see Figure 5.4). This
catchment is used to initialize the Rainfall Runoff Editor for the Basin
View.

Activating of the Basin View (select View | Basin View).

Import of a background images (select Layers | Layers manage-
ment). The imported image was prepared and geo-referenced from an
ArcView application.

Digitising of catchment boundaries. The catchment was subdivided
into two sub-catchments defining the Upper and Lower part of the
Catchment (see Section 5.7.4).

Creation of polygon catchments (see Section 5.7.4), which includes
the preparation of the two NAM sub-catchments in the Rainfall Runoff
Parameter file with automatic calculation of the catchment areas.
Default catchment names are automatically assigned to each catch-
ment. The names on the two catchment were modified to
SKAWA_UPP and SKAWA_LOW and the default catchment was
deleted from the Catchment Overview.

Setup of a combined catchment. A Combined catchment was defined
as the sum of the two sub-catchments (see Figure 5.3).

Inserting of the rainfall stations. Stations included in the calculation
of catchment rainfall were included in the Basin View (see Section
5.7.5).

Preparation of Thiessen Weights (see Section 5.7.3, Thiessen
Options). The calculated Thiessen Weight Polygons are shown on
Figure 5.26, which also shows the two sub-catchments. The weights
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which were automatically transferred to the Time series Page are
shown on Figure 5.19.

9 Calculation of Mean Precipitation. The Weighted timeseries were

calculated based on the weights prepared as described in the previous
step.

10 Setup of other input time series. Input Time series for Evaporation,
Temperature and Observed Discharge were included on the Time series
Page (Figure 5.19).

11 Setup of NAM snow melt parameters. The Skawa catchment is
located in the mountains ranging from 200-1500 m above sea level.
and the runoff is therefore influenced from snow melt for part of the
year. The NAM setup was prepared with the extended snow melt com-
ponent including elevation zones (see Figure 5.7). Areas of the eleva-
tion zones were prepared from a Digital Elevation Model included in
an ArcView application. Areas were afterwards copied to the “Eleva-
tion zone”-dialog via the clipboard. Temperature corrections were
finally calculated using a fixed temperature lapse rate (see Figure 5.8).

12 Initial Conditions. The simulation starts from the beginning of a year
with relative high moisture content in the soil. The Initial Conditions
for the Upper and the Lower zone were therefore estimated to respec-
tively 100% and 90% of maximum capacity (see ).

13 Setup of Autocalibration for the upper catchment. Estimation of
parameters in the upper catchment were based on the NAM auto cali-
bration routine. The auto calibration was based on minimising the
Overall Water Balance error and the Overall Root Mean Square error
with a maximum of 2000 iterations (see Figure 5.12).

14 Start of simulation editor. After having saved the Rainfall Runoff
Parameters, a MIKE11 simulation editor was opened. The Input page
includes the RR Parameter file and the default boundary file (see
Figure 5.1). The Simulation period was prepared from the Apply
default button and a time step on 12 hours were found appropriate for
the simulation (see Figure 5.2).

15 Estimation of RR-parameters for the lower catchment. The param-
eters for the lower catchment were estimated based on results from the
auto calibration of the upper catchment and the knowledge on a lower
response and higher storage capacity for a catchment close to the flood
plains compared to the more hilly upper catchment. Parameters in the
Surface-Rootzone and Ground water are shown on Figure 5.5 and
Figure 5.6. The values for the 3 most important parameters are (in
bracket values for the upper catchment): Maximum water content of
rootzone: 200 mm (100 mm), Runoff coefficient: 0.7 (0.83) and Time
Constant Overland flow: 13.6 hours (20 hours).
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16 Presentation of Results. Results from the simulation were finally
compared in tables and on plots. Figure 5.27 shows example on sum-
marised output from the upper catchment, while Figure 5.28 shows the
calibration plot for the upper catchments

Rainfall-Runoff Editor 219



A=< Rainfall-Runoff Editor

220 MIKE 11



HYDRODYNAMIC EDITOR

Hydrodynamic Editor e 221



222 MIKE 11



Quasi Steady

—==<

6 HYDRODYNAMIC EDITOR

The Hydrodynamic parameters editor (HD-editor) is used for setting sup-
plementary data used for the simulation. Most of the parameters in this
editor have default values and in most cases these values are sufficient for
obtaining satisfactory simulation results. The editor has a number of tabs
which are listed below and described in the following:

Quasi Steady (p. 223)

Add. Output (p. 225)

Flood Plain Resistance (p. 229)
Initial (p. 230)

Wind (p. 231)

Bed Resistance (p. 232)

Bed Resistance Toolbox (p. 235)
Wave approx (p. 237)

Default values (p. 238)

User Def. Marks (p. 240)
Encroachment (p. 242)

Mixing Coefficients (p. 247)
W. L. Incr.- Curve (p. 249)

W. L. Incr.- Sand Bars (p. 251)
Heat Balance (p. 253)
Stratification (p. 255)

6.1 Quasi Steady

Various parameters required for the quasi steady simulation to be carried
out are set here.

6.1.1 Computational parameters

In order to optimize the convergence parameters with respect to accuracy
and computational time it is recommended that the parameters be adjusted
to obtain a satisfactory solution for low flow conditions. This will lead to
accurate results for higher flow conditions as well.
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The optimization is carried out by running the hydrodynamic model for

constant low flow conditions until steady conditions are obtained. These
results can then be compared with those obtained using the quasi-steady
model. It is emphasized that the parameters are 'model specific', i.e. each
model setup and associated flow condition requires individual parameter
optimization.

Relax

Weighting parameter used in the quasi-steady solution. For single
branches without bifurcation the value should be 1. In more complex sys-
tems the value should be less than 1.

Mix. Coef. I W L. Incr. - Curves I W, L. Incr. - Sand Bars
Initial | Wwind | Bed Reszist. I Bed Resist. Toolbox I Wave Approx I Default Yalues
Quasi Steady | Add. Qutput I Flood Plain Resist. I User Def. Marks

— Computational parameters

Fielax: IDE

Target_Branch: |-1
Beta_Limit: |1 =008
Fac_0: |2.5

Qcony_Factar: IW
Heony_Factar: IDD‘I—
Min_Hecony_In_Branch: W
O_struc_Factar: W
Hstop: IW

Figure 6.1 The Quasi Steady property page.

Target_Branch

Computed water levels/discharges are shown on the screen at each itera-
tion for branch number equal to ‘Target Branch’. No computations are
shown if ‘Target Branch’ is negative.

Beta_Limit

Factor used to avoid underflow in ‘horizontal’ branches.

Fac_0

Factor used to control the stop criteria for the discharge convergence test.

Qconv_factor

Q convergence factor used in the stop criterion for the backwater compu-
tation iterations.
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Hconv_factor

H convergence factor used in the stop criterion for the backwater compu-
tation iterations.

Min_Hconv_In_Branch

Minimum stop criterion to avoid underflow.

Q_struc_factor

Q structure factor: Used to determine the discharge at structures where a
slot description is introduced due to zero flow conditions.

H_stop

Stop criteria in the water level convergence test. Used also by the quasi
two dimensional steady state solver with vegetation as the convergence
criteria in the outer loop.

6.2 Add. Output

A number of simulated parameters can be selected for storage in an addi-
tional output result file (with the file name extension 'RES11"). The param-
eters are saved for each save step at each 4/Q point of the river system.
Time series and longitudinal profiles of the parameters can be viewed in
the same way as normal MIKE11 result files.
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Stratification I Mix. Coef. I W L. Incr. - Curves I W, L. Incr. - Sand Bars
Initial | wind Bed Resist. I Bed Resist. Toolbox I Wave Approx I Default Values I Guasi Steady
Add, Output Flood Plain Resist. I User Def. Marks I Encroachment I Heat Balance

Hor 3 points H and 3 points  Tatal  Stuctures
Welocity r r
Dizcharge
Crozs Section Area
Flow 'idth
Radiuz
Resistance
Conveyance
Froude Humber
Wolume

Flood Area

1 i i S i i i i i i |

Masz Emor

R e

Accumulated Mass Emar
Lateral Inflows

‘water level slope
Energy level slope

Energy level

i i S i

Bed shear stress

Figure 6.2 The additional output property page.

Structures

Structure flow, area and velocity. In case of control structures the gate
level is also stored.

Velocity

Velocities are calculated as the discharge divided by the cross sectional
area.

Discharge

The discharge calculated at 4-points is a weighting of up- and downstream
discharges calculated at Q-points.

Slope

The free water surface slope.

Cross section area

The area of flow in the cross section. At computational H-points where no
cross section is present the area is linearly interpolated from upstream and
downstream areas.

226

MIKE 11



Add. Output

Top width

The channel width at the free surface level.

Radius

The resistance radius.

Resistance

The cross-sectional resistance (resistance number multiplied by the resist-
ance factor).

Conveyance

The conveyance

Froude number

Defined as:

Fo_0 6.1)
A@

Where F is the Froude number, Q the discharge, A the cross sectional area,
g the acceleration due to gravity and b, the channel width at surface.

Volume

The volume calculated around the H-grid point.
Total: The total water volume for the river system.

Flooded Area

H-points: The flooded area of the water surface between two neighbouring
Q-points.

Total: The total surface water area for the river system.

Mass Error

The mass error is defined as the difference between the volume calculated
in the model and the true volume. At nodal points with more than two con-
nections the mass error is distributed uniformly between each connection.

Total: The total mass error for the river system.

Hydrodynamic Editor
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6.2.1

Accumulated Mass Error

The sum of the ‘Mass error’ in time and space. Generally, the mass error
can be reduced by increasing the number of iterations per time step, reduc-
ing the time step, and or by increasing the resolution of the cross-sections.

NOTE! Some cross-sections can cause mass-balance problems due to
large contractions. These problematic cross-sections can be detected by
selecting the mass error item calculated for each grid point.

Lateral Inflows

Lateral inflows due to boundary conditions, catchment runoff, Flood fore-
casting updating or coupling to MIKE SHE.

Water level slope

Water level slope at discharge points.

Energy level slope

Energy level slope at discharge points.

Energy level

Energy level at water level points.

Bed shear stress

The bed shear stress at water level points given as
T = pgRa (6.2)

where E is the energy level and x is the longitudinal coordinate along the
river.

Additional output for QSS with vegetation

Please note that when utilizing the quasi two dimensional steady state with
vegetation module, additional data can be obtained by setting the follow-
ing switch in the “mikel1.ini” file:

CREATE_QSSVEG_VELOCITY_FILE=ON

With this setting 8 .txt-files are generated and saved in the working direc-
tory i.e. where the simulation file is stored. The files are titled:

o QSSVEG_velocities: Velocity and area of the individual panels.
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e QSSVEG_velocities_addl: Energy slope, low water channel width,
high water channel width, Radius, wetted perimeter and Manning’s n
of the individual panels.

e QSSVEG._velocities_add2: Height of water/water interface, water/veg-
etation interface of the individual panels.

e QSSVEG._yvelocities_add3: Mixing coefficients of the individual pan-
els.

e QSSVEG_velocities_add4: Shear forces of the individual panels nor-
malised with p.

e QSSVEG_junctions: The appropriate parameters used for obtaining
the water level increment due to the junction and the water level incre-
ment in the channels meeting at the junction.

o QSSVEG_sandbars_curves: Water level increments due to sandbars
and river curvature.

e (QSSVEG_bridges: The water level increments due to bridges.

6.3 Flood Plain Resistance

The flood plain resistance numbers are applied above the ‘Level of divide’
specified in the raw cross section data (.xns11 files).

The global resistance number is applied on all flood plains unless local
values are specified. Local values are linearly interpolated at intermediate
chainage values. The resistance number value -99 indicates that the flood
plain resistance should be calculated from the raw data in the cross-section
data-base.

Example (Figure 6.3): In ‘RIVER 1’ the resistance on the flood plains is
globally calculated on the basis of the raw cross section data. However,
between chainage 5000 m and 10000 m an alternative flood plain resist-
ance is applied. The resistance number on the flood plains in this reach
varies linearly between 25 and 30.
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6.4

Initial

Mix. Coef. I W L. Incr. - Curves I W, L. Incr. - Sand Bars
Iitial I Wwind I Bed Resist. I Bed Resist. Toolbox | Wave Approx I Default Yalues
Quasi Steady I Add. Output Flaad Flain Resist. | User Def. Marks

— Flood Plain Resistance

— Global Value
Flood Plain Resistance: Igg‘
— Local Y alue:

River Hame | Chainage | Flood Pl. Res
1 RIVER1 5000000000 25000000
2 RIVER1 10000.00000 30.000000

Figure 6.3 The Flood Plain Resistance property page.

Initial conditions for the hydrodynamic model are specified on this page.
The global values are applied over the entire network at the start of the
computation. Specific local values can be specified by entering river
name, chainage and initial values. Local values will override the global
specification.

Example (Figure 6.4): The global water level and discharge have been
specified as 5.00 and 1.400 respectively. Local values have been specified
in the branch "RIVER 1". The local initial water levels vary from 5.70 to
5.00 with a linear relationship between chainage 0 and 3000. The dis-
charge also varies between 1.000 and 1.400 with a linear relationship over
the 3000 branch length.

230

MIKE 11



Wind T

7z, HDPar1 - Modified (=[S

Quasi Steady I ‘wiater Loss I Add. Output I Flood Plain Resist.
User Def. Marks I Mix. Coef. I W L. Incr. - Curves I W, L. Incr. - Sand Bars
Iritial | Wwind I Bed Resist. I Bed Resist. Toolbox I Wave Approx I Default Yalues

— Initial condition
— Global ' alue:

“wiater Level: |5
Dizcharge: |1 4

— Local Y alue:

River Hame | Chainage | Initial h Initial G
1 RIVER: 1 1] a7 1
2 RIVER 1 3000 5 1.4

Figure 6.4 Initial value tab

6.5 Wind

Wind fields can be applied to the entire model network using the wind
property page of the HD editor. The property page contains an "on/off"
switch a global wind factor and a table of local wind factors. A wind field
is applied globally to the model using a hydrodynamic boundary file
(.bnd11) and can be scaled by using the global and local factors section.

Example (Figure 6.5): The global wind factor is set to 0.70. It varies line-
arly from 0.70 to 0.30 in the branch named "RIVER 1" from chainage 0 to
5000.
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7z, HDPar1 . HD11 CEX]

Quasi Steady I ‘wiater Loss I Add. Output I Flood Plain Resist.
User Def. Marks I Mix. Coef. I W L. Incr. - Curves I W, L. Incr. - Sand Bars
Initial ~ *wind | Bed Resist. I Bed Resist. Toolbox I Wave Approx I Default Yalues

— Topographical Wind Factor

— Global Factar
W Include wind “wind Factar: ID.?
— Local Factar
River Hame | Chainage Factor
1 RIVER: 1 0.000000 IJ.?
2 RIVER: 1 5000000000 0.3

Figure 6.5 Wind tab.

6.6 Bed Resistance

Two approaches may be applied for the bed resistance. Either a uniform or
a triple zone approach can be specified.

6.6.1  Uniform approach

The bed resistance is defined by a type and a corresponding global value.
Local values are entered in tabular form at the bottom of the editor.

There are three resistance type options:

1 Manning’s M (unit: m!/3/s, typical range: 10-100)
2 Manning’s n (reciprocal of Manning’s M, typical range: 0.010-0.100)
3 Chezy number.

The resistance number is specified in the parameter ‘Resistance Number’.
This number is multiplied by the water level depending ‘Resistance fac-
tor’ which is specified for the cross sections in the cross section editor
(.xns11 files) to give a resulting bed resistance.
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Example (Figure 6.6): A global resistance (Manning’s M type) of 30 is

specified. In the branch "RIVER 1" local resistance numbers are specified
between chainages 0 and 21000 m. The resistance number at intermediate
chainage values is calculated linearly.

fz,HDPar1 - Modified

Quasi Steady I

Wwater Loss

|  Add Qupwt | Flood Plain Resist

Uszer Def. Marks | Mix. Coef. I W L. Incr. - Curves I W L. Incr. - Sand Bars
Iitial I ‘wind  BedResist | Bed Resist. Toolbox I Wave Approx I Default Yalues

—&pproach
& Urifom Section

" Tripple zone

Resistance Formula

I Manning (i) - l

- Global ' alue:

Resistance Number: IBD

-~ Local Value:

River Hame

Chainage

Resistance

RIVER 1

0

30

RIVER 1

5000

25

RIVER 1

14000

20

= I O =

RIVER 1

21000

30

Figure 6.6  Uniform approach for implementation of the bed resistance.

6.6.2 Triple zone approach

The Triple Zone Approach offers a possibility for the user to divide the
river sections in three zones with different bed resistance values. These
zones represent the vegetation free zone in the bottom of the profile, a
vegetation zone on banks etc. and a zone for description of flow over

banks and flood plains etc. as indicated in Figure 6.7
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‘ZONEZY

Zone3

Figure 6.7  Triple Zone division of cross section

Zone separator lines must be defined in the User Defined Markers page
(see description in Activation of Bed resistance Triple Zone Approach

(p. 241)).

Global and local values of bed resistance for each zone can be specified as
described for the Uniform approach.

Due to the special description in the friction term in the higher order fully

dynamic wave description the triple zone approach is only available for
fully dynamic and diffusive wave descriptions.

6.6.3 Vegetation and bed resistance

Only few detailed investigations have been made to establish relationships
between flow resistance and vegetation growth. A quantitative evaluation
of the vegetation’s influence on the flow resistance has been performed in
a few danish gauging-programmes. These are referred to in A.1 Flow
Resistance and Vegetation (p. 373).
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Bed Resistance Toolbox

Mix. Coef. I W L. Incr. - Curves I W L. Incr. - Sand Bars
Quasi Steady I Add. Output | Flood Plain Resist. I Uszer Def. Marks
Iitial I Wwind I Bed Resist.  Bed Resist. Toolbox | Wave Approx I Default Yalues

— Bed Resistance Equation
|n=‘|.-"M =a*In¥R]+b j Factor, a: I"I
—&pply to Sub-zections Expanent, b: ID
I™ Zone 1 flower) Min. Bed Resistance: IU-U25
IV | Zone 2 [middle]
Max. Bed Resist : IU-5
I Zane 3 fupper] ax. Bed Resistance:
River Hame | Chainage a b Min. Res. | Max. Res.
1 |iziobal -1 i 0.025 ik |
Figure 6.8 The Bed Resistance Toolbox property page.

The bed resistance toolbox offers a possibility to make the program calcu-
late the bed resistance as a function of the hydraulic parameters during the
computation by applying a Bed Resistance Equation.

Five options are available in the Bed Resistance Equation combo box:

Not Active

Bed resistance values used in the computation are those specified in the
Bed Resistance page (Uniform or Triple zone approach)

n = 1/M = a*In(VR)"b

The bed resistance is calculated as a function of In(velocity*Hydraulic
Radius). The velocity and the radius is calculated in metric units i.e.
m/s and m.

n=1/M = a*D”"b

The bed resistance is calculated as a function of the Water depth. The
water depth used is evaluated in meters and is the mean depth across
the whole cross section.

n=1/M=2a*V*b

The bed resistance is calculated as a function of the velocity. The
velocity is the mean cross sectional velocity evaluated in m/s.
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235



==

Hydrodynamic Editor

e Table (Velocity, Resistance value)

A User defined table of resistance value as a function of actual velocity
can be defined. The bed resistance value applied in the simulation will
be the interpolated value from this table, depending on the actual
velocity.

Note. To define the first line in the table, click the ‘Velocity’ bar in the
upper half of the page. Thereafter, press the <TAB> button and a new line
will be present in the grid in the upper part of the page.

All features (equations and table) can be defined both globally and locally.

If a Triple Zone Approach is applied, it can be specified for which zones
the bed resistance should be based on the toolbox definitions and which
zones the bed resistance number should be taken from the Bed Resistance
page. Activate the ‘Apply to Sub-sections’ check-boxes to specify that for
a specific zone the bed resistance values must be determined from the
toolbox definitions.

If one of the equations has been applied, the user must define values for
the coefficient, a, and exponent, b. Additionally, a minimum and a maxi-
mum value must be specified to control, that bed resistance values calcu-
lated from the equations are inside the interval considered reasonable by
the user for the specific setup.

Note that when using a Chezy or Manning description the maximum bed
resistance requires the smallest Manning’s M or Chezy’s C. Similar for the
minimum bed resistance requiring the highest resistance number.

Further due to the special description in the friction term in the higher
order fully dynamic wave description. The bed resistance toolbox is only
available for fully dynamic and diffusive wave descriptions.
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6.8 Wave approx

Mix. Coef. I W L. Incr. - Curves W L. Incr. - Sand Bars
Quasi Steady I Add. Output I Flood Plain Resist. | Uszer Def. Marks
Initial | Wind | BedResist | BedResist Toobow WaveApprox | Default Values

—wave Approximation
— Global Value

‘Wave Approximation: IFuII_u Dynamic 'l

— Local Y alue:

River Hame |UpStr. ChﬂDnStr. Chail Approx.
1 | | Fully Dynamic

Figure 6.9 The Wave Approximation property page.

There are four possible flow description available in MIKE 11. The flow
descriptions can be selected globally for the system and/or locally for indi-
vidual branches. Locally specified flow descriptions must be specified for
the whole branch.

In general it is recommended to use the ‘fully dynamic’ or the ‘high order
fully dynamic’ flow descriptions. Only in cases where it can be clearly
shown that the ‘diffusive wave’ or the ‘kinematic wave’ are adequate
should they be used. The latter two flow descriptions are simplifications of
the full dynamic equations. These are provided to improve the computa-
tional efficiency of models in specific circumstances. They should only be
used when the simplifications/assumptions upon which they are based are
valid (see below).

6.8.1  Fully Dynamic and High Order Fully Dynamic

The ‘fully dynamic’ and ‘high order fully dynamic’ flow description
should be used where the inertia of the water body over time and space is
important. This is the case for all tidal flow situations and in river systems
where the water surface slope, the bed slope and the bed resistance forces
are small.

The ‘high order fully dynamic’ flow description contains specific high
order and upstream centred friction terms in the momentum equation. This
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modification allows simulations to be performed at longer time steps than
the ‘fully dynamic’ description.

6.8.2 Diffusive Wave

The diffusive wave description is a simplification of the full dynamic
solution and assumes that there are no inertial forces (i.e. the inertial terms
are dropped from the momentum equation). It is suitable for backwater
analysis slow propagating flood waves and for cases where the bed resist-
ance forces dominates. It is not suitable for tidal flows.

