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PLEASE NOTE

A

This document refers to proprietary computer software which is pro-
tected by copyright. All rights are reserved. Copying or other repro-
duction of this manual or the related programs is prohibited without
prior written consent of DHI A/S (hereinafter referred to as “DHI”).
For details please refer to your 'DHI Software Licence Agreement'.

The liability of DHI is limited as specified in your DHI Software
Licence Agreement:

In no event shall DHI or its representatives (agents and suppliers)
be liable for any damages whatsoever including, without limitation,
special, indirect, incidental or consequential damages or damages
for loss of business profits or savings, business interruption, loss of
business information or other pecuniary loss arising in connection
with the Agreement, e.g. out of Licensee's use of or the inability to
use the Software, even if DHI has been advised of the possibility of
such damages.

This limitation shall apply to claims of personal injury to the extent
permitted by law. Some jurisdictions do not allow the exclusion or
limitation of liability for consequential, special, indirect, incidental

damages and, accordingly, some portions of these limitations may

not apply.

Notwithstanding the above, DHI's total liability (whether in contract,
tort, including negligence, or otherwise) under or in connection with
the Agreement shall in aggregate during the term not exceed the
lesser of EUR 10.000 or the fees paid by Licensee under the Agree-
ment during the 12 months' period previous to the event giving rise
to a claim.

Licensee acknowledge that the liability limitations and exclusions
set out in the Agreement reflect the allocation of risk negotiated and
agreed by the parties and that DHI would not enter into the Agree-
ment without these limitations and exclusions on its liability. These
limitations and exclusions will apply notwithstanding any failure of
essential purpose of any limited remedy.
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1 Simulation Editor

The simulation editor serves three purposes:

1. It contains the simulation and computation control parameters.

It is used to start the simulation.

It provides a link between the network editor and the other MIKE 11 edi-
tors as illustrated in Figure 1.1 (only a subset of editors are shown).

[ Network Editor {.nwk11) ]

S~

[ Cross Section Editor {.xns11) ]

/’

~

/

[ simulation Editor (.sim11) |

el

~

/’

[Boundary Editor {.bnd11) ]

!

[ Time Series Editor (.dfs0) ]

S~

[ Parameter Editor HD11) ]

Figure 1.1 The MIKE 11 Simulation Editor

The editing of cross sections is a typical example of this link, where the
graphical view of the network editor e.g. is used to present and select cross
sections from the cross section editor.

The linkage requires a filename to be specified for each of the required edi-
tors. The filenames are input on the Input Property Page of the simulation
editor. An alternative is to select a file from the File Menu which will activate

the appropriate editor.
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Models

J Vida96-3.sim11

Madels | Input I Simulationl Hesultsl Start I

Simulation Editor

=10 x|

~ Models
¥ Hydrodynamic
™ Advection-Dispersion
[ Sediment transport
[~ ECOLab
" Rainfal-Runoff
™ Flood Forecast

[T Diata assimilation

[ e

r— Simulation Mode

& Unsteady

 Quasi steady

055 defaul =l

0% |

| | | n m

Figure 1.2  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 simula-
tion mode (unsteady or quasi steady).

Models

The following abbreviations of model names are used:

HD

AD

ST

MIKE ECO Lab
RR:

FF

DA

Ice

Hydrodynamic
Advection-Dispersion

Sediment Transport

(Including Water Quality modelling)
Rainfall-Runoff

Flood Forecast

Data Assimilation

River Ice modelling
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Some of the models, which can be selected, are dependent on other modules
in a simulation and it is therefore required to have the related models
selected. This rule for model-dependency is implemented such that once a
model is selected there will be an automatic selection of possible dependent
models (e.g. selection of the FF model also selects the HD model and selec-
tion of MIKE ECO Lab also selects the AD model, etc.).

The RR model can be selected to run together with the HD model or on its
own, in which case the runoff result file can be specified as input into a subse-
quent run of the HD model.

When selecting the hydrodynamic model an additional tick box entitled
Encroachment becomes active. When selecting the latter all other tick boxes
become inactive since the encroachment model is only designed to function
in conjunction with the hydrodynamic module.

ﬂ Further, when carrying out an encroachment simulation please ensure that
the simulation mode is set to Quasi steady. If the latter is not the case the pro-
gram will issue a warning and terminate.

Water Quality modelling takes place through the MIKE ECO Lab model entry
where a variety of Water Quality models can be selected from so-called MIKE
ECO Lab templates.

The River Ice model as listed above is the result of a development project
and the model is not yet completed and publicly available as a standard
model Please consult DHI for the current state if you have interest in model-
ling river ice formation, etc.

1.1.2 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.

If a quasi two dimensional steady state solver with vegetation is not installed
the Simulation Mode Box will differ from Figure 1.2. (quasi dimensional
steady state solver with vegetation is a separate module which must be pres-
ent in the license file). Otherwise a total of four possible settings are availa-
ble:
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Input

Simulation Editor

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

vegetation is used for the simulation.

QSS with vegetation: The quasi two dimensional steady state solver with

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.

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

J Vida96-3.sim11 (=13
Model:  Input |Simulati0n| Hesultsl Start I
~ Input Files
Metwark |IKE ZerohExamplestMIKE_114WidabWIDAIE-3 MWK _I Edi... |
Cross-sections IMIKE ZerohExamplesiMIKE_114WidaWWIDASE-1.xNS 11 _I Edit...
Boundary data IMIKE ZerohExamplesiMIKE_11%ida\WIDase-3 BND11 _| Edit...
RR Parameters I _| Edit... |
HD' Parameters I\MIKE ZerohExamplesiMIEE_11%idavwIDAIE-2 HD 11 _I Edit... |
AD Parameters I _I Edit...
ECOLab Param. | | | Edi.
ST Parameters I _| Edit... |
FF Parameters I _| Edit... |
D4 Parameters I _I Edit... |
lce Parameters | _| Edit... |
HD Results I _|
RR Results I _|
0% | | m m
Figure 1.3  The Input tab
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Based on the model selection from the Models Property Page a number of
filename fields becomes active, and the user is required to specify a range of
input filenames.

—I This button opens a file selection box.
Edit | This button opens the relevant editor if a valid filename of the

given file-type has been specified in the filename field.

ﬁ Note that files required for the simulation are indicated by the active fields on
the page. Two exceptions exists though; the fields for the result files.
It is important to notice, that files specified in the Models page are all input
files for a simulation, so the result-filename fields are Not to be interpreted as
being result filenames for the simulation. Instead, these result-files indicate
an input to the simulation as described below.

A hydrodynamic result file (HD Results) is required if:

o astand alone Advection-Dispersion/Sediment transport simulation is to
be carried out where hydrodynamic conditions/results are read from
results of a previous HD-simulation,

or

o if lateral sources from a previous MIKE SHE/MIKE 11 coupled model run
are to be included in a hydrodynamic simulation (lateral inflow from a
MIKE SHE simulation requires an additional activation of the parameter;
‘LATERAL_INFLOW_FROM_RESULT_FILE’ in the MIKE11.ini file).

A Rainfall Runoff result file (RR Results) is only required if the hydrodynamic
and rainfall models are executed independently of each other.
1.3  Simulation

The simulation property page contains details of simulation time, time step-
ping specifications and initial conditions for each of the chosen types of mod-
els.
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) Mida96-3.5im11

Modelsl Input  Simulation | Hesultsl Start I

Simulation Editor

=10 x|

r~ Simulation Period

Time step type Time step gt
IFixed time step j |15 IMin. j
Simulation Start Simulation End
Period: |D1 0941990 |D1 #1041390 Apply Default |
ST time step multiplier |1 FiR time step multiplier |1
- Initial Conditions
- ) Addto Hotstart

Type of condition Hotstart filename file Date and Time:
HD: [SteadpState =] [CProgam FiessDHI .| 7 [01/08/1350 12:00:00
AD:  [ParameterFie x| | | T [or7orAssE0 120000
5T IParameter File j | .| I |o/o1/930 120000
RR:  |PaameterFile =] | =l T [ororAssE0 120000

0% | |

Figure 1.4  The Simulation tab

Simulation Period

Time step type

Time stepping type is specified as either: Fixed time step, Tabulated time step
or Adaptive time step. In case of fixed time step, the time step is specified in
the time step edit field as a number and the unit is given in the unit selection

list.

In case the time stepping type is specified as ‘Tabulated’, the time steps are
specified by activating the settings button and selecting a time series from a
time series file (dsf0) with ltem-type defined as ‘Time step’ in the dialog pre-

sented in Figure 1.5.

Time Step Settingsk
Tabulated Time Stej

Item

|7 Time step file
i

)

Cancel

x|
_ Coredl |

Figure 1.5 Dialog for specification of the tabulated time step time series file
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The settings for time step adaptation is similarly specified in a menu activated
by the Settings button. The menu is presented as Figure 1.6.

zl
—&daptative Time Step
Minirnum I awirnum |3D Uit IMin. 'l
Change ratio |1-3
¥ lresidBCIEC] < 0m far [BC] ID.D1
I~ deldl < 1
IV Ideln/al < Jom for[0] > [0.07
I~ Idehl < 0o
¥ Idelhhl < 0m forh> |0.01
[™ ICourartl (HD) < 1n
¥ ICowant (D) < [l
()8 I Cancel |

Figure 1.6 Time step settings for adaptive time stepping

Minimum/maximum/unit
Defines the limits for the adaptation of the time step.

Change ratio

The time step is successively lowered with change ratio until the criteria spec-
ified in this menu are met. The starting value for the adaptation within the time
step is change ratio times the previous time step.

Criteria
The time step adaptation model offers seven criteria which may each be ena-
bled/disabled and given threshold values.

o |resid(BC)/BC| is a measure for the largest acceptable error introduced
at the boundaries. MIKE 11 interpolates the boundary values between t
and t+At using linear interpolation. In case the boundary values has a
resolution finer than At this may introduce unfavourable behaviour where
details are neglected. The term resid(BC) describes the residual
between the actual value in the time series boundary condition (BC) file
and the value found using linear interpolation between t and t+At. The
term BC refers to the actual value in the time series boundary condition
file.

e |delQ| is a measure for the largest acceptable discharge change any-
where in the grid within a time step. The criterion helps to lower the time
step when sudden changes appears in the discharge. The changes may
be either physical changes due to a sudden increase in inflow for
instance or mathematical changes due to numerical instability. In either
case a decrease in time step may well be desirable.
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|delQ/Q| is a measure for the largest acceptable relative discharge
change anywhere in the grid within a time step.The criterion helps to
lower the time step when sudden changes appear in the discharge. The
changes may be either physical changes due to a sudden increase in
inflow for instance or mathematical changes due to numerical instability.
In either case a decrease in time step may well be desirable. The use of
this criterion is well suited for dam break studies where it can be used for
refining the time step in the period after the break.

|delh| is measure for the largest acceptable water level change anywhere
in the grid. As for the |delQ| and the |delQ/Q] criteria they help lowering
the time step when large changes appear in the water level due to either
physical changes or mathematical instabilities.

|delh/h| is measure for the largest relative acceptable water level change
anywhere in the grid. As for the |delQ]|, |delQ/Q| and the |delh| criteria
they help lowering the time step when large changes appear in the water
level due to either physical changes or mathematical instabilities.

|Courant| (HD) specifies the maximal allowed Courant number within the
grid and time step.

cr = W+ JgD)AL
AX

The Courant number, defined above, expresses the length in terms of
grid cells that information travels within a time step. The HD Courant
number refers to the momentum equation and Ax is hence in this context
the distance between two h-points.

Mike 11 applies a 6-point Abbott scheme for solving the equation which
does not have the typical Courant number below unity demand. Good
results are obtained up to Courant numbers as high as 10-20.
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e |Courant| (AD) specifies the maximal allowed Courant number for the
advection dispersion calculation.

cr = YAl
AXx

The AD Courant number, defined above, is a measure for the length in
terms of grid cells that the species are convected within a time step. The
applied computational scheme is stable for AD Courant numbers less
than unity. The AD solver includes both h- and Q- points as species grid
points, hence the Ax is half the distance between two h-points when cal-
culating the AD Courant number.

The criterion is well suited for ensuring stability of AD calculations by
lowering the time step when the flow velocity increases and increasing
the time step when the flow velocity decreases.

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

M The ‘Apply Default’ button can be used to extract the possible
simulation start-time and end-time. Once the button is activated a search of
time-intervals in the time series files active for the actual simulation takes
place and the earliest possible start-date and latest possible end-date is auto-
matically transferred to the Period date-fields. If no dates are proposed from
activating the button the most likely reason will be that there are no common
time period in the setup.

ST Time Step Multiplier

The ST module will typically not operate using the same time step as the HD
model. The ST Time Step Multiplier hence specifies the time step for the Sed-
iment Transport simulations as a multiple of the HD time step.

RR Time Step Multiplier

The RR module generally requires a time step different from the HD model

when running a coupled simulation of HD and RR. The RR Time Step multi-
plier therefore defines the time step for the RR-model as a multiplum of the
HD time step.

1.3.2 Initial Conditions

For each of the modules HD, AD, ST and RR the following can be specified:



Type of condition

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

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

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

o Steady+Parameter: (HD only).
The initial conditions will be established using both the steady state and
parameter file method. In those grid points where data are specified in
the Initial (p. 312) Property Page of the Hydrodynamic Parameters Editor
(p- 311) the initial conditions will be taken from the parameter file, other
grid points will be calculated using the steady state option.

Hotstart Filename

The name of an existing result file from which initial conditions for the simula-
tion should be loaded. For hotstart to be valid using control structures an
additional hydrodynamic result file ("HDAdd.res11 or *ADDOUT.res1d) file
must be present in the same location as the standard hydrodynamic result
file. Further this additional result file should hold structure information as
selected in the additional result tab in the hydrodynamic editor.

Add to File

The results of the current simulation will be added to the end of the hotstart
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 simulation results.

Hotstart Date and Time

The date and time at which the initial conditions are loaded from the hotstart
file. If the “Add to File” has been selected the hotstart date and time will be
taken as the simulation start.
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) Vida06-3.sim11 1ol x|
Modelsl Input I Simulation  Results | Start I
Results
Filename Staring Frequency Lnit:

HD:  [idswiDag6-3RESTT L] [ Time step 7 |

AD: I _I I‘I Time step j

sT: I _I I‘I ITime step j

RR: I _I I‘I ITime step j

0% | | m m

Figure 1.7  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 Frequency and Unit

To limit the size of the result files the user can specify an interval for saving of
results to the result files. The storing frequency may be specified either as the
number of time step intervals between each saving of the results or as a spe-
cific time. The latter, however, requires that the specified storing time fre-
quency is a divisible by the time step.
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1.5 Start

. Wida96-3.sim11

Models | Input | Simulation | Resuts Statt |

Simulation Editor

~ Validation status

@ Run Parameters
@ HD parameters

Y alidate

MIKE 11 Classic

MIKE 1D |

-~ Validation messages

Figure 1.8  The Start tab

If all specified input files exist, the simulation can be started. It is possible to
choose either the classical MIKE 11 simulation engine (using the ‘MIKE 11
Classic’ button) or the MIKE 1D engine (using the ‘MIKE 1D’ button). The pro-
gress of the simulation will be reported in the info bar of the editor. Please
refer to separate documentation on the difference between these two engines

and the possibilities provided with them.

Any error or warning message from the simulation will be presented in the
log-part of the editor and additionally, saved in a file with the same name as

the simulation file and a .log extension.

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

1.6  Volume Balance Summary Output from Simulation

MIKE 11 produces an overall volume balance for a simulation. The balance is
presented in a file named m11sim11VolumeBalance.HTML where the
'm11sim11" is the MIKE 11 simulation filename without extension. The file is

26
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Volume Balance Summary Output from Simulation

A

overwritten for every simulation. An example of the volume balance file is

shown below:

Volume balance Summary

[A: Initial volume in model area || I [ ][239719.94][m~3
|B: Final volume in model area || || || || ”46679-1,30“m’-3
[MIKE 21 tatesal inflow || 83719.09)[m"3 (I | |
[MIKE 21 boundary inflow | 0.00]ms]| I | |
|Lateral sources inflow ” 0.DCJ||m"3 [ || ” “ |
|Lateral correction ” G.DD”m"S” || ” “ I
[Open boundaries inflow ||895635.63]|m3]| (I [ |
[C: Total inflow I Il [ Jlor9374.72][m3]
[MIKE 21 tateral outflow I || ][343896.10][m3]| | ]
[MIKE 21 bouadary ovtlow | LI ooollwrs]] |
|Lateral sinks outflow ” || H 0.{)[)”::1"3” “ I
[Open boundaries outflow I I |[400156.18][m3]| [ |

|D: Total outflow

||753052.28 || m 3|

|[: Continuity Balance = B-A-C+D =||

| 751.92|m~3|

|Relative deficit /max(4,B,C.D)= ||

I 0.08] %]

Figure 1.9

Volume balance summary from MIKE 11 simulation

The volume balance is broken down into the following items:

e Inflow through open boundaries

e Lateral inflow

e  The runoff contribution from rainfall runoff models

o Evaporation from rainfall runoff model

Further depending on the coupling applied the MIKE 11 will also report

o Total exchange with MIKE SHE with separate items for drain flow, base

flow and overland flow

o Total exchange with MIKE 21 (through MIKE FLOOD) consisting of lat-
eral exchange over river banks and through coupled branch ends.

o Total exchange with MIKE URBAN CS either as lateral point exchanges

or at branch ends.

Powering Water Decisions
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The file respects user settings with respect to units and thus reports in cubic
feet if set up to do so.

Deviation in volume balance may be caused by a number of factors:

o Alarge time step may give rise to water level changes within a time step
which undermines the assumption of a gradual change of the water level
dependent parameters such as the flooded area, cross sectional area
and hydraulic/resistance radius.

o Lateral extraction of water from a dry section of the river network through
SHE, MIKE 21 or evaporation (net rainfall in a RR model)

e Non coinciding bed levels of rivers meeting at junctions. Since MIKE 11
uses water level compatibility at nodes the lower level of the bed level
must coincide to ensure volume conservation.

o Introduction of slots of a distance of delh (default 0.1 m) above the river
bed. These slots modify the flooded area expression giving rise to a
modification of the governing equations for shallow water. They are intro-
duced to ensure a stable and smooth solution for shallow water. They
still satisfy the volume conservation in the model though the numerical
volume is different from the physical volume when the slot is in use.

To evaluate the effect of the large time step one may select to activate the
mass error switch under additional output in the MIKE 11 hd11 file. To get a
correct accumulated value all time steps must be saved. The correction of lat-
eral discharge from dry sections of the river is reported in the volume balance
as an extraction item. Non-coinciding junction levels are reported in the log
file. To report the numerical volume in the volume balance the user may
choose to activate the slot volume correction switch in the MIKE11.ini file

SLOT_VOLUME_CORRECTION = ON

This will calculate the overall volume based on the full depth of the slot.
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River Network Editor

The River Network Editor is a key editor of MIKE 11 as it supplies the user
with an overview of the current model setup components defined in the net-
work file it self but also by presenting data which is stored in the other MIKE
11 editors.

The network editor has two main functions:

1. River network input and editing.

2. Overview of all model information in the current simulation.
The former includes:

o Digitising river networks and branch connections.

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

o Definition of catchment inflow points (for rainfall run-off model).

The Network editor is composed of two different editors (the Graphical view
and the Tabular View) of which the graphical editor provides an overview dis-
play in a graphical window as presented in Figure 2.1. Settings for the

appearance of the graphical view and selection of which data to be presented
graphically are found in the Settings menu of the Main menu bar.

~ioix]

0 5000 10000 15000

Figure 2.1 The graphical overview display of the MIKE 11 Network Editor (= the
Graphical View)
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River Network Editor

The Tabular View of the network editor contains a large group of sub-pages in
which the numerical values behind most of the objects being presented in the
Graphical view are stored for editing. The tabular view contains individual
pages with edit fields and tables for digitization points, river branches defini-
tions and connections, hydraulic structures details and other data.

The Tabular view can be opened from the Graphical view through the ‘View’-
>'Tabular view’ option in the main menu bar or simply by using the hot-key
combination; ‘<CTRL>+T'. The Tabular view, branch page is presented below
in Figure 2.2.

W vida96-3.nwk11:2 — = x|
(e — ] P
= Network
Pt (369) Brarich Hame  Topn ID Upsh T DoweshCh FlowDirsction  Masimum s Brarch Typs
[viDeane  [ToP0s2 | o [11300 [Positive  ~|  [500 |Regular =l
Aligrmsrt Lines (0]
Junctiorss (0] rComnections——————— -
5 Stictures . Edit Link Charinel Parameters.
‘E"’T"S {EI[D] Upstieam
et
Bridges (0] Downstieam
Purnp 0]
Reulating (0] .
Contol St (0]
Dambreak Str. [0) Downstr. Flow Mazimum =
User defined (0] Name Topo ID | Upstr. Ch. ch. Direction dx Branch Type
F““‘Etfds“gm“'es[ﬂ] 1 |VIDAA-NED [TOPO-92 [0 11300 |Postve (500 Egular
H”:@“I EES[t]\MIKEW |2 SEIERSBK-N[TOPO-06 |15 1710 Positive 0000 egular
o ki onte! [ ) 3 |UNDSKOV [TOPOO5 |1 4324 Pasitive G000 eqular
B ot 4 |vIDAA-RES [ToPoon [n EEs Puositive 0000 gular
pharme l”“lg‘g[d]u o 5 [VIDAARUD TOPO-S2 [0 200 Pasitive G000 eqular
el control 0 and 0 rats (1] B [vDAAMAGITORG02 |53 [Sa00 Fositive 000 ouiar
Flood contrl H-Q 7 HA/ curve B ConmEE A ITonn e In T=7nn Ficithars ) pevey s
Flood control by orifics (0] 4 | 3
Diversicris (1
Kinsmatic touting rethod (1
1 Punsifgroundster ks
MIKE SHE links (1]
Rsintslbnof links (1
=) Grid points
Grid Points (1]
I —

Figure 2.2 The Network Editor, Tabular View

Details on features and usage of the Network Editor including both the
Graphical View and the Tabular View is described in the following.

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

Graphical View

The graphical view is the default view and will be activated automatically
when a river network file is opened or created. Creation of a new network file
(.Nwk11) requires an initial definition of the working area coordinates and
map projection for the river model to be created. The opening window when
creating a new network file is presented in Figure 2.3.
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Graphical View i ;

Geographical Area Coordinates x|
r~Area Coordinates
0K I
e '
Lower left cormer: ID ID Cancel |
Upper right comer: [100000 100000 Help |
r— bap Projection
Type: |NON-UTM |

Figure 2.3 Geographical Area coordinates and map projection definition dialog
appearing when creating a new network file (.nwk11)

Pressing OK opens a blank Graphical view - ready for the generation of the
river network to be used in the project.

Note that additional graphical view sessions 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) where features like insert, edit and delete func-
tions are included. Typically the Pop-Up Menu is used for editing of cross
section geometry, parameters, hydraulic structures and data stored in other
MIKE 11 editors.

Note that to access information from another editor other than the Network
Editor, an editor flename must be specified using the Simulation File Editor.

Example of insertion of a Weir the Pop-Up menu is shown in Figure 2.4
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i ) River Network Editor
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Figure 2.4 lllustration of right mouse pop up menu from where all data editors can
be accessed

2.1.1  Network editing 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. 67) for more details about alignment lines)

Tool Bar for River Network

The tool bar for graphical editing of the river network is shown in Figure 2.5.
In the following the functionality of each of the icons in the tool bar is
explained.

I |
EYE A T R R AR TRt AL ST A g

Figure 2.5  Tool bar for editing river network

W Select object. This icon activates the selection mode which is
i * 'the default mode. Points, layers and other objects can be
selected by pointing and clicking with the left mouse button. Multiple
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objects can be selected by moving the mouse to a corner of the
area of 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
Cporation 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 created with a
spacing determined by the “minimum digitize distance” specified in
the Mouse Settings property page of Network Settings. Points
added with this tool will always be added as free points, i.e. not con-
nected 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
\‘?“”f iches 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.

=9 Delete points. This tool deletes both free points and points

¢ ¥ 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-
l.oued by branching. Select the point using the left mouse button
and then drag to the desired location.

7 Define branch. This tool creates one or more branches by
*_ving a line 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
L. Zach 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 auto-
matically determines a path through intermediate free points by
always searching for the closest point.

= Delete branch. This tool deletes a branch without removing
Lo viver 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
[.">"iches. 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
C.e. 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.

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

[** 1ch. 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 inclu-
sion into the branch path.

19 Exclude points. This tool will exclude points connected along
** anch. 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
[" =iches at a junction point.Click and drag with the left mouse but-
ton from a river branch end point (upstream or downstream) to the
junction point on a neighbouring branch.

Please be careful when connecting four or more branches. In such cases all
branch connections should be made to a single junction point as shown in
Figure 2.6.

Incorrect branch Correct branch
connection connection

Figure 2.6 Connection of four or more branches.

L@ Disconnect branch. This tool deletes a branch connection.
®*=ct the point at the end of the branch to be disconnected and

click with the left mouse button once.

My Repeat insert. The repeat insert tool will add a copy of the lat-
 2*>bject (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 multi-
ple objects to the river network. The current object type is shown in



A

the status bar when the repeat insert button is activated. After acti-
vating 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
[#¥: -Up Menu. The tool is a fast convenient way of accessing the
various editors required for objects on the river network. To control
the number of editor windows activated use the Select and Edit Set-
tings Property Page of the Network Settings property sheet.