6.8.3 Kinematic Wave

The kinematic wave approach assumes a balance between the friction and
gravity forces on the flow. The description is suitable for relatively steep
rivers without backwater effects.

6.9 Default values

Mix. Coef. I W L. Incr. - Curves I W L. Incr. - Sand Bars I
Quasi Steady I Add. Output I Flood Plain Resist. I Uszer Def. Marks |
Iitial I Wwind I Bed Resist. I Bed Resist. Toolbox I Wave Approx  Default Values

— Computation Scheme

Delta: IDS— Zeta Min: ID‘I—

Delhs: IUU'I— Struc Fac: IU—

Delh: ID‘I— Inter1 b au: I‘ID—

Alpha: I‘I— Molter: I‘I—

Theta: I‘I— M axlterSteady: I‘IDD—

Eps: IW Froudeh a=: |1—

[Dh Mode: IDD‘I— FroudeE «p: I‘I—
— Switche

Node Compatibilly [water Level 7]

Figure 6.10 The Default Values property page.

The default value property page contains various parameters related to the
computational scheme. These parameters are essential for the simulation
and have been given default values. The parameters can be modified if
required. The following brief descriptions are provided (see also section
Coefficients, HD default parameters in the Reference Manual).
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6.9.1 Computation Scheme

Delta

The time-centring of the gravity term in the momentum equation.

Delhs

The minimum allowable water level difference across a weir. To obtain a
steady solution for differences below this limit a linear flow description is
used.

Delh

The Delh factor controls the dimensions of an artificial ‘slot’, which is
introduced to a cross section to prevent ‘drying out’ of the section. The
artificial slot is a small void introduced at the base of the section and
allows a small volume of water to remain in the section preventing com-
putational instabilities at low flows. The slot is inserted at height Delh
above the river bottom and extends to a depth of 5-Delh below this level.

Alpha

The velocity distribution coefficient used in the convective acceleration
term of the momentum equation.

Theta

A weighting factor used in the quadratic part of the convective accelera-
tion term of the momentum equation.

Eps

The water surface slope used in the diffusive wave approximation. If the
water surface slope becomes greater than EPS, the computational scheme
will become fully forwarded upstream. The parameter can be used to con-
trol the stability of the computation.

Dh_node
Not used

Zeta min

The minimum head loss coefficient allowed in the computation of flow
over structures.

Struc Fac
Not used

Hydrodynamic Editor
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6.9.2

Switches

Max lter

The maximum number of iterations permitted at each time step to obtain a
solution at a structure.

Number of Iter
The number of iterations at each time step, generally 0, 1 or 2.

Max iter steady

The maximum number of iterations used to obtain a steady state water
level profile at the start of a simulation. Only used when the initial condi-
tions for the simulation are either ‘steady’ or ‘steady-+parameter’. If the
simulation type is ‘Quasi steady’ then the parameter is used at each time
step.

Froude max and Froude exp

‘Froude Max’ is the parameter ‘a’ in the enhanced formulation of the sup-
pression term applied to the convective acceleration term in the momen-
tum equation. Similarly ‘Froude Exp’ is the parameter ‘b’ in the enhanced
formulation. By default the values are -1, indicating that the traditional
formulation is used. For situations with high Froude numbers combined
with small grid spacing the enhanced formulation can be applied, see sec-
tion Suppression of convective acceleration term in the Reference Man-
ual.

Node Compatibility

This switch should be set to water level since the energy compatibility has
not yet been implemented.

6.10 User Def. Marks

The User Defined Markers page offers a possibility for the user to define
special markers/points in the river network by defining the location and
the top level of the item. Items defined as user defined markers can be pre-
sented on a longitudinal profile in the result presentation programme;
MIKEView. Markers could be the location of an important hydraulic
structure, a gauging station or other significant items in the modelling
area.

Note. To define the first Marker in an empty page, click the ‘Mark title’
bar in the upper half of the page. Thereafter, press the <TAB> button and a
new line will be present in the grid in the upper part of the page as well as
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6.10.1 Activation

a new column is introduced in the ‘location grid’ in the lower half of the
page. Write the name of the marker in the empty line in the upper grid, and
this name will automatically be transferred as the name of the column.

Markers can be defined as single points only and as markers defined along
a river stretch. The ’Interpolate’ column must be checked in case a linear
interpolation is requested on stretches between chainages and marker lev-
els defined in this page. In case a user defined mark should be presented
on the longitudinal profile as a single point (e.g. a bridge location or flood
mark indicator) the Interpolate check-box must be un-checked.

of Bed resistance Triple Zone Approach

The Bed resistance Triple Zone approach is activated by defining two
markers with the names; ‘ZONE1-2’ and ‘ZONE2-3’. Marker names can
not differ from these names if they are to be used for defining zone-sepa-
rators for the triple zone approach.

After defining the marker names, the zone-separator levels must be
defined as two levels defined in stations along the river stretches in the
setup where the separation between Zone 1 and 2, and Zone 2 and 3 are
present. That is, a longitudinal profile/line should be defined for each of
the two zone-separators.

Please Note: In case the Triple Zone Approach has been activated and
zone separator lines are not defined for the entire setup, MIKE 11 uses the
uniform bed resistance values in the points where separator lines are not
defined. The resistance value used at these points is the value (global or
local) defined for the lower zone.

Figure 6.11shows an example where a single point marker has been
defined (‘Main Bridge’ at RIVERI1, chainage 1500) and triple zone sepa-
rator lines has been defined in RIVERT1 in the reach from chainage 0.0 to
5000.
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I 7%, HDPar11.HD11 M= B
Iitial I Wind I Bed Resist. I Bed Resist. Toolbox I Wave Approx I Default Yalues
Heat Balance I Mix. Coef. I W L. Incr. - Curves | W L. Incr. - Sand Bars
Guasi Steady I Add. Output I Flood Plain Resist. User Def. Marks | Encroachment
Mark title Interpolate
1 2411 BRIDGE m
2 |ZOME1-2 v
3 |ZOMEZ-3 v

River Hame| Chainage |MAIHBRID| ZOHE1-2 | ZOHE2-3

1 I"ER1 0.000000 1 15
2 |RIVERT 1500.000000 23 1.2 17
3 |RIVERT 5000000000 0s 16

Figure 6.11  Example of defining User Defined Marks

6.11 Encroachment

Encroachment simulations are setup through this page. An encroachment
simulation consist of two or more simulations. The first simulation acts as
a reference simulation to which all other results are compared. The refer-
ence simulation is set up as any ordinary steady state simulation.

Based on the reference simulation a number of encroachment simulation
may be carried out. Each of these are specified as a line in the Encroach-
ment simulation overview (p. 246). Hereby one can evaluate different
encroachment strategies through the same setup. The parameters used for
defining the encroachment simulations are described below.

Note that only MIKE 11°s default steady state solver may be used.
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6.11.1 Iteration

6.11.2 Location

Default Yalues I Guasi Steady I Add. Output I Flood Plain Resist. I Uszer Def. Marks
Iitial | Wind I Bed Resist. I Bed Resist. Toolbox I ‘Wave Approx
Encraachment | Mix. Coef. I W L. Incr. - Curves I W L. Incr. - Sand Bars

—lteration————————— [~ Encroachment posiitons — Reduction parameters

tax no. of iterations |2D Left affset ID Feduction type IEquaI 'l

~Location——— | Right offset ID Left reduction IU

River name IHiver 1 Right reduction IU

B Left posiiton IU B
ainage |1 uli] 5 ]

il sl ID Tatal reduction I
— Encroachment method —Target walues—————————————
Method IFixed pasition 'l Wwidth ID wWater level changs IU
Sides IBoth zides 'l Energy level change IU
-~ Encroachment simulation owvervie
| Method Sides |Left ig offILeft pos|Right po| Width |Reduction ty Left re
1 ixed post  |Both = 1] 1] | 1] 1] 0 |Ecjual [
4 | |
— Encroachment station overvie
River Ha| Chainag| Method Sides |Left offg{Right Left pos|Right po| Width |Re

1 iver 1 100 |Fixed post  |Both = 1] u] u] u] 0 |Egy

2 |RIVER 1 200 Fixed post  |Both = 1] 1] 1] 1] 0 |Eg

3 |RIVER A1 300 [Fixed post  |Both = 1] 1] 1] 1] 0 |Eg

< | b

Figure 6.12  The encroachment property page.

Max no. of iterations

The maximum number of iterations allowed when obtaining encroach-
ment positions. The default setting is 20. If a non-valid number (<2) is
entered the code will use the value to 2. Note that this parameter is global
for all encroachment simulations and stations.

The location of the encroachment station is entered here through a river
name and a chainage. If a location is entered for which no corresponding
cross section exists a warning is issued at run time and the station will be
ignored in the subsequent simulation.

6.11.3 Encroachment method

Method

A total of five different methods are available:
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1 Fixed position: The position of the encroachment stations are user
specified.

2 Fixed width: The position of the encroachment stations are found
through a user defined width.

3 Conveyance reduction: The encroachment stations are found through
user specified conveyance reductions.

4 Target water level: The position of the encroachment stations are deter-
mined by ensuring that the conveyance of the encroached cross section
at the user defined target water level is equal to the conveyance of the
undisturbed cross section at the reference water level.

5 [Iteration: The encroachment positions are found through an iterative
procedure where steady state simulations are evaluated. The objective
of the evaluations are to reach a user defined target water level or
energy level.

Sides

It is possible for the encroachment to take place on both sides of the main
channel or only on one of the sides. For this purpose the sides combo box
may be used.

Note: If the method chosen for encroachment is *Fixed width’ then the
sides switch is automatically set to both sides. Since a fixed width
encroachment only makes sense if both sides are to be encroached.

6.11.4 Encroachment positions

Left and right offset

The user may specify a left and a right offset for the encroachment posi-
tions. These specify the minimum distance between the position of the
encroachment and the river bank. The latter being defined by markers 8
and 9.

Left and Right position (only encroachment method 1)

For the fixed position encroachment method the user should here specify
the position of the left and the right position as the distance from the river
bank.

Width (only encroachment method 2)

The width used for the fixed encroachment width method is entered here.
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6.11.5 Reduction parameters (only encroachment methods 3 to 5)

Reduction type

The way that the conveyance reduction should be accomplished is speci-
fied here. Three possibilities are available:

— Equal: The conveyance reduction is accomplished by reducing the
conveyance equally on both flood plains.

— Relative: The conveyance reduction is accomplished by reducing
the conveyance relative to the conveyance distribution in the refer-
ence simulation.

— Specified: The user may specify the conveyance reduction for each
of the flood plains.

The above settings are only meaningful if the sides switch is set to “both
sides’. If the latter is not the case the reduction type switch should be set to
specified.

Left and Right reduction

These are only used if the reduction type is set to ’specified’. The convey-
ance reduction is entered in percentage of the total conveyance.

Total reduction

If the reduction type is set to either ’Equal’ or Relative’ this field
becomes active. The total required conveyance reduction is entered here in
percentage.

6.11.6 Target Values

These fields are only of importance if the encroachment method is chosen
as either 4 or 5. In method 4 a water level target is used to determine the
encroachment. In method 5 the simulation tries to determine the encroach-
ment stations such that the water level or the energy level found through
simulation is equal to the target water level or energy level respectively.

Water level change

The target water level used in the simulation is the reference water level
plus the user specified water level change.

Energy level change (only encroachment method 5)

The target energy level used in the simulation is the reference energy level
plus the energy level change.
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Encroachment strategies using method 5

If method 5 is utilised there are three possible strategies.

Water level target: The encroachment may be carried out so that only
a water level target is considered. This strategy is achieved by setting
the water level change to a non-zero value and the energy level change
to zero.

Energy level target: The encroachment is carried out so that only an
energy level target is considered. This strategy is achieved by setting
the water level change to zero and the energy level change to a non-
zero value.

Water level target and energy level target: The encroachment is car-
ried out so that a water level target is met. Once this has been achieved
the energy level is checked. If the energy level is above the energy
level target the code will reconsider the encroachment and try to satisfy
the energy level request instead. This strategy is achieved by setting
both the water level change and the energy level change to non-zero
values.

Please note that the position of the encroachments are found through an
iterative procedure. This procedure considers each cross section individu-
ally starting downstream and working upstream. To ensure that this
method is successful do not use method 5 for river reaches which form
part of a loop in a network. Further method 5 is designed for encroaching
river reaches where the discharge distribution can be determined a priori,
thus the method will be less successful for networks having river bifurca-
tions in a downstream direction as opposed to bifurcations in upstream
directions. Finally it should be mentioned that not all user specified targets
can be reached. If this is the case the code will issue a warning and return
the encroachment which is closest to the requested target.

6.11.7 Encroachment simulation overview

Each row in this overview represents an encroachment simulation. The
parameters set here are used as default values for all the stations entered
subsequently in the Encroachment station overview. Thus the number of
rows is equal to the number of encroachment simulations which are to be
carried out.

6.11.8 Encroachment station overview
Each row in this overview represents a location along a river reach. For
each location all of the above parameters may be set individually (except
max no. of iterations).
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6.11.9 General guide lines for carrying out encroachment simulations

Since MIKE 11 uses preprocessed data for the simulation it is important to
have a fine resolution in the cross sectional processed data. Further the
encroachment module only allows equidistant level selection for the cross
sections used for encroachment. If the latter is not the case an error mes-
sage will be displayed and the simulation stopped.

For encroachment simulations only the initial start time in the simulation

editor is used. This start time is used for determining the boundary values
in the river set-up. Note that constant boundary conditions in MIKE 11 are
specified by the use of non-varying boundary conditions in the boundary

editor.

The choice of encroachment method depends on the application. Please
note that methods 1 to 4 all analyse the individual cross section without
considering the rest of the network. For instance method 4 seeks a water
level change with the same conveyance as the reference level and thus
only considers the individual cross section from a point of view of flow
taking place at the natural depth. The actual steady state simulation carried
out may not give rise to the required water level change. To obtain the lat-
ter method 5 should instead be used.

6.12 Mixing Coefficients

Used only in conjunction with the quasi two dimensional steady state veg-
etation module. This menu is used for setting the mixing coefficients
between adjacent panels in the river cross sections. Both global and local
values may be set here.

Local values are shown at the bottom in table form.
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6.12.1

Quasi Steady I Add. Output I Flood Plain Resist. I Uszer Def. Marks
Initial | Wwind | Bed Resist. I Bed Resist. Toolbox I Wave Approx I Default Yalues
Mix. Coef. | W L. Incr. - Curves I W, L. Incr. - Sand Bars
W ater & Water ~ Location
HWC &LwC River Mame I
b/B T Chai I—
7 g g ainage
2 05 0.03
3 1 01 —water & Wegetation
Independent YYegetation Zones
f ID.‘I
I et iy, 2o |1'2 Wegetation Zones adjacent to leves

E=pansion/Contraction  f ID.D4 f IU_D3

River Hame | Chainage |W & W ind|W & W Exp(W & V Inde{ W & Veg A
1 |Global 1.2 0.04 01 0.03

Figure 6.13  The Mixing Coefficients property page.

Water & Water

HWC & LWC

In this box the mixing coefficients between the low water channel (LWC)
and the high water channel (HWC) are set. The data is entered as a func-
tion of the ratio between the width of the low flow channel and the total
width of the river (b/B). Linear interpolation is used to obtain intermediate
values.

Important! The table should start with 5/B=0 and end with b/B=1 and all
intermediate values of &/B must be monotonically increasing. If the table
does not meet this criteria a warning is issued and the default settings are
used.

Note. To define the first line in the table, click the ‘b/B’ bar in the upper
half of the page. Thereafter, press the <TAB> button and a new line will
be present in the grid in the upper part of the page.

Independent Veg. Zones f

The mixing coefficients at a water/water boundary at an independent veg-
etation panel and a normal panel.
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6.12.2 Location

Expansion/Contraction f

The mixing coefficients at a water/water boundary at a dead water inter-
face.

The river name and location (chainage) is displayed here.

6.12.3 Water & Vegetation

The mixing coefficients at water/vegetation boundaries are set here.

Independent Vegetation Zones

Mixing coefficient at independent vegetation zones.

Vegetation Zones adjacent to levee

Mixing coefficient at vegetation zones adjacent to levee.

6.13 W. L. Incr.- Curve

Used only in conjunction with the Quasi Two Dimensional Steady State
vegetation module. This menu is used for setting the parameters which are
used for determining the increment of the water level due to the presence
of river curvature.

The tab is illustrated in Figure 6.14 with all the different features all of
which are described below.
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6.13.1 General

J,HDPar1.HD11

Iitial I Wwind I Bed Resist. I Bed Resist. Toolboxl Wave Approx
UserDef. Marks | Mix Coef. Wi L.lner-Curves | wi Ll

Quasi Steady I ‘wiater Loss I Add. Output I Flood Plain Resist.

o] x|

I Default alues
nher. - Sand Bars

h & Chainage |

General
’7 [V Enabling water level increment due to curve Load Branc

— Syztem Definition

™ Average Range ™ Curvature Radius
™ ‘Water Surface width V' elocity

River Hame| Chainage |Average R|Water Wi Radius

Velocity

o 0.000000

0| 0.000000

RIVER 1 0.000000 (0 0.000000 [2320706.00)  0.000000

[ ml_\l

RIVER 1 1000.000000 |0 0.000000 (2257574 .21

6| 0.000000

Figure 6.14  Water level increment due to ¢

Enabling water level increment due to curves

urves.

If the effect of the river curvature on the water level is to be included in

the calculations this box should ticked.

Load Branch and Chainage button

This button activates a window with thre

e choices

e [.oad the Branch and Chainage from Cross Section editor.

e [ oad the Branch, Chainage and Radius from Cross Section editor and

Network Editor.

e Load the Branch, Chainage, Radius and Channel Width from Cross

Section editor and Network Editor.

Tick the appropriate choice and click OK.

Important! To successfully activate the second or third choice (Radius /
Radius and Width) it is required that the network file is open. If the
NWK11 file is not open, then go to the Simulation Editor (Input page) and
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press the "Edit...” button to open the network-file. Thereafter, it is possible
to extract the Radius and/or Width values.

At the bottom of the editor a table is displayed with river name, chainage
and the four parameters appropriate for the determination of the water
level increment. The parameters which are not greyed may be edited.

6.13.2 System Definition

In this box the user may tick the appropriate parameters which should be
user defined or system defined. The parameters which are subsequently
used in the calculations are:

1 Average Range.

2 Curvature Radius.

3  Water Surface Width.

4 Velocity.

Note! If either 2 or 3 is ticked the velocity is also automatically ticked.

6.13.3 Tabular view

The editor displays a tabular view of the parameters which will be used in
the determination of the water level increment. The user should edit these
values appropriately.

In the column "Average Range" the user can control the calculation of the
curvature radius. If the average range is set to "None" no water level incre-
ment due to curvature applies. For other values of average range a curva-
ture radius is initially calculated or assigned (depending on the what's
selected in the group box "System Definition") individually in each h-
point. If the average range equals "Single" the curvature radius is kept
unchanged, otherwise this is averaged over a number of h-points. Consec-
utive h-points with the same average range setting is lumped together
when calculating an average curvature radius. "Multiple 1/2" is used for h-
points to be included in both the upstream and downstream averaging
reach.

6.14 W. L. Incr.- Sand Bars

Used only in conjunction with the Quasi Two Dimensional Steady State
vegetation module. This menu is used for setting the parameters which are
used for determining the increment of the water level due to the presence
of sand bars.
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The tab is illustrated in Figure 6.15 with all the different features all of
which are described below.

7, HDPar1 HD11 =R

Quasi Steady I ‘wiater Loss I Add. Output I Flood Plain Resist. I
Iitial I Wwind I Bed Resist. I Bed Resist. Toolbox I Wave Approx | Default Yalues |
User Def. Marks I Mix. Coef. I W, L. Iner. - Curves W, L Iner. - Sand Bars

G |
General
’7 V' Enabling water level increment due to sand bars Load Branch & Chainage |

— Syztem Definition

' Slope / Low ‘Water channel Width / ‘wWater Area of &nnual Max Discharge
" dH (Dbserved)

River Hame| Chainage |Slope of B|Width of L |Area of Lo| dH (Obser

Z 0.000000 | 0.000000| 0.000000| 0.000000
2 |RIVER 1 0.000000 | 0.000000| 0.000000| 0000000 0.000000
3 |RIVER 1 1000.000000| 0000000 | 0000000 0.000000| 0.000000

Figure 6.15  Water level increment due to sand bars.

6.14.1 General

Enabling water level increment due sand bars

If the effect of sandbars on the water level is to be included in the calcula-
tions this box should be ticked.

Load Branch and Chainage button

This button loads the branch name and chainage from the cross section
editor (remember to have the simulation editor open).

At the bottom of the editor a table is displayed with river name, chainage

and parameters appropriate for the determination of the water level incre-
ment.
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6.14.2 System Definition

In this box the user may tick the appropriate parameters which should be
user defined or system defined. The parameters which are subsequently
used in the calculations are either

e Bed slope, low water channel width and water area of annual maxi-
mum discharge

or

e An observed water level increment.

6.14.3 Tabular view

The editor displays a tabular view of the parameters which will be used in
the determination of the water level increment. The user should edit these
values appropriately.

6.15 Heat Balance

The property page used for setting up heat exchange simulations is illus-
trated in Figure 6.16.

Hydrodynamic Editor e 253



Hydrodynamic Editor

Stratification I Mix. Coef. I W L. Incr. - Curves I W L. Incr. - Sand Bars I
Initial I Wwind I Bed Resist. I Bed Resist. Toolbox I ‘Wave Approx I Default Values | Guasi Steady |
Add. Output I Flood Plain Resist. I Uszer Def. Marks I Encroachment Heat Balance

—Heat Balance Calculation

~ Location

Latitude [M pos.] |55
Longitude [\ pos.] |-1 2
Time meridian zone [W poz.] I

Dizplacement in time

— Solar absorption

Light attenuation 0

TTW

Constant in Beer's law

— Radiation under cloudy skies—— W aporization

Parameter & IU-2
Parameter B ID.5

Parameter &

I—
Parameter B |1

el

Figure 6.16  The heat balance property page.

The information needed for the heat exchange calculation are (information
is also needed in the boundary-editor):

Latitude (N pos.)
Latitude of the considered area. Used in solar radiation calculation.

Longitude (W pos.)

Longitude of the considered area.

Time meridian zone (W pos.)

The standard longitude for the time zone.

Displacement in time
Summertime correction: +1hour if the clock is 1hour ahead.

Light attenuation

Attenuation of solar radiation in the water column. Used to distribute the
incoming solar radiation over the different layers.
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Constant in Beer's law

The incoming solar radiation is distributed over the layers by use of the
following formula:

1
Ege = 7 (1-B)exp(-a(D - z)) (6.3)

tot

~

< 18 the solar radiation, B is constant in Beer's law, (D-z) is dis-
tance from surface and a is light absorption.

where [

Radiation Parameter A

Daily radiation under cloudy skies is determined by:

H n
2 _ A+B—= 6.4
H, * N, 6.4)

where 7 is sunshine hours and N is the day length.

Radiation Parameter B

See above.

Vaporization Parameter A

Vaporative heat loss is determined by:
g, = LC(A+BW,)(Qyw—-0Q,) (6.5)

where L is latent heat of vaporization, C, is the moisture coefficient, W, is
the wind speed 2 m above surface, Q,, is the vapor density close to the sur-
face, and Q,, is the vapor density close to the surface.

Vaporization Parameter B

See above.

6.16 Stratification

The property page used for setting up stratified flow simulations is illus-
trated in Figure 6.17.
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Initial I Wwind I Bed Resist. I Bed Resist. Toolbox I ‘Wave Approx I Default Values I Guasi Steady
Add. Output | Flood Plain Resist. I Uszer Def. Marks I Encroachment I Heat Balance
Stratification Mix. Coef. I W, L. Iner. - Curves I W, L. Iner. - Sand Bars
— Comrections [reductions)
Ho. of layers I‘IE‘ — Baroclinic Pressure
IV Dersities calculated Factor |1
— Turbulence madel Lecalbed e ID
Wiscasity ID-003  Canvection / Advection
Factor horizontal I I‘I
Turbulence model in fluid aciornenzanial momentm
Ik-eps rrodel vl Factor vertical momentum I‘I
Factor advection I‘I
Turbulence model at bed
I drag coefficient - l — Dizpersion
Factor horizontal viscosity |1
¥ Richardson numbers correction e l—.I

Figure 6.17  The stratification property page.

Note that if stratified flow is to be simulated then the specific branch must
be defined as being stratified.

The information needed for the stratified branches are:

No. of layers

Number of layers in the stratified branches. The same number of layers is
assumed in all stratified branches. The thickness of a layer is equal to the
local depth divided by the number of layers.

Density calculated

Tick means yes and no tick means no. If densities are calculated it is done
on the basis of the simulated water temperatures, and if not density is
assumed to be 1000 kg/m3.

Turbulence model

Viscosity

In the case one chose a constant viscosity under turbulence model it is the
used viscosity in the calculations.
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Turbulence model in fluid

It is possible to chose between constant viscosity, mixing-length, k-model
and k-¢ turbulence models. It is recommended to use the k-€ model.

Turbulence model at bed

Presently only drag coefficient can be chosen. The Chezy or Manning
number specified is used to calculate the bed friction, see scientific docu-
mentation.

Richardson number correction

Tick means yes and no tick means no. If Richardson numbers correction is
active the turbulence is dampened in stable stratified areas.

Corrections (reductions)

Baroclinic pressure: Factor

A factor multiplied on the baroclinic pressure. Default is 1, whereby the
correct equation is solved. If the factor is O the baroclinic pressure term is
removed in the momentum equation.

Baroclinic pressure: Local bed slope

The higher the number the less the baroclinic pressure term is taken into
account in areas with steep bed gradients.

Convection /Advection: Factor horizontal momentum

A factor multiplied on the horizontal exchange of horizontal momentum
(uu). Default is 1, whereby the correct equation is solved. If the factor is 0
the term is removed in the momentum equation.

Convection /Advection: Factor vertical momentum

A factor multiplied on the vertical exchange of horizontal momentum
(uw). Default is 1, whereby the correct equation is solved. If the factor is O
the term is removed in the momentum equation.

Convection /Advection: Factor advection

A factor multiplied on the advection terms in the transport equation.
Default is 1, whereby the correct transport equation is solved. If the factor
is O the advection of matter is removed in the transport equation.

Dispersion: Factor horizontal viscosity

A factor multiplied on the turbulent viscosity to get the horizontal diffu-
sion in the transport equation.
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Dispersion: Factor vertical viscosity

A factor multiplied on the turbulent viscosity to get the vertical diffusion
in the transport equation.
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7 ADVECTION-DISPERSION EDITOR

The AD Editor is used in conjunction with the following modules:

e Advection Dispersion module (pure AD)

e Water Quality module

e Cohesive sediment transport module

e Advanced cohesive sediment transport module

A brief description of each of these modules is provided below.

7.0.1  Advection-Dispersion module (AD)

The advection-dispersion (AD) module is based on the one-dimensional
equation of conservation of mass of a dissolved or suspended material, i.e.
the advection-dispersion equation. The module requires output from the
hydrodynamic module, in time and space, in terms of discharge and water
level, cross-sectional area and hydraulic radius.

The Advection-Dispersion Equation (p. 262) is solved numerically using
an implicit finite difference scheme which, in principle, is unconditionally
stable and has negligible numerical dispersion. A correction term has been
introduced in order to reduce the third order truncation error. This correc-
tion term makes it possible to simulate advection-dispersion of concentra-
tion profiles with very steep fronts.

7.0.2  Water Quality module (WQ)

The water quality (WQ) module deals with the basic aspects of river water
quality in areas influenced by human activities: e.g. oxygen depletion and
ammonia levels as a result of organic/nutrient loadings. The WQ-module
is coupled to the AD module, which means that the WQ module deals
with the chemical/biological transforming processes of compounds in the
river and the AD module is used to simulate the simultaneous transport
process. The WQ module solves a system of coupled differential equa-
tions describing the physical, chemical and biological interactions in the
river. The relevant water quality components must be defined in the AD
editor.

7.0.3 Cohesive Sediment Transport module (CST)

The cohesive sediment transport (CST) module also forms part of the AD
module. In contrast to the non-cohesive sediment transport (NST) module,
the sediment transport cannot be described by local parameters only
because the settling velocity of the fine sediments is very low. The cohe-
sive module uses the AD module to describe the transport of the sus-
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pended sediment. Erosion/deposition is modelled as a source/sink term in
the advection-dispersion equation. The erosion rate depends on the local
hydraulic conditions whereas the deposition rate depends on the concen-
tration of the suspended sediment and on the hydraulic conditions.

The module can also be used when resuspension of sediment affects water
quality. This is because the resuspension of cohesive sediment often gives
rise to oxygen depletion due to the high organic content and associated
oxygen demand (COD) in the cohesive sediment. Likewise resuspension
of cohesive sediment can give rise to heavy metal pollution since heavy
metals adhere to the sediment.

Advanced Cohesive Sediment Transport module (A CST)

The Advanced cohesive sediment transport module provides an alterna-
tive, more complex, process description than the simple CST module. This
module is especially useful in situations where a mass balance of cohesive
sediment is required in order to simulate the accumulation of sediment.
Then, knowing the exact location of sediment pools, it is possible to esti-
mate the siltation in navigation channels, waterways, harbours etc.

The advanced cohesive sediment transport module is part of the advec-
tion-dispersion (AD) module. As for the standard formulation, the sedi-
ment transport is described in the AD-model through the transport of
suspended solids. Erosion and deposition of cohesive sediment is repre-
sented in the AD-model as a source/sink term. Whereas the erosion rate
depends only on local hydraulic conditions (bed shear stress), the deposi-
tion rate also depends on the suspended sediment concentration.

The Advection-Dispersion Equation

The one-dimensional (vertically and laterally integrated) equation for the
conservation of mass of a substance in a solution, i.e. the one-dimensional
advection-dispersion equation reads:

0AC , 00C O ( BC)
C_Z(ADpLE) = _AK 7.1
ar T ox ax\Pox C+ Gy 7.0
where
C : concentration
D : dispersion coefficient
A . cross-sectional area
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K : linear decay coefficient
C, :source/sink concentration
q : lateral inflow

X : space coordinate

t : time coordinate

The equation reflects two transport mechanisms:

e Advective (or convective) transport with the mean flow;

e Dispersive transport due to concentrations gradients.

The main assumptions underlying the advection-dispersion equation are:
e The considered substance is completely mixed over the cross-section,

implying that a source/sink term is considered to mix instantaneously
over the cross-section.

e The substance is conservative or subject to a first order reaction (linear
decay)

e Fick's diffusion law applies, i.e. the dispersive transport is proportional
to the concentration gradient.

To operate the AD-module a number of dialogs are available all of which
are described in the following.
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-
Sediment layers
Components | Dizpersion I Init. Cond. I Decay I Boundary I Cohesive ST
Sediment Layers | Mon-Cohesive ST I lce Model I Additional output
 Initial conditions cohesive sediment
~ Location
Compone | Layer Tahlel Height | Density | Pot. fac. | Global | River Hame| Chaini
1 MCS [ 0.00000 | 1029560 | 0.000000 Hw
2 MLC Upp v 0.00000 | 1029560 | 0000000 Hw
3 MLC hdict 0.00000 | 1029560 | 0.000000 Hw
4 MLC Lo 0.00000 | 1029560 | 0.000000 Hw
< | 0
P
Width Layer Height
1 jp.00o00n] 10,000000
2 3.000000 5000000
3 5000000 0.000000

Location

Figure 7.1 The Sediment Layers property page.

Initial conditions for the sediment layers are defined on the Sediment Lay-
ers page. Selection pop down menus are available for the component types
‘Single cohesive’, ‘Multi cohesive’ or ‘Non cohesive’.

Component

Three types can be selected: Single Layer Cohesive, Multi Layer Cohesive
and Non-Cohesive.

Layers

Only available when Component is chosen as a Multi Layer Cohesive
component. The user can select between Upper, Middle and Lower repre-
senting the three layers in the Multi Layer Cohesive model. Parameters
must be specified for each of the layers.

Table

Only applicable for Multi Layer model components. Instead of giving the
initial conditions in Height (p. 265) a more detailed initial condition can
be specified using a width-Height table, see Parameters (p. 265).
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Height

Although the header says 'Height' the initial data should be entered as vol-
ume of sediment per length of river. In order to convert this initial data
into an amount MIKE 11 uses the porosity and the relative density speci-
fied in the Non-cohesive ST (p. 266) property page.

Density
The density of the layer.

Pot. fac.

Initial amount of BOD attached to the sediment. Only applicable for a Sin-
gle Layer component.

Global

If this box is checked the entered parameters are used globally.

River Name

The name of the river for which the data applies.

Chainage
The chainage of the river for which the entered data applies.

Parameters

For multi layer components a volume width relation can be entered. The
width in this relation is the width of the cross section, the volume is the
volume of sediment per length of the river. It is hereby possible to vary the
thickness of the sediment layer along the cross section.

7.1.1  Single layer cohesive component.

When the single layer model is used only one sediment layer is displayed.
The sediment layer initial conditions are defined by the following parame-
ters:

Potency factor
Initial amount of BOD attached to the sediment (kg BOD / kg sediment).
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7.2 Non-cohesive ST

Components Dizpersion | Init. Cond. | Decay I Boundary I Cohesive ST |
Sediment Layers Non-Cohesive ST | lce Model I Additional output |

r— Data for non-cohesive sediment transport

— Model constant
Model type IEngeIund - Fredzoe 'l
Fac. 1 |1 Fac. 2 |1 beta ID.BE
kin. wisc. |1 x10"-6 poraszity ID.35
1el.dens. |2.B5 thetac ID.DEB
—Data
Component Grain size St dev. Global River Hame | Chainage
1 MCS 0.001000 | 1.00000 Hw

Figure 7.2 The Non-Cohesive property page.

This page contains input parameters for Non-Cohesive components. A
non-cohesive component is defined using the data section at the bottom of
the page.

Model constants

Model Type

A pop down menu provides a choice from two types of sediment transport
formulations; the Engelund-Fredsge and the van Rijn model.

Fac.1

Calibration factor for bed load transport. The calculated bed load is multi-
plied by the calibration factor.

Fac.2

Calibration factor for suspended load transport. The calculated suspended
load is multiplied by the calibration factor.

Beta
Dynamic friction factor used in the Engelund-Fredsge model.

266 MIKE 11



Ice model —%

Typical range: 0.50 - 0.65.

Kin.visc.

The kinematic viscosity of water.

Porosity
The porosity of the sediment.

Rel.dens.

The relative density of the sediment.

Thetac
Shield’s critical parameter. Typical range: 0.04 - 0.06.

Data

Component

Here a Non-cohesive component is selected.

grain size
The D5 value.

st dev.

Standard deviation in the grain size distribution.

Global

If this box is checked the entered parameters are used globally.

River Name

The name of the river for which the data applies.

Chainage

The chainage of the river for which the entered data applies.

7.3 Ice model

This property page contains parameter information for the MIKE 11 ice
module. The following parameters must be specified:

e Active ice model

e Constant cross section area
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Latitude

Latent heat
Specific heat of water
Density of water
Heat flux

Ice density

Air temperature
Wind speed
Cloudness
Visibility

Cloud density
Precipitation

Ice thickness

Ice cover

Ice quality

The latter three parameters can also be given local values in the grid con-
trol.

Additional output

The additional output page contains check boxes which can be used to
store internal model parameters in result files with the extension (.RES11).

Mass

The mass in the system. Given in the units specified on the ‘Components’
property page. Total and total accumulated as well as grid and grid accu-

mulated values can be selected.
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Components I Dizpersion Init. Cond. I Decay Boundary | Cohesive ST |
Sediment Layers I Mon-Cohesive ST I lce Maodel Additional cutput

Tatal Grid
Accurnulated Accurnulated

o
=%

Masz
Masz balance

1. order decay

minlninl:
1111

Mass in branches
Tranzport, total
Dizpersive transport

1 A e i i |
1 A e i i |

Convective transport

Figure 7.3 The additional output property page.

Mass balance

The mass balance is given in o/oo (per thousands). Total and total accumu-
lated as well as grid and grid accumulated values can be selected.

1. order decay

The 1st order decay is given in the units specified on the ‘Components’
property page, per second. Total and total accumulated as well as grid and
grid accumulated values can be selected.

Mass in branches

The mass in river branches given in the unit specified on the ‘Compo-
nents’ property page. Total and total accumulated values can be selected.

Transport, total

The total transport is given in the unit specified on the ‘Components’
property page, per second. Grid and grid accumulated values can be
selected.

Dispersive transport

The dispersive transport is given in the unit specified on the ‘Components’
property page per second. Grid and grid accumulated values can be
selected.

Convective transport

The convective transport is given in the unit specified on the ‘Compo-
nents’ property page, per seconds. Grid and grid accumulated values can
be selected.
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7.5 Components

Component names and numbers must be specified in this dialog.

The components can be user defined or selected using the pre-defined
component sets provided with the water quality module. Each component
is modelled using a defined concentration ‘unit’” and ‘type’.

Sediment Layers I Mon-Cohesive ST I lce Model I Additional output I
Components | Dizpersion I Init. Cond. I Decay I Boundary I Cohesive ST I
— Component
I~ w0 / Sediment interaction Fill '@ Components ... |
Component Units Type
1 Do | x| Marmal
2 TEMPERATURE |Deg. Cel. Mormal
|51 ARCIS, g Mormal
4 MITRATE g Mormal
g BOD SUSPEMD |mogd Mormal
= BOD DISSOLYE | mogl Mormal
7 BOD SEDIMENT |mod Mormal

Figure 7.4 The component property page.

WQ / Sediment interaction

If this check box is checked Mikel1 will include the exchange of BOD
between the water and the sediment. Both cohesive sediment and non-
cohesive sediment will be included. All together four components will be
added to the component list:

— COHE: Cohesive sediment. Type must be ‘Single Layer Cohesive’.

— COHE BOD: BOD attached to cohesive sediment. Type must be
‘Normal’.

— NON_COHE: Non-cohesive sediment. Type must be ‘Non-Cohe-
sive’.

— NON-COHE BOD: BOD attached to non-cohesive sediment. Type
must be ‘Normal’.
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Fill WQ components

By selecting the Fill WQ components button a number of pre-defined
component sets for the water quality modules can be accessed.

Select W model x|

Wi

¥ Coliforms included
T EU
" HM
 OCRE
" EU [Extended)
 HP_TRANS
 EQ SOLVE
& WETLAND

Cancel |

Figure 7.5  Selecting different WQ model components.

A short description of the WQ model types is listed below.

— BOD/DO: Components used for the standard water quality (WQ)
model. Up to 6 levels can be chosen using the levels option. Colif-
ormal bacteria and phosphorus components can also be included.

— EU: Components used for the eutrophication module.

— EU extended: Components used for the extended eutrophication
(EU) module.

— HM: Components used for the heavy metal (HM) module.
— OCRE: Components used for the iron-oxidation(OCRE) module.
— NP_TRANS: Components used for the nutrient transport module.

— EQ SOLVE: Components used for the equation solver module.

Component

Here all components for AD and/or WQ simulations are defined.

Units

Here the unit of the component is specified.

— my-g/m’: Microgram per cubic meter.
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— mg/m’: Milligram per cubic meter
— g/m’: Gram per cubic meter

— kg/m?: Kilogram per cubic meter
— my-g/l: Microgram per litre.

— mg/l: Milligram per litre.

— g/l: Gram per litre.

— Deg. Cel: Degrees in Celcius.

— Counts x 1E6/100 ml: Bacterial counts.

— Normal: A component used for AD and/or WQ simulations.

— Single layer cohesive: A component used only in the single layer
cohesive sediment transport model.

— Multi cohesive: A component used in the multi layer cohesive sed-
iment transport model.

— Non-cohesive: Used only if WQ/Sediment interaction is chosen,
see WQ / Sediment interaction (p. 270). Note that this non-cohesive
sediment model can not be used for morphological simulations. It is
only used to simulate the exchange between the water and the sedi-
ment of BOD attached to the sediment.

Dispersion

The dispersion coefficient, D, is described as a function of the mean flow
velocity, V, as shown below.

D =aV’ (7.2)

Where a is the dispersion factor and b the dispersion exponent. Typical
value ranges for D: 1-5 m2/s (for small streams), 5-20 m?/s (for rivers).

Both the ‘dispersion factor’ and the ‘dispersion exponent’ can be speci-
fied. If the dispersion exponent is zero then the dispersion coefficient D
becomes constant (equal to the dispersion factor). By default the disper-
sion is zero (i.e. there is only advective transport and no dispersion). The
‘Minimum dispersion coefficient’ and the ‘Maximum dispersion coeffi-
cient’ parameters are used to control the range of the calculated dispersion
coefficients.
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Sediment Layers | Mon-Cohesive ST I lce Model I Additional output I
Components Dispersion | Init. Cond. I Decay I Boundary I Cohesive ST I

— Dispersion coeficients/factor

-~ Global value:

Dizpersion factar : |1 1]
Exponent : ID

inimumn disp coef. m2/s : IU

Maximum dizp coef. m2/z: 100

— Local value:
River _ Dispersion Minimum | Maximum
Hame Ehainage factor Exponent coef. coef.

1 RIVER1 10000000 15000000 1.000000 5000000 | 25000000
2 RIVER1 20000000 15000000 1.000000 5000000 | 25000000

Figure 7.6 The dispersion property page.

Global values

The dispersion can be defined for the whole setup at once by entering data
in the Global Values section.

Dispersion factor

Here the dispersion factor is entered. This corresponds to a in (7.2).

Exponent

Here the dispersion exponent b from (7.2) is entered.

Minimum disp coeff.

When using (7.2) to calculate the dispersion coefficient it is depending on
the velocity that will vary during the simulation. To limit the interval in
which the dispersion coefficient will vary the lowest allowable value of
the dispersion coefficient can be entered here.

Maximum disp coeff.

When using (7.2) to calculate the dispersion coefficient it is depending on
the velocity that will vary during the simulation. To limit the interval in
which the dispersion coefficient will vary the highest allowable value of
the dispersion coefficient can be entered here.

Local Values

Mikel1 will use the values specified under global values except for those
places were local values have been specified.
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River Name

Name of the river with local dispersion values.

Chainage

Chainage in river with local dispersion values

Dispersion factor

Local value of the dispersion factor

Exponent

Local value of the dispersion exponent

Minimum disp coeff.

Local value of the minimum dispersion coefficient.

Maximum disp coeff.

Maximum value of the dispersion coefficient

Example

In Figure 7.6 both global and local values are entered. In ‘RIVER 1’ the
dispersion coefficient is globally set to 10 m?/s (independent of the flow
velocity because b equals 0). In the reach between chainages 10000 m and
20000 m the dispersion coefficient is dependent on the velocity (D= 15V, 5
<D <?25)

7.7 Init. cond.

Initial component concentrations are defined on this property page. If an
initial concentration is not specified a default value of zero will be applied
throughout the model. Global and local values of initial concentrations can
be specified for each component. Local values are specified by entering
the river name, chainage and concentration in the local values table. Initial
concentrations are not used if the AD simulation is started with a hotstart
file.
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Sediment Layers I Mon-Cohesive ST I lce Model I Additional output I
Components I Dizpersion Init. Cond. | Decay I Boundary I Cohesive 5T I
 Initial condition
Comp it | C ation| Global River Hame | Chainage
1 COMP1 A0.000000 Hw
2 COMP2 2.000000 Hw
3 COMP2 2000000 RIVER1 10000.0000
4 COMP2 7000000 RIVER1 20000.0000
5 COMP2 7000000 RIVER1 25000.0000

Initial conditions - Stratification

Compone| Conc.5 | Conc. 2 | Conc. 3 | Conc. B k2 k3 Globa| River Hame
1 | TEMP 1] 1] 1] 1] o 0 flw

4| | |

Figure 7.7  The initial conditions property page.

Initial conditions table

Component

Here the component in question is selected. It is possible to choose
between the components defined in the Components property page, see
Components (p. 270).

Concentration
Here the value of the initial condition is entered.

Global

This box must be checked if the value entered in the Concentration field
should be used as a global value. If it is left unchecked the value will be
used as a local value.

River name

The name of the river with the local initial value.

Chainage
The chainage in the river with the local value.
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Example

In Figure 7.7 two components are simulated, COMP1 and COMP2. The
initial concentration of COMP1 is set to 10.00 for the entire river network.
The initial concentration of COMP?2 is set globally with a value of 2.00.
However, the initial concentration of COMP2 varies linearly between 2.00
and 7.00 in the branch ‘RIVER 1’ from chainage 10000 to 20000. From
chainage 20000 to 25000 the initial concentration of COMP2 is 7.00.

Initial conditions - stratification table

Component

Here the component in question is selected. Presently only temperature
can be selected.

Conc. S

Temperature at the surface.

Conc. 2

Temperature at layer k2 above the bottom.