Tool Bar for Alignment Lines

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

I - |
& e PR N oA (L IR B

Figure 2.7 Tool bar for editing alignment lines.

New alignment line.Add a new alignment line by pointing and
cnening 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 con-
nected to a branch.

... Move alignment line points.This tool moves points on an
anynment line. Select the point using the left mouse button and then
drag to the desired location.

= Delete alignment line points. This tool deletes points on an
Z.oament line. 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

.~ Insert points to alignment line. This tool will insert free points
iw an existing alignment line. 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. 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
|-<...ts to an 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 loca-
tions along the desired path.

Spline alignment line. Splines an alignment line by automati-
..y 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 2.8 shows an alignment line before and after splin-
ing. Five points have been added between all existing points

Before splining After splining

Figure 2.8

Alignment line before and after splining

Merge alignment lines. Merges two existing alignment lines
l.w one such that the properties for the merged line equals the
properties 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
I Zach. Click once at the alignment line to be connected, then click
once at the branch the alignment line should belong to.

Dead water line in vegetation. Adds a dead water zone
L<..nd a vegetation zone (see Figure 2.39). 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.
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)

..~ Dead water line along bank.Adds a dead water zone adjacent
! expansion (see Figure 2.38). 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 automati-
cally 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.

2.1.2 Main menu bar - File

Powering Water Decisions

New:
Open
Close

The File menu under the main menu bar (Figure 2.9) contains the standard
Windows file operation features (New/Open/Close/Save) as well as features
for opening the most recent files or projects edited in previous editing
instances.

Additional features comprise the printing and the key issue in relation to the
Network Editor is the possibility of importing network data from external text-
file containing network data for either points, branches or both.

File Edit WView Metwork Layers Settings Window Help

3
3

Close Project

Save
Save Al
Save As...

Save Project As Template...

Ctr+S
Ctri+Shift+5

WCS Contral

Irnport

Print Setup...
Print Preview. ..
Print...

Ctri+P

Recent Files
Recent Projects
Recent Log Files

Options

Exit

Alt+F4

Figure 2.9

The File menu under the Main menu bar

The import options available are described in the following:
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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 one line for each point to be imported.

The text-file must have the following format:
x-coordinate y-coordinate Branch_Name Chainage

Example:

312333.00 6829000.00RIVER_1 0.000

312830.00 6829050.00RIVER_1 499.00
311385.00 6829260.00RIVER_11959.00
311421.00 6829871.00RIVER_12571.00

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 2.10. The file should
contain a section of the type “[AlignmentLine]... EndSect // AlignmentLine” for
each alignment line.

[AlignmentLines]
[AlighmentLine]
Foint = (1), Ti(1)
Foint X(2), ¥i2)

[
[
Point = (M), T(N)

End3ect // AligmmentLine
End3ect // AligmmentLines

Figure 2.10 The format used for importing alignment line data.
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2.1.3 Main menu bar - Edit

The Edit menu (Figure 2.11) contains the standard Windows options for copy,
paste, select and delete as well as some specific features for the network edi-
tor, Tabular view.

File | Edit WWiew Metwork Layers Settings Window Help

[[o undo ez | N2 |
Cut Ctrl+x
Copy Ctrl+C
Paste Ctrl+t
Delete DELETE
Select Al Ctrl+A
Remove Bows
Inzert Row
Find...

Replace...
Plat Xy
Duplicate

Figure 2.1 The Edit menu of the Network editor Main menu bar

The following features are applicable only when located in one of the tables in
the Network Editor, Tabular View property pages.

Remove rows

Delete a selected row in a table.
Insert rows

Insert additional row at highlighted location in table.
Find...

Search for a specific string in an active table
Replace...

Search and replace string values in tables.
Plot XY

Plot of two selected column in a XY-like plot.
Duplicate

Duplicate the currently selected item in an overview grid.
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2.1.4 Main menu bar - View

The View menu of the Main menu bar (Figure 2.12) contains a number of fea-
tures for viewing or presenting type of data related to the Network editor,
Graphical View.

File Edit | Wiew MNetwork Layers Settings ‘Window Help
JJ [ @ § Project Explarer
Project Map
v Start Page
Sirnulation Histary. ..

Tabular Yiews. .. Ctr+T
Longitudinal Profile Yiew... Ctrl+L
Query Last Profile Search...

Metwork

Eoundary

Hydro Dynamic Parameters
Advection Dispersion Parameters
Sediment Transport Parameters

* v v v

<

Swap Profile

Draw Grid

<

Zoom In

Zoom Ot

Previous £oom

MNext Zoom

Pan (Shift)
Refresh

Export Graphics 4

Double Buffer
Fixed Aspect Ratio

Toolbars. ..
v Status Bar

Figure 2.12 The View menu of the Network Editor Main menu bar
Project Explorer

General MIKE Zero switch for showing the project explorer as a visible com-
ponent in the MIKE Zero interface (Primarily useful if the MIKE 11 editor files
are part of a MIKE Zero project)

Project Map

General feature for the MIKE Zero project map feature. Switch for making the
project map visible within the MIKE Zero GUI.

Start Page
Switch on or off the MIKE Zero Start Page.
Tabular view

Used to open the tabular view of the network file.
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ﬁ Note that a hot-key combination; ‘CTRL+T’ is hard-coded for an easy entry
to opening the Tabular View directly from the Graphical view.

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 profile. All
the possible profiles can be examined by using the ‘Query Last Profile
Search’ option.

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

Prafilel? romtaininn 19 nndes

— Selection Criterion
& Select Profile from List
 Select Shartest Profile

Cancel | Help |

Figure 2.13 Dialog for selecting the required longitudinal profile amongst all possi-
ble options available.

Network

The Network entry offers an easy way of turning on and off a number of the
most common used graphical network objects in the graphical view. More
detailed layout of the graphical view see Graphics (p. 52).

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.- 52).
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. 52).
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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. 52).

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. 52).

Swap Profile

The Swap Profile option relates to the plotting of longitudinal profiles, where
the profile - once plotted - can be swapped in orientation (plotted either
Upstream towards Downstream locations or swapped; Downstream towards
Upstream locations)

Draw Grid
A switch for drawing the grid or not in the graphical view.
Zoom features

Standard zoom features for zooming in and out, previous zoom, panning or
refreshing the view if required.

Note on panning: It is also possible to pan the graphical view by simply hold-
ing down the <SHIFT> button and move the pane with the cursor of the
mouse (click and drag the view with the mouse).

Export Graphics
The graphical view can be exported in the following ways:

e Copy to Clipboard.

e Save to metafile.

e Save to bitmap.

o Export layer graphics to file.

Fixed Aspect ratio
Fixed aspect ratio are per default active in the graphical view such that the

branches etc. are not distorted when changing the width and height of the
graphical editor window.
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Switching off the Fixed Aspect Ration allows for distorting the content in the
graphical view such that the view always fills the entire window but the width-
height relation is not locked when adjusting the window size.

Toolbars...
Selection tool for MIKE Zero toolbars.

Status bar

Switch for showing or hiding the status bar in the bottom of the view.

2.1.5 Main menu bar - Network

The Network menu as presented in Figure 2.14 offers a number of features
for assisting the user in generating the river network.

File Edit V\ew[Network] Layers Settings Window Help

D E ‘ Workspace area and map projection...

¥ Snap Insert Objects to Points

Aute Connect Branches

Disconnect All Branches

Generate Branches from Shape files...
Export Metwork Data to Shape files...
Aute Boundary (HD) Free Branch Ends

v Auto Update Chainages

Update Chainages

MNumber Points Consecutively...
Recalculate Q/h relations in weirs/culverts...

Generate M21C Grid...

Figure 2.14  The Network menu in the Main Menu bar
A description of the menu items follows here under.

Workspace Area and Map Projection...

~
Workspace Area and Map ijeclim- u
Workspace Area Coordinates
0K
. v
Lower left comer: 0 0
Upper right comer: 15000 12500 Help
Map Projection
Type: [NoN-UTM -

Figure 2.15 Menu for resizing and changing map projection settings for the area of
the graphical view.
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The graphical view can be resized by entering the minimum and maximum
coordinates for both the x-axis and the y-axis.

Also, if required, it is possible to change the defined map projection for the
network file through this property page.

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 by
use of the method selected in the ‘Settings’->Network’->’"Network Data’ dialog
(Network data (p. 54)).

Disconnect All Branches
Choosing this options will remove all branch connections.
Generate Branches from Shape files...

Selecting this item will open a dialog that allows for utilizing information in
Shape files for automatic generation of points and/or branches.

ﬁ Note: Prior to using the network data in a Shape file for generating (parts of)
the river network it is required to load the same shape file as a background
layer. Otherwise, it is not possible to select the appropriate shape-file from
the file selection drop-down boxes as shown in below.
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Generate network from shape fi x|

" Generate points

Shape file I test.shp j

—{* Generate points and branch

Shape file I test.shp j
River name atribute I[Auto generated) j
Topo D attribute I[Auto generated) j

" Generate alignment lines

" Generate vegetation zones

Shape file I test.zhp j
Mame attitute I[Auto generated) j
Tupe attribute I[Auto generated) j
Branch attribute I[Auto generated) j
/5 Chainage I[Auto generated) j
D5 Chaitage I[Auto generated) j
‘Wegetation height I[Auto generated) j
()8 I Cancel |

Figure 2.16  Generate river network from Shape file dialog

Shape files with point information can be used for generating points, and
Shape files with polylines can be used to generate points and branches or
only points. When generating points and branches together, the attributes
defined in the Shape files can be used to define the river name and eventu-
ally the Topo ID (Topographical Identifier) for each branch defined from the
Shape file.

The additional features of generating Alignment lines and vegetation zones
are used only in connection with the Quasi two dimensional steady state with
vegetation module (requires a special module in the license to activate this
feature).

Export Network Data to Shape files

The Export Network Data to Shape files dialog offers the possibility for gener-
ating shape-files from different Network data information.

Press the file-selection button —- to define the name of the Shape-file that
will contain the river network data.
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Export Network Data to Shape files _

River Network C:\My Work'\Temp\Del\DHI-GE\net-export.shp

Alignment Lines

Vegetation zones

Dead water zones due to EfC

ajaalaia]| |

Dead water zones behind vegetation

[ oK ] [ Cancel

5
Figure 2.17 Export Network Data to Shape file dialog

Note that the last four options (Alignment lines, Vegetation zones, Dead
water zones due to E/C and Dead water zones behind vegetation) are con-
nected to the special Japanese version of MIKE 11 which requires special
modules in the license to activate.

Auto Boundary (..) Free Branch Ends

]

An easy way to create boundary definitions for all free ends in river branches
is through this feature, which can create boundaries for the HD module, the
AD module or the ST module depending on the selections in Network data

(p. 54).

Note that in order to use this feature, it is required to have both the network
file and a boundary file ‘connected’, which is done by having a simulation file
open in which both the network and the boundary files are selected in the
‘Input’ page of the simulation editor

Auto Update Chainages

When this option is selected the chainages of the points will be updated auto-
matically during additional editing processed where river branches are
adjusted, points moved etc. which can influence the chainage of points in the
network.

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.
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Number Points Consecutively

]

Mumber Points Conzecutively x|

" Enter the number of the first point
J1

Cancel |

Figure 2.18 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. 499)) it is nec-
essary that the number of the points in the two files do not overlap. To avoid
this it is possible to renumber the points internally in one of the network files.

Note that the renumbering will not re-arrange the location of points in the Tab-
ular view, Points page but only change the internal numbering of points in the
network file which amongst other things are used to determine which points is
used to define each river branch in the network.

2.1.6 Main menu bar - Layers

The Layers menu (Figure 2.19) includes features for managing layers in the
Graphical view.

File Edit ‘iew MNetwork | Layers Settings Window Help
JJ == B8 | AddRemove...

Properties...

Figure 2.19 The Layers menu of the Network editor Main menu bar

Add/remove

The Add/remove dialog as presented in Figure 2.20 offers the features for
managing layers in a network file.

The dialog contains two tab-pages:

1. ‘Add/Remove Layers’:
The Add/Remove property page includes options for adding or removing
layer files in the network file. Use the ii| button to add an additional line
to the Layers table and select the layer type to import in the ‘File Type’
drop-down selection box.
Browse for a layer file using the file browsing button; | to search for
the layer file to import.
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River Network Editor

Use the delete-button \ﬁl to remove selected layers from the layers dia-
log.

Add/Remove Layers | Overlay Manager I

File type Filename Axis unitl

1 Image File ... |C:\Program Files\DHIL20094WMIKE ZeroiExa |

QK I Cancel | Lpply Help

Figure 2.20 Add/Remove Layers page

It

is possible to import the following type of Layer files:
Image files (.bmp, .jpg and .gif)

Shape files. (.shp). Please note that Shape files including m-and z-data
are not possible to load in the present version

Grid files (.dfs2, dt2). 2-dimensional grid-files stored in the DHI dfs2 file
format.

Note: When loading image files, the geo-reference is automatically set to
(0,0) and (10000, 10000) for lower left and upper right image corners respec-
tively. Image coordinates can thereafter be adjusted through the “Proper-
ties...” page in the Layers menu.

2.

‘Overlay Manager’

If multiple layers have been imported it is possible to arrange the order of
the different layers in the ‘Overlay Manager’ dialog (Figure 2.21) by
selecting a specific layer and using the arrows; #|¢| to either move the
specific layer up or down in the list of layers.

Layers are displayed in the Graphical View following the order defined in
this Overlay manager page such that layer in line 1 is plotted first, then
layer 2 on top of layer 1, then Layer 3 on top of Layer 1 and 2 etc.
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Add/Remaove Layers  Overlay Manager |

Overlay drawing order: + | + |
Display Overlay name Overlay type
1 I vida200.gif world Image Overlay
QK I Cancel | Lpply | Help |
Figure 2.21  Overlay Management page for Layers management

Properties...

The properties dialog (Figure 2.22) defines the appearance and characteris-
tics for the individual layers imported to the Network editor file.

X
= oo Lavers Style |
% @l Image file: C:\Pr
r~Image Styles
¥ Draw image
Display style Copy colors with bransparency ™
Stretch mode Halftare hd
Transparent color |
Transparency 1} %

Miry coonds:

Max coords:

Image Coordinates
= "

] IU

19272 |1 2674

0K I Cancel Lipply Help

Figure 2.22 Network editor, Layer Properties dialog

Property definitions depends on the specific layer type:

o Image files properties:
Display style and the image coordinates for the image file in order to
make a proper geo-referenced location corresponding to the location and
geographical projection of the River Network

Powering Water Decisions
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e Shape file properties:
Shape file imported contains either points, polylines or text-strings and
therefore, properties include definitions of colours, style and size/thick-
ness.

e  Grid file properties:
Grid file layers can be presented with or without Element mesh, Grid
lines, colour legend and Iso-lines as well as different contour-types can
be applied.

Layer settings are saved in the Nwk11-file such that these are maintained
when loading the file at a later stage.

2.1.7 Main menu bar - Settings

The Settings menu of the main menu bar offers features for customizing the
appearance and functionality of the Graphical View. Two entries are present
as presented in Figure 2.23.

File Edit Wiew Metwork Layers | Settings Window Help
JJD EH| i BRR| S §) MNetwrk.

Font...

Figure 2.23  The Settings menu of the Network Editor Main menu bar
Network...

The ‘Network...” option opens the network settings dialog containing the fol-
lowing four property pages:

e Graphics

o Mouse

o Network data

o Select and edit
Details on the property pages content follows below.
Graphics

The Graphics property page (Figure 2.24) controls the appearance and partly
the functionality of the graphical view.
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Metwork Settings x|
Graphics | Mousel Metwark Datal Select and Editl
T 9 Graphicd Dbiect — Paints Drawn a:
raphical Objects = .
=T Netwark Foos X[+ |00 = ¢lelal=]- =]
..... 7 B
..... Caolor: _|'| - Paint fill style: IEolor 'l
""" Paint size: |4 [ppt]
----- ~ Alignment Points )
----- +  Alignment Lines - Lines Drawn a
----- + Yegetation Zones I~ | Display Line style: I vl
----- + Dead'water Zone—
.....  Branches Calar: |'| Palygon fill style: I vl
..... Eranch C i
_____ ! L:;TS annecioL Thickness: |1 [pixels]
----- Connection Labels
..... Wieirs — Tewt Drawn a:
----- Culverts I D P
(Bjelf] Justification: I vl
----- Fegulating Structu Bl Hetlieaten
----- Contral Structures ¥ Caolor: |'| Background style: I vl
4 I I 3
QK I Cancel | Lol | Help |

Figure 2.24  The Graphics property page

The left hand side of the page presents the graphical object possible to pres-
ent on the graphical view - organized in a tree structure. Each object in the
tree-view has an entry for defining individual settings for points, lines, labels,
etc. Open settings for editing a specific object by opening the tree-view and
highlight the object you wish to edit. Selecting an object allows for changes in
the right hand side of the dialog.

The ‘Display’ tick-box determines whether the specific object will be pre-
sented in the Graphical view (in case the object is present in the network file
presently edited).

Additionally, it is possible to switch on or off the display of all items in an entire
branch of the tree-view (Network, Boundary, Hydro Dynamic Parameters, etc)
by using the right mouse button on a branch.

Mouse
This property page sets the properties for the cursor (mouse) when digitizing
and editing points on the graphical view.
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Metwork Settings x|

Graphics Mouse | Metwark Datal Select and Editl

— Digitize Digtance

Minimum digtance between new points:

200 [m]

— Mouze Sengitivity

Curzor sensitivity radius:

|1 0 [pixels]

QK I Cancel Lol Help

Figure 2.25 The Mouse property page

The Digitize distance; ‘Minimum distance between new points’ sets this mini-
mum distance at which a new point can be defined following a previous digi-
tized point. Consequently, a smaller value allows for a fine detail digitization
(many points) whereas a large value reduces the number of points during a
digitization process.

The Mouse Sensitivity; ‘Cursor sensitivity radius’ determines the radius in pix-
els for which the mouse detects points in the graphical view.

Network data
The Network data property page (Figure 2.26) contains global, default set-
tings for misc. parameters related to specific graphical view features.
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Metwork Settings x|

Graphicsl Mouge  MNebwork Data | Select and Editl

—&uto Connect Branches——————————— ~ 5Snap to Grid
Search Distance IEDDD [m] ¥ Use 'shap to grid'
Commectto——————————————
& Closest Point in Foreign Branch i) St |1 . [m]
" Closest Foreign Branch Segment Grid Spacing I‘I 0 [m]

—&uto Boundary Free Branch Ends — Default Branch Type

o
Branch Type IHeguIar 'l

" dvection Dispersion

" Sediment Transport

— Crozz Section Drawing Style————————— 1~ Cross Section Chainage Corection

 Uniform & Automatic V' Draw chainage comection

QK I Cancel | Lol Help

Figure 2.26 The Network Data property page

The options available in the Network page are:

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 selection here determines which type of boundary conditions
will be defined in the boundary file when using the ‘Auto Boundary
(xx) Free Branch Ends’ tool in the View menu of the Main Menu bar.
Options are; HD, AD or ST models.

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.

ﬁ Note the grid spacing used for snapping is not shown.
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Default branch type

The Branch Defaults determines which type of branch MIKE 11 will
create during branch digitizing in the graphical view. Options are;
Regular, Link Channel and Routing. Following the creation of
branches in the Graphical view by digitization, it is possible to
change the branch type if required in the Tabular view, Branches

page.

The ‘Rotate Branch Graphical Symbols’ check-box enables rotating
of graphical symbols such as triangles, rectangles etc. on the plan
plot. Unselecting the checkbox results in symbols always being ori-
ented 'north-south’. If enabled, symbols will be oriented towards the
direction of the river branches as illustrated in Figure 2.27.

“Net2:1 - Modified (o]

Graphical Symhbols not rotated Graphical Symbols rotated

100000

100000
a0000 4 -~ - 80000 -~
80000 7 80000 7
70000 7 70000 7
60000 60000 5
50000 7 50000 7
40000 40000 7
30000 7 30000

20000 7 20000 7

10000 10000

0 e T T 0+ T T
0 20000 40000 a 20000 40000

Figure 2.27 lllustration of 'Rotate Symbols’ feature in MIKE 11 Network Editor

Drawing Title

Defines a title, or header string, which will be presented on top of
the Graphical View.

Select and edit

The ‘Select and edit’ page (Figure 2.28) includes a number of tick-boxes
which simply determines which editors shall be possible to access using the
‘Select & Edit tool’ g from the Graphical View toolbar.
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Metwork Settings

|
|
|
|
|
|

Figure 2.28 The Select and Edit property page
Font...

Feature for defining Font settings of the Graphical View (Figure 2.29).

) diial Unicode MS
() Baskervile 0ld Face
() Bauhaus 93

Weser

Figure 2.29 Font settings dialog

2.1.8 Main menu bar - Window
The Window menu option (Figure 2.30) offers the standard Windows features

for arranging open windows (tile, cascade, arrange) as well as a possibility for
opening an additional instance of a Graphical View window.
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File Edit Wiew MNetwork Layers Settings | wWindow Help

JJD@H|%E|§‘?¥?| New Window
Cascade

Tile

Arrange Icons

1 Start Page

2 Wida96-3.5im11

3 vida96-3.nwk11:1
v 4 vida96-3.nwk11:2

Figure 2.30 The Window menu of the Network editor, Main menu bar

Additionally, all open windows are listed in the lower part of the menu allowing
for an easy location of and access to a specific editor file.

Main menu bar - Help

The Help menu (Figure 2.31) is a general feature located in all MIKE Zero
editors.

File Edit ‘“iew MNetwork Layers Settings ‘Window | Help

JJD@E|%E|§‘?\9| Help Topics. ..

About MIKE Zero...

Figure 2.31  The Help menu of the Network editor Main Menu bar

The Help menu follows the standards of Windows programs and offers two
options:

Help Topics...

The Help Topics option opens the MIKE Zero on-line help framework through
which any help item of a specific MIKE Zero product can be accessed.

About MIKE Zero...
The About dialog supplies details on the present MIKE Zero installation such
as; Current Version, License owner and License Type.

Tabular view: Network
The tabular view contains a number of property pages for editing specific data
types such as digitization points, river branches, hydraulic structures, rainfall

catchments, etc.

Use hot-key; ‘<CTRL>+T’ to open the tabular view from the graphical view of
the network editor.
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2.2.1

Points

4]

The geographical coordinates (x,y) of the digitization points in the river net-
work may edited here.

Note that the Points in this dialog are only digitizing points used to define the
appearance of the river network in the graphical view. The digitization points

are not used in the calculation at all, so they must not be confused with calcu-
lation points.

The points dialog is shown in Figure 2.32.
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Figure 2.32  The points property page, Network editor, Tabular view

Digitization points are typically created through editing sessions in the graph-
ical view where individual points or entire branch-segments are created from
digitization.

However, it is also possible to generate a bulk of points in one single opera-
tion by importing points from a text-file through the ‘File->Import’ feature of
the Main menu bar.

Definitions

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

Attributes

Different attributes are available for editing.
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Branch

This displays the river branch to which the present point belongs and is only
for verification purposes. If no branch is indicated, the point is free and hence
not part of the model.

Chainage type

The chainage may either be chosen as user defined or system defined,
where system defined chainage type means that the chainage of a point will
be calculated as a function of the location in the plan coordinate system and
the distance to up- and downstream points.

At user-defined points, the user determines the exact chainage value. (e.g. at
a bridge where the surveyor knows the exact chainage of the bridge meas-
ured from an upstream reference point). The points at the upstream and
downstream ends of branches are best set to ‘User-defined’, and unless
greater accuracy is essential the chainage is best rounded to the nearest
metre.

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

Type - not used

Overview table

An overview of the points is given in the overview table and all points data
can also be edited in this overview table instead of using the above men-
tioned group-boxes for points editing.

2.2.2 Branches

]

The Branches property page (Figure 2.33) contains parameters defining the
river branches and their connections in the river model.

Please note that it is not possible to create new branches within this page. If
new river branches are to be included in the model then it is required to shift
to the Graphical view and digitize a new river branch in the graphical View.
The creation of a river branch in the Graphical View automatically inserts a
new line in the present Branches page.

Also note that it is not possible to adjust the chainages for the upstream and
downstream point of the river branch in this page! These chainages are being
ported to the Branches page from the Points page where chainages for digiti-
zation points belonging to specific river branches are defined. Therefore, it is
strongly recommended in order for the user to control the exact length of a
river branch to define - in the Points property page - at least the first and the
last points in a river branch as ‘User-Defined’ points such that an exact chain-
age can be defined at the upstream and downstream points of a river branch



Tabular view: Network i ;

respectively. With this, you will be certain that MIKE 11 uses exactly a river
branch length as you defined it should be!
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e —
- Network
Pt (3531 Branch Name  Topo ID Upstt Ch DownstiCh  FlowDiection  Masimum ds  Branch Type
Branches [10] [sesemse  [ToPO-96 [18 [1710 [Positive | 10000 [Regular =l
Aligrmert Lines 0)
Junctiorss (0] Connections
- Stuctures N EditLink Charnel Parameters .
‘E"’T"S {E][D] Upstieam
Lbverts
Bridges 0] Dowrstieam  [VDASHNE | [6775
Pump (0]
Riequating (0] —
Control St [0)
Dambreak St. (0] Downstr. Flow Maximum =
User defined (0] Name Topo ID |Upstr. Ch. ch. Direction dx Branch Type
F““‘Etfds"gc'“’e””] T |VDeANED TOPO-G2 D 11300 |Postive (500 gl
Ero DES[I]IM\KETZ 2 |SEJERSEK-NTOPO-06 |15 1710 Positive 000 eqular
o ki ontel | ) 3 |UmDsKOY ToPODS |1 4324 Pasitive 0000 eqular
& a0 4 |VIDAARES TOPO-OD |0 5500 Positive 0000 egular
pharme t°‘f‘u”g[dlu - 5 [VIDAARUD TOPO-D2 |0 200 Pasitive 0000 eqular
e contol ) snd 3 rats 1] 6 [VIDAAMAG TOPODZ |53 Somn Pasitive oooo egulzr
Flaod contral H-0 / HY curve. = ARInEE A A Tano e 1n T37nm Pt Annn ey d
Flood control by orfice (0] 4 | >
Diversians [0]
Kinematic. ruling method (0]
- Runoff/groundwater nks
Bl Grid paints
Giid Paints (0]
I —

Figure 2.33 The branch property page

Property page parameters are described below:
Definitions

Branch name
Name of the actual river branch.

Topo ID

Topo ID is an abbreviation of ‘Topographical Identifier’, which refers to the
data defined in the Cross section file (xns11). The cross section file offers the
possibility to store several measurement campaigns (e.g. from different years
or before and after the construction of a bridge structure). The main purpose
of this Topo ID is to ease the implementation of an alternative scenario simu-
lation once the river model has been properly defined. As it is normally a
sound assumption to say, that the river digitization and length, etc. does not
change then it is possible to change the topographical data used in a simula-
tion simply by changing name of the Topo ID for one or more river branches
(and eventually save the nwk11 with a different name than the original file).
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River Network Editor

Note that the String defined for the Topo ID must be identical to a Topo ID
present in the cross section file for the actual river branch. If not, the calcula-
tion can not be performed.

Upstr. Ch.

The chainage of the first point in the branch.

In case the chainage value of this point should be adjusted it must be
changed in the ‘Points’ property page.

Downstr. Ch.

The chainage of the last point in the branch.

Again, in case the chainage value of this point should be adjusted it must be
changed in the ‘Points’ property page.

Flow Direction

Indicator for how MIKE 11 should interpret the chainage definition with
respect to the natural flow direction. The default assumption of MIKE 11 is to
define flow direction positive with increasing chainages looking downstream
of the river.

If flow direction is selected as positive, the simulated discharges will be posi-
tive when the flow direction is from upstream chainage to downstream chain-
age. Vice versa if the flow direction is defined as negative.

Hence, a river survey with river chainages starting with 0 at the river mouth
and chainages increasing upstream should be defined as a ‘Negative Flow’
branch as illustrated in.

Firstcross sectionin survey Last gross sectionin survey
=smallest chainage = Largest chainage

positive flow direction, . o
(nstural flow) positive flow direction
\N \q Inatural flow)
po: si‘t'r\-'*;\‘u
cheinagse » R‘
direction posiive
A chainags
Firsteross sectioninsurvey

Last gross sectionin survey
=smallest chainage

= Largest chainage

Figure 2.34 lllustration of flow direction definition. Left figure illustrates situation
where increasing chainages follow positive flow direction and branch
should therefore be defined as ‘Positive Flowdir’ whereas the right part
of the figure illustrates the situation where a survey has increasing
chainages from the river outlet and upstream. This situation requires
the river branch to be defined as ‘Negative Flowdir’
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Maximum dx

Maximum dx is the maximum grid-spacing (or distance) allowed by the calcu-
lation engine between two adjacent h-points (water level calculation points).
At locations where Cross sections are present in the cross section file, the
calculation engine will always create h-points at these location and in case
the Maximum dx is defined with a value smaller than the distance between
cross sections, the calculation engine will automatically insert a number of
additional calculation points by interpolation in between existing cross sec-
tions such, that the maximum distance between h-points in the calculation will
less than or equal to the defined value of Maximum dx.

Hence, the Maximum dx parameter is a possibility for increasing the spatial
resolution of the river model by forcing an additional number of calculation
points in between physically defined cross sections in the cross section file.

Branch Type

e Regular:
A ‘normal’ branch composed by a number of calculation points defined
from cross sections. A minimum of one cross section is required

e Link Channel:
No cross sections are required. Instead the parameters given in the Link
channel dialog must be specified using the The ‘Edit Link Channel
Parameters...’ button button.
Note that LINK channels are ONLY to be used when conducting Hydro-
dynamic simulations.

¢ Routing:

A special routing feature is available in the network branch definition in
case a special module is present in the MIKE 11 license. This feature has
been developed as part of a dedicated Japanese version of MIKE 11 and
hence only applicable if a special M11-Japanese module is purchased
and added to the MIKE 11 license.

The Routing option in the branch type column of the Branches dialog as
well as the ‘Routing’ option in the tree view as described in section 2.4, is
only visible to users holding the required special module in their license.

No cross sections are required. Only the flow is calculated, no water lev-
els. See section 2.4 Tabular view: Routing (p. 748).

« Kinematic Routing:
Kinematic Routing can be used to model the hydraulics of upstream trib-
utaries 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.

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.

o Stratified - no longer available:

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.

The ‘Edit Link Channel Parameters...” button

This button is only enabled when a branch has been defined with the branch
type of ‘link channel’.

Link Channels - what are they?

The link channel is a short branch used to connect a flood plain to the main
river branch and therefore typically represents the embankment geometry
between parallel rivers (e.g. main river branch and flood plain branch). Link
channels do not require cross sections to be specified and are consequently
simpler to use than regular channels. The link is modelled as a single struc-
ture branch of only three computation calculation points (h-Q-h). The Q-point
in the link channel branch is defined through an ‘open culvert’ type of struc-
ture. That is, an overflow weir with a length to include the friction loss compo-
nent.

ﬁ Note: Following the internal formulation of the link channel where no true
cross sections are defined in a link channel branch, the usage is restricted

to Hydro-Dynamic simulations ONLY. Thus, for Advection-Dispersion,
Water-Quality and Sediment-Transport calculations the set-up should be void
of link channels and instead connecting branches between main rivers should
be defined out of ‘regular’ branches with cross sections defined and eventual
a weir included to describe embankment levels if this is what should be repre-
sented with the connecting branch.

The link channel dialog (see Figure 2.35) is used for specifying all parameters
appropriate for the link channel e.g. geometry, head loss coefficients etc.



Tabular view: Network

Link Channel Parameters: RIVER 1 0 - 1000

— Geometry

Bedlevells. [T
Bed Level DS ID
Additional Storage I Maone ~ l

—Head Loss Coefficient:

Pos. Flow  Meg. Flow

Inflow IDS— IDS—
Outflow I‘I— I‘I—
Addiionsl [0 Jo
CificalFlow 1 1

- Bed Resistance

Type IManning's b4 'l
Walue |2D

ok I
Cancel |

r— Crozz Section Geometry

Depth {m}

Width (m)

— B+h - Relation:

Mo. of Gk relations |25 Calculate Q/h relations |

¥ A R c

Gc hus | US Type

hD5

DS Type

Inlet C

Inlet C

Figure 2.35 Link channel property page

Typical Link channels representation are illustrated in Figure 2.36.

Floodplain

D/S Chainage

D/s Bed Level Connection to

Floodplain Cell
or Branch

Connection to
River Branch

U/S Bed Level

U/S Chainage

Figure 2.36  Longitudinal parameters and representation of a Link Channel

Geometry

The link-channel geometry comprises typically the definition of a longitudinal
geometry of the embankment along the river. The geometry is defined from

the following parameters:

o Bed Level US:

Upstream bed level of the link channel.

o BedLevel DS:

Downstream bed level of the link channel.
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o 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 used to avoid zero
storage at nodal points to which only link channels and no regular chan-
nels are connected.

The Additional Storage combo-box defines whether additional storage is
to be added at the upstream, downstream or both ends of the link chan-
nel. The actual storage is specified in the additional flooded area column
of the processed data in a cross section defined at the same location as
the link channel.

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 the flow area in a
link channel. Both the depth and the width must be increasing.

Q/h - relations

Free outflow Q/h-relation must be calculated prior to calculation. 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 geometry, or loss coefficients
are changed the Q/h relations must be re-calculated.

Table values in the Q/H relations can be changed if required but general rec-
ommendation is to leave the table as is from the automatic calculation when
pressing the Calculated button. Only the columns ‘US Type’ and ‘DS Type’
can not be changed. These are only indicators of flow type derived from the
calculated flow parameters in the link channel and the values of these col-
umns are not included in the calculations.

Table parameters are:
y: water depth in link channel structure
A: Flow Area in link channel structure
R: Hydraulic Radius in link channel structure
C: Conveyance indicator in link channel structure

Qc:Critical flow in link channel structure
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Hus: Water level in h-point upstream of link channel structure

Hds:Water level in h-point downstream of link channel structure

2.2.3 Alignment Lines

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

Purpose

The purpose of using alignment lines is to save geo-referenced information in
the network editor, and to utilize this information to update information in the
cross section editor. Alignment lines information in the network file will influ-

ence 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 trans-
ferring alignment line information is:

o 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).

e Zone classification.
o Vegetation height.
e Angle between cross section and direction of flow/branch.

Definition.

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:

o Leftlevee bank.

o Right levee bank.

o Left low flow bank.

e Right low flow bank.

o Thalweg.

o 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.



i ) River Network Editor

User Interface

Figure 2.37 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.
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Figure 2.37 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 addi-
tional data are:

e Left and right bank:
Each pair 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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o Vegetation zone.

A

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 direction, and one being the angle between the guide line and

the dead water line.
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Figure 2.38 Definition of dead water zone along bank
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Figure 2.39 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 Tool Bar for Alignment Lines (p. 37)). 2) Editing the
numbers in the tabular view. 3) Using the File menu to import the coordinates

from a text file.



i ) River Network Editor

Figure 2.40 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 transferred
to the cross section editor.

e
LT
o

Sy
2558

2
25

2
2

a
%
:
e
S
%
:
:
2

2

oo

o

s,
25

!

o

2
o
2

2

5
£
P
B
S
22

s
IR

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 2.40 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.
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Figure 2.41  The Junctions dialog

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 Channel1, 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.

2.3 Tabular view: Structures

The Structures part of the Tabular View contains property pages for specify-
ing details on all available structures in MIKE 11. Select the appropriate struc-
ture type in the Structures section of the tree-view to access the page for the
structure type required to include in the model.

Powering Water Decisions 71



i ) River Network Editor

2.3.1 Introduction on structures modelling

A Number of Structures such as weirs, culverts, bridges etc. may be included
in the river network set-up. The flow through most of the structures is calcu-
lated using the energy equation allowing inclusion of local head losses, but
more simple type of structure equations such as weir formulas are also avail-
able. The effect of the bed friction is generally not taken into account thus it is
recommended that the h-points up- and downstream are situated close to the
structure.

Structures are always located at Q-points in which the momentum equation is
normally solved, and the reason for including a structure in a model is to
replace the momentum equation with something more suitable for the struc-
ture in question.

2.3.2 Composite structures definition

Composite structures are easily defined using an approach of combining a
number of individual structure types. A composite structure such as a bridge
with several openings and road over topping can be defined as a combination
of multiple culverts and an overflow weir. The only requirement for a compos-
ite structure is that all individual structures in the composite structure are
defined at the exact same location (same River Name and Chainage). An
example is illustrated in Figure 2.42.

Eventual overtopping defined
by an overflow weir

Bridge openings:
Culvert #1
Culvert #2
Culvert #3

Figure 2.42 Composite structure illustration. Can be defined in MIKE 11 with a num-
ber of individual structures defined at exact same location

One of the benefits of defining a composite structure as illustrated above is
that it is possible to obtain and analyse flow results through/over each of the
individual structures forming the composite structure. To obtain the results for
each structure use the ‘Save Results in Structures’ options in the additional
output feature of the HD Parameter editor (see Add. Output (p. 347)).

2.3.3  Structure Types definition
Most hydraulic structures available within MIKE 11 can be defined as one of

three different types; ‘Regular’, ‘Side Structure’ or ‘Side structure with Reser-
voir’. Structures without this option works as regular structure.
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Regular
Regular structures are internal structures that specify a flow in the river
branch typically based on up- and down- stream water level conditions.

Side Structure

Side structures are special type of a regular structure. Side structures extract
water from the river network at the location where the side structure is
defined.

Internally in the calculation engine, side structures are handled through an
automatic generation of an ‘artificial’ side branch with the side structure
included as a regular structure placed midway in the side branch as illus-
trated in Figure 2.44.

Specific characteristics of a Side Structure include:

o Head losses are excluded from the flow calculation for side structures by
setting internally the flow areas of the cross sections in the side structure
branch as extremely large (1€20 m2) and hence, the velocity component
in these sections (V=Q/A) is a negligible number.

e For culverts and weirs, an assumption of free out- and over-flow respec-
tively is implemented through an internally defined water level boundary
condition for the outflow point of the artificial side structure branch. The
boundary condition is defined as a water level boundary with a low water
level.

e The naming convention used for the artificial side branch is:
"SS_"<original branch name>"_"<original chainage>

e Incase of multiple side structures defined at the same location, these will
all be included in the same side branch as a ‘composite side structure’.

e Aside structure branch is a h-Q-h branch with two cross section h-points
in each end of the branch and a structure in the centre Q-point.
Up- and downstream cross sections in the Side Structure Branch are
automatically assigned with a shape identical to the main river cross sec-
tion located immediately downstream of the side structure location.
Upstream cross section of the Side Structure branch is identical to the
section in the main river, but the downstream section has been shifted 10
m down in order to obtain a free outflow condition in the Side Structure.
See Figure 2.43.
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Figure 2.43 Cross sections as defined in the artificial Side Structure branch. Left
part illustrates the cross section in the main river downstream of the
chainage defining the side structure. Middle part illustrates the
upstream cross section at chainage 0 of the side structure branch
(=copy of main branch section) and right part illustrates the downstream
cross section of the Side Structure Branch, which is identical in shape
as the other sections but shifted by -10 m

An example of a Side Structure branch is illustrated in Figure 2.44:

Side Structure included in "RIVER 1" at chainage 5000 meter will effectively
be placed in "SS_RIVER 1_5000.0M" in chainage 50 meter. The side branch,
"SS_RIVER 1_5000.0M", will have a length of 100 meter.

so00g e T T - I - EERREEEEE
48000 Fomoroee AR PR 1TSS _RIVER 1 _S000.0M
4600.0 o -+ - - - RIVER 1 pemmmmer s '

000 e e e T T e T e T T
30000 35000 0 40000 45000 S0000 S500.0 0000 BSO0.0 0 70000
[meter]

Figure 2.44 lllustration of automatically generated Side structure branch

Side Structure with Reservoir

Inclusion of Side Structures with Reservoir in a branch results in an automatic
generation of a side branch with the structure placed midway as described for
Side Structures without reservoirs.

The downstream cross section of the side structure branch has a user-
defined, additional storage area assigned, which assigns the reservoir data
specified as a level dependent additional storage function (ref. Section 3.2.2
Processed data, Tabular View) defined in the downstream (outflow) h-point of
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the side structure branch. The significant difference between a structure
defined as ‘Side Structure’ and ‘Side Structure with Reservoir’ is therefore,
that in the latter case, the water conveyed through the side structure is stored
in the system and can be analysed, whereas for the structure type without the
Reservoir, the water simply leaves the river model and disappears com-
pletely.

The Additional Storage relation is defined through the dialog opened when

pressing the button (Figure 2.45):

x

~I" apply coordinates

% |s400.000000 v | 4800.000000

Initial surface area I 0000000

Elevation | Storage ¥
1 -3 u]
2 -2 1000
3 -1 2000
4 5 10000
5 10 100000
’TI Cancel |

Figure 2.45 Dialog for specifying Additional storage for Side Structures with Reser-

voir

Two options for defining the Reservoir storage exist:

Powering Water Decisions

Elevation-area
The Elevation-Area relation specified in the table is used directly as the
additional storage area as a function of the water level in the reservaoir.

Elevation-volume
Additional storage area is derived from the Elevation-Storage relation fol-
lowing the relation:

_ AVTable
FIA,. | = (m—F/AD 2 2.1)

where:

FIA; : Flooded or additional storage Area at level '
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A Va6 and A Hryppe are differences in Volumes and Levels respectively
between values defined in the Storage-elevation table

Additional specific features of the Side Structure with Reservoir:

Head losses are excluded from the flow calculation for side structures
with Reservoir by setting internally the flow areas of the cross sections in
the side structure branch as extremely large (1€2°0 m2) and hence, the
velocity component in these sections (V=Q/A) is negligible.

The boundary introduced through the inclusion of the side weir is inter-
nally specified as a no flow boundary. Flow may be included through
specification of point source boundaries at the boundary.

More side structures with reservoir in the same location will result in one
side branch for each.

The side branches will be named with the naming convention:
"SSPR"<original branch name>"_"<original chainage>"_"<Structure ID>.

‘Apply Coordinates’. The Apply coordinates offers a possibility for defin-
ing coordinates for the reservoir - which in the case of the artificially gen-
erated side structure branch is identical to the end point of the side
structure branch. Hence, the coordinates defines the appearance of the
side structure branch and a length of the branch will be calculated
according to the specified coordinates.

The cross sections applied in the artificially generated Side Structure
Branch with Reservoir are defined such that the upstream cross section
is a copy of the section in the main river downstream of the chainage
defining the side structure and the downstream cross section is a defined
as a triangular cross section shape as illustrated in Figure 2.46.
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Figure 2.46 Cross sections as defined in the artificial Side Structure with Reservoir
branch. Left section illustrates cross section in main river downstream
of chainage defined for Side Structure. Middle section illustrates the
upstream section of the side structure branch (copy of main branch sec-
tion) and right section illustrates triangular section applied at down-
stream h-point of Side Structure Branch

Levels of the cross section is adapted from the defined Level-Area/Volume
table, whereas the widths (0 m at bottom and 100 m in top of section are just
artificial numbers applied in order to draw a cross section in the results pres-
entation tools. The calculated storage volume of the section is defined from
the table-values.

An example of a Side Structure with Reservoir definition: Side Structure
included in "Branch1" at chainage 1000 meter with ID SideWeir1 will effec-
tively be placed midway in branch "SSPR_Branch1_1000m_SideWeir1". The
length of side branch, "SSPR_Branch1_1000m_SideWeir1", will follow from
the position specified if any, otherwise it will be 100 metres.

2.3.4  Structure Geometry definition

Many of the structures available in MIKE 11 requires a Structure Geometry
definition to complete the structure input.

It is important to notice, that the Structure Geometry to be defined is actually
the geometry - or level-width relation - of the sections of the hydraulic struc-
ture where the water can potentially flow. That is, the Flow Area definition as
illustrated in Figure 2.47 marked with the dashed (blue) section.
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Figure 2.47 lllustration of Structure Geometry definition. The Dashed (blue) area
which potentially conveys water over/through the structure is the geom-
etry which must be defined

Example: Assuming the following geometrical definition of the dashed (blue)
flow area in Figure 2.47: Crest level of structure is at level 3 m (crest level =
bottom of blue area in figure), bottom width is 5 m, top-width is 7 m at a level
of 5 m. A structure geometry definition in this case is normally defined as pre-
sented in Table 2.1 below:

Table 2.1 Weir Geometry definition

Level [m] Width [m]
3.00 0.00
3.05 5.00
5.00 7.00

2.3.5 Structure Plotting

78

For structures where specification of dimensions and elevations is part of
defining the structure, it is possible to make a plot of the structure together
with the upstream and downstream cross section. This includes all weirs, all
culverts, some bridges and most control structures (all except discharge con-
trol structures). Plotting structures and their neighbouring cross sections
together helps ensuring that structure dimensions and elevations are speci-
fied correctly. A typical source of model instability is a structure which is larger
or lower than the neighbouring cross section.

For structures which can be plotted the structure dialog contains a section
named “Graphic” with a “Plot...” button. Clicking this will open a separate
graphical window showing two plots. The upper plot being the upstream cross
section and the structure, and the lower plot being the downstream cross sec-
tion and the structure. Initially, the centre of the structure is horizontally
aligned to marker 2 of the cross section.

Clicking the right-mouse button in the graphical view the user will be given
the following options in addition to the regular zoom and pan options:

e Settings...:
This will open a separate dialog where the graphical properties of cross
section, structure etc. can be changed.
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Use same axis scaling U/S and D/S:
Selecting this the two plots will be shown with the same scaling of verti-
cal and horizontal axis

Show next:
The next structure (according to the list in the tabular view) with neigh-
bouring cross sections will be shown instead of the current.

Show previous:
The previous structure (according to the list in the tabular view) with
neighbouring cross sections will be shown instead of the current.

Pan structure left:
The structure will be moved to the left in the graphical view.

Pan structure right:
The structure will be moved to the right in the graphical view

Increase pan step:
The distance by which the structure moves left/right is increased by a
factor 2.

Decrease pan step:
The distance by which the structure moves left/right is decreased by a
factor 2.

The following figure shows a typical structure plot for a weir.

W vida96-3.nwk11:3 o [l 53

[;niter] Structure: VIDAA-NED - 10900.0000 - Cross Section: VIDAA-NED - TOPO-92 - 10800.0000

Water Level

Water Lewvel

IS

44

4.1+

Imeter] Structure: VIDAA-NED - 10900.0000 - Cross Section: VIDAA-NED - TOPO-92 - 11300.0000

o 10 20 30 40 a0 a0 70 a0 90 100 110
Cross section X data [meter]

A

T 1 T T 1 T 1 T t T
a 10 20 30 40 a0 60 70 an 90 100 110
Cross section X data [meter]

Figure 2.48  Structure Plot

2.3.6 Weirs

The Weirs page in MIKE 11 includes different types and formulas for overflow
weirs. The weirs property page is presented in Figure 2.49.

Powering Water Decisions
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Figure 2.49 The weir property page

Weir definitions comprise the following data.

Location
° River Name:

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

e Chainage:

Chainage at which the weir is located.

. ID:

String identification of the weir. ID will be used in structure results and
hence makes it easier to identify a specific structure if a setup contains
many structures, or if multiple structures are defined at the same loca-
tion. It is recommended always to give the weir an ID.

o Type:

The location type may be Regular, Side Structure or Side Structure +
Reservoir. See 2.3.3 Structure Types definition (p. 72) for details.

Attributes
o Type:

Type of Overflow Weir formulation:

o Broad Crested Weir:
Broad Crested weir formulation is used for calculating the Q/h relation
table on the page which contains corresponding values for water level
and discharge for critical flow conditions at the crest.
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Special Weir:

Special Weir is chosen in the situation where a Broad Crested weir for-
mulation is not valid. For this weir type, the Q/h relationship table for free
overflow must be specified manually by the user.

Weir Formula 1:
A standard weir expression reduced according to the Villemonte formula
is applied. See the Reference Manual, under weir formula.

Weir Formula 2 (Honma):
The Weir Formula 2 is the Honma weir expression.
See the Reference Manual, Weir Formula 2 (Honma).

Weir Formula 3(Extended Honma):
An extended version of the Honma weir formula is applied in Weir For-
mula 3. See the Reference Manual, Weir Formula 3(Extended Honma).

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 active for broad crested weir and special weir).

Geometry

Geometry definitions applies only for broad crested weir and special weir
types.

Type of Geometry:

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 section editor. A cross sec-
tion 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 Property page, see Topo ID (p. 61).
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e Datum:
Offset which is added to the level column in the level/width table.

o Level/Width table:
Weir shape defined as levels and corresponding flow widths. Values in
the levels column must be increasing. See also section 2.3.4 Structure
Geometry definition (p. 77).

Weir formula Parameters (only weir formula 1)
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Figure 2.50 The weir property page, formula 1

Width: Width of the flow.

Height: Weir height. See Figure 2.52

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

Invert Level: Bottom datum level. See Figure 2.52
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Weir formula 2 Parameters (only weir formula 2 (Honma))
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Figure 2.51  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 2.52
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Figure 2.52  Definition sketch for Weir formula

Weir formula 3 Parameters (only weir formula 2 (Honma))
When choosing weir formula 3 a separate dialog can be opened by clicking
the “Details...” button. See the following figure:

Powering Water Decisions
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Figure 2.53 Parameter definition dialog for Weir formula 3

Using weir formula 3 several parameters are to be specified for calculation of
the flow in three regimes: perfect, imperfect and submerged overflow. MIKE
11 does not check if there is a continuous transition from one flow regime to
the next. This has to be ensured by the user through proper selection of the
parameters.

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

Broad crested weir:

The Q/h relations are calculated using the Calculate button after all rele-
vant 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. 63)) defined
for the branch in question. The Q/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.

Table content are;

- Q : Structure Discharge

- H-Pos: Water Level upstream in case of Positive flow

- H-Neg: Water Level downstream in case of Negative flood
- H-Weir: Water Level at structure

- Width: Structure width for actual structure level

- Area: Structure Area for actual structure level

Special weir:

Unlike for the broad crested weir, where Q/h relations are calculated
automatically, the user must manually specify Q/h relations correspond-
ing to free overflow conditions for a Special weir. These must be speci-
fied for both positive and negative flows.
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Note that Q/h relations must be re-calculated if any changes are made to the

]

weir or the cross sections up- or downstream have been altered. Further,
since a weir in MIKE 11 is defined as a structure causing a contraction loss

and subsequently an expansion loss, some constraints 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!
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Figure 2.54  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.