Conc. 3

Temperature at layer k3 above the bottom.

Conc. B

Temperature at the bottom.

k2

Layer number above the bed

k3

Layer number above the bed.

Global

This box must be checked if the value entered in the Concentration field
should be used as a global value. If it is left unchecked the value will be
used as a local value.

River name

The name of the river with the local initial value.

Chainage

The chainage in the river with the local value.
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7.8 Decay

This page contains information for non-conservative components. These
components are assumed to decay according to a first-order expression:

dc
- KC 7.3
P (7.3)

Where K is a decay constant. C is the concentration. Both global and local
values of the decay constant K can be specified. NOTE If the components
selected are used for a water quality simulation (WQ) then decay con-
stants should not be specified.

Sediment Layers I Mon-Cohesive ST | lce Model I Additional output I
Components I Dizpersion Init. Cond. Decay | Boundary I Cohesive ST I

— Deckay constant:

Decay River _
Component const t-1 Global Hame Chainage
1 COMP2 1.000000 fw
2 COMP2 2000000 RIVER1 10000.0000
3 COMP2 2000000 RIVER1 20000.0000

Figure 7.8 The Decay property page.

Component

Here the component in question is selected. It is possible to choose
between the components defined in the Components property page, see
Components (p. 270).

Decay const

Here the value of the decay constant are entered.

Global

This box must be checked if the value entered in the Decay const. field
should be used as a global value. If it is left unchecked the value will be
used as a local value.
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7.9.1

Example

River name

The name of the river with the local initial value.

Chainage

The chainage in the river with the local value.

In Figure 7.8 the component COMP?2 has been selected to be non-conserv-
ative. The decay constant is 1.00 globally in the river network and has a
value of 2.00 in RIVER 1 between the chainages 10000 m and 20000 m.

Boundary

At all external model boundaries a concentration condition must be speci-
fied for all components. An external boundary can be defined as one of
three types:

e Open concentration boundary

e Open transport boundary

e Closed boundary

Which boundary description to use?

Open concentration boundary

Open concentration boundary conditions should be applied at locations
where outflow (of water and component mass) from the model area
occurs. Open concentration boundaries in the AD model correspond to
open/water level or Q-h boundaries in the HD model. At each open bound-
ary, a time series of the concentration must be specified in the boundary
editor (.bnd11 files).

Time varying and/or constant concentration inflow boundaries are devel-

oped in a similar way to that of discharges and water levels in the hydro-

dynamic model. When an outflow boundary becomes an inflow boundary
(during flow reversal at the boundary), the boundary condition concentra-
tion is adjusted according to:

— k.
C = Cypt (Cppy= Cype ™5 (7.4)

out

where
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Cyy  the boundary concentration (specified in the input)

C,,; the concentration at the boundary immediately before the flow
direction changed

K,,. atime scale specified in the input, unit: hours-!
tnix the time since the flow direction changed

When flow occurs out of the model, the concentrations at the boundary
point are computed within the AD model. For flow into the model (e.g. at
flow reversal in tidal applications), the specified boundary concentrations
are used. (These inflows are assumed to be unaffected by the previous
model outflows).

The parameter, K-mix, is used to ensure a smooth transition between cal-
culated and specified boundary concentrations in the case of a flow
reversal.

Open transport boundary

Open transport boundary conditions should be used at boundaries where
only inflow takes place. The transport into the model area is computed
using the specified boundary concentration and the discharge computed by
the HD model. It is important to note that the computed concentration at
the boundary point can therefore differ from the concentration specified in
the boundary file. The open boundary outflow condition is defined as,

2
9C _ (7.5)

This condition is applied for both Open concentration and Open transport
boundaries.

Closed boundaries

Closed boundaries occur where no mass is transported in or out of the
model area. A closed boundary condition should only be specified in this
menu if a similar boundary condition has been specified in the hydrody-
namic computation (i.e. Q = 0) Closed boundary points do not need to
require concentration time series. This boundary condition is character-
ized by a zero discharge and is defined as:

aC
—_ ;.
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(i.e., there is no transport through the boundary.)

7.9.2  Entering the data

Sediment Layers I Mon-Cohesive ST I lce Model | Additional output |
Components I Dizpersion Init. Cond. I Decay Boundary | Cohesive ST |

— Open and closed boundary condition

River Hame | Chainage Type K - mix
1 PAAIN 0.000000 |Cpen, Transport 0.000000
2 RN 30000.0000 | Open, Concentration 0100000
3 TRIBUTARY 0.000000 |Open, Transport 0.000000
4 DEADEND 0.000000 |Closed D.DDDDDE‘

Figure 7.9 The Boundary property page.

Open and closed boundary conditions

River Name

Name of the river for which boundary type is specified.

Chainage

Chainage in river for which boundary type is specified.

Type
— Closed, see description at Closed boundaries (p. 279).

— Open, Concentration, see description at Open concentration bound-
ary (p. 278).

— Open, Transport, see description at Open transport boundary

(p. 279).

K-mix

Here K,,,;, from (7.4) is entered.

7.10 Cohesive ST

Data used for the cohesive sediment transport models are entered on this
page. When using the cohesive sediment transport models (either the sim-
ple or the advanced) all components specified in the AD editor must be
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defined as ‘Single layer cohesive’ or ‘Multi layer cohesive’ in the Compo-
nents dialog.

The cohesive sediment transport parameters can only be accessed when a
component type on the ‘Components’ page is defined as either single or
multi layered. Global and local parameter values can be specified as
required.

7.10.1 Single Layer Cohesive Model

Sediment Layers I Mon-Cohesive ST I lce Model I Additional output |
Components I Dizpersion I Init. Cond. I Decay I Boundary Cohesive ST
— Cohesive Sediment tranzport global value:
Model Type Location
’7 % Single [aper €00 Bultilaves ’7 River name I Chainage I ‘
— Fall velocity Depozition
C - offzet: |1D q |4.5 m: IU Critical Shear Ivelocity 'l ID.DE
will: ID.DDE T8 ID.DDDBS2 Time centering ID.S
—EROSION Consolidation
r Ir;sltant :rosion ISet:linjlent ISet:limzent ISet:lin133nt Transition rates
afil&uEr ayer ayer ayer
Cilical shear[velociy @] [0.07 |03 [p2 Layert > Layei2 255
Erasion cosficient ID.2 ID.2 ID.2 Lawanz = Layeid ID"I g
Erozion exponent |3 |3 |3 Bl i et |5
Component| Type Global | River Hame | Chainage | C - offset q
1 Single v 10 45
KN 2

Figure 7.10  The Cohesive sediment property page when a single layer model is
selected.

Below the parameters that apply to the ‘Single layer cohesive’ sediment
transport model are described.

Fall Velocity

w0
The free settling velocity.
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Deposition

Critical shear stress/velocity for deposition

Deposition occurs for shear stresses or velocities lower than the critical
value. The user can select which one to use. The typical range is: 0.03 -
1.00 N/m?2.

Time centring

This centring factor used in the deposition formula. Typical range is: 0.5-
1.0.

Erosion

Critical shear stress/velocity for erosion

Erosion occurs for shear stresses or velocities larger than the critical value.
The user can select which one to use. The typical range is: 0.05 - 0.10
N/m2.

Erosion coefficient

The erosion coefficient is applied linearly in the erosion expression. Typi-
cal range: 0.20 - 0.50 g/m?/s.

Erosion exponent

The erosion exponent describes the degree of non-linearity in the rate of
erosion. Typical range: 1-4.

Overview

At the bottom of the property page a overview table is shown.

Global

If this box is checked the entered parameters are used globally.

River Name

The name of the river for which the data applies.

Chainage

The chainage of the river for which the entered data applies.
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7.10.2 Multi Layer Cohesive Model

Sediment Layers I Mon-Cohesive ST I lce Model I Additional output |
Components I Dizpersion I Init. Cond. I Decay I Boundary Cohesive ST
— Cohesive Sediment tranzport global value:
Model Type Location
’7 ) Single aper 8% Bultilaves ‘ ’7 River name I Chainage I ‘
— Fall velocity Depozition
C - offzet: |1D q |4.5 m: IU Critical Shear Ivelocity 'l ID.DE
will: ID.DDE T8 ID.DDDBS2 Time centering ID.S
—EROSION Consolidation
r Ir;sltant :rosion ISet:linjlent ISet:limzent ISet:lin133nt Transition rates
of layer ayer ayer ayer
Cilical shear[velociy @] [0.07  [0.3 [0 Layert > Layei2 [255
Erasion cosficient ID.2 ID.2 ID.2 Lawanz = Layeid ID"I 5
Erozion exponent |3 |3 |3 Bl i et |5
Component Type Global | River Hame | Chainage | C - offset q
1 MLC fuatti v 10 45
KN 2

Figure 7.11  The cohesive sediment property page when a multi layer model is
selected.

Below the parameters that apply to the ‘Multi layer cohesive’ sediment
transport model are described.

Fall velocity

C-offset

Concentration limit for flocculation affected settling velocity. For higher
concentrations the settling velocity is affected by hindered settling.

9

Exponent used in the settling velocity expression. Typical range: 3 - 5.

m

Exponent in the settling velocity expression for concentrations below C-
offset.

w0
Free settling velocity. Typical range: 0.0025 - 0.01 m/s.
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swi

Sediment volume index used in the settling velocity expression.
Deposition

Critical shear stress/velocity for deposition

Deposition occurs for shear stresses or velocities lower than the critical
value. The user can select which one to use. The typical range is: 0.03 -
1.00 N/m?2.

Time centring

This centring factor used in the deposition formula. Typical range is: 0.5-
1.0.

Erosion

Instantaneous erosion of layer 1

Instantaneous re-suspension of layer 1 occurs when the computed bed
shear stress is greater than the critical shear stress for erosion of layer 1.

Critical shear stress/velocity for erosion

Erosion occurs for shear stresses or velocities larger than the critical value.
Typical ranges are: 0.05 - 0.10 N/m?2 for layer1 and 0.20 - 0.50 N/m? for
layer 2 and 3.

Erosion coefficient

The erosion coefficient is applied linearly in the erosion expression. Typi-
cal range: 0.20 - 0.50 g/m?/s.

Erosion exponent

The erosion exponent describes the degree of non-linearity in the rate of
erosion. In case that ‘Instantaneous erosion’ of layer 1 is selected the ero-
sion exponent is not applicable for layer one. Typical range: 1-4.

Consolidation

Transition rates

The consolidation of the sediment layers is described by transition rates
between the layers. The transition rates include hindered settling and con-
solidation. Typical ranges:

layer 1 -> layer 2: 2.35 - 3.11 g/m?/s,
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layer 2 -> layer 3: 0.10 - 0.20 g/m2/s
Sliding friction coefficient
Coefficient used in the formulation for sliding of sediment. Typical range:
3 -7 ml/s.
Overview

At the bottom of the property page a overview table is shown.

Global

If this box is checked the entered parameters are used globally.

River Name

The name of the river for which the data applies.

Chainage

The chainage of the river for which the entered data applies.

7.10.3 Description

Single Cohesive Layer Model - Deposition

Deposition of suspended material occurs when the mean flow velocity is
sufficiently low for particles and sediment flocs to fall to the bed and
remain there without becoming immediately resuspended. Particles and
flocs remain on the bed if the bed shear stress is less than the critical shear
stress for deposition.

The rate of deposition can be expressed by:

s=2(1- i) TS, 1.7)
h Te

where,

S is the source term in the advection dispersion equation

C is the concentration of the suspended sediment (kg/m?)
w is the mean settling velocity of suspended particles (m/s)
h* is the average depth through which the particles settle

T is the critical shear stress for deposition (N/m?)
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T.q 1S the bed shear stress (N/m?)

The bed shear stress can be given by the Manning formula (as an exam-
ple):

2

\%
T = ng—2h1/3 (7.8)

where,

p fluid density (kg/m?)

g acceleration of gravity (m/s2)
M the Manning number (m!/3/s)
h flow depth (m)

\% flow velocity (m/s)

Substituting the bed shear stress into the deposition equation results in the
following equation:

S = VZC(I _(VL)Z) VeV, (7.9)

where,

V.; critical deposition velocity.

Single Cohesive Layer Model - Erosion

The resistance against erosion of cohesive sediments is determined by the
submerged weight of the individual particles and by the interparticle elec-
tro-chemical bonds which must be overcome by the shear forces before
erosion occurs.

s=2(1-2)" s (7.10)
=—|1-—] , 1<, .
h Tce ce
where
S source term in the advection dispersion equation
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T bed shear stress (N/m?)

T, critical shear stress for erosion (N/m?2)

M*  erodibility of the bed (g/m?/s) (= erosion coefficient)
h flow depth (m)

n erosion exponent

Using the Manning formula as described in the deposition section above,
the following expression for the erosion rate can be derived:

S = %{1-(%)2) VeV, (7.11)

where
V. critical erosion velocity

Multi Layer Cohesive Model - Deposition

Deposition occurs when the bed shear stress is smaller than a critical shear
stress for deposition. In the advanced cohesive model the rate of deposi-
tion (S,) is given by:

S, = W_y(l— Tb)c, T<T, 4 (7.12)

TC

where

S;  rate of deposition (kg/m?/s)

T critical shear stress for deposition (N/m?)
c suspended sediment concentration (kg/m?3)
All deposited material is added to sub-layer 1.

The model concentration c is weighted in time according to the following
expression:

c=(1-0)c +6c"! (7.13)

j
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where:

j spatial index

n time index

0 the time centring for deposition

Multi Layer Cohesive Model - Erosion

The erosion process can be described as either instantaneous or gradual.
Instantaneous erosion occurs when the bed shear stress exceeds the critical
shear stress for erosion of the sediment. This implies that all sediment is
resuspended instantaneously.

The gradual erosion is described by an erosion rate assumed to be a non-
linear function of the excess stress:

Sg = E(t,-T. )", 1,> 7., (7.14)

where,

Sg  rate of erosion (kg/m?2/s)

E, erosion coefficient (kg/s/N)

T.. critical shear stress for erosion n: erosion exponent

Both instantaneous and gradual erosion formulations can be applied to
sub-layer 1. Gradual erosion is automatically applied for sub-layers 2 and

3. Thus, it is possible to describe each sub-layer separately through the
parameters E,, and n. The erosion rate can be specified in terms of veloc-

ity or shear stresses.
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8 WATER QUALITY EDITOR

8.1 Level for Water Quality Modelling

It is possible to choose among six model levels corresponding to different
sets of state variables for the water quality and/or different descriptions of
the transformation of the state variables in the river. The higher the model
level, the more execution time the water quality module will require.

The whole idea of having a number of model levels with varying com-
plexity is to have a model which would apply to very simple problems (in
terms of variables involved), and also to much more complicated situa-
tions where nutrient transport and fractionation of the organic matter (dis-
solved, suspended and deposited) are included. Using such approach the
model will be quick to use and would be able to solve small though still
important problems. It can also be used in the most complex situations
where the next step would be to apply ecological type models such as a
eutrophication model.

8.2 Model Level

Model level 1: BOD and DO

A simple oxygen balance model, only including immediate oxygen
demand from degradation of BOD and reaeration.

Model level 2: BOD, with bed/sediment exchange and DO

As model level 1, except that here resuspension and sedimentation are
included in the calculation of the BOD balance, and a sediment oxygen
demand is included in the dissolved oxygen balance.

Model level 3: BOD, DO, and nitrification

As for model level 1 with the addition of the ammonia / nitrate bal-
ances, and the oxygen consumption from the nitrification process. No
denitrification is assumed.

Model level 4: BOD, with bed/sediment exchange, DO,
Nitrification and Denitrification
Includes all processes from model levels 2 and 3: resuspension and
sedimentation are included in the calculation of the BOD balance, and
the ammonia / nitrate balances, plus the oxygen consumption from the

Water Quality Editor
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sediment oxygen demand and the nitrification process are included.
Moreover, denitrification is included.

Model level 5: BOD and DO, including delayed oxygen demand

BOD at this model level is split into three different fractions: dissolved
in the water phase, suspended in the water phase, and settled at the
river bed. Degradation of the settled BOD fraction at the river bed
gives rise to the delayed oxygen demand. This level does not include
the nitrogen components ammonia and nitrate.

Model level 6: All processes
Dissolved BOD, suspended BOD, BOD at the river bed, oxygen,

ammonia and nitrate. BOD is described as for level 5, and nitrogen
components are described as for level 4.

Coliforms (see 8.12) and phosphorus (see 8.13 - 8.16) are optional at all
model levels. Wetlands processes can be included at level Nos. 3, 4 and 6
(see 8.22).

Each data entry menu, has been divided into two parts into which values
can be typed.

1 Fields with global values
2 Fields with local values
Global values apply everywhere in the river system, where no local values

have been specified.

Local values apply to specific locations in the river system. During com-
putation model values will be interpolated between the locally defined
values. Outside the locally specified areas the global parameter values will
be used.

8.3  Arrhenius
Arrhenius gives the temperature dependency of a process rate by multiply-
ing with the factor
-t 8.1)
In the WQ model all temperature dependencies are described in this way,
and the reference temperature, 7, is 20 °C. If O is set to be 1.07, the proc-
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ess rate doubles when temperature increases by 10 °C. This is generally a
reasonable approximation for chemical processes. Biological processes,
however, can show more variability.

8.4 Degradation

This property page offers the possibility to add and edit degradation
related data.

There are three parameters specifying the degradation of BOD. In the first
field, a global value for the first order decay rate for dissolved BOD at
20°C, Ky, is shown. The physical unit is 1/day.

In the second field a global value of the Arrhenius temperature coefficient
for the decay rate is shown, it is dimensionless.

In the last field the half-saturation oxygen concentration in the Michaelis-
Menten expression describing the influence of oxygen in the BOD decay,
K, is shown, in the unit of g O,/m3. The BOD decay decreases at low O,
concentrations due to the depression of bacterial BOD degradation under
anaerobic conditions.

The decay of BOD is calculated as

2
BOD -(9(“20)- DO (8.2)

Degradation = K 5
K, +DO

where DO is the concentration of dissolved oxygen.

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.5 Degradation at the bed (levels 5 and 6)

This property page offers possibility to add and edit bed degradation
related data.

There are four parameters for degradation of organic matter at the river
bed.

In the first field, a global value for the first order decay rate for sediment
BOD at 20°C, Ky, is shown. The physical unit is 1/day.

Water Quality Editor
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8.6

In the second field a global value of the Arrhenius temperature coefficient
for the decay rate is shown, it is dimensionless.

In the third field the background sediment oxygen demand at 20°C is
specified. The unit is g O,/m?/day. The baseline sediment oxygen demand
is the basic demand of oxygen originating from the river bed due to natu-
ral sources of organic matter, that is, not as a result of the pollution sources
studied by the modelling. The oxygen demand due to settling of BOD
from the pollution sources is taken into account by the BOD decay at the
river bed, for which the rate constant is specified by the first parameter in
this menu.

In the last field the Arrhenius temperature coefficient for the oxygen
demand at the river bed is specified.

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

Bed/sediment (levels 2 and 4)

This property page offers possibility to add and edit bed / sediment related
data in connection with modelling bed / sediment exchange.

There are five coefficients for Bed/Sediment on this model level.

In the first field the background sediment oxygen demand at 20°C is spec-
ified. The unit is g O,/m?/day. The sediment oxygen demand is the basic
demand of oxygen originating from the river bed due to natural sources of
organic matter, that is, not as a result of the pollution sources studied by
the modelling.

In the second field the Arrhenius temperature coefficient for the oxygen
demand at the river bed is specified.

In the third field the resuspension of sedimented organic matter is speci-
fied as g BOD/m?/day.

In the fourth field the settling velocity is specified for suspended organic
matter in m/day.

In the fifth field the critical flow velocity, where net resuspension/deposi-
tion is zero, is specified. The critical flow velocity is given in m/sec. When
the flow velocity is below this value, sedimentation is assumed, and the
parameter specified in the previous field is used. When the flow velocity
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exceeds this value, resuspension is assumed, and the parameter specified
in the second field is used.

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.7 Bed/Sediment (Model Levels 5 and 6)

This property page offers possibility to add and edit sediment / bed related
data in connection with modelling delayed oxygen demand.

There are five coefficients for Bed/Sediment on this model level.

In the first field a 1st order adsorption constant must be specified for the
adsorption of dissolved organic matter from the water on the river bed.
The unit is m/day.

In the second field the resuspension of sedimented organic matter is speci-
fied as g BOD/m?/day.

In the third field the settling velocity is specified for suspended organic
matter in m/day.

In the fourth field the critical flow velocity, where net resuspension/depo-
sition is zero, is specified. The critical flow velocity is given in m/sec.
When the flow velocity is below this value, sedimentation is assumed, and
the parameter specified in the previous field is used. When the flow veloc-
ity exceeds this value, resuspension is assumed, and the parameter speci-
fied in the second field is used.

In the last field the critical concentration of organic matter at the river bed
is specified as g BOD/m?2. In case of concentrations below this value there
will be no resuspension of organic matter from the bed irrespective of the
flow velocity (this is effectively the same as setting the parameter in field
No. 2 to zero).

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.8 Nitrogen Contents (Model Levels 3 and 4)

This property page offers possibility to add and edit nitrogen contents
related data.
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The title Nitrogen contents covers the nitrogen release from BOD decay
and the uptake of ammonia by bacteria and plants. The parameters for
these processes are necessary, in order to describe the nitrogen transport
and transformation in the river. The menus for the immediate oxygen
demand levels (3 and 4) and the level including both immediate and
delayed oxygen demand (6) are different due to the differences in the
description of the BOD, e.g. modelling three BOD fractions when delayed
oxygen demand is included.

Three parameters for nitrogen contents are required in the case of model-
ling only immediate oxygen demand.

In the first field a value for the release of ammonia-nitrogen is given for
the degradation of organic matter, in the unit g NH4-N/gBOD.

In the second field the uptake by the plants of ammonia-nitrogen relative
to the net photosynthesis (= photosynthesis - respiration) at the maximum
rate of photosynthesis is specified. The unit is g NH4-N uptaken/ g O,
released.

In the last field the uptake of ammonia-nitrogen by bacteria must be spec-
ified relative to their uptake of oxygen. The unit is g NH4-N uptaken/ g O,
used.