Type:

The location type may be Regular, Side Structure or Side Structure + Reser-
voir. See 2.3.3 Structure Types definition (p. 72) for details.
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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 (for calculation of the
Friction loss present in a structure with a certain length).

No. of Culverts:
Number of culvert cells.

Valve Regulation:

e None:
No valve regulation applies.

e 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.

e 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. An open culvert functions as a channel.

Head Loss Factors
The factors determining the energy loss occurring for flow through the
hydraulic structure.

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

e Rectangular:
The width and height specify the geometry.

e Circular:
The geometry is specified by the diameter.

o lIrregular Level-Width Table:
The geometry is specified using a level/width table. Values in the level
column must be increasing. Internal levels are converted to depths
through substraction of lowest level.
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e Irregular Depth-Width Table:
The geometry is specified using a depth/width table. Values in the depth
column must be increasing.

e« 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 sec-
tion file. The Topo ID is assumed to be the same as specified in Topo ID

(p. 61).

For further details on structure geometry definition, see section 2.3.4 Struc-
ture Geometry definition (p. 77).

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 rela-
tions. In order to compute the Q/h relation, the nearest upstream and down-
stream cross section are used. The cross sections must be within the
distance maximum dx (Maximum dx (p. 63)) defined for the branch in ques-
tion. The Q/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.

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

The Q/y relations table also shows the type of flow occurring for the actual
levels. Please note that the flow-types are only indicators derived from MIKE
11. It will have no effect on the calculation results to change the flow types.
The possible types are:

o No Flow: No flow occurs at the first level (y = 0) and when the valve reg-
ulation flag prohibits flow in one direction

o Inlet C: The flow at the inlet is critical

o 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

o 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 rela-
tions will be re-calculated after editing the coefficients

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



2.3.8 Pumps
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Note that Q/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 subse-
qguently an expansion loss some constrains are placed on the geometry 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 area upstream of the culvert for all
water levels. Similarly, the cross sectional area at the outflow end must be
less than the cross sectional area immediately downstream of the culvert.
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Figure 2.55 The pump property page

Location
« Branch Name: Name of the river branch in which the pump is located.

o Chainage: Chainage at which the pump is located.
o ID: String identification of the pump. Used for identification of the pump in
case of multiple structures at the same location. Specification of pump ID

is recommended.

o Type:
The location type may be Regular, Side Structure or Side Structure +
Reservoir. See 2.3.3 Structure Types definition (p. 72) for details.
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Control Parameters

o Start Level: Water level at the inflow that activates the pump. Note that
for pumps with internal outlet the inflow is situated at the previous h-point
(previous with regard to chainage) in case of positive discharge and at
the next h-point with regard to chainage in case of negative discharge.
The sign of the discharge follows from the specifications made under
Pump Data.

o Stop Level: Water level at which the pump starts closing down.

o Start-up Period: Period for changing pump discharge from zero to full.
The pump discharge is changed linearly in time.

e Close Down Period: Period for changing pump discharge from full to
zero. The pump discharge is changed linearly in time.

Pump Data
o Specification Type:

o Fixed Discharge:
Pump rate independent of the local water head expect for the start/stop
control.

o Tabulated Characteristic:
Pump rate controlled by specified characteristic (Q-dH-curve) and the
water level difference between upstream water level and outlet
level/downstream water level.

o Discharge:
Pump rate when applying "Fixed Discharge".

e Outlet Level:
The outlet level is used when defining tabulated (dh-Q) characteristics
for the pump. It then represents the outlet level on the downstream side
of the pump.

e Q-dH-curve:
Q-dH-characteristic of the pump. The discharge is determined through
interpolated look up in the table specified. The dH used for the look-up is
given as the difference between Downstream and Upstream water level
in case of submerged outlet and as the difference between upstream
level and outlet level in case of free outlet. The shift between the two is
fully dynamic allowing an outlet to change from being free to submerged
and vice versa.
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Figure 2.56  Q-dH curves for pumps

Note that MIKE 11 does not allow extrapolation. It is therefore recommended
to add limit points to the Q-dH -curve. See figure Figure 2.56.

Note also that a positive Q always is interpreted as the pump pumping from
upstream to downstream (i.e. from upstream lying area to a lower lying area)
disregarding any chainage conventions. Typically, this would be from smaller
chainage to higher chainage. If a negative flow direction is selected for the
branch containing the structure, positive discharge is still interpreted as
pumping from upstream to downstream areas. However, in this situation that
would mean pumping from higher chainages to lower chainages.

MIKE 11 offers a number of approaches when modelling flow through
bridges. The approach to choose should be based on the assumptions for the
different methods and the requirements of the modelling.

The bridge modelling approaches can be divided into pure free flow methods
and methods which may be combined with submergence/overflow methods.
The pure free flow methods can be further sub-divided into methods for piers
and methods for arches.

The methods specially designed for piers are

o Bridge piers (Nagler): An orifice type of flow description with the effect of
the piers taken into account through an adjustment factor.

o Bridge Piers (Yarnell): An equation derived from experiments for normal
flow conditions in the sub critical flow range. Again the effect of piers is
handled through the use of adjustment factors.
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The free flow arch methods available are

e Arch bridges (Biery and Delleur): An orifice type of equation is used to
describe the discharge through the bridge. The equation is derived under
the assumption of a rectangular channel and is based on a single span
arch opening. Multiple arch openings are handled by a simple multiplica-
tion factor.

e Arch bridges (Hydraulic research method, HR): The HR method is based
on laboratory experiments of both single and multi spanned arch bridges
in rectangular channels. The method uses tables describing the relation
between the blockage ratio, the downstream Froude number and the
upstream water level.

The methods that can be combined with both submergence and overflow
methods are the following

o Energy Equation: A standard step method where a backwater surface
profile determination is used to calculate the discharge through the
bridge. The method takes the contraction and expansion loss for bridges
of arbitrary shape into account. The method assumes sub-critical flow
and may default to critical flow for steep water surface gradients.

e Federal Highway Administration (FHWA) WSPRO method: The FHWA
WSPRO method is based on the solution of the energy equation. Con-
traction loss is taken into account through the calculation of an effective
flow length. Expansion losses are determined through the use of numer-
ous experimentally based tables. The method takes the effect of eccen-
tricity, skewness, wingwalls, embankment slope etc. into account
through the use of these tables.

e US Bureau of Public Roads (USBPR) method: The USBPR method esti-
mates free-surface flow assuming normal depth conditions. the method
is based on experiments and takes the effect of eccentricity, skewness
and piers into account.

The submergence methods available are

e Pressure Flow using the Federal Highway Administration method: Two
orifice equation descriptions are used. One for situations when the orifice
is submerged downstream and a modified equation for situations when
only the upstream part of the orifice is submerged.

o MIKE 11 culvert: A standard MIKE 11 culvert description may be chosen
for submergence flow. The culvert to be used is specified by the user.
The culvert is only active if submergence occurs.



Energy equation: The flow under the bridge is determined through a
standard backwater step method. The flow is assumed to be in the sub-
critical range and thus the method may default to critical flow. Both con-
traction and expansion loss is taken into account.

Overflow methods available are:

Energy Equation: The flow over the bridge is determined through a
standard backwater step method. The flow is assumed to be in the sub-
critical range and thus the method may default to critical flow. Both con-
traction and expansion loss is taken into account.

Road overflow using the Federal Highway Administration method: The
overflow is modelled using a weir equation taking tail water submergence
into account through the use of a submergence coefficient. The method
may be used for both gravel and paved surfaces.

MIKE 11 weir: A standard MIKE 11 weir description may be chosen for
overflow. The weir to be used is specified by the user. The weir is only
active if overflow occurs.

Finally there are two additional bridge types which are not pre-processed
prior to the simulation. These bridge types form part of a separate module.

Bridge Piers (D’Aubuisson): The discharge is determined based on a
momentum equation assuming no bed slope and that the friction loss is
negligible. The method can handle pure rectangular channel descriptions
but also gives the option of using cross sections of arbitrary shape.

Fully submerged bridges: The fully submerged takes the drag of the fully
submerged bridge into account. Friction is neglected and the bed is
assumed horizontal through the bridge.

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 all bridges there are some common settings consisting of:

Name: The river name. Used along with the chainage to identify the loca-
tion of the bridge in the network. River name and branch name are iden-
tical,

Chainage: The location of the bridge in the river. The river cannot be
located at a location where a cross section exists.
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Bridge ID: String identification of the bridge. The string identification for
the bridge is used in the output, but also for the preprocessing of the
bridges. It is important that every bridge in the set-up has a unique non-
empty Bridge ID. The latter ensures that bridges can be uniquely identi-
fied by the calculation kernel of MIKE 11.

Method: Pull down menu for selecting the free flow method used in cal-
culating the flow through the bridge. The methods are briefly described
above. Please refer to the reference manual for a more thorough
description of the underlying assumptions and governing equations.

Options: Some of the bridge methods offer a number of additional
options. These options may include e.g. piers, skewness, etc. To include
an option simply activate the appropriate box.

Geometry and Loss factors: Through the use of the Edit button the
user can access the interface for entering geometric and loss factor
parameters. The Detail button gives access to the tables used for deter-
mining loss coefficients.

Submergence: (Pressure flow) Available if the Submergence checkbox
is marked (See Options). The user must select one of the methods:
Energy Equation, FHWA WSPRO or MIKE 11 culvert. For details on
FHWA WSPRO see Submergence, FHWA WSPRO. For a description of
culverts please refer to the appropriate section (2.3.7). The energy equa-
tion method is equivalent to the one used for free surface flow. Note that
only some methods allow the submergence option.

Culvert no: When choosing a MIKE 11 culvert details of the culvert
structure are in the culvert menu (See section 2.3.7). Culvert no is cho-
sen as the number marked in the overview box in the culvert menu.

Bridge level (bottom): The bottom level of the bridge. The geometry of
the lower part of the bridge consists of the data in bridge cross sections
combined with the bridge level bottom.

Overflow: Note that the overflow option is only available if the submer-
gence option is also selected. The choices are FHWA WSPRO, Energy
Equation or MIKE 11 weir method. For details on FHWA WSPRO see
Overflow, FHWA WSPRO. If the Energy equation method is selected the
user needs to supply the bridge level at the top of the bridge. This level
indicates the lowest point on the deck. The data supplied for the bridge
geometry also constitutes part of the geometry of the overflow part.

Weir no: If a MIKE 11 weir is chosen the appropriate weir from the weir
menu must be selected (See section 2.3.6). Weir no is chosen as the
number marked in the overview box in the weir menu.
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Figure 2.57 Overview, Branch2 has three bridge openings - 2, 3 and 4. Marked in
the right part of the overview window

The overview is split in two. The left hand side gives an overview of the phys-
ical bridges in the set-up and the right the different openings. If a bridge con-
sists of one opening there will be one entry on the left and one on the right for
that particular bridge. If a bridge has multiple openings there will only be one
entry on the left for that particular bridge and a number of entries on the right
corresponding to the number of openings in the bridge.

o Toadd a bridge to a set-up simply place the cursor in the field of the last
bridge and hit the TAB key until a new line appears. Similarly for addi-
tional openings in the same bridge. As an alternative the insert key on
the keyboard may be used. To summarize the layout:

e Overview: Left part shows River name, Chainage and Bridge ID. Right
part show methods for the bridge openings.

o Multiple waterway openings: If working with multiple waterway open-
ings all multiple waterway openings are marked when the bridge is acti-
vated. (See Figure 2.57). In order to add additional openings, mark a row
in the right part of the overview window and press insert on the keyboard.

Working with Loss factor tables:

Some of the bridge methods require values found in tables. These tables can
either be used based on default values taken from the literature or may be
user defined/edited. In general it is recommended to use the default values.

The loss / adjustment factor tables are viewed by pressing the Details button.
The default loss factor tables are generated by pressing the Edit button.
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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. Placing
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 an additional line.

Federal Highway Administration (FHWA) WSPRO & US bureau of
Public Roads (USPBR) Bridge

The FHWA WSPRO, Energy Equation and the USPBR methods may be
used to describe free surface flow through a bridge opening. The methods
use the up and down stream cross sections located in the cross section edi-
tor, as well as two additional cross sections to be defined within the network
editor.

The location of the cross sections outside the bridge should be so that any
potential contraction or expansion loss is taken into account. In other words
the optimal location is where the stream lines are parallel prior to a contrac-
tion and post a possible expansion. As a rule of thumb the distance between
the bridge and the cross sections should be of the order one opening width
(see Figure 2.58).

® 00 @

— o —»

f— b —»| j4— b —

Figure 2.58 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:

e Submergence

e Overflow
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Skewness, Used when the embankments are 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 abut-
ments.

Spur dykes

Piers/piles

Available options for USBPR Bridge:

Submergence
Overflow

Skewness, Used when the embankments are 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.

-~ Geomety and Loss factors

Dietalls.. I |
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Geometry, Waterway opening:

Geometry | Laoss factars l

~Wwatenway npening i~ Multisle Sy IBEENT
Opening ype I”I .I ™ Wee defaul staamation pairts
Embankment slope |2 -
Left stzgnatior paimt Upstreant 8
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ait stagn b downstieam |0
Atlevel 2 IE— Left stearationm port dowrstream
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¥ Slope [0.0M Diaturn [0 U eftim [
X F4 Resista | Marker
1 ] 10 1[1 Top
2 5 2 1 |4 Bott
3 10 o 12 Low
4 15 2 1|5 Bott
5 20 10 13 Top
oK I Cancel Help
Figure 2.59 Geometry property page

e Opening type: (see definition sketch Figure 2.60 - Figure 2.63). Only

used for the FHWA WSPRO method.

IV. Example, insert 2 for a 1:2 slope.

Powering Water Decisions

Waterway length L

Embankment slope: Only for FHWA WSPRO, opening type I, Ill, and

At level z: Only for FHWA WSPRO, opening type Il, lll, and IV. Enter the
level for witch the Waterway length is measured.
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Without wingwalls

With wingwalls

Figure 2.60 Definition sketch of type | opening, vertical embankments and vertical
abutments, with or without wingwalls (after Matthai)

[

Figure 2.61  Definition sketch of type Il opening, sloping embankments without wing-

walls (after Matthai)

Figure 2.62 Definition sketch of type Il opening, sloping embankments and sloping
abutments (spillthrough) (after Matthai)
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Figure 2.63  Definition sketch of type IV opening, sloping embankments and vertical

abutments with wingwalls (after Matthai)

Geometry, Cross-section table:

Slope: If the slope check box is marked then only the upstream bridge
cross section must be defined. The downstream cross section is gener-
ated by copying the upstream cross section and using the slope defined
in the slope edit box. Upstream bridge cross section correspond to sec-
tion 2 and downstream bridge cross section correspond to section 3.
(See Figure 2.58).

Datum: The water level datum is added to the Z values in the Cross sec-
tion 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 2.58) are placed cor-
rect in respect to the x-values.

Z: Vertical level of the cross section point.

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

Marker: Define cross section embankments and abutments (See
Figure 2.64).

Cross section definitions: Cross sections 2 and 3 must be defined as
illustrated by the blue arrows in Figure 2.64 - i.e. along the floodplain
then to the underside (soffit) of the bridge then down the abutment to the
channel and similar to the other side. Markers 1 and 3 correspond to
floodplain limits and 4 and 5 are bottom of left and right abutments
respectively



Marker 1 Deck Level Marker 3
Soffit Level

Marker 4 R =
[ Markers
Marker 2

Figure 2.64 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 2.57). 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 sec-
tions. (See Figure 2.65)

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 stagnation 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 2.58. 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 stagnation 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 2.58. 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 stagnation point.
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Upstream
cross section

Downstream
cross section

Left stagnation paint
for bridge opening,
Right stagnation point
for neighbour apening

Bridge opening

Meighbour opening

Figure 2.65 Multiple openings and stagnation points
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Figure 2.66 Loss factor property page
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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 is selected, a default loss factor table will be
generated. For Straight spur dykes the user must enter the length and
offset from the bridge opening. For Elliptical spur dykes the user must
enter the length and angle.

Wingwall: Loss factor for FHWA WSPRO, opening type IV. When use
default is selected, a default loss factor table will be generated from the
entered wingwall.angle.

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

Base Coefficient: Loss factor for FHWA WSPRO, opening type I, II, llI
and IV and USBPR. When use default is selected, a default loss factor
table will be generated. For the USBPR method an opening type is cho-
sen.

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

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

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

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

o Skewness: When skewness is marked in options an angle for skewness
is entered in the edit box, Skewness angle,.

e Resistance: Choose Manning’s M or n as the type for resistance.

o Resistance value: The value for the relative resistance on the bridge
structure between markers 1 and 4 and between 5 and 3 (see
Figure 2.64). 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.

Table 2.2 Loss factor tables for FHWA WSPRO

Table Opening Type |Function of:
Base coefficient | C’ I m or M
Base coefficient | C’ I, Nland IV morM |L/b
Froude number | kg I F
Entrance K w I m or M
Average depth | k|, I morM |[(Y,+Y,)/(2b)
Abutment Ky M x/b L/b
Wingwall kg v m or M
Eccentricity ke LI, IMand IV |e
Piers kj LILbMandIV |morM
Piles #1 Ki—o1 | m or M
Piles #1 Ki—o1 Il Iland IV morM |[L/b
Piles #2 k/- I, 11, lland IV kj:O,l
Spur dike kg, [, Iland IV m or M

a/b
Spur dike #1 Ky i morM |[Ly/b
Spur dike #2 Kk, Il Elliptical morM |Ly/b
Spur dike #2 Ky 11, Straight m or M

In the Loss Factor menu the user can choose to use m or M in the tables.
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Where:

m Channel contraction ratio.

M Bridge opening ratio.

L Bridge waterway flow length.

b Bridge opening length.

River Network Editor

F;  Froude number in downstream bridge section.

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

X Unwetted abutment length.

e Eccentricity.

J Portion of waterway blocked by piers/piles.

L,  Spur dike length

Table 2.3 Loss factor tables for USBPR

Table Function of:
Base coefficient ky |Morm
Velocity distribution coefficient |o, |Morm o,
Eccentricity e M orm | Ak,
Skewness Aky |M orm

Piers Ak, |M or m

In the Loss Factor menu the user can choose to use m or M in the tables.

Where:

M Bridge opening ratio.

m Channel contraction ratio.

e Degree of eccentricity.

a, Velocity distribution coefficient in upstream cross-section.

Fully Submerged Bridge

Press the Edit button under Geometry and Loss factors.

104
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~ Geometry and Loss tactors-

Dk, ‘

The details of the bridge geometry and location are inserted in the appropri-
ate boxes:

o Channel width: The user specified channel width. If a positive value is
implemented the water level increment calculation are based on a rec-
tangular 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.

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

o Drag coefficient: The drag coefficient of the bridge.

Figure 2.67 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 coefficient is
set to 1.6.

5|

Geomely |

Channel width [
Section area of submerged biidgs
Drag coefficient

C constant

Chianne| width upstiaan of piers

T T

Total width of piers

0k | Cancel | Heb |

Figure 2.67 Submerged bridge geometry property page

ﬁ 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. The
criteria value may be changed in the MIKE 11.ini file by setting the variable:

BRIDGE_FROUDE_CRITERIA.

Arch Bridge (Biery and Delleur) & (Hydraulic Research (HR))
The Arch Bridge methods describe free surface flow through one or more
arch bridge openings.

Since the equations used for arch bridges are only valid for free flow, submer-
gence and overflow cannot be selected. Geometry and loss factors are
viewed by pressing the Edit button under Geometry and Loss factors.
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Figure 2.68 Arch Bridge Geometry property page
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Figure 2.69 Arch Bridge Loss factor property page

e Opening width, b: Opening width at the Arch spring line.

o Number of arches: The number of arch openings in the bridge.

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

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

o Radius of arch curvature, r.

o Coefficient of discharge, Use default: WWhen use default is selected, a
default loss factor table will be generated.

o Discharge coefficient: Choose channel contraction ration m or bridge
opening ratio M as parameter in the loss factor tables.
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Top of arch
cLrvature

EBottom of arch
curvature

Figure 2.70  Hydraulic variables for Arch Bridge

ﬁ Note that the Invert level is not specified in the geometrical definition of the
Arch Bridge. Arch Bridge flow calculation depends on the water levels and
depths at the up- and downstream side of the bridge, but this is calculated
from the cross sections up- and downstream respectively and hence is not
necessary to define in the parameters page.

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 num-
ber F.

Bridge piers (D’Aubuisson’s formula)

Press the Edit button under Geometry and Loss factors.

~ Geometry and Loss tactors -

Detai.. ‘

The details of the bridge geometry and location are inserted in the appropri-
ate boxes:

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

e 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 calculation is based on
the cross sections upstream and downstream of the bridge.

o Total width of piers.

Figure 2.71 shows an example with bridge piers inserted at the chainage 500
m in the river ‘RIVER 1’. The bridge piers have been given the topological
identification tag ‘Bridge 1’. The geometry dependent non-dimensional con-
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stant 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|
Geomety |
Ehiarnel i a
Section areaaraubmernded bidoe ]
Ditan coefficient a
C constant e
Channel width upstream of piers 10
Total width of piers 35

0K | cencel | Hep |

Figure 2.71  D’Aubuisson Bridge piers geometry property page

ﬁ Note: If the Froude number downstream of the piers is greater than the crite-
ria (default 0.6) the effect of bridge piers using D’Aubuisson’s formula is
ignored. The criteria value may be changed in the MIKE11.ini file by setting
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:

e Submergence

e Overflow

Geometry and loss factors are viewed by pressing the Edit button under
Geometry and Loss factors.
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Figure 2.72 Nagler and Yarnell Bridge piers geometry property page
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Geomelry Loss factors |
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Figure 2.73 Nagler and Yarnell Bridge piers Loss factor property page
e Opening width, b: The total opening width between the piers.

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

o 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.

Loss factor tables for piers bridges:

Nagler: Coefficient of discharge k, and adjustment factors 6 and § are func-
tions 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.
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Submergence is available if the Submergence check box is marked (see
Options) and FHWA WSPRO is selected in the Submergence box.

-~ Submergence

Gl 'i Bridge level [bottom)
[FHwAWSFRO | |5 ¥ Use default Details... |

Figure 2.74  Submergence, FHWA WSPRO, property page.
o Bridge level (bottom): Vertical level of the bottom of the girders.

o Use default: When use default is selected, a default loss factor table will
be generated.

o Details: Loss factor tables are viewed by pressing the Details button.
The loss factor table is only of interest if orifice flow is set to ON in the
MIKE11.ini file. Orifice flow is in general not recommended due to the
abrupt change of flow regime potentially causing transients in set-ups.

Overflow, FHWA WSPRO

The method describes weir flow over the 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.

— Dxerflow
¥ Discharge coefficient, use default

I j' Bridge level [fop]  Length Surface

[FHwawsPRD. =|  [6 |5 [Paved =] Detals.. |

Figure 2.75 Overflow, FHWA WSPRO, property page.
o Bridge level (top): Vertical level of the road.
o Length: Width of top of embankment in the direction of flow.

o Discharge, Use default: When use default is selected, a default loss
factor table will be generated.

o Surface: When Use default is marked, choose a surface type for gener-
ating default loss factor tables.

o Details: Loss factor tables are viewed by pressing the Details button.
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 h, and waterway
length Lg for hy/Lg>0,15.

Road overflow #2: Discharge coefficient C; is a function of total head availa-
ble to produce weir flow H for hy/Lg>0,15.
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Road overflow #3: Submergence factor k; is a function of the ratio between
minimum elevation along the top of the embankment h; and total head avail-
able to produce weir flow H.

2.3.10 Regulating
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Figure 2.76  Regulating structure property page

This structure type is typically applied where discharge through a dam is to
be regulated 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 2.76) which 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 structure is located.

Type:
The location type may be Regular, Side Structure or Side Structure + Reser-
voir. See 2.3.3 Structure Types definition (p. 72) for details.

Function of Time: The discharge through the structure is specified as a func-
tion of time. The actual discharge time series must be specified in the Bound-
ary Editor (p. 215).
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Function of h and/or Q: The discharge through the structure is defined as a
function of h or Q at two locations (J2 and J1) in the river model: Q = (J2) - J1

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.

Location and Type of Control Point

This section is only available when the regulation is specified as a h/Q func-
tion. 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 h- or a Q-
point.

Regulation Function

This section is only available when the regulation is specified as a h/Q func-
tion. 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
Q/h-relation. This is done by choosing the J2 point as the h-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.

2.3.11 Control Str.

112

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 struc-
ture.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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Figure 2.77  The control structure property page

Location

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.

Type:
The location type may be Regular, Side Structure or Side Structure + Reser-
voir. See 2.3.3 Structure Types definition (p. 72) for details.

Attributes

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

Powering Water Decisions

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

Discharge: This gate type corresponds to a pump.

Radial gate: This gate type corresponds to a Tainter gate. In contrast to
the other gate types a radial gate does not need any information about
head loss factors. Instead a number of radial gate parameters must be
entered, see Radial Gate Parameters (p. 1714).
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o Sluice, Formula: This gate is physically the same as an underflow gate
but instead of using the energy equation a set of flow formulaes are
applied, see Parameters for gate type = Sluice, formula (p. 176).

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 con-
trol strategy defining the variation of the gate level can result in very rapid
changes, which can create instabilities in the computation.

Initial Value
If the Initial Value checkbox is checked the value specified will be used as ini-
tial value

Max Value

If the Max Value checkbox is checked the value specified will interpreted as
the highest possible gate level or in case of a discharge structure the highest
possible pump discharge.

Head loss factors

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

Radial Gate Parameters

The look of the control structure property page when a radial gate is chosen
is shown in Figure 2.78.
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Figure 2.78 The control structure property page when a radial gate has been
selected.

In MIKE 11 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.

Flow through a radial gate is calculated as a function of the flow regime of the
gate (either; ‘Free’, ‘Submerged’ or ‘Transition’). Free and Submerged flow
regimes are calculated individually as described in ‘Hydraulic Aspects -
Radial Gates in the reference manual and flow in the transition zone is calcu-
lated as an interpolated value between the calculated Free and Submerged
flows.

Tune Factor

Discharge calibration factor. The Tune Factor is applied as a multiplication
factor solely on the part of the discharge that flows below the radial gate (not
applied to eventual over topping gate flow).

Height
Height above sill level of the overflow gate crest when the gate is closed, see
Figure 2.79.

Radius
Radius of gate, see Figure 2.79.

Trunnion
Height above sill level of the centre of gate circle, see Figure 2.79.
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Weir Coeff. and Weir Exp.

The two weir parameters are the Coefficient and Exponent respectively used
in the calculation of flow above the top of the radial gate (considered as weir
flow above the top of the radial gate).

Tran. Bottom

The Tran. Bottom parameter is used to define the level where a free flow
regime for the gate changes to a transition zone between free flow and sub-
merged flow regime. Corresponds to y1;ap, gottom @s defined in Hydraulic
Aspects - Radial Gates in the reference manual.

Tran. Depth

The Tran. Depth parameter is used to define the depth (or height) of the tran-
sition zone between free flow and submerged flow regimes and consequently
is used to define the level where the flow regime changes to submerged flow.
Corresponds to y7ran,pepth @s defined in Hydraulic Aspects - Radial Gates in
the reference manual.

Eadius

Height

Trunnion

Figure 2.79  Definition of a radial gate
Parameters for gate type = Sluice, formula

When choosing this type of gate a special set of parameters will be requested
in the upper right part of the control structure dialog. See the following figure:
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Figure 2.80 Sluice gate parameters

With this gate type the flow under the gate is divided into four flow regimes
the choice of which depends on the upstream and downstream water level.
The four flow regimes are:

e CS: Controlled Submerged
e CF: Controlled Free
e US: Uncontrolled Submerged

e UF: Uncontrolled Free

Additionally flow over the top of the sluice gate is taken into account when the
water level up stream and/or downstream exceeds the gate level plus the
gate height.

In short the high limit and low limit parameters are used to smoothen the tran-
sitions between flow regimes and coefficient a and exponent b are parame-
ters for the flow equations. Please refer to the reference manual for further
details.

Control Definitions

The way the gate operation is calculated is determined from a control strat-
egy. 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

Powering Water Decisions 117



TRUE. It is hereby made possible to use different operating policies depend-
ing on the actual flow regime, time etc.

Two things are required to define a control strategy:

1. The conditions that must be fulfilled for the strategy to be executed and

2. the control strategy itself.

The control strategy itself is a relationship between an independent variable
(the value of the Control Point) and a dependent variable (the value of the
Target Point).

An example: Assume that the position of the gate is determined by the down-
stream 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 MIKE 11 there are different Calculation Modes and it is hereby made possi-
ble 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 MIKE 11 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 MIKE 11 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, Control
Type, Target Type and Type of Scaling.

Further some additional details must be defined. We start with a description
of the main parameters.

As seen in Figure 2.77 or Figure 2.78 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. 117) it is possible to make MIKE
11 choose between an arbitrary number of control strategies. These control
strategies are organised using a list of ‘if’ statements. The control 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
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field. In this the user defines the priority of the ‘if -statement by writing an inte-
ger 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 priority 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

o Tabulated: This is the default calculation mode, which determines the
value of the gate level directly (gate discharge in case of a discharge
gate).

e PID operation: This calculation mode corresponds to a PID operated
gate. With this calculation mode the gate level is determined indirectly
using the following equation:

T, T
u" = alK{l+f+%}{yfef—y”} (22)

S

n-2 n-1

T _ _ T -
—azK{l +27"}{yfefl V" K Y Y
S S

where u” is the gate level (or discharge in case of a discharge structure)
at the nth time step, K a factor of proportionality, T; the integration time,
T4 the derivation time, T4 the sampling period, i.e. the simulation time
step, yfef is the required value of the target point at the nth time step, y»
the actual value of the target point at the nth time step, a4, a,, oz are
weighing factors. In this way {y,.s - y} represents a deviation from the
desired situation. This deviation is minimized by the PID algorithm in
(2.2).

The variables K, T4, T;, a1, o> and a3 are entered by the user, see ltera-
tion / PID (p. 133). The rest is calculated by MIKE 11.

e Momentum equation: If ‘Momentum equation’ is chosen the flow
through the structure will be calculated using the momentum equation
instead of the energy equation. This corresponds to ignoring the pres-
ence of the structure. Because of this no calculation of gate level/dis-
charge will take place. Therefore specification of control point, target
point and scale factor has no importance when choosing 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 determina-
tion of the gate level/discharge. In Control Definitions (p. 717) 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 ‘lterative solution’ is chosen as calculation mode
are described in Iteration / PID (p. 133).

Fully open: If this calculation mode is chosen the gate is fully open. For
an overflow gate this means that the gate level will equal the Sill Level
specified by the user. For underflow gates and radial gates if will corre-
spond to the Max Level defined by the user. For a pump this corresponds
to the maximum pump capacity specified as Max Value.

Close: If this calculation mode is chosen the gate is closed. For an over-
flow gate this means that the gate level will equal the Max Level specified
by the user. For underflow gates and radial gates if will correspond to the
Sill Level defined by the user. For a pump this corresponds to a pump
discharge equal to zero.

Unchanged: If this calculation mode is chosen the gate level or the
pump discharge will remain unchanged.

Change with: If this calculation mode is chosen the gate level or the
pumps discharge will change with the amount specified in the Value col-
umn in the Control Definitions data section.

Set equal to: If this calculation mode is chosen the gate level or the
pumps discharge will equal the value specified in the Value column in the
Control Definitions data section.

Tabulated 2D: This calculation mode can be chosen for Discharge gates
and used to control the discharge in the structure from time of year
(dates) and a control point value.

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 calculation.
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 cal-
culation. 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 corre
sponds 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 possible 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.
Hups: Water level just upstream of the structure.
Hdws: Water level just downstream of the structure.
Qups: Discharge just upstream of the structure.
Qdws: Discharge just downstream of the structure.

Vol: The volume of water in a point.



e Volups: The volume of water just upstream of the structure.

e Voldws: The volume of water just downstream of the structure.
o BranchVol: The volume of water in a certain part of a river branch
o Depth: The depth in a point.

e Area: The area in a point.

o DepthUps: The depth just upstream of the structure.

o DepthDws: The depth just downstream of the structure.

o AreaUps: The area just upstream of the structure.

o AreaDws: The area just downstream of the structure.

o ThisGate dh: The water level difference across the structure.

e ThisGate Q_Structure: The flow through the structure.

o ThisGate Gate Level: The gate level of the structure.

o Day of Year: Integer expressing the day of the year at the time of calcu-
lation.

The use of references to the points up- and downstream of the structure and
reference to the ThisGate enables a faster editing of the strategies because
no location data must be entered.

Target Type
Here the type of the target point is chosen.

e h: Water level in a point.

o dh: Difference between water levels in two points.

e Q: Discharge in a point.

o dQ: Difference between discharges in two points.

o abs(Q): Absolute value of the discharge in a point.
e Q_Structure: The discharge through a structure.

e Sum_Q: The sum of flows in points and structures.
e V: Velocity in a point.

o Gate level: The level of a gate.
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Concentration: A concentration of any compound. Note that concentra-
tion can not be used as target type if the calculation mode is chosen as
‘Iterative solution’.

Hups: Water level just upstream of the structure.

Hdws: Water level just downstream of the structure.

Qups: Discharge just upstream of the structure.

Qdws: Discharge just downstream of the structure.

Vol: The volume of water in a point.

Volups: The volume of water just upstream of the structure.
Voldws: The volume of water just downstream of the structure.
BranchVol: The volume of water in a certain part of a river branch
Depth: The depth in a point.

Area: The area in a point.

DepthUps: The depth just upstream of the structure.
DepthDws: The depth just downstream of the structure.
ArealUps: The area just upstream of the structure.

AreaDws: The area just downstream of the structure.
ThisGate dh: The water level difference across the structure.
ThisGate Q_Structure: The flow through the structure.

ThisGate Gate Level: The gate level of the gate.

The use of references to the points up- and downstream of the structure and
reference to the ThisGate enables a faster editing of the strategies because
no location data must be entered.

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 tar-
get point will be scaled with the value of a specified internal variable. See
Control Strategy (p. 130) for a list of the internal variables that can be
used as scaling factors.
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e Scaling with time series. When this is chosen the value of the target
point is scaled with a factor taken from a time series.

Value:
Specific value of a structure change or setting. This column should be edited
only if the calculation mode is chosen as either Change With or Set Equal to.

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 structures in
MIKE 11.

There are four property pages: ‘Logical Operands’, ‘Control- and Target
point’, ‘lteration/PID’ and ‘Control Strategy’.

Logical Operands

Control Definitions E]
 Logical Uperands || Control- and Targetpoint | Control Strateqy | Meration / PID
Branch _ Branch _ Time | Time
Lo Chainage | Name | Comp Chainage | . Use . e |Phase
ODperator| |Pe Name Name Sign | value, Series | Series -
Type| L0 101 oL | Mo s Loz Ts-value Hie Ttem | Shift
1 None H Main 9500 < no 0.0000(,, | [Sum of G |
2 |uene O Q5 Man 10000 WMainGat = |yes 10,0000 (] £:1HD-Test {wave Smin|0 [Gumof gl
3 None ] dH Main 10500 Main 3500 < no 0.0000(]

Figure 2.81 The Logical Operand property page

As stated in Control Definitions (p. 117) 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 MIKE 11 called ‘Logical
Operands’.The logical operands are entered in the Logical Operand property
page, see Figure 2.81. Each row in this table corresponds to a logical oper-
and.

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’-state-
ment 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 chosen as ‘Direct Gate Opera-
tion’. It is not necessary to enter any logical 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.
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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. 128).

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 calculation.
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 cal-
culation. 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 corre-
sponds 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.



Loop number: This is a special type. To illustrate the use, an example is
appropriate: Imagine a situation where a certain water level downstream
of the structure is required, but only under the condition that a minimum
discharge through the gate is maintained. This requires two iteration
loops. In the inner loop (the first one) an iteration will be performed in
which the required water level downstream 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 converged. If the discharge is too low a new iteration takes
place in which it is ensured that the discharge is not smaller than the
minimum required. In order to be able to formulate such a problem in
MIKE 11 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.

TOF: Time Of Forecast. Used to decide if the simulation is in hindcast or
forecast mode.

Hups: Water level just upstream of the structure.

Hdws: Water level just downstream of the structure.

Qups: Discharge just upstream of the structure.

Qdws: Discharge just downstream of the structure.

Vol: The volume of water in a point.

Volups: The volume of water just upstream of the structure.
Voldws: The volume of water just downstream of the structure.
BranchVol: The volume of water in a certain part of a river branch
Depth: The depth in a point.

Area: The area in a point.

DepthUps: The depth just upstream of the structure.
DepthDws: The depth just downstream of the structure.

AreaUps: The area just upstream of the structure.



o AreaDws: The area just downstream of the structure.

o ThisGate dh: The water level difference across the structure.
o ThisGate Q_Structure: The flow through the structure.

o ThisGate Gate Level: The gate level of the gate.

Branch Name LO1: This field contains the name of the branch with the Logi-
cal 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 rele-
vant 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; -
H,) or ‘'dQ’ (Q4 - Q)). The field holds the name of the branch in which the H,
or Q, should be found.

Chainage LO2: This field is only used if the LO Type equals ‘dH’ (H; - H,) or
‘dQ’ (Q - Qy). The field holds the name of the chainage of the H, or Q, point.

Sign: Here the operator used in the logical expression is used. The user can
choose between {<, <=, >, => =, <>},

Use TS-value:

o No: If ‘NO’ is selected the value of the Logical operand is compared to
the value entered in the ‘Value’ field.

o Yes: If ‘Yes’ is selected the value of the Logical Operand is compared 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 situation 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.
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Sum of Discharges
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Figure 2.82 Input page to Sum of Discharges

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

sumof Q = %" fac,Q, (2.3)

i=1

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

Factor: This corresponds to fac;in eqn. (2.3).
Type: This holds the type of discharge to add.
o Discharge in grid point: A discharge in a grid point is selected.

e 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.

e Qups: Discharge just upstream of the structure.
o Qdws: Discharge just downstream of the structure.
o ThisGate Q_Structure: The flow through the structure.

The use of references to the points up- and downstream of the structure and
reference to the ThisGate enables a faster editing of the strategies because
no location data must be entered.

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

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.

Control and Target Point

Control Definitions g‘
Logical Opetands | Control and Targetpoint | Cortrol Stategy | Iteration / PID
Control Type  |H A Taiget Point Type e\ oriss|Fiss)
Branch. Control Point 1 Mair Branch, Target Paint 1
Chainage. Contral Paint 1 9600 Chainage, Target Point 1 e B
Name, Control Point 1 Mame, Target Paint 1
Camp No, Contol Point 1 Comp No. Target Poirt 1
Branch, Control Point 2 Branch, T arget Point 2
Chainage. Contral Paint 2 Chainage, Target Paint 2

Period

Gperster v

Figure 2.83 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. 120).

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 control
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 relevant
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.

Branch, Control Point 2: This field is only used if the Control Type equals
‘dH ‘(H, - Hy) or ‘dQ’ (Q4 - Q). 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’ (Hs - Hy) or ‘dQ’ (Qy - Qo). 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. 128).
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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. 122).

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’
(Hs - Hp) or 'dQ’ (Q4 - 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’ (Hy - Hy) or ‘'dQ’ (Q4 - 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 Target
Type is chosen as ‘Sum_Q'. How to enter the necessary data in this case is
described in Sum of Discharges (p. 128).

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.

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.

Control Strategy

The control strategy page can have two different appearances depending on
the selected ‘Calculation Mode’ on the control structures main page. The
default tabular view for definition of regular control strategies (Target point
depending on one Control Point variable) is presented in Figure 2.84. If the
Calculation mode is selected as ‘Tabulated 2D’ the Control Strategy page will
be presented as shown in Figure 2.85 instead.
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Figure 2.84 The standard view of the Control Strategy property page

Logical Operands | Control-and Targetpoint | Cortrol Strategy | heration / FID
Ho | Time of the year Control point value Type of Scaling
; | 2 ?EEE 1;?;3: 1: ;EEE Sealng. Intemal Variable Scaling. Time Series
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Figure 2.85 Control Strategy page for Tabulated 2D Calculation Mode

Control Strategies are entered in this page either as a relationship between
the value of the Control Point and the value of the Target Point for standard
tabulated control definitions, or as a relation between dates, a control point
variable and the discharge as the target point variable for control definitions
using the Tabulated 2D Calculation Mode. These relationships are defined
table on the left side of the property page.

Also information about eventual 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. 122). Below this field there are two sections: A ‘Scaling, Inter-
nal 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 containing
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 fol-
lowing fields must be filled by the user:
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Variable Type: The type of internal variables that can be used are:

e h: Water level in a point.

« dh: Difference between water levels in two points.

e Q: Discharge in a point.

o dQ: Difference between discharges in two points.

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

e Q_Structure: The discharge through a structure.

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

e V: Velocity in a point.

o Gate level: The level of a gate.

e Concentration: A concentration of any compound.

e Hups: Water level just upstream of the structure.

o Hdws: Water level just downstream of the structure.

e Qups: Discharge just upstream of the structure.

e Qdws: Discharge just downstream of the structure.

e Vol: The volume of water in a point.

e Volups: The volume of water just upstream of the structure.

o Voldws: The volume of water just downstream of the structure.
o BranchVol: The volume of water in a certain part of a river branch
o Depth: The depth in a point.

e Area: The area in a point.

o DepthUps: The depth just upstream of the structure.

o DepthDws: The depth just downstream of the structure.

o AreaUps: The area just upstream of the structure.

o AreaDws: The area just downstream of the structure.

o ThisGate dh: The water level difference across the structure.

e ThisGate Q_Structure: The flow through the structure.

o ThisGate Gate Level: The gate level of the gate.

The use of references to the points up- and downstream of the structure and

reference to the ThisGate enables a faster editing of the strategies because
no location data must be entered

e Branch, Scale Point 1: This field contains the name of the branch with
the scaling point.
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« 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 rele-
vant structure.

e 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.

o 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.

« Chainage, Scale Point 2: This field is only used if the Variable Type
equals dH (H; - Hy) or dQ (Qy - Q,). The field holds the name of the
chainage of the H, or Q5 point.

e ‘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. 128).

Tabulated 2D: When Calculation Mode is defined as ‘Tabulated 2D’, an addi-
tional group-box is visible on the page. Here, it is required that the user
defines the number of lines (dates definitions) and number of columns (con-
trol point value definitions) in order to define the size of the 2D table. Dates in
the first column must be entered in the format yyyy-mm-dd hh-mm-ss. The
top row of all following columns contains the control points variables (e.g. res-
ervoir water levels) and finally the target point values (discharge) as a func-
tion of date and a control point variable must be entered in the remaining part
of the table.

Please note that all table-fields must be filled with numbers. Blank cells are
not allowed.

‘Values taken as yearly variation’. This check-box enables the possibility for
defining control definitions for one year only and these values will then be
repeated using the same variation in consecutive years during a simulation.

Iteration / PID
PID-Section: Here the necessary data is entered if the calculation mode is
chosen as PID-operation.
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Figure 2.86 The lteration / PID property page when calculation mode is chosen as
PID-Operation.

Integration Time, Ti: Corresponds to T;in egn. (2.2).

Derivation Time, Td: Corresponds to T, in eqn. (2.2).
Proportionality Factor, K: Corresponds to K in eqn. (2.2).

Weighting factor for time step 1, a1: Corresponds to a4 in eqn.(2.2).
Weighting factor for time step 2, a2: Corresponds to a, in egn. (2.2).
Weighting factor for time step 3, a3: Corresponds to a3 in eqgn. (2.2).

Iteration-Section: Here the necessary data is entered if calculation mode is

chosen as lterative solution. When making an iterative solution it is necessary
to define some criteria for when the solution is acceptable. MIKE 11 use a cri-
teria that can be expressed like:

TPRequired_ LimitLowS T’DActg TPRequired+ LimitHigh (2-4)

where TPrgquireq is the required value of the target point, TP, is the actual
value of the target point, Limit, ,,, is the amount that the actual value of the
target point can be smaller than the required target point and Limity;gy, is the
amount that the actual value of the target point can be larger that the required
value of the target point.
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Figure 2.87 The lteration / PID property page when calculation mode is chosen as
Iterative Solution

Value -: This field corresponds to Limit; ,,, in egn. (2.4).
Value +: This field corresponds to Limity;g, in eqn. (2.4).

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 interpreted as absolute values. If ‘Rela-
tive’ 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
downstream of the gate and the requested value of the Target Point is 20.
Limit, 5, 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 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 dur-
ing 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.

2.3.12 Dambreak Str.

General

Most dambreak setups consist of a single or several channels, a reservaoir,
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.
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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-sec-
tions are changing rapidly.

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 high-
est 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 characteris-
tics, 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 hydro-
graphs are specified.

The description of the reservoir storage is carried out directly in the pro-
cessed data. The only columns which contain 'real' data are those containing
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 reser-
voir).

The cross-sectional area is set to a large finite value. It is only used when cal-
culating 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 2.88.
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Figure 2.88 Typical setup for dambreak simulation

The dam

At the Q-point where the dambreak structure is located, the momentum equa-
tion is replaced by an equation which describes the flow through the struc-
ture. 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 deter-
mine 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 chainages 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 2.88.

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 reser-
voir 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 sepa-
rate 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
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Figure 2.89 The Dambreak structure property page

This Dambreak structure property page is used for inserting dambreak struc-
tures in a given network. The property page (see Figure 2.89) 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.

Type: The location type may be Regular, Side Structure or Side Structure +
Reservoir. See 2.3.3 Structure Types definition (p. 72) for details.

Breach Calc. method

The calculation of the dam break may be carried out using either the energy
equation or alternatively the National Weather Service (NWS) dambreak
equations. Only the former allows the breach to be erosion based. If the latter
is chosen the type of the initial breach must also be selected. The choices are

e Breach failure: The dam break initiates as a breach of the crest.

o Piping failure: The dam break initiates as a piping failure. The shape of
the pipe being trapezoidal.
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Dam Geometry
Crest Level: The crest level of the dam before failure.

Crest Length: The crest length (perpendicular to the flow) of the before fail-
ure.

Limit for Breach Development
Not applicable to the NWS calculation routines.

e 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. 169).

e« Topo ID: Topo ID applied when using a limiting section in the cross sec-
tion file

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

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

o 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. Only required for the energy loss method.

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 num-
ber of hours after the start of the simulation.

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. Addi-



tionally if a NWS piping failure is selected the top level of the pipe must
also be specified. This specification takes place through the Boundary
Editor (p. 215).

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.

ﬁ Note that the erosion based method is only available when selecting the
energy equation based calculation mode.

Time Step Control

This feature is only applicable when using a fixed time step. At the specified
time after failure the time step is multiplied with the given factor and the
remainder of the simulation is carried out with the new increased time step.

o Time after failure when changing the time step: Time for the increase of
time step relative to the failure time and specified in hours.

o Factor by which the time step is multiplied: Time step amplification factor.
The factor must be larger than one corresponding to an increase in the
time step.

It is recommended to use an adaptive time step as an alternative to this fea-
ture.

Making dambreak simulations

Initial Conditions
In many cases dam failures occur on a dry river bed downstream. However,
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 downstream
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 specified fail-
ure reservoir level (i.e. failure will not occur during the generation of the
steady- state hot start file). Initial conditions (h and Q) for this 'hot start’
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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 = con-
stant = lateral inflow at the downstream boundary). If this file (*.res11 or
*.res1d) 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 instabilities. A
time step of the order 1-10 minutes is suggested.

2.3.13 Dambreak Erosion
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Figure 2.90 The Erosion property dialog

This dialog (Figure 2.90) is accessed from the Dambreak Str. (p. 135) prop-

erty page in the Tabular view: Structures (p. 71) by pressing the [Esion Parsmeters. ] .
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 sedi-
ment 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.
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River Network Editor

o 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.

Material Properties
o Grain Diameter: Representative grain diameter of the dam core material.

o 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).

o 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 geometry
limit, which is defined by

o 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.

o 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:

1. as a breach starting at the top of the dam

or
2. as a piping failure through the dam.

Breach Failure
o Initial Level: The level of the breach develops in one time step as an ini-
tial breach shape.

o Initial Width: The width of the breach develops in one time step as an ini-
tial breach shape.

Piping Failure
o Starting Level: The level at which piping failure begins to occur.

o Initial Diameter: The diameter of the piping breach which develops in one
time step as an initial breach shape.
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e Roughness: Pipe roughness used to calculate the Darcy friction factor.

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 vol-
ume loss ratio is the fraction of the material to be washed out immedi-
ately after collapse.

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

Dambreak geometry output

When the Limiting Section is applied it is possible to activate a feature which
creates an ASCII output file after completion of simulation. The ASCII file will
contain the final dambreak geometry and it is hence possible to verify which
shape has been obtained after simulation.

The ASCII file can be generated as follows: Create an empty text-file in the
data-folder where the sim11-file is located. Name of the text file must be
‘DBFinalCrossSection.txt’. If this file is present in the data folder, and the Lim-
iting section is active, then the final dambreak section geometry is written to
the text-file using the format of a cross section ASCII file. It is therefore possi-
ble to import the ASCII file into a cross section file to view the shape of the
section at the dambreak location.
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2.3.14 User Defined Structure

144

W vida06-3.nwk11:2 =loix|

- Overview

dvemiew ] | -Detais
= Metwork, Mame Chainage D Type

Paints [369) [ Reqular =] | Ediesevai..
Branches (10) I I ! I =
Alignment Lines (4] Array 1 Integers Doubles Pointers

Junctions [1] | b1 | D D River | Chainage

i |
[ Shuctuies y
1 1 |-09990 1 1 0 Grid
weis (8] ‘ |

Cubverts (1]
Eridges (5]
Fump 2]
Fregulating (1] ‘ | ‘ »
Contral St 4]

Dambreak. S, {0 Misc,
User defined (1] I
Tabulated Structures (1]

Energy Lass (0]

Hydraulic Caniral [MIKE 12..
- Fouting

- Funalf/ groundvater inks

- iid poins ll | »

Branch | Chainage D
0

=

Figure 2.91 The User Defined Structure property dialog

The user defined structure is available to create customised structures in
MIKE 11. However, the potential application goes beyond this, allowing for
the customisation of almost any specialist application or modification to
MIKE 11.