In summary:

First field
Global value for the release of ammonia at BOD decay (g NH4-N/g O,)

Second field
Global value for the uptake of ammonia in plants proportional to the net
photosynthesis (g NH4-N/g O,)

Third field
Global value for the ammonia uptake in bacteria proportional to their deg-

radation of BOD (g NH4-N/g O,)

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.9 Nitrogen Contents (Model Level 6)

This property page offers possibility to add and edit nitrogen contents
related data.
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The title Nitrogen contents covers the nitrogen release from BOD decay
and the uptake of ammonia by bacterial and plants. The parameters for
these processes are necessary, in order to describe the nitrogen transport
and transformation in the river. The menus for the immediate oxygen
demand levels (3 and 4) and the level including both immediate and
delayed oxygen demand (6) are different due to the differences in the
description of the BOD, e.g. the fractionation when delayed oxygen
demand is included.

Five parameters for nitrogen contents are required in the case of modelling
both immediate and delayed oxygen demand.

In the first three fields values for the release of ammonia-nitrogen are
given for the degradation of dissolved organic matter, suspended organic
matter and sedimented organic matter respectively. All three values have
the unit g NH4-N/gBOD.

In the fourth field the uptake by the plants of ammonia-nitrogen relative to
the net photosynthesis (= photosynthesis - respiration) at the maximum
rate of photosynthesis is specified. The unit is g NH4-N uptaken/g O,
released.

In the last field the uptake of ammonia-nitrogen by bacteria must be spec-
ified relative to their uptake of oxygen. The unit is g NH4-N uptaken/g O,
used.

In summary:

First field
Global value for the release of ammonia at BOD dissolved decay
(g NH4-N/g O,)

Second field
Global value for the release of ammonia at BOD suspended decay
(g NH4-N/g O,)

Third field
Global value for the release of ammonia at BOD bed decay
(g NH4-N/g O,)

Fourth field
Global value for the uptake of ammonia in plants proportional to the net
photosynthesis (g NH4-N/g O,)
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Fifth field
Global value for the ammonia uptake in bacteria proportional to their deg-
radation of BOD (g NH4-N/g O,)

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.10 Nitrification

8.11

This property page offers possibility to add and edit nitrification related
data.

There are four parameters related to nitrification.

Select either n = 1 for an ordinary 1st order reaction, or n = 0.5 for a Y-
order reaction (biofilm resisted transport).

In the first field the rate constant for the nitrification at 20°C is stated. If n
=1 has been selected as reaction order, the rate constant must be specified
as 1/day. If n = 0.5 has been selected as reaction order, the unit is
(mg/1)”2/day.

In the second field the Arrhenius temperature coefficient for the nitrifica-
tion rate must be specified.

In the last field, oxygen demand by nitrification is given in the unit of g O,
/g NH4+-N.

The half-saturation constant for oxygen, specified under BOD degradua-
tion, is also applied for nitrification.

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

Denitrification

This property page offers possibility to add and edit denitrification related
data.

The denitrification is a process which takes place under anaerobic condi-
tions in the river, e.g. in biofilm at surfaces of stones, gravel and plant
leaves. By this process nitrate is transformed into free nitrogen, which
eventually escapes to the atmosphere due to its low water solubility. The

298

MIKE 11



Coliforms —%

denitrification can be an important process for nitrogen removal in the
river. In order to have a proper nitrogen balance, this process has to be
included whenever it is known to occur.

Three parameters are required to model denitrification.

Select either n = 1 for an ordinary 1st order reaction, or n = 0.5 for a ¥2-
order reaction, (biofilm resisted transport).

In the first field the rate constant for the nitrification at 20°C is stated. If n
=1 has been selected as reaction order, the rate constant must be specified
as 1/day. If n = 0.5 has been selected as reaction order, the unit is
(mg/1)*/day.

In the second field the Arrhenius temperature coefficient for the denitrifi-
cation rate must be specified.

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.12 Coliforms

This property page offers possibility to add and edit coliform related data.

The decay of coliforms is dependent on the light intensity in the water col-
umn, the temperature and the salinity.

SAL

Colidecay = K- C,,,;-OY *V. 0 .0/ (8.3)

coli

Global values for the first order decay rates, K, for faecal and total colif-
orms, respectively, are specified in the first two fields, at 20 °C, total dark-
ness and zero salinity. The default decay coefficients have been found
from experiments with water polluted with coli bacteria where corrections
for temperature, salinity and light have been made.
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— Global values

1. order decay fascal [ 1/day | Im—
1. order decay tatal [ 1./day | W
Temperature coefficient of decay rate W
Salinity coefficient of decay rate W
Light coefficient of decay rate IF
Light coefficient [ 1/m ] [T40
Salinity [ per thousand | W

The Arrhenius temperature coefficient, 7, is specified in the third field.
The salinity coefficient, S, is specified in the fourth field.
The light coefficient, /, is specified in the fifth field.

The light extinction coefficient, 1, is specified in the sixth field. The light
intensity, 7, is the average light intensity calculated as:

_ 7 (I-exp(-n%))
r=1,—=F (8.4)

where [, is the surface light intensity, and Z the water depth.

The salinity, SAL, is specified in the last field.

8.13 Phosphorus Content (Model Levels 1 to 4)

This property page offers the ability to add and edit data related to phos-
phorus modelling.

There are two parameters to be specified on this page, describing the con-
tent of phosphorus in organic matter (BOD) originating from pollution
sources, and in plants.

In the first field, the phosphorus content in BOD must be specified, as g P
/ g 02.

In the second field, uptake of phosphorus by plants per g O, produced
(nettoproduction = production — respiration) is specified.
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The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.14 Phosphorus Content (Model Levels 5 and 6)

This property page offers the ability to add and edit data related to phos-
phorus modelling.

There are four parameters to be specified on this page, describing the con-
tent of phosphorus in organic matter (BOD) originating from pollution
sources, and in plants.

In the first three fields, the phosphorus content must be specified, as g P/
g O, for dissolved, suspended and bottom BOD, respectively.

In the last field, uptake of phosphorus by plants per g O, produced (net
production = production — respiration) is specified.

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.15 Phosphorus Processes in the Water Phase

This property page offers the ability to add and edit data related to phos-
phorus modelling.

There are four parameters to specify on this page, dealing with the degra-
dation and formation of particulate phosphorus suspended in the water
phase.

In the first field a first order decay rate is specified, at the reference tem-
perature 20 °C.

In the second field the corresponding Arrhenius temperature coefficient is
specified.

In the third a first order rate for the formation of particulate phosphorus
from orthophosphate is specified (first order with respect to orthophos-
phate). This rate is also given at the reference temperature 20 °C.

In the last field the corresponding Arrhenius temperature coefficient is
specified.
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The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.16 P. exchange with the bed

This property page offers the ability to add and edit data related to phos-
phorus modelling.

There are three parameters to specify on this page, dealing with phoshorus
exchange between the river bed and the water phase.

In the first field, the resuspension rate is specified.

In the second field, the sinking velocity for particulate phosphorus is spec-
ified.

In the last field the critical flow velocity, where resuspension = deposition,
is specified. If the flow velocity (calculated by the HD-module) is below
the critical velocity, sedimentation is assumed to occur, with the sinking
velocity specified in the second field. If the flow velocity exceeds the crit-
ical velocity, resuspension is assumed to occur, with the rate specified in
the first field.

The global values will be used by the WQ module throughout the river
system. Local values can be given for specific locations.

8.17 Temperature

This property page offers possibility to add and edit temperature related
data.

The temperature will be computed as the result of the difference between
solar energy input (only during light hours) and the energy loss due to
emitted heat radiation (during night and day).

There are four parameters for temperature.

1 In the upper field on the menu the latitude (degrees) of the location of
the river is given.

2 In the second field a global value of the maximum heat radiation of the
river is specified. The unit is kJ/m?/hour.
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3 In the third field a global value of the displacement of the maximum

temperature of the stream from 12 noon is specified. If the river tem-
perature reaches its maximum after 12 noon, the displacement of time
will be positive. Conversely, the displacement of time will be negative
if the maximum temperature is reached before 12 noon. The displace-
ment of time is stated in hours.

In the last field a global value of the emitted heat radiation from the

river is entered using the unit of kJ/m?/day.

The global values will be used by the WQ-module throughout the river

system. Global values can be substituted for specific locations.

Note: Temperature is not modelled when the Mike 12 thermocline/halo-

cline hydrodynamic model is used as basis.

The global values will be used by the WQ module throughout the river

system. Local values can be given for specific locations.

8.18 Oxygen processes

This property page offers possibility to add and edit oxygen processes
related data.

The factors affecting the oxygen concentration are photosynthetic produc-

tion and respiration, reaeration (exchange with the atmosphere), BOD

decay and nitrification. The two latter processes are specified on separate
menus. The oxygen menus include the photosynthetic processes and the

reaeration.

There are six parameters for oxygen processes.

1 In the upper field the number (1 through 6) of the selected expression

for the calculation of the reaeration constant at 20°C is shown. The

Thyssen expression (1) is recommended for application to small

streams, O’Connor-Dubbins (2) to ordinary rivers, and the Churchill-

expression (3) to rivers with high flow velocities. The equations 4
through 6 can be specified by the user, by pressing the button

E quation for reaeration conztant . |

See later for a description of how to apply different expressions for

reaeration at different locations of the river setup.
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2 In the second field the Arrhenius temperature coefficient for the reaera-
tion constant is specified.

3 In the third field, respiration of plants and animals at 20°C is given.
The unit can be specified to be either g O,/m?/day or g O,/m3/day.

4 In the fourth field the Arrhenius temperature coefficient for respiration
of plants and animals is entered.

5 In the fifth field, maximum oxygen production by photosynthesis is
given, in the same unit as specified for respiration.

6 In the last field the displacement of the time of the maximum oxygen
production of the river from 12 noon is stated. If the river has its oxy-
gen maximum after 12 noon, the displacement of time will be positive.
Conversely, the displacement of time will be negative, if the maximum
oxygen concentration is reached before 12 noon. The displacement of
time is stated in hours.

A first estimate of the oxygen parameters: production, respiration and
reaeration constants can be carried out from measured diurnal variations
of the oxygen concentrations. This can be done with measurements from
only one station, but this approach requires a number of vague assump-
tions concerning the conditions of the river (uniform topography and uni-
form oxygen fluctuations for the entire river). Measurements from two
stations, however, do not involve assumptions concerning the physical
conditions of the river and is therefore recommended. The method is
based on a simplified oxygen balance which implies that the river reach
must be unaffected by pollution sources, e.g. BOD decay, ammonia oxida-
tion and sediment oxygen demand. The measurement stations thus have to
be positioned in a non polluted part of the river. The simple balance reads:

d_C=K2.(C

dr m_C)_R+P(t) (85)

where

C oxygen concentration (mg/l)

C,  oxygen concentration at saturation (mg/I)

R respiration (g O,/m3/day or g O,/m?/day)

P(tr) photosynthetic production (g O,/m3/day or g O,/m?/day)

K,  reaeration constant (day!)
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t time (day)

The oxygen production at night is nil, which means the respiration and
reaeration can be estimated from the night measurements. The reaeration
constant is usually not constant hence it varies with the physical condi-
tions of the river and is calculated in the model by an expression including
this (either a standard equation or a user defined). Also the production and
respiration can very well change along the river. However, the outlined
estimation method can be a great help as the first attempt to estimate respi-
ration and production. They will, however, very often have to be tuned
during the calibration. The unit for respiration/production can be specified
per m2 (benthic production) or per m3 (pelagic production)

The reaeration coefficient can be calculated either according to some
standard expressions applicable for different types of rivers or streams or
from user defined expressions. The major factors affecting the reaeration
constant are the current velocity, the river slope, the water depth and the
temperature. The temperature is included by an Arrhenius temperature
function as mentioned above.

For more information about reaeration, see Reaeration (p. 307).

Defining the local values must follow a number of specific rules. First of
all, there is no interpolation between the selected expressions at different
chainages. This means that if you want an expression to be valid at a
stretch of the river you have to specify the chainage and the requested
expression number at the beginning and end of the stretch. An example of
this is shown below. The global value is applied everywhere else. The
expressions 1 through 4 can be used for river stretches.

Secondly, if you only specify an expression to be used at one point (chain-
age) then it will only be applied at this specific location. This is actually
the way to use the expressions 5 and 6. These can only be applied for one
chainage, which as an example could be a weir at which the reaeration
process is very different from the river conditions. In the example shown
below, the global expression is valid everywhere except for the chainages
1.000 and 2.000 and 5.000 - 6.000, for which expressions Nos. 2 and 4 are
used, respectively. Chainages 3.000 and 4.000 are defined as structures. At
these two points expressions 5 and 6 will be applied, respectively.

The figure below shows the resulting combination of expressions in a
schematic way.
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point definiticns

i

Reaeration rate 2 3 5 3 ] 3 4
expmssion NO- /_/\ﬁ/_H'A'V_A_V'A_V_A_V_A_\
1 1 1 1 1 1
Choinoge 1.00 2.0 3.00 4.00 5.00 £.00

Globol rate is no. 3

Figure 8.1 Combination of reaeration expressions

The third general rule for specification of local expressions is that only
one expression can be specified for a chainage. This means that if a point
definition is made in a stretch which is already defined by a local expres-
sion this stretch must be split. When expression Nos. 5 and 6 are to be
used at points of the river where a local expression is applied, then this
river stretch has to be split into sections at each side of the point defini-
tion. The order of the definitions is arbitrary.

8.19 Degradation in the water phase

This property page offers possibility to add and edit water phase degrada-
tion related data.

There are five parameters specifying the degradation of BOD in the water.

In the first and the third field, a global value for the first order decay rate,
K, for dissolved and suspended BOD, respectively, at 20°C is shown. The

physical unit is 1/day.

In the second and fourth field, a global value of the Arrhenius temperature
coefficient for the decay rate, ©, for dissolved and suspended BOD,
respectively, is shown. It is dimensionless.

In the last field the half-saturation oxygen concentration in the Michaelis-
Menten expression describing the influence of oxygen in the BOD decay,
Ks, is shown, in the unit of g O,/m3. The BOD decay decreases at low O,
concentrations due to the depression of bacterial BOD degradation under
anaerobic conditions.
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The decay of BOD is calculated as

2
BOD T-20 DO

Degradation = K, -0 — (8.6)
K,+DO

where DO is the concentration of dissolved oxygen. This equation applies
for dissolved, as well as suspended, BOD. Different values for K| are,
however, used.

8.20 Reaeration

The reaeration coefficient can be calculated either according to some
standard expressions applicable for different types of rivers or streams or
from user defined expressions. The major factors affecting the reaeration
constant are the current velocity, the river slope, the water depth and the
temperature. The temperature is included by an Arrhenius temperature
function. In this menu an expression for the reaeration constant K, at 20°C
is chosen.

This dialog offers possibility to modify the user’s own expressions for
reaeration, and to view parameters applied in the three built-in expres-

sions.

All expressions have the same mathematical formulation, only the param-
eters differ.

Ky=a-u"-n-1° (8.7)

K,  reaeration constant at 20°C (g O¥m?/day)
u flow velocity (m/s)

h water depth (m)

1 river slope

The user can choose between six options for the expression for the reaera-
tion constant, see below, and in the Oxygen processes (p. 303) property

page.

All six expressions are based on empirical relationships between the reaer-
ation constant and flow velocity, water depth and river slope. The three
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first expressions are standard expressions, whereas the fourth, fifth and
sixth can be specified by the user.

1 Thyssen expression

0931 ;0,692 1,09
h .

K, = 27185 -u I (8.8)

The Thyssen expression is recommended for calculations in small
streams.

2 O'Conner Dubbins expression
K, =39-u".n"Y (8.9)

The O'Conner Dubbins expression is recommended for ordinary rivers.

3 Churchill expression

-1,67

K, = 5233 u-h (8.10)

The Churchill expression is recommended for rivers with high flow
velocities.

Custom expressions

4

Ky=ay-u’ " 8.11)
5

Ky=ay-uh™ 1" (8.12)
6
Ky=ay-u'-n" 1" (8.13)

The user can specify coefficients for three different reaeration expres-
sions. No. 4 can be applied globally, Nos. 5 and 6 can only be applied at
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point locations. This can be done in structures, where the water is strongly
aerated.

If (4-6) Own expressions are chosen, coefficients must be specified for the
expressions. The fourth expression can be applied for a river system simi-
lar to the three standard equations. These expressions (e.g. 1-4) can be
specified locally as well as globally. The expressions five and six are
applicable only for a chainage not for a river stretch. They are intended to
be used at weirs, falls etc. where the reaeration process has to be described
different from the river.

First of all a global expression has to be specified. This is either done by
editing the upper field of the global part of the oxygen processes property
page, e.g. by typing the number of the expression (1 through 4, remember
to define No. 4 if that is chosen) or by selecting the appropriate expression
in the present dialog.

The coefficients of the Own expressions can be specified. The own values
are:

a coefficient of the reaeration expression (proportionality factor)
b exponent for the flow velocity of the water

c exponent for the water depth

d exponent for the river slope

8.21 Non point pollution interface

Please read the lower part of the dialog explaning the different parameters
used.

8.22 WETLAND

8.22.1 Introduction

The retention and removal of nutrients (N and P) in areas such as riparian
wetlands, flood plains, reed swamps and engineered wetlands, have long
been considered as an energy-efficient treatment system.

The agricultural and industrial utilisation of the natural wet zone between
the terrestrial and the aquatic system has reduced these important buffer
zones in the last 30-100 years. Nowadays, artificial or constructed wet-
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lands are used as primary or secondary treatment of waste water in many

countries. Non-point sources of nutrients are becoming more and more the
bottleneck in controlling the nutrient run-off to rivers and lakes, especially
in the Western-like countries. The use of wetlands as nutrient traps is one
available method for reducing the nutrients in waste water or water trans-
ported with rivers.

The WETLAND model has been designed with the purpose to have an
instrument capable of simulating the significant nutrient removal proc-
esses, their interrelationship, and their effects on the river water quality.

8.22.2 Integration with WQ

The WETLAND developed by DHI is an integral part of the Water Qual-
ity (WQ) model. This means that river branches with adjacent flood
plains, and selected branches that constitute a wetland area, can be mod-
elled explicitly with WETLAND - in parallel with WQ modelling for con-
ventional river branches.

The user can specify branches that shall be modelled with WETLAND
(substituting WQ) and the threshold water level for which the WETLAND
processes shall be activated.

This means that is possible within the same simulation to simulate WQ in
the open river channel and WETLAND in the adjacent flood plain areas.

The integration works in the following way: In each time step, the
branches that are defined as Wetlands will be activated. If the actual water
level is below the specified wetland flooding level, there will be no impact
on the river water quality from wetland processes. Should the actual water
level exceed the wetland flooding level, the WETLAND calculations will
influence the river water quality proportional with the water volume that is
in contact with the flood plains. The WQ processes will also be calculated
and affect the river water quality with the water volume representing the
open channel part in the cross-section, see Figure 8.2
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8.22.3 The Model

Figure 8.2 WETLAND integration with WQ

The WETLAND model embraces 4 components in the water phase (NH4-
N, NO3-N, PO,4-P and Particulate-P) and 8 attached to the sediment/peat

(plant N/P biomass, labile N/P organic matter, stabile N/P organic matter,
immobile N and adsorbed N).

In the WETLAND model, which is a relatively simple model, both aero-
bic (assumed to occur in a constant oxic microzone) and anaerobic proc-
esses (in the saturated zone) are simulated, e.g. nitrification is modelled in
the aerobic zone while denitrification takes place in the anaerobic zone.
Uptake and mineralization of nutrients together with immobilisa-
tion/adsorption processes and sedimentation/resuspension of particulate
matter are also modelled. The modelled processes are illustrated in fig. 8.3
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Figure 8.3  The WETLAND model

The biological/physical system described in the WETLAND model con-
sists of coupled processes where changes in one component could influ-
ence other components depending on the biological/chemical reactions.
The model describes 4 components or variables in the water phase, all
which are coupled to the transport/spread simulation from the AD module:

AMMONIA NH,-N concentration in surface water
NITRATE NO;-N concentration in surface water
PHOSP. DISS. PO4-P concentration in surface water
PHOSP. PART. Particulate-P concentration in surface water

These four components are identical with the components for nutrients
applied in WQ model level Nos. 3, 4 and 6. This also implies that WET-
LAND only can be activated at model levels Nos. 3, 4 or 6. Phosphorus
processes are as in the WQ model optional.

In addition to the four water phase components 8 more components in the
sediment/peat are modelled which do not need AD specifications as they
not are transported in the water phase (stationary variables). Initial condi-
tions, however, must be specified (see 8.24). The stationary variables are:
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PLANT-N The plant biomass per area expressed in nitrogen

The concentration of fast degradable (labile) organic

LABILE ORG-N matter per volume sediment/peat expressed in nitrogen

The concentration of slow degradable (stabile) organic

STABILE ORG-N matter per volume sediment/peat expressed in nitrogen

The concentration of adsorbed ammonia in peat (per

ADSORBED-N volume sediment/peat)

IMMOBILE-N The concentration of.mlcroblal (immobile) nitrogen in
peat (per volume sediment/peat)

PLANT-P The plant biomass per area expressed in phosphorous
The concentration of fast degradable (labile) organic

LABILE ORG-P matter per volume sediment/peat expressed in phospho-
rous
The concentration of slow degradable (stabile) organic

STABILE ORG-P matter per volume sediment/peat expressed in phospho-

rous

In the '<file>WQAdd.res11' (additional output) file you will find the simu-
lated value of these eight stationary variables together with miscellaneous
aggregated values.

8.23 Wetland General

This page offers the possibility to include wetland processes for selected
branches, and to define some general parameters:

Sediment thickness

An empirical parameter for the relative influence of sediment/peat proc-
esses (adsorption and immobilisation of NH4-N) on the water quality. The
sediment/peat processes calculated per volume sediment/peat will be cor-
rected for the specified sediment thickness. The parameter can be inter-
preted as the mean depth for the horizontal surface water flow through the
peat.

Depth when completely flooded

A parameter for the highest point of the wetland area relative to the sur-
face water level. If the value is zero then the surface water always covers
the wetland area 100% regardless of the actual water level, whereas a
value greater than zero means that the coverage will be less than 100% if
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the actual water level is greater than the value of the parameter. The actual
coverage will be calculated during the simulation. The coverage deter-
mines the impact of the biological processes on N and P concentration,
e.g. 50% coverage imply 50% impact etc. In the model, hilly wetland
areas will thus have a low influence on the water quality compared to a
more flat area, if the same amount of water is flowing through the wet-
land.

Temperature coefficient

The value of 'teta’ in the Arrhenius temperature function (see 8.3). The
same function is used for all temperature dependant processes in the
model.