When activated, the user defined structure will access a DLL (Dynamic Link
Library) written by the user. The Network Editor interface contains a number
of variables that can be used in the DLL. In addition, the DLL can access any
variable in MIKE 11 through several records.

MIKE 11 is written in PASCAL using Borland DELPHI. Any code written must
be compatible with the compiled unit files (DCU) provided. The easiest way to
ensure this is to have Delphi and write your programs in PASCAL.

Please contact your local MIKE support office for use of user defined struc-
tures.

For more information, see the Reference Manual.
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2.3.15 Tabulated Structure
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Figure 2.92 The Tabulated Structure property dialog

The Tabulated Structure property page is used for defining a structure regu-
lated by a user defined relation between the discharge through the structure
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 2.92)
whose functionality is described below:

Details

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

o Chainage: Chainage at which the structure is located.

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

o Type: The location type may be Regular, Side Structure or Side Structure
+ Reservoir. See section 2.3 Tabular view: Structures for details

e Calculation Mode:
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— Q=f(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 downward direction
and the downstream water level must increase in the right direction.
The discharge can not increase in the right direction and it can not
decrease in the downward direction.

— HU/S=1{(h DIS, Q): The upstream water level is given as a function
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 corre-
sponding 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.

— HDIS=f(h U/S, Q): The downstream water level is given as a func-
tion 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 correspond-
ing downstream water levels must be tabulated.

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.
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2.3.16 Energy Loss
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Figure 2.93 Energy Loss property page dialog

The Energy Loss property page is used to define energy losses associated
with local flow obstructions such as sudden flow contractions or expansions
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:

Q 2
ZgA2

AH = ¢

(2.5)

in which AH is the energy loss, g is the acceleration of gravity, Q is the dis-
charge 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:

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

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

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

o« 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.

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

o 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.

o 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 a solution
of the St. Venant equations, which requires cross section information. How-
ever, if such is not available routing may be an alternative. There are per
default no water levels calculated in routing branches. The concept of routing
is basically transformation of 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 as function of various user-defined routing elements with
specific characteristics and hence able to transform an inflow to a different
outflow with e.g. different peak value and adjusted shape of the hydrograph.
Typically such a routing element represents a reach of a river or a flood con-
trol 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 defined as either “Kinematic Routing” or “Routing”. See section 2.2.2
Branches (p. 60).

Any number and combination of routing components are allowed. If no rout-
ing 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. However, additional inflow can also be added as the run-
off from a catchment.

A routing component is any of the data types described in the following sec-
tions.The order of the routing components are determined by the chainage of
the components.
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Routing can be combined with normal hydrodynamic simulation such that in
some branches routing is applied while in others hydrodynamic simulation 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.

In order to make a hydrodynamic simulation, MIKE 11 requires a cross sec-
tion file and a HD parameter file, i.e. if routing is applied in all branches then it
will be required to create an empty cross section (.xns11) and a HD parame-
ter file (.HD11) with e.g. default values, and reference made to these in the
simulation editor.

If the upstream end of a routing branch has no connection to other branches
a discharge boundary condition is required at this location. This also applies if
inflow is only to be supplied as catchment runoff. In such case a dummy dis-
charge boundary condition with Q=0 must be specified.

ﬂ Note: The following sections describe a number of different Routing options
in MIKE 11. However, it is important to note that only the ‘Kinematic Routing

option (section 2.4.6) is included in a ‘standard’ MIKE 11 license.
Other options described (sections 2.4.1 through 2.4.5) are only developed as
part of a dedicated MIKE 11 Japanese version and as such only visible and
possible to activate for users who have purchased the required modules in
their MIKE 11 license. If the required modules are not present in the license,
these dialog entries will not appear when opening the Tabular View of the
Network Editor.

241 Channel routing

The dialog for specifying the parameters for channel routing is shown in
Figure 2.94. (Only visible and applicable is a special M11-Japanese module
is included in the actual MIKE 11 license).
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Figure 2.94  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 ref-
erence for more details.

Alpha, P, ALR, SR and ANR: Parameters for kinematic wave. See technical
reference for more details.

ﬁ NOTE! The Non-Linear Storage Function method includes a number of
default '’Advanced’ variables which are editable for the user through the
MIKE11.ini file. These variables comprise; 'Error1’, '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 2.95. (Only visible and applicable is a special M11-Japanese
module is included in the actual MIKE 11 license).
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Figure 2.95 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, VMAX: 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.

243

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 2.96.
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Figure 2.96 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, other-
wise 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 outflow.

ﬁ NOTE! The Flood Control H-q / H-V method includes a number of default
’Advanced’ variables, which are editable for the user through the MIKE11.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 2.97. (Only visible and applicable is a special M11-Japanese
module is included in the actual MIKE 11 license).
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Figure 2.97 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.

2.4.5 Diversions

The dialog for specifying the parameters for a diversion is shown in
Figure 2.98. (Only visible and applicable is a special M11-Japanese module
is included in the actual MIKE 11 license).
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Figure 2.98 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 calculated.
However, using the diversion facility the user is allowed to specify 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.

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 ele-
ments has to be applied. Figure 2.99 shows how this is done when a branch
splits into three branches.
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Artificial branch

Splitting into-three branches Adding an-artificial branc
is not allowed for routing branches. allows for splitting into

three branches
Figure 2.99  Splitting routing branch into three branches

2.4.6 Kinematic Routing Method

Kinematic Routing can be used to model the hydraulics of upstream tributar-
ies 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 facilitates 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 infor-
mation on cross-sections. In turn, this indicates that Kinematic Routing
branches can not be used to model a looped part of a river network. Employ-
ment of Kinematic Routing branches requires that all branches 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
Jriver [1380 | | |Pasitive =] 10000 Kinematic Fouting Jag

Figure 2.100 Definition of Kinematic Routing branches
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Figure 2.101 Definition of Kinematic Routing elements

The dialog used to define a Kinematic Routing branch is shown in
Figure 2.100, while the dialog used to define Kinematic Routing elements is
shown in Figure 2.101.

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.

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

o K: Time scale describing the travel time of the water through the Kine-
matic Routing element in question.

e 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 com-

putes the spatial variation of K and x, cf. above, the intention being to approx-
imate the diffusion of a natural flood wave.
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No transformation: Employment of this option indicates that the flood wave
is not transformed in passing the Kinematic Routing element in question.

Water Level Computation

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

section editor.

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

2.5 Tabular view: Runoff / Groundwater Links

This section gives details of how to implement possible links to a rainfall run-
off model or linkage to the groundwater model MIKE SHE.

2.5.1 MIKE SHE Links
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Figure 2.102 MIKE SHE links dialog
Include all branches

If this button is pressed all branches included in the MIKE 11 set-up are cop-
ied to the MIKE SHE coupling page. Branches that should not be in the cou-
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pling can subsequently be deleted manually and remaining specifications
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 specifica-
tions.

Location

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.

Leakage

Exchange Type

3 different River - Aquifer types of exchange between surface water and aqui-
fer are available (described in the technical documentation of the MIKE SHE
User Manual); Aquifer Only, Aquifer + Bed, River Bed only.

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 for the conduct-
ance calculation is either ‘Aquifer + Bed’ or ‘River Bed only’.

Linear Reservoir Exchange

When applying the Linear Reservoir mode for Saturated Flow in MIKE SHE,
exchange between the river and the baseflow can be defined individually in
coupling reaches as either a Gaining reach or a Losing reach. That is, only

one-directional exchange is possible for this option.

e Gaining Reach
In Gaining Reaches, the river receives baseflow from the baseflow reser-
voirs in MIKE SHE

e Losing Reach
In Losing Reaches, the river will exchange water to the baseflow reser-
voirs in MIKE SHE as a function of the Leakage coefficient, Water depth
in river, Bank width and length of the coupling reach.



Tabular view: Runoff / Groundwater Links ;

Weir data for overland-river exchange

When the Weir formula option has been selected in MIKE SHE for Overland-
River exchange calculation in MIKE SHE, the overland spilling will be calcu-
lated using Weir Formula 1 and weir equation parameters must be defined for
each coupling reach.

Weir Coefficient and Weir exponent
These parameters refer to the Weir coefficient and exponent in the Weir For-
mula 1 (see MIKE 11 Reference Manual, Weir formula)

Minimum upstream height above bank for full weir width

In the Weir Formula 1, when upstream water depth above the weir
approaches zero, the flow over the weir becomes undefined. To prevent
numerical problems, the flow is reduced linearly to zero when the water depth
is below the minimum upstream height threshold.

Allow overbank spilling

Activate this checkbox to allow overbank spilling from the river to the overland
grid cells. If left unchecked, the exchange of overland flow is only one-direc-
tional. That is, from the overland flow to the river.

Minimum flow area for overbank spilling

The minimum flow area threshold prevents overbank spilling when the river is
nearly dry. The flow area is calculated by dividing the volume of water in a
coupling reach by the length of the reach. If the calculated flow area is less
than the threshold value, overbank spilling from the river to the overland flow
is excluded.

Inundation

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 spilling
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 h-points and individual model grids in
MIKE SHE. Subsequently a simple flood-mapping procedure is adopted to
calculate water stage on the ground surface (in MIKE SHE). The flood map-
ping procedure simply compares simulated water levels (in an h-point) with
the ground surface elevation in reference grids. If the water level is higher

Powering Water Decisions 159



than the ground surface elevation, flooding occurs. The reference system
between h-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 h-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 formulations
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 topo-
graphic 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 rivers,
lakes etc. is not too complex. Thus, for instance, if a large wide river with-
out 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.

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.



A

Flood Code
Specification needed when the automatic or manual flood area option is cho-
sen.

As described above the coupling reach floodcode is used for mapping MIKE
SHE grids to MIKE 11 h-points, and for the automatic option also for generat-
ing 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 cho-
sen.

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

o 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 (eleva-
tions) 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
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 meander-
ing, 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 subse-
quently retrieve and check the resulting ground surface topography
(using the MIKE SHE Input Retrieval tool). If needed the retrieved ground



surface topography (T2 file) can be modified (MIKE SHE Graphical Edi-
tor) 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 ele-
vation data of the flood areas is more detailed than the regional ter-
rain 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 cho-
sen.

As described in the technical documentation the infiltration/seepage of MIKE
SHE flood grids is calculated as ordinary overland exchange with the satu-
rated or unsaturated zone, either using full contact or reduced contact with a
specified leakage coefficient.

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 corresponding
river-aquifer Exchange Type and Leakage Coefficient specified for the actual
coupling reach.

o 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).

o Useriver 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.
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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.

2.5.2 Rainfall-runoff links
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Figure 2.103 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 on the river network.

Catchment Definitions
Name: Name of input catchment.

Area: Catchment area. The area may be used to distribute Runoff from one
catchment to multiple reaches.

Connection to Branches
Branch Name: Name of the river branch for catchment inflow.

Upstream and Downstream Chainage: The catchment inflow can be uni-
formly 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.
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Overview
The dialog supplies a tabular overview of the catchment and connection

details, which have been entered manually one by one.

Tabular View: Grid Points
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Figure 2.104 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 preventing result
files from becoming too large).

The page has no influence on the simulation results and is only for informa-
tion purposes (i.e. the user is not required to the press 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.
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A

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 must
ensure the correct options are selected in the Network Settings Dialog.

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 2.4 Description of the three levels of output in the tree view

Level in tree
view (right
hand part)

Content of the list view (left hand part)

Setup

Branches:
h:

Q:

h*:

Q"

Total number of branches

Total number of h-points

Total number of Q-points

Total number of selected h-points

Total number of selected Q-points

Filename.nwk11

Branches

Branch Name:
US Chn:
DS Chn:

Length:
h:

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.

h or Q.
Several types of information are possible:

The “-“ symbol in an h-point row indicates that
no cross section is present at this location
(i.e. the h-point is generated by interpolation
between neighbouring cross sections to fulfil
the maximum delta-x criteria).
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i ) River Network Editor

Table 2.4 Description of the three levels of output in the tree view

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

The “-* symbol in a Q-point row indicates this
is a standard Q-point where the momentum
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.
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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, hydraulic/resist-
ance radius). The processed data can be calculated by the cross section edi-
tor or entered manually.

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

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

« Chainage: River chainage of cross section.
Refer to one of the following sections for more Information:

e 3.1 Raw Data View (p. 169)

e 3.2 Processed Data View (p. 196)

e 3.3 Importing Cross Sections using File Import (p. 203).

e 3.4 Exporting Cross Sections using File Export (p. 209)

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. This also includes mov-

ing points parallel or by distance, the version manager, and interpolation of
raw cross section data.

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.

o 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 dimensional
steady state solver with vegetation).

3.1.1 Cross Section header data

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 Raw data,
Tree View).
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Cross section ID

An individual identification tag for each cross section may be entered here.
This tag is subsequently displayed in MIKEView and does not influence the
calculations.

Section Type
The type of section is set here. Four options are available:

e« Open section:
The typical setting for river cross sections.

o Closed irregular:
Closed sections with arbitrary shape.

o Closed circular:
Closed circular section shape where only the diameter must to be
defined.

e Closed rectangular:
Closed rectangular section, where Width and height must be defined.

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

¢ Resistance Radius:
A resistance radius formulation is used.

o Effective Area, Hydraulic Radius:
A hydraulic radius formulation where the area is adjusted to the effective
area according to the relative resistance variation.

o Total Area, Hydraulic Radius:
A hydraulic radius formulation where the total area is equal to the physi-
cal cross sectional area.

Datum

A datum value may be entered here. The Datum is normally used for adjust-
ing the levels of the cross sections such that they conform with a specific ref-
erence datum in the model area. The Datum value is added to all vertical
coordinates in the tabular view and the levels of the calculated processed
data hence, includes the Datum level as well.

Coordinates

Plan coordinates may be entered here for the left and right end points of the
cross section. If non-zero values are defined the values are used in the
graphical view of the network to display the cross section width and addition-
ally - if the ‘Apply coordinates’ tick-box is enabled - determines also the
extent of cross sections in the HD Mapping routine (see section 6.11 Maps
(p- 335) in HD Parameter Editor section).
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Correction of X-coor

This feature 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 centre line of the river.

The correction angle can be automatically calculated from the river centre
line defined in the graphical network editor and the section plan coordinates
by activating the ‘Calculate angle’ button. Note that this button requires that
the simulation file is open, a network file and a cross section file are defined
in the simulation editor and that georeferenced coordinates have been
applied as described above.

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. = XcosO (3.1)

cor

where 0 is illustrated below

o Cross sectional profile

Thalweg

0
Figure 3.2 Definition sketch of the correction angle

Please note that the correction of X-coordinates is not reflected in a change
of raw data x-coordinates but only reflected in the calculated processed data
(adjusted widths, etc.)

Morphological Model

A level of divide can be entered. This level of divide has two purposes:

1. To identify a level where flood plains and the main channel are sepa-
rated. This feature will be used in a morphological sediment transport
simulation to distinguish the morphological active main channel part from
the flood plain part of the cross section where morphological changes
does not occur. In such a simulation, an internal division in a main chan-
nel part and a flood plain part of the section will be made at the x-coordi-
nates corresponding to the Divide level z-value and eventual
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morphological changes will only be applied in the main channel part of
the section.

2. The second functionality of the Divide level is that it can be used for acti-
vating the flood plain Resistance feature in a hydrodynamic simulation,
where a uniform resistance value can be applied in a section above the
level of divide as described and specified in Section 6.15 Flood Plain
Resistance (p. 351).

Resistance numbers

In this section of the raw data window the user chooses to how to deal with
bed resistance. Two choices have to be made:

Transversal distribution
This transversal distribution defines the description of resistance across the
cross section. There are three choices:

1. Uniform:
A single resistance number will be applied throughout the cross section

2. High/Low flow zones:
Three resistance numbers are to be specified: 1) Left high flow resist-
ance applying between marker 1 and 4. 2) Right high flow resistance
applying between marker 5 and 3, and 3) Low flow resistance applying
between marker 4 and 5. If marker 4 and 5 do not exist the low flow
resistance number will apply throughout

3. Distributed:
The resistance number is to be specified for each X,Z data set in the raw
data table.

Resistance type
Multiple options exists for defining the desired type of resistance method in
cross sections.

ﬂ Important notice on selection of Resistance number type and actual resist-
ance numbers applied in cross sections in simulation:

Resistance numbers can be defined as Global or spatially distributed (local
values) through the HD Parameter Editor (see section 6.3 Bed Resistance
(p- 315)). However, if specific resistance numbers are defined in one or more
cross sections as either Manning’s n, Manning’s M or Chezy number values
then these numbers will have first priority and overrule any resistance values
defined in the HD11-file

The following choices of Resistance types are available:



o Relative resistance.
The resistance is given relative to the resistance number specified in the
.hd11 file (HD parameter file). Resistance numbers higher than one
always corresponds to higher physical resistance than specified in the
.hd11 file (i.e. independent of the choice of resistance number type in the
.hd11file).

e Manning’s n:
The resistance number is specified as Manning’s n in the unit s/m(1/3),

e Manning’s M:
The resistance number is specified as Manning’s M in the unit m(1/3)/s,
(Manning’s M = 1/Manning’s n)

e Chezy number:
The resistance number is specified as Chezy number in the unit m(1/2)/s.

o Darcy-Weisbach (k):
The resistance is specified in the form of an equivalent grain diameter.

Darcy Weisbach additional parameters

If the Pasche vegetation calculation module is included with the installation
(license required) the user has the choice of including the effect of vegetation
on the flood plains. To activate the vegetation calculation the resistance type
should be chosen as Darcy-Weisbach and the small tick-box next to the
resistance type should be ticked. This will activate a small edit button. This
edit button will in turn grant access to a dialog from which the vegetation
parameters for the left and the right flood plain may be set (Figure 3.3).

Rezsiztance numbers

Tranzwersal Distribution | High/Low flow zones v |

Fesiztance Drarcy-wieizbach [k] ol

Figure 3.3 The setting of the Darcy-Weisbach resistance. The ‘Edit’ button is only
active if the tick box next to it has been ticked

The vegetation parameters for the Pasche resistance formula are set within

the ‘additional resistance due to vegetation’ dialog. The parameters which are

required are (fig.Figure 3.4)

e Theriver slope

e The shape parameter (1 for a rectangular cross section, 1.2 for a trape-
zoidal cross section)

Further for each of the two flood plains the following average values are
needed

e The vegetation diameter (Dp)
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o The distance between the vegetation elements in the flow direction (Ax)

o The distance between the vegetation elements perpendicular to the flow
direction (Ay)

Additional resistance due to vegetation
Slope | 0.005] Shape parameter | 1.2
Wegetation Parameters
A Ay Dp
Left Flood plain 1.000000 10,000000 0,700000
Right flood plain 1.000000 §.000000 0,500000
[ [o]4 ] [ Cancel ]

Figure 3.4  The additional parameters to be entered for the Pasche resistance
formula

The import and export functionality from ASCII files (see section 3.3) also
functions with the additional vegetation parameters.

To import the additional parameters the text file should have the line with the
RESISTANCE NUMBERS augmented with the additional 8 parameters spec-
ified in the order:

Ax(left) Ay(left) Dp(left) Ax(right) Ay(right) Dp(right) slope shape

To make bulk changes (multiple cross sections) to these parameters there
are two options:

1. Use the ‘apply to all/selected’ to change the 8 parameters

2. Use the ‘Resistance number interpolation...” method.

3.1.2 Raw data, Tree View

The tree view presents the hierarchy of cross sections in the cross section file
grouped in a tree with river names as top level, Topo ID’s as secondary level
and river chainages as the lower tree view level.

Selecting a river branch, Topo ID or cross section with the mouse and press-
ing the right mouse button will open context sensitive pop-up menus with
different features for editing content of either individual cross sections or the
entire cross section file presents the pop-up menu. Figure 3.5 presents the
context sensitive pop-up menu’s appearing for Branches/Topo ID’s and single
chainages respectively.
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Cross Section Editor

Inzert... Inzert...

Delete... Insert interpolated. ..
Rename... Delete...

Copy... Rename...

Dr 4 e

— Select [ Unselect
Unselect Al

Figure 3.5 Tree-view context sensitive pop-up menus activated through the right
mouse button click. A menu similar to that on the left (but also including
the ‘Combine’ command) appears if opened at the Branch or Topo ID
level, whereas the right menu appears when opened from a chainage
value (individual cross section)

The following editing facilities are available from the context sensitive pop-up
menus:

Insert...

Once the ‘Insert...’ facility is selected from either the Branch, Topo ID or Sec-
tion part of the tree view, the Insert branch dialog as presented in Figure 3.20
is activated. Through this dialog it is possible to insert either a new River
Name, a new Topo ID and/or a new sections defined by a chainage of a cross
section.

Insert Interpolated

This feature is only available when activating the pop-up menu from the cross
section/chainage level of the tree view. The cross section editor gives the
user the possibility of inserting interpolated cross sections in a given set-up.
When selecting this feature a separate dialog appears.

Insert Interpolated Cross Sections =

River name [River] 23 Topo D [2004

" Single section at chainage

With max. distance

I—
' Multiple sections
I—

1]

500
From existing cross section ID.DDD VI
To existing cross section IEDD‘I .ooo VI

[V Calculate processed data
[T Estract cross section informations from river editor
[V Include existing interpolated cross sections in interpolation

()8 I Cancel |

Figure 3.6 The Insert Interpolated Cross section facility from the Raw Data, Tree
view

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
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between the interpolated cross sections must be defined, and additionally,
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.

o Extract cross section informations from river editor:
Checking this the interpolated cross section will be updated with respect
to marker positions and zone classifications according to the alignment
line information in the network editor. Corresponds to the button called
"Update Zone Classification" in the raw data dialog.

¢ 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.

Delete...

From the pop-up menu it is possible to delete either an entire river branch, a
single Topo ID within a river or a single cross section. Once activated, the
delete-feature will present a confirmation message-box where the user must
confirm the deleting of selected item by pressing Yes.

waning x|

Delete chanage ?

fes Mo |

Figure 3.7 Confirmation box for deletion of cross section

If one or more sections have been selected, a different option dialog appears
where the user must define whether the Delete action shall include e.g. only
the selected sections within a branch or all of the sections within that branch
as illustrated in Figure 3.8.

x
" River
" Selected cross sections in thiz river
7 Selected cross sections in all rivers
()8 I Cancel |

Figure 3.8 Delete sections option dialog from Raw data, tree view
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Rename...

It is possible to rename River names and Topo ID’s or even rename/change
the chainage of a section through the ‘Rename’ facility. When activating the
Rename dialog from the pop-up menu in one of the tree view levels it is pos-
sible to change either name strings for the river name and/or Topo ID or
chainage-values for a river section, see Figure 3.9.

x
r— Current name

River hame : IHiver1 23
Topo D : |2003

— Mew name

River name : IHiver2
Topo D : |2DD4|

()8 I Cancel |

Figure 3.9 Rename feature dialog from Raw data, tree view

Copy...

The Copy facility makes it possible to copy a single cross section, a Top-ID or
a an entire River branch to a different name/location. The copy dialog
requests a Topo ID, branch name and chainage before copying the cross
section.

If one or more sections have been selected it must be selected in the Copy
dialog whether the copy-function shall include all sections or only the
selected ones as illustrated in Figure 3.10.

Copy branch =

r— Crozz section type
' Copy all cross sections

" Copy selected cross sections

— From

River hame : IHiver1 23
Topo D : |2DD4

~To
River hame : IHiver1 23
Topo D : |2DD4

()8 I Cancel |

Figure 3.10 Copy facility dialog from Raw data, tree view
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Combine...

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 combin-
ing cross sections at chainage locations where two sources of cross section

data exist. The dialog which appears once Combine is selected is presented
in Figure 3.11.

Combine profiles =

Combine profiles from branch: IHiver3
Topo ID of DEM profiles: ITestDem 'l
Topo ID of SUR profiles: 2002 VI

Topo ID of combined profiles: Combined

Marimal difference: |1
Synchronize to: IEenter [mark 2] 'l

()8 I Cancel |

Figure 3.11  Combine cross section profiles dialog from Raw Data, tree view

A typical example occurs when combining survey cross sections (SUR) with
digital elevation model sections (DEM). A DEM is typically used to extract
sections from broad flood plains while survey data is used to obtain accurate
topographical data for river sections. The combine feature will produce a
composite section including both data-types and the combined sections can
be saved with a new, user-defined Topo ID.

The top non-editable edit-field presents which river branch has been selected
for combining sections. The following information shall be defined in the dia-
log.

o Topo ID of DEM profiles:
Topo ID of the DEM data or alternative first sections to be applied in com-
bined in new generated Topo ID.

e Topo ID of SUR profiles:
Topo ID of the SUR data or second part of sections to be plied in com-
bined in new generated Topo ID.

o Topo ID of combined profiles:
Topo ID of the combined sections. New combined section will only be
created at locations where corresponding chainages exist in both the
DEM and SUR Topo IDs.

« Maximal difference:
The Maximal difference is the tolerance limit within which sections in
DEM and SUR Topo ID are considered to correspond.
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e Synchronize to:
Specifies the method for combining sections. Currently only one option is
available: Centre (Mark 2) as illustrated in Figure 3.12.

1.0

0.0

-1.0

-2.0

0.0 100.0 2000 300.0 400.0 a0o0.0o

Figure 3.12 Centre (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

Select / Unselect

The tree view in the raw data dialog provides a feature for selecting cross
sections. Most features such as deleting, renaming, copying, processing and
plotting can be applied on either all cross sections in the file or on selected
cross sections only. Cross sections which are selected are marked in the tree
view with chainage in bold. Individual cross section can be selected in five
different ways:

1. Double-click on the chainage in the tree view.

2. <Ctrl>+click on the chainage in the tree view.

3. Press space bar while the chainage in the tree view is in focus.

4. Choose "Select/Unselect" in the context sensitive pop-up menu appear-
ing for Section chainage level in the tree view.

5.  The pop-up menu at River name or Topo ID level in the tree view con-
tains items for selecting or unselecting all cross sections in a River name
or Topo ID.Raw data, Tabular view

The tabular view is only visible 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:
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X
This column contains the transversal coordinates of the raw data.

Z
The vertical coordinates of the raw data.

X and Z pairs can be typed in manually, or can be imported from a text file as
described in section 3.3 below. A third alternative is to Copy and Paste the
two columns from a spreadsheet (either together or one by one); you need to
highlight the column header X or Z before pasting.

Resist.

This column is used for setting relative resistance or it may be used for set-
ting local values of Manning’s M or n, Chezy number or the equivalent grain
diameter. The selection depends on the setting in the resistance combo box
(see Figure 3.13).

j

M anning's n
Manning's M

Chezy number
Darcy-Wweighach (k]

Figure 3.13 Resistance combo box

Mark

The column is used for setting the markers 1 to 7 and eventual additional
user defined marks. Clicking an element in the ‘Mark’ column opens a marker
dialog as shown below from which a requested marker number can be
assigned for the selected raw data coordinate set (x,z).

x
[ (1) Left levee bank ™ (3] Right levee bank.
™ [4) Left lows flow bank ™ [5) Right low fow bank.

" (6] Left coordinate marker [ [7) Right coordinate marker

™ [2) Lowest point

[T User marker ID c i
ance |

Figure 3.14  Select marker dialog box

A number of markers may be set in this dialog:
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e Left and right levee bank (Markers 1 & 3):
Defines the extend or the active part of the cross section used for the cal-
culations. Default placement of Marker 1 and 3 is to apply marker 1 in the
very first point in the raw data (x4,z4), and Marker 3 at the very last point
of the raw data (Xs1, Zjast)- HOwever, placing any of these markers at dif-
ferent locations will limit the extent of the active part of the cross section
such that only the part of a cross section in between markers 1 and 3 are
included in the simulation (that is, Processed data are only calculated for
cross section data in between these markers).
Note: Marker locations must be defined such that Marker 1 is defined
before Marker 3 in the raw data table.

e Left and right low flow bank (Markers 4 & 5):
Defines the extent of the low flow channel. The markers have an effect
on the calculation of the processed data integration. The section is inter-
nally divided into three major ‘slices’ at markers 4 and 5 positions and the
resulting processed data for such a section is a sum of integration results
of three sub-parts of the section instead of calculating a result from one
single, large section.

o Left and right coordinate markers (Markers 6 & 7):
Defines the points in the cross section corresponding to the coordinates
used for determining the correction angle.

o Lowest point (Marker 2):
The lowest point of the river may be set using this marker. Marker 2 set-
tings does not affect the calculations at all.
Marker 2 is primarily used through the network editor for presentation of
longitudinal profiles as well as placement of cross section lines if section
coordinates are not defined. Additionally, marker 2 is used for Longitudi-
nal profiles and other post-processing features of results in MIKE View
and hence, it is recommended to define the correct position of marker 2
in all sections.

o User marker:
Any number above 7 may be used as a user marker. User markers do
not impact the simulation results. They are an option for indicating a spe-
cific point in a cross section e.g. the location of the measurement gauge.
To remove a user marker set the numeric value to 0 and deselect the

apply flag.

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:

e Normal: A normal zone.
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o Dead water: A user defined dead water zone.
e Vegetation zone: A vegetation zone not at the bank.

« Bank vegetation: A vegetation zone adjacent to the bank.

Please note that the calculation kernel of MIKE 11 does not allow vegetation
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.

3.1.3 Raw data, Graphical View

The graphical view presents either a single plot of a selected cross section or
eventually a number of plots from different sections (‘active’ and ‘passive’
cross sections). The graphical plot represents the values defined in the tabu-
lar view and eventual changes in the tabular view for a section is immediately
presented graphically as well.

Toolbar icons

Two toolbar-icons for graphical editing are available once the raw data graph-
ical view is activated, See Figure 3.15. Simply activate the graphical view by
clicking with the mouse in the view.

laaezE |2z =& |

Figure 3.15 Raw data Graphical view, Toolbar Icons
Listed from left the icons presented in Figure 3.15 are as follows:

e Zoom In:
Enables zoom in of graphical view

¢ Zoom Out:
Zoom out to full extent of all sections visible in view

e Previous zoom:
Zoom to previous

e Next zoom:
Zoom to next (active if Previous zoom has been activated one or more
times)

o Draw Grid:
On/Off switch for the drawing of a grid in view
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e Undo:
Undo facility for the last graphically edited point

o Select:
Selector of point in the graphical view. When clicking on a point in the
graphical view the line in the tabular view containing values for the actual
point will be highlighted

e Move points:
Moves a point in the graphical view. x- and z-values in the tabular view is
automatically updated from the moving of the point.

o Parallel move:
Moves a selected number of points graphically. To use this feature, first
select a group of points by clicking at the first point to move and the last
point to move. Thereafter the group of points within the selection can be
moved by click and drag in the graphical view.

o Insert points:
Insert additional points in a section. By point to a line segment of a cross
section and activating the insert points a new point will be inserted in
between two existing points on that section reach.

o Delete points:
Deletes points from the graphical view, and automatically points will be
removed from the tabular view as well.

Right mouse pop-up menu

To control the settings and appearance of the graphical view, a number of
facilities are available through a right mouse pop-up menu in the graphical
view. To open the pop-up menu point to the graphical view with the mouse
cursor and press the right mouse button. A pop-up menu as presented in
Figure 3.16 will appear.
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Water Level

e JRI=TEY
[meter] \/IDAA-OVR - TOPO-96 - 814.0000 50
50 T RS SRR B
S e e R (A
404
357

Zoom In
304 Zoom Ot
] Previous £oom
1 MNext Zoom
35 ] Pan (Shift)
] v Gid
] Clear
201 lMave prints By distanee.,
] Settings...
1 Font...
15 ] v Select
1 Move Points
] Maove Points Parallel
1.07 Insert Points
] Delete Points
] Start Wersion Manager
051 Save as ew Yersion
20 a0
Cross section X data [meter]

Figure 3.16 Raw data, Graphical view: Right mouse pop-up menu

The pop-up menu includes the following four feature groups:

1.

Powering Water Decisions

The first group of features are the zooming facilities.

From here the zoom in, zoom out (to full extent!) and the previous zoom
facilities as described under toolbar icons above can be activated (simi-
lar functionality as when an icon has been activated).

The second group of features variable settings for the appearance of the

graphical view.

These features include:

—  Grid: Switch for activating the grid on the graphical view
—  Clear: Clears the view such that only the active section is presented
and additionally zooms out such that the actual cross section uses

the entire view.

— Move points by distance: A feature for enabling a moving of a
group of points by a user-defined distance (in both x- and z-direc-

tion)
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—  Settings: Opens the Cross Section Settings dialog as described in
Section 3.1.6 below. Through this dialog the general appearance of
the graphical plot of sections can be modified (colours, point-type
and -size, etc.)

—  Font: opens a separate standard Font settings dialog where type,
size and colours of fonts can be modified.

3. The third group of features are different facilities for making graphical
editing of the cross section raw data.
These facilities include;
Select points,
Move points,
Move points parallel,
Insert points
Delete points.
This list of facilities is identical to the graphical editing toolbar icon facili-
ties as described above. Similar functionality if a feature is activated
through the pop-up menu as compared to activating a toolbar icon.

4. The last group of features in the menu is a version manager facility as
described in more detail below.

Version Manager

The version manager is a facility which enables a storing of multiple versions
of one or more cross sections. It is possible through the version manager to
save different versions of the same cross section which eventually undergoes
different changes in e.g. a design-optimisation project.

= Oz Edt__|
- [ ersion 1.1
T = Dielet |
- - [Oversion11.1 20
- [Jersion 1.2
B O ersion 1.2.1 S
L [F] Wersion 1.2.1.1 Load..
Save All.. |
Load All... |
Cloze |

Figure 3.17  Version manager, Raw data graphical view

The version manager as presented in Figure 3.17 saves the different sections
in a tree-view format which enables the user to keep track of different
changes the section has undergone. The Version manager data can be
saved to an ASCII file by use of the ‘Save’ buttons - and can be re-loaded by
the ‘Load’ buttons.
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3.1.4 Additional features of the Raw Data editor

Additional tick boxes

At the bottom left corner of the editor two tick boxes are present as presented
in Figure 3.18.

[V Synchionize processed data
[V Update processed data automatically

Figure 3.18 Additional tick boxes, Raw data editor

Synchronize processed data

By ticking this box the processed data and raw data views are synchronized
i.e. if both views are open the data displayed corresponds to the same cross
section.

Update processed data automatically
Ticking of this box ensures automatic updating of processed data for all sec-
tions that are activated in the raw data tree view.

Additional buttons

Additional buttons with different functionality is present in the lower part of the
editor under the raw data table, see Figure 3.19.

Inzert Crozz Section... | Wiew Processed Data... |

Update Markers | Update Zone Clazzification |

Figure 3.19 Additional buttons, Raw data editor
Insert cross section

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

Ingert branch x|

River name IHiver 1
Topao D |1 933

First chainage 467
Cross section D IAt bridge]
()8 I Cancel |

Figure 3.20 The Insert branch dialog

Powering Water Decisions 187



3.1.5

188

Cross Section Editor

In this dialog the appropriate information for a new section in a new or exist-
ing river branch must be specified and thereafter press OK.

View processed data
This button opens the separate processed data view.

Update markers

This button updates markers 1, 2 and 3 in the actual section as the extremes
of the cross section (left bank limit, lowest point and right bank limit respec-
tively).

Note, this facility overwrites eventual user defined settings of these three
markers unless the appropriate boxes in the dialog under ‘Settings —> Cross
section.... —> Update Markers’ have been unticked. That is, markers are only
updated with this button if they are activated in this settings dialog.

Update zone classification

Only used in conjunction with the quasi two dimensional steady flow with veg-
etation module. Note that this button is only active and visible in case this
module is present in the actual MIKE 11 license.

Used for updating the zone classifications in the cross section.

‘Cross-sections’ pull down menu

Info

When the cross section editor is active the cross section pull down menu may
be activated as presented in Figure 3.21.

File Edit ‘iew | Cross-Sections Settings  Window  Help

o=@y no. lo#||@l[2 = e v
Apply to all Sections...
Apply to Selected Sections. ..

Resistance Mumber Interpolation. ..

Figure 3.21  Cross-Sections pull down menu

This menu has four items:

This simply gives an overview of data in the cross section data base:

o 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.
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Apply to all sections

This option activates a dialog with a number of options see Figure 3.22.

Settings to Apply in All Cross Sections RS
Raw Data - Radius Type Chainages
[[]change Type Resistance Radius [ Caleulate From end coordinates and branch line
(@ NewChainage = OldChainage *C1+C2
Raw Data - Datum
1 0

[[]change Datum 0
Raw Data - Section Divide Raw Data - XZ Data
[7] Chiange [ Invert left and right side

Divide Section Level of Divide |0
Raw Data - Resistance [ Markers
[~ Change Transversal Distibution | High/Low flow zones @ Delete
[[]change Resistance Type | Reltive resistance Change Position
[~ Change Resist. Value |1 1.3: Left/Right most, 2: Lowest
[] Change Left high flow |1 0

Right high flow |1
M M2 M3 M4 M5
lowfow |1 M1 M2 M3 M. M5
Processed Data - Level Selection Method Action To Be Done
[ Change Method Automatic [T Update Zone Classfication
Update Comection Angle
Processed Data - Number of Levels [F] Recompute Al
[l change No of Levels |50 [ Activate Apply Coordinates
[ ok ][ Cancel

Figure 3.22  Apply to all cross sections dialog

To change any of the cross section parameters listed in this dialog the
respective ‘change’ tick box must be selected.

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 divide can be set here.

Raw data - Resistance
A global change of transversal distribution, resistance type definition and
resistance values can be set here.

Processed data - Level selection method
The global settings for the selection of the water levels used for calculating
the processed data may be set here.
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Processed data - Number of levels
The global number of levels used for determining the processed data is set
here.

Chainages
Activate the ‘Calculate’ tick-box to enable the Chainages calculation tool.

Two options are present in this tool:

o From end coordinates and branch line
Update chainages of cross sections by using the cross section end coor-
dinates and the resulting cross section line crossing with the branch line.

e New Chainage = Old Chainage *C1 + C2
Update chainages of cross sections as a function of existing (old) chain-
ages and the coefficients C1 and C2.

Raw data - XZ Data

An option for inverting cross section raw data coordinates. Generally, cross
section raw data must be entered as data entered from left to right when look-
ing downstream. However, data can be received and hence entered in the
opposite direction and this option allows for inverting the entire section.

Markers

An option for either deleting or changing/updating marker positions globally
from one of the suggested options in the drop-down selection box.

The ‘apply’ tick-boxes determines which markers should be updated as only
selected marker boxes will be updated when processing the sections.

Action to be done

A number of options to be applied to all the cross sections in the set-up are
available:

e Update zone classification.

o Update correction angle.

e Recompute all

e Activate Apply Coordinates
Enables and checks Apply under Coordinates-group, so Left and Right
(X, Y) can be edited.

The OK button
Press the OK button to execute the section settings selected in the dialog.

Apply to Selected Sections

Activating this feature enables the same possibility for modifying cross sec-
tion parameters as listed above in the ‘Apply to all sections’ but the adjust-
ments will only be performed on sections selected in the tree view.
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Please note: Applying any of the above will overwrite any user edited set-
tings/data. There is no undo feature so make sure to save the cross section
data before activating the OK button.

Resistance Number Interpolation...

When calibrating/changing resistance numbers in a large number of cross
sections where resistance number distribution is high/low flow zone or uni-
form, it may be feasible to use this tool to interpolate resistance numbers. The
tool works such that the user specifies the resistance number at a number of
locations and when pressing the OK button the resistance numbers in all
cross sections between specified locations will be linearly interpolated.

Resistance Number Interpolation

_ . Left High Right High ; -
River name | Topo ID | Chainage Flow Low Flow Flow Uniform Yegetation
1 0.000 1.000 1.000 1.000 1.000 1.000
1] |
Add all sections | Add selected sections | E

Figure 3.23 (Parts of) Resistance Number interpolation dialog

The information in the resistance number interpolation table is saved in a
separate file with the same name as the cross section file, but with extension
xns11r. This is an ASCII file in PFS format. In this way the auto calibration
tool can be used to calibrate resistance numbers in cross sections.

3.1.6 ‘Settings’ pull down menu
The Settings pull down menu offers options for customizing the view and per-

formance of the cross section Raw Data Editor. The pull down menu is
opened through the main menu bar as presented in Figure 3.24

File Edit ‘iew Cross-Sections | Settings Window Help

JJ DEE| & B ®R|& §  CossSection. h. o HEHJ@ 7 % %
I —

Figure 3.24  Cross section, Settings pull down menu
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Cross Section settings; Graphics

The graphics settings consists of a tree structure view of all possible settings
for the graphical elements of the cross section editor, see Figure 3.25. The
desired elements are ticked and the properties are set using the right hand
side of the dialog box.

Cross section settings ﬂ

Graphics | Drawingl Miscellaneousl Update Markersl

- — Points Drawn a:
T | ([
----- +f Point in active cross st I Display ><|+||:|| 0 ||:|"$ OlL\lVl . |D’|

----- +f Point in passive cross

_____ « Mark 1 Poirt Colar: _|'| - Pairt fill style: I[:olm vl

----- j mai § Eoi:ﬁd Paint size: |14—
..... a i

----- ~ Mark 4 Point .

_____  Mark 5 Pairt i~ Lines/Polygons Drawn a:

----- ~ Mark & Poirt ¥ | Display Line style: ISolid 'l
----- +f Mark 7 Pairt

----- + Selected point
----- + Linein active cross se”
----- + Line in passive cross s

----- + Vertical marker lines  Text Drawn a:
----- ' Horizontal marker line ] Dy
----- ~ Vegetation height line

i ~f Veaetation height line LI Calor: |'| Background style:

[ &

Thickness:

..... + User Mark Poirt Colar: |'| ’_ Palpgon fill style: I vl
ID.5

Justification:

Il

QK I Cancel | Help |

Figure 3.25 Settings -> Cross Sections.dialog, Graphics page
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Cross Section Settings; Drawing

Cross section settings

Graphics Drawing | Miscellaneousl Update Markersl

[T Diraw GIS marks

— Axis label

¥ Show harizorkal axis label

I~ ITest harizontal

[ Draw history V' Show harizontal urit label User defined axis label
IV Automatic rescale ¥ Shaw vertical asis label v ITest Wertical
I Allow global selection ¥ Shaw vertical unit label

Drrawing style : — Resistance scale

IAbsqute Including D atum LI ¥ Automatic mir |0 mar |1

T Draw user defined marks
| I
I=| Label the line
()8 I Cancel |

Figure 3.26  Settings -> Cross Sections dialog, Drawing page

A number of settings are available (Figure 3.26):

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 and previous cross
sections can be presented in different colours dependent on settings in the
Graphics dialog page. This feature allows comparison of multiple cross sec-
tions 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 water-
marks 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 sec-
tion displayed in black.

Drawing style
The drawing style controls the Z axis display in the graphical view. There are
three options available:
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1. Absolute Including Datum: The displayed Z values include the datum
factor.

2. Absolute Excluding Datum: The displayed Z values exclude the datum
factor.

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.).

Axis label
The axis label feature allows for user-defined axis labelling and selection
whether the graphical plot should include units or not.

Resistance scale

The resistance scale option defines whether a fixed or automatic scaling of
the Resistance axis is presented. In case of a fixed scale selected, the mini-
mum and maximum value of the axis scale must be defined.

Cross Section Settings; Miscellaneous

The Miscellaneous page contains different options for the graphical and tabu-
lar view, see Figure 3.27.

Cross section settings ﬂ
Graphicsl Drawing Miscellaneous | Update Markersl
~Checks————————————— [~ Overall Radiuz Sefting
V¥ Check opened/closed Fiadius formulation type
Contral profiles as : ITotaI Area, Hydraulic R adi vl
" Opened (% Clozed
r— Confirmation: —dilign
v Delete paint [~ Align points to grid
™ Clear history Grid step |1
— Default Resistance in Raw Data
Resistance Resistance Value
IHeIative VI |1

QK I Cancel | Help |

Figure 3.27  Settings -> Cross section dialog; Miscellaneous page

Checks
A feature for checking raw data to ensure that sections are open or closed. If
data does not pass the chosen check-option then a message will occur.
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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

Used for defining which of the default type and value of the resistance column
in the tabular view of the cross section editor. Default values are applied
when a new cross section is inserted.

Cross Section Settings; Update Markers

Cross section settings ﬂ

.Gmphicsl meingl Miscellaneous Update Markers |

Update Markers Automatically
[ Marker 1
[V Marker 2

W Maker3 [Rght ~|

0K | Caced | Hep |

Figure 3.28 Settings -> Cross Sections dialog; Update Markers page

This dialog is used for defining which of the markers 1, 2 and 3 should be
automatically updated. Only the selected markers in this dialog will be
updated by eventually adjusting its position in a cross section when activating
the update markers button. For markers 1 and 3 the user can select to use
either the full extent (left and right selected) of the cross section or alterna-
tively the left and the right levee (levee selected for marker 1 and 3). The
levee is defined as the highest point in the left and the right part of the cross
section respectively. Thus by selecting levee for the left and the right part of
the cross section the highest points in the left and the right part
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3.2 Processed Data View

Selecting the View Processed Data button on the Raw Data View (p. 169)
activates the processed data view.

Processed data are essential in MIKE 11 as these table-values are used
directly in the calculation such that values for Area, Radius, Width and Resist-
ance Factors are extracted by interpolation from the processed data tables
depending on the water level on a given time step as an entry for interpola-
tion. Hence, eventual problems in calculations for specific ranges of water
levels in specific points can often be analysing and adjusting/correcting the
processed data for the actual calculation points in the problematic water lev-
els.

ﬁ Note on exception: when utilizing the quasi two dimensional steady state
with vegetation module the processed data does not reflect the values used
in the calculation. In the calculation kernel of this module the X, Z - coordi-
nates 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 tabular view
presents all processed data and a graphical view on the right hand side dis-
plays the processed data graphically (see Figure 3.29).

[ %S ect.ans11:2 - Modified 1[=]
Aiea =
e [ — [ — meterl  RVER 1 - manual 0
River name : [RIVER 1 Topo D : [manual Chainage : b 10
O R
' '
Data statu ] B e
I Protect data " Updated ¢ Motupdated ¢ Edited by user | 1 '
' '
= RIVER 1 Cross N Add. |Resist| - R T S
B manual Level |section | Radius °_':t?_le storage | ance |“0MEYD ar
i 0.00 area wi area |factor| M2 .
100000 _ B I S S
1 0.000 0.000 0.000 0.000 0.000 | 1.000 0.000 E 0.6
2 0.031 0.001 0.0z20 0.083 0.000 | 1.000 0.000 z
3 0.063 0.004 0.040 0125 0.000 | 1.000 0.000 % L
4 0094 0009] 0080 0488) 0000f 1.000[ 0001 = oad- '
5 0125 006 0.080 0280 0.000 | 1.000 0.003 .
& 0156 0024| 0100] 0313| 0000] 1000] 0005 Ao
7 0188 0.035 0120 0378 0.000 | 1.000 0.008 ’
8 0.250 0.063 0160 0.500 0.000 | 1.000 0ma 0.2 4 Y ;
9 0313 0.095 0.200 0625 0.000 | 1.000 0033
10 0375 0.141 0.240 0750 0.000 | 1.000 0.054 LI L B e
IV Synchronize raw data 00 R J. T '.J.
Recompute I Delete All | Wiew Raw Data... | Levels... | 0.0 U.S_ 1.0
Cross section area  [m”2]

Figure 3.29 The processed data view

3.2.1 Processed data, Tree View

Selection of cross sections to view/analyse by use of the mouse. No context
sensitive pop-up menus are available in the processed data tree view as all
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modifications to the cross sections in terms of naming, location etc. all must
take place in the Raw data editor.

3.2.2 Processed data, Tabular View

The processed data is calculated from the raw data and contains the follow-
ing parameters as presented in the tabular view:

Level

Levels for which processed data are calculated in the cross section. Default
levels definition range from the lowest z-value and up to the highest z-value
in the raw data table for the actual section

The method of determining processed data levels can be selected using the
Levels Dialog activated by the Levels button (Section 3.2.4).

Cross section area

Effective Cross sectional flow area calculated from the Raw Data. Effective
Area is determined from the total flow area adjusted by eventual raw data rel-
ative resistance values different from one (see Reference manual, Resist-
ance for further details)

Radius
A resistance or hydraulic radius depending on the selected type in Raw Data
Editor (Resistance Radius or Hydraulic Radius).

Storage width
Top width of the cross section at each processed data level.

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.

Additional storage areas are always user-defined - they will never be given a
value from the automatic processing of the raw data.

Additional storage area is interpreted by MIKE 11 as a storage area covering
only the distance (dx) determined from the actual cross section (dx/2
upstream + dx/2 downstream of section).

Resistance factor

This factor can be used to apply a level dependent, variable resistance in the
section cross section.The Resistance factor can contain two types of values
depending on the Resistance Type definition in the raw data;

1. Raw data Resistance type defined as Relative Resistance
In this case, the Resistance factor is interpreted as a multiplication factor
which during the calculation will be multiplied to the resistance numbers
defined in the HD Parameter editor (HD11) in order to establish a level
dependent resistance in the section. That is, the resistance factor works
as a level dependent resistance scaling factor in the actual section.



It is important to notice in the case of Relative Resistance Type, this fac-
tor is always multiplied to the resistance value defined in the HD Param-
eter Editor. Dependent on the type of resistance number applied it is
therefore important to be careful when editing the resistance factor val-
ues. Since they are multiplied to the resistance number these factors
must decrease to values smaller than one in order to increase resistance
if Manning’s M type of resistance number is applied. However, if Man-
ning’s n (=1/M) is applied then it is required to define resistance factors
higher than one to activate an increase in resistance with depth.

2. Raw data Resistance type defined as specific Resistance number (Man-
ning’s n, Manning’s M or Chezy number)

In this case, the Resistance factor column contains the actual resistance
number applied in the simulation as resistance numbers defined in the
HD11-file is not applied for sections and calculation points which have
any of these Resistance Types defined (Cross section Resistance values
override any other resistance definitions in this case).

The Resistance factor column can therefore have values of either Man-
ning’s M, Manning’s n or Chezy numbers in this case.

Conveyance

The Conveyance values are not used in the simulation but is primarily dis-
played as part of the processed data for the purposes of checking and verify-
ing that the conveyance relationship is monotonously increasing with
increasing water level, which is one of the key assumptions for the open
water hydraulics.

Note: a situation where the conveyance column is not monotonically increas-
ing with water levels can relatively easily occur - especially in the case of
some closed sections or in situations where the section geometry includes a
sudden width increase and the Radius formulation has been selected to
Hydraulic Radius.