Activating WETLAND processes, see Integration with WQ

8.24 Wetland Nitrogen

This page offers the possibility to specify parameters for wetland nitrogen
processes, all applied globally:

Maximum nitrification rate
Max. Production rate per m? at 20°C

Half-saturation concentration, nitrification
K,, in the Michaelis-Menten expression

Maximum denitrification rate
Max. Respiration rate per m? at 20°C

Half-saturation concentration, denitrification
K, in the Michaelis-Menten expression

Mineralisation rate, labile pool
1st order decay of fast degradable (labile) organic matter in sediment/peat
at 20°C

Mineralisation rate, stabile pool
1st order decay of slow degradable (stabile) organic matter in sedi-
ment/peat at 20°C

Immobilisation rate
The immobilisation rate per m3 (microbial uptake) of NH,4-N in the sedi-
ment/peat at 20°C
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Half-saturation concentration, immobilisation of NH4-N
K,, in the Michaelis-Menten expression

Microbial mortality rate
15t order mortality (dead rate) of microbial biomass at 20°C

N-adsorption capacity
Adsorption capacity (mass per volume sediment/peat) of NH4-N in the
sediment/peat. The adsorption is reversible.

Half-saturation concentration, adsorption of NH4-N
K,, in the Langmuir adsorption expression

N-Adsorption rate
15t order rate, N-adsorption at 20°C

The yearly N Plant production
The aggregated yearly uptake of N in plants, mass per area. The seasonal
distribution follows a latitude-dependant sun radiation formula

Ratio of dead plant material to labile
The ratio of fast degradable (labile) organic nitrogen in plant material.

8.25 Wetland Phosphorus

This page offers the possibility to specify parameters for wetland phos-
phorous processes, all applied globally:

Half-saturation concentration, adsorption of PO4-P
K,, in the Michaelis-Menten expression

P-adsorption rate
The (irreversible) P-adsorption rate per area to the sediment/peat

Mineralisation rate, labile pool
1st order decay of fast degradable (labile) organic matter in sediment/peat
at 20°C

Mineralisation rate, stabile pool
1st order decay of slow degradable (stabile) organic matter in sedi-
ment/peat at 20°C

Water Quality Editor

315



Water Quality Editor

The yearly P Plant production
The aggregated yearly uptake of P in plants, mass per area. The seasonal
distribution follows a latitude-dependant sun radiation formula.

Ratio of dead plant material to labile
The ratio of fast degradable (labile) organic phosphorous in plant material

Sedimentation rate, max
1st order rate, max. sedimentation, for particulate-P. The maximum rate is
applied when the plant biomass reaches its optimum

Sedimentation rate, min
15t order rate, min. sedimentation, for particulate-P. The minimum rate is
applied when the plant biomass reaches its lowest value

Resuspension rate
Rate of resuspension, Particulate-P (mass per area per time)

Critical flow velocity

Value for the critical flow for resuspension/sedimentation of Particulate-P,
i.e. velocity above this value implies that resuspension takes place. For
velocities below the critical value, Particulate-P will undergo sedimenta-
tion.

8.26 Wetland Components

This page offers the possibility to specify initial conditions (global values
only) for the eight stationary variables:

Organic-N in peat, e.g. kg/m3

The concentration of total-N (labile and stabile) in uppermost part of the
sediment/peat, i.e. part of the sediment core which affects the quality of
the surface water

Ratio of stable organic N
The initial ratio of slow degradable (stable) organic nitrogen

Organic-P in peat, e.g. kg/m3

The concentration of total-P (labile and stabile) in uppermost part of the
sediment/peat, i.e. part of the sediment core which affects the quality of
the surface water

Ratio of stable organic P
The initial ratio of slow degradable (stable) organic phosphorus
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Adsorbed-N in peat, e.g. kg/m3
Initial adsorbed NHy-N in the sediment/peat

Plant-N, e.g. g N/m2
Initial plant N biomass

Plant-P, e.g. g P/m?2
Initial plant P biomass

Immobile-N in peat, e.g. kg/m3
Initial immobilised N in the sediment/peat.
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9 EUTROPHICATION EDITOR

The former VKI has been developing the Eutrophication model EU since
the early seventies. This advanced tool has been used in a long range of
contexts for calculating the consequences of human impacts on the envi-
ronment.

The model describes the growth of phytoplankton, zooplankton, benthic
vegetation and oxygen conditions as a consequence of BOD loading,
available nutrients and factors such as incident light intensity, water tem-
perature and hydraulic conditions.

The biological/chemical system described in the EU model consist of a
network of coupled processes where changes in one component could
influence all the other variables depending on the biological reaction. The
state variables and processes in the biological system are illustrated as fol-

lows:
= : ] DETRITUS
. | 3
13
14 | PHYTO- 3 Z00- EE NTHIC-
9 M PLaNKTON FLAMKTON |y w14 . WEGETATION
I 1 1? 12
sepment | 10 | HORGAMIC
- [ = c 14
1"
1. Production, Phwtoplankton 8. Mineralisation of Suspended Detritus
2 Sedimentation, Phytoplankton 9. Sedimentation of Detritus
3 Graging 10. Mineralization of Detritus
4. Exinction,Phytoplankion 11. Accumulation in Sediment
5 Excretion, Zooplankion 12. Production, Benthichfegetation
6. Extinction, Zooplankton 13. Extinction, Benthic/\fegetation
¥. Respiration, Zooplankton 14. Exchange with surrounding waters

Figure 9.1 State variables and processes in the EU model exemplified by the
cycling of Carbon (C).

See also EU Processes (p. 322) and Required Data for the EU Model (p. 324).
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9.1 Background

9.1.1 EU Processes

In the model the cycling of carbon, nitrogen and phosphorus from inor-
ganic to organic form, and back to inorganic, as well as coupling to dis-
solved oxygen are described.

The 12 state variables or components in the model are:

PC - phytoplankton carbon

PN - phytoplankton nitrogen

PP - phytoplankton phosphorus

CH - chlorophyll concentration

ZC - zooplankton carbon

DC - detritus carbon

DN - detritus nitrogen

DP - detritus phosphorus

IN - inorganic nitrogen

1P - inorganic phosphorus

DO - dissolved oxygen

BC - benthic vegetation

The content of nitrogen and phosphorus in zooplankton is further
included, assuming that the carbon/nitrogen and carbon/phosphorus are
constant.

The sediment acts as a source or a sink of N and P depending of many fac-
tors, such as temperature, primary production and water flow. The flux of
N and P from the sediment is assumed to be proportional to sedimentation

of detritus and algae N and P.

The physical, chemical and biological processes for carbon (C), nitrogen
(N) and phosphorus (P) described in the EU model are:
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Table 1:

Phytoplankton

Production of phytoplankton:
Uptake of nutrients:

Death of phytoplankton:
Sedimentation of phytoplankton:
Grazing by zooplankton:
Zooplankton

Production of zooplankton:
Death of zooplankton:
Respiration of zooplankton:
Excretion of org. matter:
Detritus

Mineralization of detritus:
Sedimentation of detritus:
Sediment

Mineralization of sediment:

Oxygen

Oxygen production by phytoplankton:

Oxygen consumption by zooplankton:

Oxygen consumption by detritus:

Oxygen consumption in sediments:

PRPC
UNPN
DEPC
SEPC
GRPC

PRZC

DEZC

REZC

EKZC

REDC
SEDC

RESC

ODPC

oDZC

ODDC

ODSC

UPPP
DEPN
SEPN
GRPN

PRZN
DEZN
REZN
EKZN

REDN
SEDN

RESN

DEPP
SEPP
GRPP

PRZP
DEZP
REZP
EPZP

REDP
SEDP

RESP

Eutrophication Editor

323



Eutrophication Editor

9.1.2

Table 1:
Reaeration: REAR
Benthic vegetation
Production: PRBC
Uptake of nutrients: UNBN UPBP
Sloughing of vegetation: SLBC SLBN SLBP

These basic processes describe the transfer and reactions on carbon, nitro-
gen, phosphorus and dissolved oxygen in the modelled area driven by
hydrodynamics and external functions. The external functions or EU Forc-
ing Functions include incidence light radiation, temperature and loads of
organic matter and nutrients. See also the introduction and the section
Required Data for the EU Model (p. 324).

Required Data for the EU Model

The EU model set-up for a lake, reservoir or coastal area consists of a
hydraulic sub-model and the eutrophication sub-model. Data on water
depth, surface and bottom areas are automatically transferred from the
hydraulic results to the EU model during a simulation.

The annual variations in EU Forcing Functions (p. 325), pollution loads or
boundary concentrations are, however, required as specific input data to
the EU model. These data are:

e Surface light intensity

e Water temperature

e Organic (detritus) loading of C, N and P

e Inorganic loading of N and P

e Concentrations of the pelagic components (phytoplankton, zooplank-

ton, detritus, nutrients and oxygen) at the model boundaries

The recommended calibration data for the EU model are:
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e Inorganic nitrogen

e Inorganic phosphorus

e Chlorophyll-a

e Dissolved oxygen

e Secchi depth, or light profiles

As a minimum these measurements are necessary for the model calibra-
tion. Measurements should be taken monthly and for a 6-12 months
period. In (summer) periods where the primary production is high, a more
frequent sampling is recommended. Additionally, it is also recommended
to measure:

e Primary production

e Total organic carbon

e Total nitrogen

e Total phosphorus

e Zooplankton biomass

e Detritus quantities

e Macroalgae biomass

The water sampling should be taken at different depths (e.g. in surface
layer and 1 m above the bed) at a representative number of stations cover-
ing the model entire area.

9.1.3 EU Forcing Functions

The Required Data for the EU Model (p. 324) include water temperature
and light (sun) radiation at the water surface in order to simulate the bio-
logical processes. These data are called forcing functions as the model is
"forced" to use them, and should be specified as TimeSeries.

When extracting the two EU Forcing Functions (TimeSeries) to your EU
model set-up, the River Name "GLOBAL" must be specified in the MIKE
11 Boundary file. Values for Chainage and Component Number are not
required.

9.1.4  Guidelines for Selection of Time Step

The EU model uses two time steps: One for the AD- and one for the EU-
computation.
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The AD time step is specified as for any other MIKE 11 simulation
whereas the EU time step is specified under General model parameters
(p. 330) (the parameter WQDT).

Regarding WQDT the user should note the following:

e The EU time step (in hours) usually is higher than the AD time step (in
minutes) as eutrophication processes only are dynamic on a day-to-day
basis, and thus in order to save computing time, the EU-computation
should be less frequent than the AD computation. WQDT should, how-
ever, be small enough to resolve steep gradients in the state variables
caused by movements of the water bodies and pulses in inputs from the
boundaries and tributaries

e The AD time step is chosen as for any other AD simulation

e The AD and EU time steps should not be selected independently of
each other. The EU time step MUST be a multiple of the AD time step.
Otherwise, the results will be erroneous.

9.1.5 EU Results
The result from a model simulation, i.e. the concentration distributions of
the 12 state variables will stored in the .res11 file as for any other AD sim-
ulation. Additionally, a number of EU Processes (p. 322) and some
derived variables are stored in a EUAdd.res11 file:
e Total-nitrogen: PN+DN+ZN+IN (g/m3)
e Total-phosphorus: PP+DP+ZP+IP (g/m?)
e PRPC: phytoplankton primary production (g/m?)
e PRBC: net benthic production (g/m?2)
e PRPC+PRBC: total net primary production (g/m?2)
e Secchi depth (m)
e Nitrogen balance for the sediment: SEDN+SEPN-RESN (g/m?2)
e Phosphorus balance for the sediment: SEDP+SEPP-RESP (g/m?)
NOTE that the storing frequency must be a multiple of the Eutrophication
(EU) time step. Only results calculated at time steps where the eutrophica-
tion model has been activated are valid. This is illustrated in the sketch
below:
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Figure 9.2  Storing frequency

Atgy =3 hrs = 180 min
Atpap = 180, 90, 60, 30, 15, 5 min. and others

The state variables (i.e. .res11 file) and the process rates (i.e. EUAdd.res11
file) can be stored every time the eutrophication module is activated (in
the above example every 3 hrs, 6 hrs, 9 hrs etc.).

9.2 EU Property Pages

Data editing forms consist of three entries:
1 Basic calibration parameters, i.e. the model coefficients that can be
changed during the calibration phase

2 Ecosystem specific parameters, i.e. the coefficients related to the mod-
elled ecosystem. These coefficients are changed occasionally

3 Physiological/chemical parameters, i.e. parameters which should only
be changed if specific knowledge about the modelling area can justify
this

The menus are grouped into 8§ categories:

e Light extinction (p. 328)
e Oxygen (p. 328)
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e Phytoplankton (p. 328)

e Sediment (p. 329)

e Zooplankton (p. 329)

e Benthic vegetation (p. 329)
e Detrius (p. 329)

e General model parameters (p. 330)

The property pages for each of the above are described below.

9.2.1 Light extinction

9.2.2 Oxygen

This property page offers possibility to edit parameters related to light
extinction - the penetration of light through the water column.

All parameters are specified as meter!.

For general information on the EU Parameters, see EU Property Pages
(p. 327).

For specific information on EU parameters, please inspect the EU Techni-
cal Reference Manual.

This property page offers possibility to edit the oxygen related parameters.
All rates are specified as the maximum rate, day-! at 20 degree Celsius.

For general information on the EU Parameters, see EU Property Pages
(p. 327).

For specific information on EU parameters, please inspect the EU Techni-
cal Reference Manual.

9.2.3  Phytoplankton

This property page offers possibility to edit the phytoplankton related
parameters.

All rates are specified as the maximum rate, unit is day-! at 20 degree Cel-
sius, except for Maximum Growth rate for Diatoms, which is day-! at 5
degree Celsius.

For general information on the EU Parameters, see EU Property Pages
(p. 327).
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9.2.4 Sediment

For specific information on EU parameters, please inspect the EU Techni-
cal Reference Manual.

This property page offers possibility to edit the sediment related parame-
ters.

All rates are specified as the maximum rate, day-! at 20 degree Celsius.

For general information on the EU Parameters, see EU Property Pages
(p. 327).

For specific information on EU parameters, please inspect the EU Techni-
cal Reference Manual.

9.2.5 Zooplankton

This property page offers possibility to edit the zooplankton related
parameters.

All rates are specified as the maximum rate, day-! at 20 degree Celsius.

For general information on the EU Parameters, see EU Property Pages
(p. 327).

For specific information on EU parameters, please inspect the EU Techni-
cal Reference Manual.

9.2.6 Benthic vegetation

9.2.7 Detrius

This property page offers possibility to edit the parameters related to the
benthic vegetation.

All rates are specified as the maximum rate, day-! at 20 degree Celsius.

For general information on the EU Parameters, see EU Property Pages
(p. 327).

For specific information on EU parameters, please inspect the EU Techni-
cal Reference Manual.

This property page offers the possibility to edit the detritus related param-
eters.

All rates are specified as the maximum rate, day-! at 20 degree Celsius.
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For general information on the EU Parameters, see EU Property Pages
(p. 327).

For specific information on EU parameters, please inspect the EU Techni-
cal Reference Manual.

9.2.8 General model parameters

This property page offers possibility to edit the General Model Parame-
ters.

Latitude for the model area is specified. For Southern Hemisphere, the lat-
itude is specify as a negative value.

WQDT is the EU time step in hours. See Guidelines for Selection of Time
Step (p. 325).

SAL, is specified as the average salinity for the model area.

330 MIKE 11



SEDIMENT TRANSPORT EDITOR

Sediment Transport Editor e 331



332 MIKE 11



—==<

10 SEDIMENT TRANSPORT EDITOR

The MIKE 11 non-cohesive sediment transport module (NST) permits the
computation of non-cohesive sediment transport capacity, morphological
changes and alluvial resistance changes of a river system.

Input data concerning non-cohesive sediment properties are defined in the
ST Parameter Editor which contains the following tabs (property pages):

e Sediment grain diameter (p. 335)

e Transport model (p. 336)

e Calibration factors (p. 341)

e Data for graded ST (p. 342)

e Preset distribution of sediment in nodes (p. 343)
e Passive branches (p. 344)

e Initial dune dimensions (p. 344)

e Non-Scouring Bed Level (p. 345)

Some of the sediment transport formulas and other features of the Non
Cohesive Sediment Transport module have been developed in cooperation
with CTI Engineering, CO., Ltd., Japan.

10.0.1 Sediment transport simulations; Simulation mode

The explicit sediment transport mode

In the explicit mode, the sediment transport computations are based either
on the results from an existing hydrodynamic result file or from a hydro-
dynamic computation made in parallel using characteristic transport
parameters. The sediment transport is calculated in time and space as an
explicit function of the hydrodynamic parameters (i.e. discharge, water
levels etc.) previously calculated. Note, that there is no feedback from the
sediment transport calculations to the hydrodynamics. Results are volume
transport rates and accumulated volumes of deposition or erosion.

The explicit mode is useful where significant morphological changes are
unlikely to occur. An estimate of the sediment budget can then be obtained
economically (in terms of computer time) using this mode.

The explicit sediment transport mode is active if the check box; ‘Calcula-
tion of Bottom Level’ is un-checked (in the ‘Transport model’ page).
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The morphological mode

Sediment transport computations made in the morphological mode are
made in parallel with the hydrodynamic computations. The morphological
mode is activated through the ‘Transport model’ tab page by activating the
check-box; ‘Calculation of Bottom Level’.The sediment transport is cal-
culated in time and space as an explicit function of the corresponding val-
ues of the hydrodynamic parameters calculated in tandem. The sediment
transport module solves the sediment continuity equation and determines
the updating of bed resistance, transport rates, bed level changes and dune
dimensions (depending on the transport relationship adopted), so that
changes in flow resistance and hydraulic geometry due to the sediment
transport can be included in the hydrodynamic computations.

The morphological simulation mode requires considerably more computa-
tion time than the explicit mode but is more representative of the dynamic
alluvial processes.

10.0.2 The transport models

A variety of transport models are available. Some of the transport models
determines the total sediment transport and others distinguish between bed
load and suspended load. Following transport models are available:

e Engelund - Hansen (Total load)

o Ackers - White (Total load)

e Smart - Jaeggi (Total load)

e Engelund - Fredsge (Bed load and Suspended load)

e Van Rijn (Bed load and Suspended load)

e Meyer Peter and Muller (Bed load)

e Sato, Kikkawa and Ashida (Bed load)

e Ashida and Michiue Model (Bed load and Suspended load)

e Lane-Kalinske (Suspended load)

All of the transport models can be used for both explicit and morphologi-
cal mode computations.

No general guidelines can be given for the preference of one model over
another, as the applicability of each depends on a number of factors. Fur-
ther details can be found by consulting the NST Reference Manual.

Sediment transport is a highly non-linear function of the flow velocity.
Depending on the model used, the transport is proportional to the velocity
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raised to the 3rd or 4th power. Instabilities may occur in certain cases even
when the hydrodynamic computation is stable. Special care must be taken
in the determination of initial conditions and time step selection to avoid
instability problems.

Features and usage of the ST Parameter Editor pages are described below.

10.1 Sediment grain diameter

Sediment grain diameter(s) and standard deviation(s) of grain size to be
used in the sediment computations are specified in this page. The grain
diameter and standard deviation may be specified as being applicable glo-
bally and locally. If grain diameters and standard deviations are specified
for a local application, these values are used instead of any globally speci-
fied values.

Figure 10.1 shows an example where the sediment grain diameter is glo-
bally set to 1 mm. This value will be used in the entire river network
except for the reaches ‘RIVER1’ between 1000 and 2500, where the local
grain diameter varies linearly between 1.2 and 1.5. and between 2500 and
4400 where the grain diameter varies linearly between 1.5 and 1.1. At the
same chainages, the standard deviation varies linearly between 1.2, 1.2
and 1.0.

P ST-River] .ST11

Drata for Graded ST | Frezet Distribution of Sediment in Modes I Passive Branches I
Sediment Grain Diameter | Transport Model I Calibration Factors
Global Grain Diameter IDE{
St. Deviation |1
River Hame | Chainage Grain diam. St. deviation
1 RIVER1 1000.00000 1200000 1200000
2 RIVER1 250000000 1.500000 1200000
3 RIVER1 4400.00000 1100000 1000000

Figure 10.1  Example of implementation of local grain diameter.
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10.2 Transport model

Selection of sediment transport model as well as editing the model spe-
cific parameters are essential for the calculation of the sediment transport.
This page should therefore always be checked by the user to set the model
type (Total load or bed load/suspended load model), select the appropriate
transport model(s) and adjust the transport parameters if required.

P ST-River] .ST11

Calibration Factors I D ata for Graded ST
Preset Distibution of Sedimentin Nodes | Passive Branches I Mon Scouring Bed Level
Sediment Grain Diameter Transpart Madel | Initial Dune Dimensions
— Model type
" Total Load IAckers and Wwhite j

' Bed Load and/or Suspended Load

¥ BedLoad ¥ Suspended Load
IEngeIund and Fredzoe j IVan Rijn j
— Model P. b — Calculation of

Spec. Gravity  |265 :
dH/d: IBack water 'l
Kin. Wizcogity I‘I #1076
PSI |D-9
Beta 0.E5
» Fi ID.S
Theta Critical ID.DEB
Fac |1 5
Gamma |1

Parosit
Acker - White I BD35 i l o o
il | [T Bed Shear Stress
IManning [t4] j

—Storing ...
Minirnum I‘I 0

¥ Bed / Suspended load
I awirnum 100

Omega I‘I

[ Total sediment volumes in each grid point

™ Graded sediment volumes in each grid paint

Figure 10.2 Example of implementation of transport model parameters.

Figure 10.2 shows an example of how to set the transport model type and
appropriate parameters in the dialog. In this example, the bed load trans-
port will be calculated using the ‘Engelund and Fredsoe’ model and the
suspended load transport calculated using Van Rijn formula. Morphologi-
cal computation is selected as the check box for ‘Bottom Level’ is acti-
vated, but there will be no computing of the bed shear stress.
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10.2.1 Model Parameters

The transport model parameters can be divided into three sub-groups:

Parameters used by the actual transport models

“

Spec. Gravity

Specific gravity of the sediment.

Kin. Viscosity

Kinematic viscosity of water.

Please note, that - using SI-Units - the Kinematic Viscosity must be speci-
fied as 'value - 10-6' m2/s. That is, if a value of 0.000001 m2/s should be
used, in the dialog, you must specify 1.0.

Beta

Dynamic friction coefficient used in the Engelund-Fredsoe model.

Theta Critical

Critical Shields' parameter.

Gamma

Calibration parameter for suspended load.

Acker-White

Switch used in the Ackers-White model indicating whether the applied
grain size represents dss or dgs.

Storing
— Bed/ Suspended load

Storing of suspended load and bed load as individual result items in
the ST result file from a simulation. This feature is only applicable
for those of the transport models which separates the sediment
transport into bed load and/or suspended load components.

— Total sediment volumes in each grid point
Storing of total sediment volume in each grid point - accumulated
over time.

— Graded sediment volumes in each grid point

Storing of sediment volume of each fraction in each grid point.
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Parameters used if a morphological computation is included

Calculation of Bottom Level

A check box is provided to include or exclude bed level updating during
the simulation.

dH/dZ

Calculation parameter for the morphological model.

PSI

Centring of the morphological computation scheme in space.

Fl

Centring of the morphological computation scheme in time.

FAC

Calibration parameter for computation of derivatives in the morphological
model.

Note that this parameter implicitly defines the step length for a number of
numerical derivatives. For this reason the parameter must be greater than
unity. If this is not the case MIKE 11 sets its value equal to 1.01 internally.

Porosity

Porosity of the sediment.
Parameters used if updating of bottom shear stress is included

Bed Shear Stress

A check box is provided to include or exclude bed shear stress updating
during the simulation.

Resistance type combo box

The user is given the option to select which shear stress / resistance type
formulation to be used for defining minimum and maximum limits of
resistance number calculated throughout the ST simulation (Manning’s M,
Manning’s n or Chezy).

Omega

Calibration parameter for the resistance number (ResistanceST =
OMEGA + ResistanceHD).
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¥

Minimum/Maximum

Minimum/maximum limits for the calculated resistance number in the
computations.

Please Note: If calculation of the bottom shear stress is selected in a mor-
phological computation, the updated shear stress values are used in the
hydraulic computations. Thus, the Chezy or Manning number specified in
the cross-section data base may differ from the value(s) applied in the
hydrodynamic computations.

10.2.2 Special features for specific transport models

Engelund-Fredsoe model

When selecting the Engelund-Fredsoe transport model, dune height and
dune length are computed - if calculation of Bed Shear Stress is included.
Therefore, an additional property page; ‘Initial Dune Dimensions’ is made
visible in the ST Editor when either the bed load or suspended load trans-
port model is chosen as Engelund and Fredsoe, see Section 10.7.

Smart-Jaeggi model

When selecting the Smart-Jaeggi transport model, the model parameters
must be edited as for all other transport models. Additionally, coefficients
and exponents used in the Smart-Jaeggi formulation can be edited. There-
fore, when selecting the transport model for Total Load as ‘Smart and
Jaeggi’ values for coefficients and exponents can be edited in a separate
dialog as shown in Figure 10.3.
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Smart - Jaeggi Factors E |

Dimengionless sed. tranzpart ;

al *[(252 )™ 71% * 0% ttheta™ * (a6 theta - thetacr ) ]

Cosfi 1(s1): [& Cosff 2(s61: [T
Exp.1(a2: [oz Exp. 4(a8: [05
Exp.20a3): [oe Ewp.5la7): [T
Exp3lad): 1 Exp.Blad): [T

Irifarmarity of sediment [D90/030] : I'I .34
Angle of repoze [degrees) : |33 R
Slope corr. farm. ; IBDtt'I'l""'EVE' TI Cancel

Figure 10.3 Additional dialog for defining Smart and Jaeggi model factors.

The Smart - Jaeggi Factors dialog is activated by pressing the

Mare . button, which can be activated as soon as the transport
model selected is ‘Smart and Jaeggi’.

Coefficients and exponents are essential for the Smart and Jaeggi transport
model and a simulation should therefore not be performed until this dialog
has been edited.

10.2.3 Bottom level update methods

Special options for updating the bottom level exists. The default method is
to assume that the whole cross section is moved undistorted up in the case
of deposition and down in the case of erosion. Alternatively, an ACSII file
named ‘Bedlevel.txt’ can be placed in the data directory (together with the
ST11-file) with specification of another update method. The first line in
the ascii file is not read by MIKE 11. The second line should contain the
Identification Number and the bottom level update method:

Update methods available are:

e Methodno 1.

Deposition in horizontal layers from the bottom. Erosion proportional
with depth below bank level
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e Method no 2

Deposition and erosion uniformly distributed below the water surface.
No deposition and erosion above.

e Method no 3

Deposition and erosion proportional with depth below water surface.
No deposition and erosion above.

e Method no 4

Deposition and erosion uniformly distributed over the whole cross sec-
tion (i.e. below the bank level).

e Method no 5
Deposition and erosion proportional with depth below bank level
If the file ‘Bedlevel.txt” does not exist, the default method (no 4) is

applied. If the file exists, the user is prompted to confirm whether the set-
tings in the file should be used before the simulation starts.

A more detailed description on the calculation of bottom levels is given in
the NST Reference Manual.

10.3 Calibration factors

The factors ‘Factor 1’ and ‘Factor 2’ can be applied to the calculated
transport rates as correction factors.

If the sediment transport is calculated as total load (e.g. Engelund-Hansen,
Ackers-White and Smart-Jaeggi models) ‘Factor 1’ is used as the correc-
tion factor, whereas for other models distinguishing between bed load and
suspended load, ‘Factor 1’ is used as a multiplication factor for Bed load
transport and ‘Factor 2’ as a multiplication factor for suspended load
transport. Calibration factors can be specified globally and locally as
shown in Figure 10.4, where ‘Factor 1’ and ‘Factor 2’ are globally defined
as 1.0, but varies linearly with values different from the global in the river
reach ‘RIVER1’ chainage 1000 to 4000.
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P ST-River] .ST11

[rata for Graded ST I Frezet Distribution of Sediment in Modes | Passive Branches |
Sediment Grain Diameter I Transport Model Calibration Factors
-~ Global Data
Factor 1: |1
Factaor 2 |1

River Hame | Chainage | Factor1 Factor2
1000.0000 | 1.500000 | 0.750000
4000.0000 |  1.200000 | 0.800000

Figure 10.4  Calibration factors dialog

10.4 Data for graded ST

The required input data for the simulation of graded sediment transport
and sediment sorting are specified on this property page.

The bed material is represented by two layers, an active layer overlying an
inactive, passive layer. Each layer is divided into an equal number of frac-
tions (or classes) specified by the user. A mean grain size (mm) for each
fraction and the percentage distribution for both the active and the passive
layers must be specified. The fraction mean grain sizes are global but the
initial percentage size distributions may be specified globally or locally.
The sum of the initial percentage distributions for both the active and the
passive layers must equal 100%.

It is possible to specify a lower limit for the active layer depth (‘Min. depth
active layer') and an initial depth for the passive layer.

The effects of shielding can also be included by setting a check mark in
the ‘Shielding of particles’ check box.

The percentage contribution and transport rate of each fraction can be
stored in the result file by setting a check mark in the ‘Save fraction val-
ues’ and ‘Save sed. transport each fraction’ check boxes. If the result file
is to be used as a hot start file, the values must be saved.
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Global and local values can be specified.

An example of defining 4 fractions (global defined fractions only) is
shown in Figure 10.5.

P ST-Riverl ST11

Sediment Grain Diameter I Tranzport Model I Calibration Factors I
D'ata for Graded 5T | Prezet Distribution of Sediment in Modes I Passive Branches
-~ Global Data

Min. depth of active layer ID.‘I
Init. depth of passive layer |1

™ Shielding of particles

V' Save sed. transport each fraction

Save fraction values: W _Active laper ¥ Pasive layer
Frac. Frac.
Fraction | Fraction Value Value Global River TR
Humber | Diameter | Active Passive Hame g

Layer Layer

1000000 | 25.000000 | 10.000000
1.500000 | 30.000000 | 25.000000
2300000 | 25.000000 | 50.000000
3.000000 | 20.000000 | 35.000000

N
FrEIrs e
RV EVEVER

Figure 10.5 Example of specifying Graded ST data (4 fractions)

10.5 Preset distribution of sediment in nodes

The default distribution at a node is carried out according to the ratio of
flow discharges. An alternative distribution can be specified on this prop-
erty page by providing the coefficients and the exponents (K and n values)
in the following relationship:

n
K 0"
n+l _  Bwm¥m el
O~ = Ko > 9 (10.1)
z i%10 ypstream
downstream branches
branches
Where

n

or:* " sediment transport rate in branch m
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The coefficients and exponents are given for each branch, specified by its
upstream and downstream chainage, linked to the node. The property page
also enables the addition and editing of a preset distribution of sediment in
nodes related data.

10.6 Passive branches

Branches in which sediment transport should not be calculated are speci-
fied by river name and upstream and downstream chainage as shown in
Figure 10.6. Sediment can be transported into a passive branch, but no
sediment can be transported out of the branch.

¥ ST-River.5T11 !IEII!!
Sediment Grain Diameter I Tranzport Model Calibration Factors |
D ata for Graded ST I Prezet Distribution of Sediment in Modes Passive Branches
_ UpStr. DownStr.
pivegtlane Chainage Chainage
1 RIVER1 6000000000
2 RIMERZ2 2000.000000 | 3000.000000

V' Save result in passive branches

Figure 10.6 Passive branches property page.

10.7 Initial dune dimensions

When selecting the Engelund-Fredsge transport model the dune height
and length are computed when calculation of bottom shear stress is
included. The dune dimensions can be specified as applicable globally and
locally. If dune dimensions are specified for local application, these values
will be used instead of any globally specified values.

Figure 10.7 shows an example where the global dune height has been set
to 0.25, and the global dune length has been set to 12.50. These values will
be used in the entire river network, except in the reach ‘RIVER1’,
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between chainage 5.000 and 10.000, where the dune height varies linearly
between 0.25 and 0.40.

P ST-River] .ST11

Sediment Grain Diameter Tranzport Model I Calibration Factors | Drata for Graded ST |
Prezet Distribution of Sediment in Modes I Passive Branches Initial Dune Dimenzions
- Global ' alue:

Height: ID.25

Length: |12.5

River Hame | Chainage | Height Length
1 RIVER1 50000000 | 0250000
2 RIVER1 10000.000 | 0.400000 | 12.500000

Figure 10.7 Example of an implementation of local initial dune dimensions.

If no dune dimensions are given, or the dune height and length equals
zero, then the dune height will be calculated as the water depth divided by
6 with a dune length of 15 times the water depth.

10.8 Non-Scouring Bed Level

The Non Scouring Bed Level page offers the possibility of defining two
parameters; thickness of active layer and a non scouring bed level.

The Thickness of active layer is used in the Graded sediment transport cal-
culations. Default formulations in MIKE 11 defined the thickness of
active layer as half the dune height, but now the value can be user-defined.
The value must be given as a depth. That is; a height above bottom of river
bed.

Please note: Setting the Thickness of active layer to a value of -99
switches back the formulation to the previous default formulation in
MIKE 11 (thickness equal half the dune height).

The Non scouring bed level item gives a possibility for the user to define
levels (global and/or locally) where a non-erodible surface is present.
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(Important to notice, that this item must be defined as a level - and not a
height!) If, during a morphological simulation, bed erosion occurs and the
bottom of the bed reaches the defined Non scouring bed level, no further
bed erosion will take place.

P ST-River] .ST11

Calibration Factors I D ata for Graded ST I
Sediment Grain Diameter I Transport Model Initial Dune Dimensions |
Prezet Distribution of Sediment in Modes I Passive Branches Hon Scouring Bed Level
- Global ' alue:

Thickness of active |ayer ID.‘I
Mon scouning bed level I"I 5

-~ Local Y alue:
River Hame | Chainage Thickness Hon-gcouring bed level
1 RIVER1 0.000000 0100000 0.250000
2 RIVER1 2500.0000 0100000 0.000000
3 RIVER1 4400.0000 0150000 0100000
4 RIMERZ2 0.000000 -85.000000
5 RIMERZ2 4000.0000 -85.000000 -1.500000

Figure 10.8 Non scouring Bed Level property page

Figure 10.8 shown an example where the global values of Thickness of
active layer is defined to 0.1 and Non scouring bed level is set to -1.5.
These values are used in the entire river setup except for specific reaches
in 'RIVER1’ and "RIVER2’ where local values are specified. Linear inter-
polation will be used to define Layer thickness and Non scouring level at
calculation points in between the local stations defined in the dialog.

Please notice, that in 'RIVER?2’ from chainage 0 to 4000 a value of -99
has been defined which means, that the previous default formulation for
defining thickness of active layer in MIKE 11 will be activated for this
river reach.
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11  FLOOD FORECASTING EDITOR

The MIKE 11 Flood Forecasting Module (MIKE 11 FF) has been
designed to perform the calculations required to predict the variation in
water levels and discharges in river systems as a result of catchment rain-
fall and runoff and inflow / outflow through the model boundaries.

The MIKE 11 FF module includes:

e Definition of basic FF parameters

e Definition of boundary conditions in the forecast period (Forecasted
boundary conditions)

e Definition of Forecast stations

e An updating routine to improve forecast accuracy. The measured and
simulated water levels and discharges are compared and analysed in
the hindcast period and the simulations corrected to minimise the dis-
crepancy between the observations and model simulations.

11.1 Basic definitions

11.1.1 Simulation Period and Time of Forecast

The Time of Forecast (ToF) is defined in relation to the Hindcast and the

Forecast Period in Figure 11.1.The Hindcast Period defines the simulation
period up to ToF and is specified in the simulation file or calculated by the
system; see Chapter 11.1.2, Simulation Mode. The length of the Forecast

Period is always specified in the Forecast Menu, see section 11.2.1

< [Hnnapeid | ——><— [Fomoapria | —>

| | >

1
| Stondation Stat | | Tiree of Fomcast | — =

Figure 11.1  Definition of ToF

11.1.2 Simulation Mode

Real-time mode

Real time mode defines a condition where MIKE 11 FF is used to execute
simulations applying real-time hydrometeorological data as boundary
conditions. The common time span of the boundary data defines the hind-
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cast period, see Figure 11.2. As real-time hydrological and meteorological
data are often captured and supplied by a telemetry network, pre-process-
ing of these data is usually required for a specific (user defined) Hindcast
Period and Time of Forecast.

¥

L J

¥

A J

Simulation Start

I | | |
= @ =
—_ [ 353 [EN)
\

(rovitenms ]

Figure 11.2  Definition of Hindcast Period and ToF

Historical mode

While real-time telemetry data form the boundary conditions in an opera-
tional forecasting mode, historical hydrometeorological data are applied
as boundary conditions in the calibration and validation phase of forecast
modelling.

When MIKE 11 FF runs in historical mode, the hindcast period is defined
via the Simulation Menu in the sim11 editor. The Hindcast Period is
defined from Simulation Start to Simulation end i.e. Simulation end is
interpreted as ToF.

In the example shown below in Figure 11.3 the hindcast period starts on
the 4 January 1999 at 12:00 and last up to 7 January 1999 at 12:00.

455 FF sim11 - Modified

Modelsl Input  Simulation | Hesultsl Start I

Simulation Start: Simulation End:

Period: |D4-D1 -39 12:00:00 ID?-D‘I -39 12:00:00 Apply Default |

" Simulation Period

Figure 11.3  Definition of Hindcast period in historical mode

The forecast period is defined in the Forecast Menu.
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11.2 Forecast

The main forecast parameters are specified in the Forecast Menu,
Figure 11.4.

Fﬁ 5s-FF_FF11 - Modified =1 E3

Farecast | Boundary Estimatesl Update Specificationsl Rating Eurvesl

Forecasting length |48 Units Ihours 'l ¥ Include updating

—Accuracy

¥ Include uncertainty levels

W ater Levell Discharge  Rainfall | Temperaturel

Global Y alues [% deviation) Local Values [% deviation from estimated RF)

Upper level |25 4 Catchment| Upper Lower
1 |BUANBID |S0.000 -85.000
Lawer level |-50 % 2 |ar 25.000 -95.000

— Alternative Mode:
[V Multiple forecast with historical data Mo of FC |4| Step [h] |12
™ Seasonal forecasting with historical data Start year I‘ISSD Erdlyear I‘ISSU

— Location
Hame Data Type River Hame| Chainage |Danger Level
1 |Sandung-H Water Level Saraveak-95 |14023.00 2.500
2 |Sandung-2 Dizcharge Saravvak-95 14544 .00 400.000
¥ Save all forecasts Storage timestep 12 Hours

Figure 11.4  Basic Forecast Definitions

11.2.1 Forecast length

The Forecast length is equal to the Forecast Period (Figure 11.4). The
length of the Forecast Period can be specified in hours or in days

11.2.2 Include updating

Tick on the appropriate check box to include the updating routine. Update
points and parameters are specified on the Update Specification menu;
see section 11.4.

11.2.3 Accuracy
The Boundary Conditions estimated after the Time of Forecast are obvi-
ously uncertain. The effect of a specified uncertainty level can be included
in the simulations.
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Tick on the ‘Include uncertainty level’ check box to include.

Specify either global and/or local values for the deviation. Global values
are applied to all catchments or HD boundary conditions, except those
which are listed in the ‘Local Values’ fields.

Estimated boundary conditions with Upper and Lower levels are stored in
the ‘Boundary Estimates’ directory as described in Section 11.3.4.

11.2.4 Alternative Modes

Multiple forecast with historical data

To execute simulations in Historical Mode tick on the Multiple forecast
check box, see Figure 11.4 or below. Additional information about simu-
lating in Historical Mode can be found in Section 11.1.2.

In Historical Mode it is possible to execute consecutive simulations shift-
ing the Start time and ToF of each simulation. Simulation start and ToF
applied in the first simulation are defined on the simulation menu in the
siml11 editor.

Alternative Mode:

[V Multiple forecast with historical data Mo of FC |4 Step [h] |12
™ Seasonal forecasting with historical data Start year I‘ISSD Erdlyear I‘ISSU

Figure 11.5  Selection of Historical Mode

No of FC defines the number of consecutive simulations to be executed
and Step defines the interval at which multiple forecasts are made. The
Time of Forecast (ToF) is moved forward Step (hours) between forecasts
(see Figure 11.6).
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Simulation No.

01-04 01-05 01-06 01-07 01-08 01-09 0110

Simulation period

Figure 11.6  Muiltiple simulations in Historical Mode

Simulation no. 1 is executed according to Simulation Start and Simulation

End found in the Simulation Menu in the Sim11 editor. As described in

Section 11.1.2, Historical Mode, Simulation End is interpreted as ToF In
each of the following simulations Simulation Start and ToF are shifted 12

hours.

Seasonal forecasting
Not yet implemented

11.2.5 Location of forecast stations

Forecast points are specified as shown in Figure 11.7 below

Lacation:

Hame Data Type

River Hame| Chainage |Danger Level

Sandung-H Water Level

Sarawak-95 [14023.00 2500

(5]

Sandung-2 Dizcharge

Sarawak-95 (14544 .00 400.000

¥ Save all forecasts

Storage timestep 12 Hours

Figure 11.7  Location of Forecast Points

Simulated water level or discharge at a forecast point is extracted from the

MIKE 11 HD resultfile and stored together with the “Danger level” as

individual time series files (dfsO format), one file for each forecast point
(location). These files are named according to the Name field in the Loca-

Flood Forecasting Editor
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tions menu and are stored in a directory structure as illustrated in

Figure 11.8.
Forecast
Sandung-H.dfs0
7-JUL-1999-12-00 Sandung-G.dfs
Data -
Directory Boundary Estimates

Forecast

Sandung-H.dfs0
8-JUL-1999-00-00 Sandung-Q. dred

Boundary Estimates

Figure 11.8 Forecast data directory structure

MIKE 11 FF generates a data sub-directory, named according to the ToF,
e.g “8-jul-1999-12-00" in the example shown in Figure 11.8. The individ-
ual forecast time series are stored in a sub-directory named “Forecast”

Save all Forecasts

Tick off the “Save all forecasts™ check box to avoid generating the indi-
vidual forecast time series according to the specifications from the Loca-
tion menu.

Storage timestep

The storage frequency of forecast results can be more or less frequent than
the general MIKE 11 HD storage frequency specified in the Results menu
in the sim11 editor.

11.3 Boundary estimates

To simulate beyond the ToF requires boundary conditions for the forecast
period i.e rainfall, evaporation and possibly temperature for each catch-
ment in the RR simulation and water level or discharge for each of the
open boundaries in the HD model.

Boundary conditions applied during the forecast period are in this manual
described as Estimated boundary conditions.
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Estimated boundaries can to some extent be defined by the FF module

using boundary conditions from the hindcast period. Details about these
options can be found in Section 11.3.3.

Figure 11.9 shows the Boundary Estimates menu.

FaSs-FF.FF11

Forecast Boundary Estimates | Update Specificationsl Rating Eurvesl

— Editing
File Hame Last Checked
1 Pred-Tide dfz0 11-05-0012:28:42 | Edit
2 mountains dfz0 11-05-0014:10:35 | Edit
3 lowvland .ofs0 11-05-0014:11:22 | Edit
—Setup
Hydra Dynamiz ~ Rainfall Runoff
Catchment Type Filename Hem Ho
1 BUAMNBID Rainfall| mourtains df mourtain | 1|
2 GIT Rainfall| mourtains df mourtain | 1|
3 BB-SIkIA Rainfall lowland dfs0 loweland | 1|
4 GIT-SAND Rainfall lowland dfs0 loweland | 1|
5 Rainfall| lowland dfs0 loweland | 1|0

¥ Save all boundary estimates

Figure 11.9  Boundary Estimates

11.3.1 Setup

Specify catchment name (RR) or River name and Chainage (HD) to locate

the actual boundary

Type

Specify the appropriate data type:

RR: Rainfall, Evaporation, Temperature, Irrigation and Abstraction

HD: Water level, discharge or gate level.

Flood Forecasting Editor e
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Filename

Filetype

11.3.2 Editing

Press the “...” button to select the appropriate time series file.

The Axis type for the dfs0 files applied in the forecast period can be either
‘Calendar axis’ or ‘Relative axis’. If a dfs0 file is based on a ‘Relative
time axis’ the start time of that particular time series will be interpreted as
ToF.

All files included in the setup menu will be listed in the ‘Editing’ menu as
seen in Figure 11.9 above. Pressing the “Edit” button will start the MIKE
Zero time series editor with the actual time series loaded. In this manner it
is possible to view and edit the boundary estimate time series.

11.3.3 Boundary data manipulation

To minimize the time spent entering and editing data related to the ‘Esti-
mated boundaries’ several alternative boundary estimation methods have
been implemented in the FF module. The different boundary estimation
methods are summarised in Table 11.1 and their effect illustrated in
Figure 11.10 through Figure 11.14.

Omit a boundary condition.

A boundary condition time series i.e. rainfall / evaporation or discharge /
water level time series is simply omitted in the ‘Setup’ list.

Table 11.1

Case Estimation method Illustration

Omit a boundary condition in |If data from the hindcast time |Figure 11.10
the ‘Setup’ list series cover the forecast
period, these are applied. Oth-
erwise the hindcast value at
ToF is applied.

The time series covers at least |No manipulation is required. |Figure 11.11
the whole forecast period.

Estimated time series starts at | Time series is extrapolated Figure 11.12
ToF but does not cover the applying the last found value
whole forecast period
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Table 11.1

Case

Estimation method

Illustration

Estimated time series starts
after ToF.

Time series is interpolated
using hindcast data at ToF and
the first entered estimated
value

Figure 11.13

The time series cover the
whole forecast period, but
there is a discontinuity at ToF

During the first 10 HD time
steps the boundary data are
interpolated between hindcast
data at ToF and estimated data

Figure 11.14

5

4_>:'_--_--_--_--_-: == Hindcast
— - Forecast

o J ToF
- = = Extrapolated

2 T T T T T

01.07 01.07 01.08 01.08 01.09 01.09 0110

oo 1200 oo 1200 oo 1200 oo

Simulation petiod
Figure 11.10 Extrapolation from value at ToF
5
4.A_______ Hindcast
-~ 1 Forecast
al T e ™ W TeoF

01-07 o1-08

0000

o1-08 01-09 01-09 a1-10

12:00 12:00 0000 12:00 0000

Simulation period

Figure 11.11 Estimated boundary conditions as specified.
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Hindcast

= =Forecast

B TeoF
= = = Extrapolated

01-07 01-07 01-08 01-08 01-09 01-09 o1-10
o000 12:00 o000 12:00 o000 12:00 o000

Simulation period

Figure 11.12 Extrapolation of Estimated boundary conditions

Hindcast

= =Forecast

B TeoF
= = = Interpolated

01-07 01-07 01-08 01-08 01-09 01-09 o1-10
o000 12:00 o000 12:00 o000 12:00 o000

Simulation period

Figure 11.13 Interpolation of Estimated boundary condition
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4_>_______ Hindcast
L
~, = =Forecast
~
N W TeF
Sy
— — = = = Interpolated

2 T T T T T
o1-07 o1-07 o1-08 o1-08 01-09 01-09 a1-10
ao:oo0 12:00 ao:oo0 12:00 ao:oo0 12:00 ao:oo0

Simulation period

Figure 11.14 Discontinuity at ToF

11.3.4 Storing of Estimated boundaries

Estimated boundaries are stored for each forecast in a similar manner to

the simulated levels or discharges from the forecast stations, see Section
11.2.5 and Figure 11.15 below.

Forecast
7-JUL-1999-12.00 -
ol B lary Estimat
pas e
. - 2.0fg
Directory HE-1.4fs0

Forecast ‘
8-JUL-1999.00-00

Boundary Estimates
RR-1.dfs0
RR-2.dfs0
HO-1.dfs0

Figure 11.15 Estimated boundary directory structure

11.4 Update specifications

The purpose of updating is to evaluate and eliminate deviations between
observed and simulated discharges/water levels in the Hindcast Period to
improve the accuracy of the model results in the Forecast Period. Phase
and amplitude errors are identified by the updating routine and corrections
in the hindcast and the forecast period are subsequently applied.

Figure 11.16 shows the Update Specification menu.
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FaSs-FF.FF11

IS [=1 e
Forecastl Boundary Estimates  Update Specifications | Rating Eurvesl
— Comparizon
Riiver name Chainage [rata type
Station [254850 [water level 7]
File: name: Item
Measured time series IK.BENGDH-H.deD IW’ATEH LEVEL, FK.BEM J
Method Ilterations 'l Mo.Iterations |1 Frequency IB
— Corection
Riiver name First chainage Last chainage
Branch kiri-g7 |264650 |264650
P
Max phase error B Alpha 0.0m
Analyzis period 24 Peak 1000
Time constant in analyzis period 24 Adjust factor |1
Time constant in forecast period 24 Exclude r
— Dvervie
River Hame| Chainage | Data Type | File Hame | kemHNo =
1 kiri-97 26465000 |Wister Level |CProjectsts [1 fteratio
2 stast-97 88687000  |Wister Level |C\Projectsts [1 fteratio
5} Pedi-a7 69429500  |Wister Level |C\Projectsts [1 fteratio
4 nolan-97 59040300 |Wister Level |CProjectsts [1 fteratio
g Selalang-97 |795919.00  |Wister Level |C'Projectsts (1 ner?
4 3

Figure 11.16 Update Specification

11.4.1 Comparison

Station

The location of the update point is defined via its River name and Chain-
age. If the specified chainage does not correspond to the computational
network it is shifted to the nearest - or Q-point by the FF module and a
warning message is issued.

Data type

The Data type can be specified as water level or discharge. In general,
water level data should be specified at all sites where level forecasts are to
be issued, and discharge at reservoir inflow points.

Discharge updating is generally preferable and should be selected at all
forecasting locations where reliable discharge data are available.

Measured time series

The updating routine compares measured and simulated data. The time
series of measured water level or discharge data must be specified.
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Method

Iterations

See No. of Iterations

Implicit solution

The specified time series are applied as internal boundary conditions in
the model. In the Continuity Equation A"+/ is substituted by the observed
water level and the lateral inflow g"+* is calculated and applied as the
updating discharge.

No. of iterations

Frequency

11.4.2 Correction

If a river branch includes a number of update points the specified No. of
iterations should be equal to or larger than this number. For large rivers
with few update points it may increase the update efficiency to use an
even larger number of iterations. Different numbers of iterations should be
tested before operational forecasting is initiated. A larger number will
increase the accuracy but also increase the required calculation time.

Frequency of updating, i.e. the number of MIKE 11 HD time steps
between data observations in the time series used for updating.

The updating routine will calculate a correction discharge to be routed into
the river system along the correction branch. The correction branch is
specified by River name, First chainage and Last chainage.

If the specified chainages does not correspond to the computational grid
they are modified by the FF module and a warning message is issued

11.4.3 Parameters

Table 11.2

Parameter Main effect Typical value

Max phase error Higher phase errors are auto- |Equal to AP
matically reduced to this value

Analyse Period Determine the period where  |Found by calibra-
(AP) observed and simulated data |tion
are analysed
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Table 11.2

Parameter Main effect Typical value

Time constant in If less than AP, recent devia- |Equal to AP

AP tions may be given more
weight

Time constant in Corrections at ToF are gradu- |Found by calibra-

forecast period ally decreased in the forecast |tion
period by a first order decay
with this time constant.

Adjust factor Increasing/decreasing the cal- |1.0
culated updating discharge

Alpha An increase in Alpha will Found by calibra-
cause deviations to be inter-  [tion
preted more as amplitude
errors

Peak value Highest expected discharge From observed dis-
after applying the correction |charge hydrographs
discharge

11.5 Rating curves
Not implemented.
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12 BATCH SIMULATION EDITOR

The Batch Simulation Editor offers a possibility for setting up a batch sim-
ulation from the MIKEZero shell. That is, the Batch Simulation Editor is
used to pre-define a number of simulations where all items included in a
simulation (input-files, simulation parameters, output files etc.) can be
changed from simulation to simulation and multiple simulations will be
performed automatically when starting the Batch simulation.

The Batch Simulation Editor has been developed in cooperation with CTI
Engineering, CO., Ltd., Japan.

12.1 Setting up a Batch Simulation

The following steps are necessary to setup the Batch Simulation:

e Predefine base simulation file
e Define parameters to adjust in batch simulation
e Specify input parameters for each simulation

Each of the steps are described in the following:

Predefine base simulation file

The Batch Simulation Editor is designed such, that a Base simulation file
must be defined with all relevant information concerning Models and sim-
ulation mode, input-files, simulation period, time step, Initial conditions
and output-file names. Batch simulations will then be performed with this
Sim11-file as a basis and only if other parameters or file names have been
defined by the user in the Batch Simulation Editor, will the definitions in
the Base Sim11-file be modified.

File name and path to the base Sim11 file must be defined in the ‘Base
Simulation File’ field (Use the “...” button to browse for the Base Sim11
file on your computer).

Define parameters to adjust in batch simulation

The user must define the number of simulations to be performed in the
batch simulation by specifying a number in the ‘Number of simulations’
field. According to the number defined in this field a number of (empty)
rows will be introduced in the ‘Selected Parameters’ grid, see example in
Figure 12.2, where a number of 4 simulations has been chosen.
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Each line in the ‘Selected Parameters’ grid must only contain specifica-
tions of the parameters or input files which should be different from the
base simulation file. Parameters which should differ from the base simula-
tion file is selected in the tree-view on the left-part of the Batch Simula-
tion Editor, see Figure 12.1. Open the tree view items by clicking the ‘+’
and select the item/parameter which should be modified in the batch simu-
lation by double-clicking in the empty square in front of the specific item.
After double-clicking the item, a new column will be introduced in the
‘Selected Parameters’ grid which makes it possible for the user to select
different input files or define variations in input parameters.

Available parameters:

1]

Ela Model:

HD

FF

EEI---‘ Simulation mode
[—]6 Input files

o Mebwork
Crozz section
B oundary
RR parameters
i HD parameters
AD parameters
Wil parameters
ST parameters
FF parameters
HD results

wil

Figure 12.1  Tree view from the Batch Simulation Editor dialog for selecting batch
simulation parameters

Specify input parameters for each simulation

Input parameters for the batch simulation can be different input file
names, different simulation parameters, activating or deactivating simula-

tion models (e.g. activate and/or deactivate AD-model in some simula-
tions) etc.
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If e.g. the Network file should be different in some simulations, open the
‘Input files’ item in the tree-view and double-click the Network square.
After this a Network column is presented in the ‘Selected Parameters’ grid
and network-files can now be specified in this column - either manually or
by pressing the °..."” button to browse for the required file. If e.g. the net-
work file in one simulation should be the same as in the base simulation
file - but other parameters are changed - the ‘base network file’ must be
defined in the network field, as it is not allowed to have any blank cells in
the ‘Selected Parameters’ grid.

Additionally, e.g. the AD-model should be deactivated in some simula-
tions, open the ‘Models’ item in the tree-view and double-click the AD
square. In the ‘Selected Parameters’ grid you will now have the possibility
in the AD column to set the value to False (model deactivated) or True
(Model activated in simulation).

After all files and parameters for the batch simulation have been specified,
it is required to save the data to a Batch Simulation file (*.BS11).

The ‘Verify’ button can be used to make a test of all batch-setups in the
Batch Simulation file. The verification procedure includes a test of all
input-files, simulation parameters etc. and therefore, if problems exist in
some of the input files or other simulation parameters, the user will be
informed about this through the verification procedure.

After the verification of the setup has been performed, press the ‘Run’ but-
ton to start the batch simulations.

Figure 12.2 shows an example of a Batch Simulation setup, where two dif-
ferent network files are combined with two different HD Parameter files.
A setup like this could be used to investigate the impact of variations in
bed resistance values (Manning numbers) at locations where a hydraulic
structure (weir) has been planned. The two different network files will
then be identical except from the one file will contain description on the
new proposed weir, and the two HD Parameter files will only differ in the
local variation of the Manning numbers.

Output from the four different batch simulations has also been defined
such, that results from each simulation are saved in different result-files.
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SNAKE-Batch.B511 - Modified

C:AM11_DATAMV nakehSnake.zim11 I_

Models
HD S _DATASRake\Snake nwk11 CO1 _DATAYSRake\Snake Constn HDM 1 | SMAKERes1 RES11
AD l_ C _DATASRake\Snake nwk11 CO1 _DATASRake\Snake Varn HD11  |SMAKERes2 RES11
8T l_ CHkd11 _DATAVSnake'Snake-Modified rek 1| COM11_DATASnakelSnake Constn HD 1| SNAKERes3 RES11
\F’EVHQ l_ CHkd11 _DATASnake'Snake-Modified rk 1| COM11_DATASnakelSnake Varn HD11 - |SNAKERes4 RES11
FF
‘ Simulation mode
‘ Input files
o Metwark
Cross section
Boundary
RR parameters
HD parameters
AD parameters
Wil parameters
ST parameters
FF parameters
HD results

Figure 12.2  Example of Batch Simulation setup.
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A.1 FLOW RESISTANCE AND VEGETATION

Only a few detailed investigations have been made on establishing rela-
tionships between flow resistance in a stream filled with vegetation and
flow resistance in the same stream without any vegetation. A quantitative
evaluation of the influence of vegetation on the flow resistance has been
performed in a few danish gauging-programmes. For each of the pro-
grammes it has been possible to identify the influence of the weed on the
flow resistance, but it has not been possible to transfer the results to other
streams and environments. Therefore, it is evident, that description of the
weeds influence on flow resistance and hydraulic conditions in general is
always a matter of calibrating the modelling system by adjusting values of
the bed resistance parameter.

Results and findings from the Danish gauging programmes and investiga-
tions on the weeds influence on flow resistance are described in the fol-
lowing.

A.1.1 Flow Channels in Halkaer A

Jensen et. al, /4/ describes experiments performed in a danish stream
named ‘Halkaer A’. A straight-line stretch of the stream with very dense
vegetation was chosen for the experiment, and regulators for control of the
inflowing discharge to the stretch were introduced. The object of the
experiment was to determine Q-4 relations for different weed densities. Q-
h relations were established for natural (very dense) weed conditions, and
additionally for situation where flow channels of different widths were cut
in the weed. Widths of 0.5 m, 1 m and 2.5 m (equals weed-free conditions)
were investigated. The vegetation type was Bur Reed (latin: Sparganium
sp.; danish: Pindsvineknop) with few occurrences of Water Thyme (latin:
Helodea sp.; danish: Vandpest). The obtained Q-h relations are presented
in Fig A.1
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Q-h curves
o7
0.6 fﬂ
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—&— 1 m flan channel —B—Weed free conditions (bazeline)
Fig A.1 Q-h curves determined for varying flow channel width

Calculated Manning numbers (Manning’s M) are presented in Fig A.2 as a
function of Discharge, Q. From this figure, it can be seen, that the flow
resistance in a weed-filled stream can be up to 4 times larger compared to
weed-free conditions in the same stream.

Manning's M
30
25 :'.—.-\_‘_‘_‘———._.__P
= ./
W 20
™
L 15 A—//‘
£
£ 107 M= —
5
a T T T T T T T T T
0ooo 0050 0400 0450 0200 0250 0300 0350 0400 0450 0500
Discharge, G
—#— Natural{dense)weed conditions —®— 05 m flow channel
—— 1 m flow channel —B—Weedfree conditions (bazeline)
Fig A.2 Mannings M calculated as a function of Discharge, Q
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A.1.2 Laboratory measurements using Bur Reed

Jensen /3/ describes a laboratory experiment using a 15 m long and 0.3 m
wide flow channel. A weed-bank of 2 meters in length was prepared using
leaves of Bur Reed (latin: Sparganium emersum Rehman; danish: enkeltb-
ladet pindsvineknop). The experiment included a series of measurements
with varying weed density. Fig A.3 shows the results from the measure-
ments. Manning’s n is plotted against the product; Velocity, V, times the
hydraulic radius, R, for two different densities of weed (defined by mass
of dry material per area) and a complete weed-free situation. From the
results it can be seen, that the flow resistance varies with a factor of 4 to 6
from a weed-free channel to a situation with very dense vegetation (325 g

dry material/m?).

Manning's n
1] ¥
'.'* Q*
L3
02 et
£ —_ : 32‘&‘@*
" . ..l *M
0 A dnbud E 2
[ 'll:|||... .
. Lhhi e MMM A 4 a4 Ak &
0.ao0 0.004 0.010 0014 0.0z0 0.024 0.030 0.035
R
|¢343 g dry materiallm2 ® 125 g dry materialm2 &W eed-free conditions |
Fig A.3 Manning’s n vs VR (VR: Velocity times Hydraulic Radius)

Jensen /3/ discusses the possible correlation of flow resistance and
hydraulic parameters and presents arguments, stating that the variation in
flow resistance can be correlated to the product, VR for a specific weed
density by the following equation:

n = aln(VR) + b (A.1.1)

where, n is Manning’s n, V is the average flow velocity, R hydraulic radius
and a and b are coefficients determined by regression. A verification trial
of eq. (A.1.1) using measurements from another danish stream; Simested
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A, was unsuccessful. Application of eq. (A.1.1) is, however, supported by
Bakry /1/ where statistics have been made on 12 cross sections with
‘drowned weed’, that is, weed which primarily gets its nourishment from
the water and therefore is not limited to the area near the stream banks. In
this series of investigations it was found, that in case the weed is limited to
the banks only it is suitable to use the following expression:

n = ab} (A.1.2)

where a and b are coefficients as described for equation (A.1.1) and Dy, is
the hydraulic depth calculated from:

A
Dy =% (A.1.3)

where A is the flow area and B is the width of the section at water surface.

It should be noted, that eq. (A.1.1) depends significantly on the flow
velocity compared to eq. (A.1.2). This reflects the fact, that weed along
banks (non-drowned) is less liable to lie down due to high flow velocities
than fully drowned weed.

A.1.3 Experiments in ‘Kimmeslev Mollebaek’

Hgybye et. al, /2/ describes how Q-h curves have been determined in a
danish stream named ‘Kimmerslev Mglleb&k’ for both a winter and a
summer situation. These situations are practically identical to periods with
no weed in the stream and periods with very dense vegetation present in
the stream. In the summer situation the weed is primarily bank vegetation
and to a smaller extent bed vegetation. Bottom width of the cross section
is approx. 2 m, bank slopes approx. 30 degrees and measurements have
been performed - for both situations - for depths between approx. 6 and 50
cm.

Results showed, that Manning’s M in the winter situation varies from 15
m!/3/s at small water depths up to 30 m!/3/s for large water depths. Fig A.4
shows the calculated Manning numbers as a function of water depth. For
comparison expressions of the form (A.1.2) have been fitted to the data.
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Manning's M for Kimmerslev Mallebak
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Fig A.4 Manning’s M for Kimmerslev Mollebaek in summer and winter
period. Results calculated with the formulas of the form M = a.DP are
also included.

A.1.4 Experiments in ‘ArnA’

Hgybye et al., /2/, describes a gauging programme with the purpose of
determining the variation of Manning’s M in the period from May 1990
till October 1991. In the beginning of the period, Manning’s M is approx.
10 m!/3/s, increasing to approx. 15 m!/3/s in August 1990 as a result of
weed cutting. Thereafter Manning’s M increases during winter to a value
of approx. 25 m!/3/s. From april it is found, that Manning’s M starts to
drop and ends at approx. 10 m!/3/s in late summer.

These results - an annual variation in Manning’s M between approx. 10
m'/3/s and 25 m!/3/s - are identical to the variations observed in ‘Kim-
merslev Mgllebek’.
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B.1 ADDITIONAL TOOLS

Apart from the catalogue of features which are accessible from the
MIKEZero interface some additional application tools also come with a
MIKE 11 installation. These are:

e pfsmerge: An application which is used for merging two or more pfs
files (.nwk11,.bnd11,.ad11 etc.)

e mllconv: This tool is used for converting set-ups from v. 3.2 or earlier
to the MIKEZero format.

e resllread: A tool for converting result files from mikell (.res11 files)
to text files (ascii).

B.1.1 Merging .pfs files

In some instances it may be necessary to merge set-ups. To do so the pfs-
merge.exe program may be used. This program merges two or more files

in the pfs format into one. The application may be applied to the following
types of files:

— Network files (.nwk11). Please note the feature Number Points
Consecutively (p. 30) under the network editor.

— Boundary files (.bnd11).

— Rainfall-Runoff files (.rr11).

— Hydrodynamic parameter files (.hd11).

— Advection dispersion files (.ad11).

— Water quality files (.wqll).

— Eutrophication editor (.eull).

— Sediment transport (.st11).

— Flood forecasting files (.ff11).

The application runs in a dos prompt and has the following syntax:
..\PFSMERGE pfsfilel ... pfsfileN pfsfiletotal
where

...\ denotes the full path to the application located in the bin director of
the installation.
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pfsfilel ... pfsfileN: The list of files to merge.
pfsfiletotal: The name of the combined pfsfile.

Note that the above syntax is based on a call from the data directory
(the directory where the pfsfiles are located).

B.1.2 Converting set-ups from v. 3.2 and prior

mllconv is an application which is only for use when converting set-ups
from v.3.2 and earlier to the present format. This facility is launched from
the MIKE 11 menu under Start -> Programs ->MIKE 11 -> Mike 11 con-
vert. The start up window has one pull down menu File which lists a
number of conversion possibilities. Choose the appropriate format conver-
sion and browse the file to be converted.

Note: When converting v.3.2 network-files (.RDF) all relevant cross sec-

tion files (.pst, .ix0, .ix1) must be located in the same directory as the
.RDF file.

B.1.3 Converting simulation results to text files

The application resl1read is designed for converting one or more MIKE
11 result files to a text file (ascii). Thus the tool may be used as a conver-
sion tool for subsequent post-processing of the results.

As for ‘pfsmerge’ the application is launched from a dos prompt. The syn-
tax is:

...RES11READ Option(s) Res11FileNamel ... Res11FileNameN Out-
putFileName

where

...\ denotes the full path to the application located in the bin director of
the installation.

Resl11FileNamel ... Res11FileNameN is the list of .res11 files to con-
vert.

OutputFileName is the name of the output file (ascii).

Finally one or more of the options below should be used:
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xy: X-Y coordinates and levels for all grid points.
xyh: X-Y coordinates and levels for all h-points.
xyq: X-Y coordinates and levels for all Q-points.

xyxsec: X-Y coordinates and levels for all h-points with cross sec-
tions.

raw: Raw data for cross sections.

sim: Content of the .sim11 file used for the simulation.
minX: Minimum values in grid points for item no X.
maxX: Maximum values in grid points for item no X.
xsecids: Cross section IDs.

usermarks: User defined marks.

items: List of dynamic items.

allres: All results of the simulation.

someresFILE: Some results are written to the output file (selection
in FILE).

compareFILE: Compare results (selection in FILE).

silent: Writing to prompt is cancelled. Used in conjunction with one
or more of the other options.

MessageFILE: Return file with O or 1 for Compare results (Return-
ing FILE).

DHIASCII: Additional option for suppressing header information -
in DHI standard format. Should be used in conjunction with one or
more of the above.

FloodWatch: Flood Watch comma separated Matrix format.

For the option someresFILE the format of the FILE is:

ItemHumber Chainage Rivername

1 188 MAIH
1 2ae MAIH

Figure 12.3  Format for use in the file used for the someresFILE option.
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