Should this situation occur, then it is strongly recommended (not to say a
strict requirement) that time is spent on adjusting the section characteristics
such that a monotonically increasing Conveyance curve is present. If not,
there is a very significant risk of obtaining instabilities in the simulation for
water levels in the range where the non-increasing conveyance values are
present.

Typical options for optimising the cross section characteristics in the situation
of an open section using the Hydraulic Radius option is to manually sub-
divide the section into several ‘slices’ by adjusting the relative resistance
numbers in the raw data at locations where the section significantly changes
shape (e.g. changing a relative resistance value from 1.000 to 1.001 ‘“forces’
the processed data calculator to divide the integration of the processed data
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2

into several slices and the non-monotonically increasing conveyance curve
can normally be resolved from this.

Additional notice on Conveyance numbers presented:

It is important to notice, that the Conveyance numbers presented in the Con-
veyance column is in fact not ‘True’ Conveyance values!

Depending on the choice of Resistance Type in the Raw Data, resistance
numbers used in the calculation are extracted from the HD11-file and to avoid
a strict dependency to a specific HD11-file during editing and processing of
cross sections, it has been decided to present Conveyance values, which
does not include the Resistance number (as the True conveyance number
naturally will do). Consequently, the conveyance does not reflect the true con-
veyance, but is primarily offered as a possibility for analysing the ‘conveyance
trend’ as a function of water levels in the cross sections. And these should be
monotonically increasing with water levels to secure a healthy output from
your simulations!

3.2.3 Processed data, Graphical View

The graphical view presents a specific item of the processed data table as a
water level curve dependent graph.

Toolbar Icons

A set of toolbar icons are active with the graphical view, see Figure 3.30

|laas=®m

Figure 3.30 Toolbar Icons for Processed Data, graphical view

Listed from left the icons presented in Figure 3.30 are as follows:

e Zoom In: Enables zoom in of graphical view

e Zoom Out: Zoom out to full extent of all sections visible in view
e Previous zoom: Zoom to previous

e Next zoom: Zoom to next (active if Previous zoom has been activated
one or more times)

o Draw Grid: On/Off switch for the drawing of a grid in view

Right mouse pop-up menu

As in all other graphical views and editors in MIKE 11 a right mouse pop-up
menu is available with a number of facilities present.
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Figure 3.31  Right mouse pop-up menu for Processed data, Graphical view
The features included in the pop-up menu are as follows:

1. The first group of features are the zooming facilities.
From here the zoom in, zoom out (to full extent!) and the previous zoom
facilities as described under toolbar icons above can be activated (simi-
lar functionality as when an icon has been activated).

2. The second group of features variable settings for the appearance of the
graphical view.

These features are:

—  Grid: Switch for activating the grid on the graphical view

—  Clear history: Clears the view such that only the active graph is
presented and additionally zooms out such that the actual cross
section data graph uses the entire view.

— History enabled: Enables the drawing of multiple sections in the
view which scrolling the different sections in the tree view. If this is
switched off then always only one graph will appear in the view.

— Font: opens a separate standard Font settings dialog where font-
type, -size and -colour can be modified.
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Graphical plot items selector

It is possible to present the graphical plot of any of the hydraulic parameters
listed in the tabular view columns. From a selection box in the top of the

graphical view the requested data-type for presentation in the plot can be
selected as illustrated in Figure 3.32.
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Figure 3.32 Drop-down selection box for plot of processed data types
3.2.4 Processed Data, Levels button

When activating the ‘Levels...” button a ‘Levels for Processed Data’ dialog
appears (Figure 3.33).
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Levels for Process Data =

¥ Minimum Level |1
¥ Masimum Level |4
Mumber of Lewvels: |2D

Cross Section Editor

Fecompute | Cancel |

Level

0.000

Figure 3.33 Processed data, Levels... dialog

The Levels dialog controls the method for calculating processed data in sec-
tions as well as user-defined indications for number of processed data levels
as well as eventual definitions of minimum and maximum levels in the pro-
cessed data.

Level Selection Method
There are three methods by which the levels can be selected:

1.

Automatic:

The levels are selected automatically.

In case Resistance Radius is applied in the Raw Data Editor, levels are
selected according to variations in section flow width.

In case Hydraulic Radius is applied, levels are selected according to var-
iation in the section conveyance.

Equidistant:

The levels are selected with equidistant level difference determined from
the number of levels specified. If required, the Minimum level can be
adjusted to control the bottom level of the processed data table. How-
ever, it is generally recommended to include the full cross section defini-
tion and hence, leave the Minimum and Maximum tick-boxes unchecked.

User defined:

The levels can be fully or partially user-defined. 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.
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Minimum Level

The minimum calculation level to be presented as the first level in the pro-
cessed data table. Default is the lowest point in the section defined in the
Raw Data table.

Maximum Level

The maximum calculation level to be presented in the processed data. How-
ever, it is strongly recommended not to apply this feature as it is important to
have the cross section properly processed up to the highest point as defined
in the Raw data.

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 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. Levels
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 (Figure 3.34) it is possible to read and import cross-section
data (raw or processed) from a text file into MIKE 11.
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File Edit Wiew Cross-Sections Settings Windo

New: 3
Cpen 3
Close

Close Project

Save Ctr+S
Save Al Ctri+Shift+5
Save As...

Save Project As Template...

WCS Contral 4
Irnport 4
Export Al Sections 4
Export Selected Sections 4

Print Multiple Sections. ..
Print Multiple Sections, Preview
Print Multiple Sections, Settings...

Print Setup...

Print Preview. ..

Print... Ctri+P

Recent Files 4
Recent Projects 4
Recent Log Files 4
Options 4
Exit Alt+F4

Figure 3.34  Cross section Main menu File dialog including options for Import,
Export and Print of cross sections

This facility can be used to read cross-sectional data stored in an external
data base format. The cross-sections are then imported via a temporary 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 conform to the
following format:
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river mname

0.000
COORSINATES

FLOW DIRECTION
0
DATUM
0.00
RADIUZ TYPE
0

DIVIDE >-Section
0

SECTION ID
cross section ID
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AMNGLE
0.00 0
PROFILE n
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Figure 3.35 File format of ASCII file used for importing data into MIKE 11

In Figure 3.35 Topo ID is to be understood as the topological identification tag
of the river. River name is self explanatory, the chainage should be entered in
meters. The coordinates of the centrepoint 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 identi-
fication tag follows. The section INTERPOLATED 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.

Xx-coordinate
Zz-coordinate
rrelative resistance

The markers are set according to:

<#1> marker 1
<#2> marker 2
<#4> marker 3
<#8> marker 4

<#16> marker 5



<#1> marker 1
<#32> marker 6
<#64> marker 7

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.

Each type of information in the ASCII file starts 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:

Horizontal coordinates

Text line: COORDINATES

Numerical line: 1 27.43 13.293

where the first value is a coordinate data type indicator, which can be
defined as either ‘0’, ‘1’ or ‘2.

The coordinate data type options are:

"0": The rest of the line will be ignored.

"1": The x- and y-coordinates will follow.

"2": The x4, y1 and X, y» coordinates of the section ends follow

Positive current direction
Text line: FLOW DIRECTION

Numerical line: 1 270

where the first value is a flow direction type indicator, which can be
defined as either ‘0’ or'1’.

The flow direction type options are:
"0": The rest of the line will be ignored.
"1": The direction will follow

Datum adjustment
Text line: DATUM

Numerical line: (-)12.22

The datum adjustment will be added to the z-coordinates from the pro-
file

Closed section
Text line: CLOSED SECTION.

If this text line does not occur the section will be taken as open



o Radius formulation
Text line: RADIUS TYPE

Numerical line: 0

where the numerical value is a radius type indicator, which can be
defined as either ‘0’, ‘1’ or ‘2.

The radius type options are:

0 - Resistance radius

1 - Hydraulic radius using effective area
2 - Hydraulic radius using total area

The default is 0 (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

H W kkkkhkhkhkkhkhkhkhkhkhkhhhkhkhkhkhkhkhkhhhkhd
Text line:

Small or capital letters can be used. It is optional to specify the above infor-
mation except the x-z coordinates (profile).

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 informa-
tion 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 Recompulte it is possible to
import raw data into MIKE 11’s cross section data base and recompute the
processed data automatically.
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3.3.2

Import Processed Data

Selecting File —> Import —> Import Processed Data it is possible to import pro-
cessed data into MIKE 11’s cross section data base. The configuration of a
text file containing processed data must conform to the following format:

Topo-1D
River name
chainage

COORDINATES

a
FLOW DIRECTICH

1]
PROTECT DATA

1]
PROCESSED DATA

Level Cro=s sec Hydraulic Width Add. f1. Fesist.
(m) area  (m2) radius {(m) (m) areas (m2) factor
Lil} A1) R({1} Wil} AE1(1) RE(1)
L2} A(2) R({2}) Wiz} AE1(2) RE(2)
LEM) AEM) REM) UEM) AfI(M) RfEM)

Figure 3.36  Format used for importing processed data.

The first three lines are the same 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)

e Protection of Data
If this is set to ‘1’, then the processed data will be imported with the ‘Pro-
tect Data’ option enabled.

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 lines
with individual levels and the hydraulic parameters defined.
The processed data for each cross-section must finish up with a line con-
talnlng *********.

Selecting File —> Import —> Import and overwrite Processed Data it is possi-
ble 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.



Exporting Cross Sections using File Export ;

3.3.3

3.4

Import Coordinates of Levee Marks

Selecting File -> Import -> Import Coordinates of Levee Marks it is possible to
import X, and Y coordinates for right and left levees into MIKE 11’s cross sec-
tion 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.

Example:

Donau<Tab>2005<Tab>0.00<Tab>LeftX1<Tab>RightX1<Tab>LeftY1<Tab>R
ightY1
Donau<Tab>2005<Tab>750.00<Tab>LeftX2<Tab>RightX2<Tab>LeftY2<Tab
>RightY2
Donau<Tab>2005<Tab>2000.00<Tab>LeftX3<Tab>RightX3<Tab>LeftY3<Ta
b>RightY3

Exporting Cross Sections using File Export

Via File — Export (Figure 3.34) it is possible to export cross-section data
(raw or processed) from the MIKE 11 data base and write these to a text file.

Export of cross sections can be done either for all sections through ‘Export All
Sections’, which will export the entire content of cross section file to the text-
file, or for Selected cross sections only (‘Export Selected Sections’).

There are three possibilities:

1. Export All...:
Both raw and Processed data is exported to the same 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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Cross Section Editor

Plotting Multiple Cross Sections

]

In addition to printing the actual content of the graphical view of the raw data
dialog using File->Print... a feature for multiple cross sections plots is availa-
ble.

To use this feature make sure that:

1. One or more cross section is selected.

2. Click in the graphical view (such that in comes in focus).

Now, one of following items in the File menu relating to multiple cross section
plotting becomes available:

Print Multiple Cross Sections...

If the output device is selected as the printer in the settings dialog, this will
open the print dialog. If a metafile is selected as output cross sections plots
will generated in metafiles and no dialog will appear.

Print Multiple Cross Sections, Preview

This will open a preview dialog allowing the user to inspect the result of the
settings or to view the cross sections on screen rather than in hard copy.
Using <Page Up> and <Page Down> will jump to the next and previous page
with multiple cross section plots.

Print Multiple Cross Sections, Settings...
This will open the dialog with settings for the multiple cross section plotting,
see Figure 3.37.
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Multiple Cross Section Plotting Page Setup ﬂ

—Mb. of plots on each page—— [~ Horizontal szale option
Horizontal direction |1 7 Automatic and individual on each section
Wertical direction |2 7 Fived for all sections

T irairuarn ID.DDDDDD ] I??S.D49988 Fitad i, /maz. |

—Marging———— 5 ?
e - 7 Automatic minimum and fived width I??S-U49988 Find maw widit |
e —
EE— & Fived scale 1to |1000
Top 0 e
" Bived offset 0.000000
Right a : e s T
" Fiwed minirmum | 0.000000 Find mirimurm |
Battam 1]
Mk sl | —Wertical scale option
Wi sl | 7 Automatic and individual on each section
7 Fived for all sections
¥ Design profile. ———— Mirimur  [-3.640000 Wawimum; [3670000 Findlmin /e |
Topa ID IDES'GN ' Automatic minimum and fixed height E.710000 Find max height |
¥ Legend ¥ Fived scale 1to [100
7 Fived offset 0.000000
% Fived mirimurn — |-3.540000 Find mirirmum |
— Output
" Prirter
@ Filename |“\mzrel20034 MIKEZerotlatest templates\E COLabhaaa. emf |

¥ Footer

()8 I Cancel |

Figure 3.37 Dialog with settings for multiple cross section plotting
The settings dialog allows for controlling the following:

Nb. of plots on each page.

Each page is composed by number of individual cross section plots ordered
in rows and columns. The user specifies the number of plots in the vertical
and the horizontal direction.

Margins
The horizontal and vertical margins and the horizontal and vertical distances
between the plots can be controlled in this section.

Horizontal and vertical scale options
The horizontal and vertical scale options are equivalent. In the following the
horizontal scale options are explained.

Automatic and individual on each section: The minimum and maximum of
the axis is selected automatically corresponding to the minimum and maxi-
mum values in each data set.

Fixed for all sections: User defined values for minimum and maximum of
the axis will be applied for all cross section plots.

Automatic minimum and fixed width: All cross sections will be plotted on
an axis with the same width (maximum minus minimum). The minimum value
of the vertical axis will change for each plot according to the minimum value
in the data set.

Powering Water Decisions 21



Fixed scale: The scaling of the axis will be selected according to the user
defined ratio between the physical cross section size and the printed size. l.e.
all cross sections will be plotted on an axis with the same width (maximum
minus minimum). The minimum of the scale can be controlled as either a
fixed offset below the data minimum for each cross section or as a fixed value
applied for all cross sections.

Design profile

Each plot will normally contain one cross section data set. However, selecting
this option it is possible to have another data set from the same location (river
name and chainage) drawn in each plot. The Topo ID for the second cross
section to be drawn is specified by the user. The second cross section will be
drawn using the graphical settings for “passive” cross sections, and a legend
for both cross section lines can optionally be drawn.

Output

The plots can either be routed to the printer or saved as meta graphics in a
number of metafiles. Each metafile can only contain one page. l.e. the num-
ber of selected cross sections requires more than one page several metafiles
will be written. The filenames are generated automatically by adding 01,
_02, _03 and so on to the filename specified by the user.
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4

4.1

Boundary Editor

The boundary editor is used to specify boundary conditions to a MIKE 11
Model. It is used not only to specify common boundary conditions such as
water levels and inflow hydrographs but also for the specification of lateral
flows along river reaches, solute concentrations of the inflow hydrographs,
various meteorological data and certain boundary conditions used in connec-
tion with structures applied in a MIKE 11 model.

Overview of the Boundary Editor

Figure 4.1 shows the initial layout of the boundary editor when opened for the
first time in an application. It consists of three split windows.

The top split window contains the overall details of boundary conditions
defined in the model. Each boundary condition is defined as one row in the
Boundary Table and the table therefore, contains all boundaries included in a
model set up. There is no limit to the number of boundaries (= table rows) that
can be included in a model.

The view and contents of the second and the third split window depends on
the specifications of the selected boundary identified by the highlighted row in
the upper window (active row is highlighted) in the Boundary Table. Additional
information needed to specify the boundary conditions are entered in the sec-
ond and third split windows.

® boundl.bndll o ==

Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID | Boundary ID
Open Inflow - 0 0

[#]Include HD calculation
[[Include AD boundaries

Data Type| TS Type File / Value TS Info
1 Discharge: | TS Fil [...) [Edlit

Figure 4.1 Layout of the boundary file when opened for the first time in an applica-
tion. Note that the third split window is empty
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4.1.1 The Boundary Table - Upper Split Window

The Boundary Table shown in the first split window gives an overview of the
boundaries defined in the model set up.

Each boundary definition requires the following details:

e  Boundary Description,
e Boundary Type,and
e  Boundary Location (River Name and Chainage).

o In addition a Boundary ID can be entered, although this is optional. Spec-
ifying an ID can be convenient for identifying the boundary, but it has no
effect on the calculation.

Select the actual Boundary Description and the Boundary Type by placing the
cursor at the right end of the edit field in question and left-clicking the mouse.
A drop-down list appears from which the appropriate boundary type can be
selected, see Figure 4.2.

Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID | Boundary ID

Open ~ || Inflow 0 0
Dpe

Point Source

Distributed Source

Global

Structures

Closed

Figure 4.2 Drop down list for selection of the Boundary Description

To insert new boundaries (= rows in the Boundary Table in the first split win-
dow), press the “Insert” button on the keyboard or use the <Tab> key. A
boundary (row) can be moved up or down in the table by selecting a row
(clicking in the left column) and dragging to the desired location. It is also pos-
sible to sort the boundaries alphabetically by double clicking the column
headers. This operates for all the column headers in the top split window.

Boundary Description describes the nature of the boundary (see Figure 4.3).
There are six different types of Boundary Description:

e Open;

o Point Source;

o Distributed Source,
e Global;

e  Structures;

e Closed.
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The boundary description options are explained in detail below.

Boundary Type specifies the kind of data required for the boundary. For

each Boundary Description there are a number of valid Boundary Types.

Once a Boundary Description has been selected only the valid choices of
Boundary Type are displayed.

There are a total of 26 possible combinations of Boundary Description and
Boundary Type, as shown in Figure 4.3.

® boundl.bndll o ==
Boundary Description| Boundary Type | Branch Name| Chainage | Chainage | Gate ID | Boundary ID
1 Open Inflow 0 0
2 Open Water Level 0 0
3 Open Q-h 0 0
4 Open Bottom Level 0 0
5 Open Sediment Supply 0 0
6 Open Sediment Transp 0 0
0 Point Source Inflow 0 0
8 Point Source Sediment Transp 0 0
9 Distributed Source Inflow 0 0
10 Distributed Source Evaporation 0 0
11 Distributed Source Heat Balance 0 0
12 Distributed Socurce Rainfall 0 0
13 Distributed Source Resistance factor 0 0
14 Distributed Source Wind field 0 0
15 Global Rainfall 0 0
16 Global Evaporation 0 0
17 Global Resistance factor 0 0
[FT0 Global Wind field 0 0
19 Global EU functions 0 0
20 Global Heat Balance 0 0
21 Global Groundwater Hea 0 0
22 Structures Dambreak 0 0
23 Structures NWS DAMBRE pi 0 0
24 Structures Regulating Struct 0 0
25 Structures Dam 0 0
26 Closed 0 0
Data Type TS Type File / Value | T1SInfo
1 Wind Velocity: [m/s] TS File (.o [Eitt]
2 Wind Direction: [degree] TS File [...) Edit]
| 3

Figure 4.3 Possible combinations of Boundary Description and Boundary Type

4.1.2 Specifying the Boundary Description

A description of the options available in the Boundary Description column of
the Boundary Table is given in the following.

The Open Boundary

An Open Boundary can be specified at the free upstream and downstream
ends of the model domain. When the Open option is selected in a Boundary
Description cell, a branch name and chainage are also needed in order to
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identify the location of the boundary. An Open boundary condition has the fol-
lowing valid Boundary Types:

o Inflow is specified when a time-varying or constant flow hydrograph con-
dition is required (for the HD model). An inflow boundary can be defined
with or without a solute component (for the AD model);

o Water Level is specified when a time-varying or constant water level con-
dition is required (for the HD model). Water level boundaries can be
defined with or without a solute component (for the AD model);

o Q-his specified when the relationship between the discharge and the
water level is known (HD model) and used with or without a solute com-
ponent (the AD model);

e Bottom Level is specified for ST models, where the variation of the bot-
tom (river bed) level is required as a constant value or a function of time;

o Sediment Transport is specified for ST models, when a variation of the
inflow of sediment is required either as a constant value or as a function
of time;

o Sediment Supply is specified for ST models, when neither the bottom
level nor the sediment transport is known. Instead the inflow of sediment
is computed by the sediment transport engine and set equal to the sedi-
ment transport capacity. No other information is needed for this type of
boundary.

The Point Source Boundary

The Point Source boundary condition is used at locations within the model
domain where time-varying or constant lateral inflows (or outflows) occur.
When the Boundary Description is selected as Point Source a branch name
and a chainage are required to identify the location.

A Point Source Boundary Description has the following valid types of Bound-
ary Type:

o Inflow is specified when a time-varying or constant lateral inflow condi-
tion (for the HD model) is required with or without a solute component
(for the AD model);

o Sediment Transport is specified for ST models, when a variation of the
lateral inflow of sediment is required as a function of time.

Please Note: Point sources takes the sign of a hydrograph into account such
that positive numbers for a boundary hydrograph is considered an inflow to
the model, whereas negative discharges are considered as abstractions of
water from the model.
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The Distributed Source Boundary

The Distributed Source boundary condition is used along river reaches within
the model domain where time-varying or constant lateral distributed inflows
(or outflows) need to be specified, or where meteorological boundaries apply.

When the Boundary Description is selected as Distributed Source a branch
name and two chainages need to be specified. The two chainages represent
the up- and downstream ends of the river reach along which the distributed
boundary applies. The order in which the chainages are specified is not
important. The Distributed Source Boundary Description allows the following
Boundary Types:

o Inflow is specified when a time-varying or constant lateral inflow condi-
tion (for the HD model) is required with or without a solute component
(for the AD model). The inflow will be divided equally between each com-
putational h-point lying in the specified chainage range;

o Evaporation is specified in river reaches where loss of water by evapora-
tion affects the water balance (HD model). Evaporation can also be
specified globally.

e Rainfall is specified in river reaches where the inflow of rainfall affects the
water balance and where any rain borne components affect the AD mod-
elling. Rainfall can also be specified globally.

e Heat Balance is specified when the advanced heat balance module is
activated. Three different boundaries must be specified: The tempera-
ture, the relative humidity and the solar radiation. Heat Balance can also
be specified globally.

e Resistance factor is specified when a time varying resistance factor
applies along a river reach. Resistance Factor can also be specified
globally.

o Wind Field is specified when wind induced stress on the surface needs
to be accounted for. Two boundaries must be specified: The wind veloc-
ity and the wind direction. The direction of the wind is in degrees in clock
wise direction from north, see Figure 4.4. Inclusion of wind shear stress
in the computation is specified in the Hydrodynamic Parameter file
(.HD11). The user can reduce the effect of the wind shear stress by
applying a topographical wind factor in certain reaches in the .HD11 file.
Wind Field can also be specified globally.
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4 NORTH

~

WIND

Figure 4.4 Definition of wind direction

The Global Boundary

The Global boundary condition is applied when a certain boundary conditions
are valid over the entire model domain. In such cases it is not necessary to
specify any location.

The valid Boundary Types are: Evaporation; Rainfall; Heat Balance; Resist-
ance Factor and Wind Field. These Boundary Types are used in the same
manner as Distributed Sources.

It is possible to specify both a globally applicable boundary condition and a
distributed boundary condition of the same Boundary Type. The global
boundary will then be applied over the entire model area - except at those
locations where distributed boundaries have been specified.

Figure 4.5 shows an example in which both global and local wind boundaries
are applied. The globally defined wind stress will be applied all over the
model except in the branch Main between chainage 0 - 10000 where a differ-
ent time series (wind speed and direction) has been applied

® boundL.bndll (o[ O ]
Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID| Boundary ID
Distributed Source Wind field Main 0 10000
2 Global Wind field 0 0
Data Type TS Type File / Value | T1SInfo
1 Wind Velocity: [m/s] TS File TS-Input.dfs0 [...) [Edlit]| Wind vel
2 Wind Direction: [degree] TS File TS-Input.dfs0 [ Edlit]] Wind
[

Figure 4.5 Example of the application of both global and local boundary conditions.
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EU functions. This Boundary Type can only be used as a global boundary
and is used for eutrophication models. Two boundaries must be specified:
Temperature and solar radiation.

The Structures Boundary
The Structures boundary condition can be used in combination with three dif-
ferent Boundary Types:

o Dam is specified when a discharge time series must be applied at the
end of a stratified branch (MIKE Reservoir model). Besides the dis-
charge boundary it is also necessary to specify the level, width and
height of the extraction point. (This is done in the third split window.)

o Dam Break is specified for time varying conditions in connection with a
dam break. Three items must be defined for such boundaries: The Dam
Breach Level, the Dam Breach Width and the Dam Breach Slope;

e Regqulating Structure, is specified to describe the discharge at a regulat-
ing structure.

o NWS DAMBRK Piping, is specified to describe the temporal develop-
ment of a dam breach using the NWS piping breach equation. The sec-
ond dam breach level (fourth parameter) to be specified is the top level of
the pipe. Once the pipe collapses the top level is neglected in the simula-
tion and the three remaining parameters will be used for describing the
trapezoidal breach.

For all four types the location must by specified by giving a branch name and
a chainage. For the Dam Break, NWS DAMBRK Piping and the Regulating
structure, it is also required to specify the GATE ID which corresponds to
the structure ID as defined in the Network file.

Please note also, that the temporal development of a Dambreak must be
specified in a time series file with Relative Time axis (equidistant or non-
equidistant time axis can both be applied). Further please ensure that the
extent of this file covers the full the simulation period.

When using the NWS methods the terminal breach level is defined by the last
value in the corresponding time series.

The Closed Boundary

The Boundary Description Closed is used at free ends points of the model
domain where a zero flux condition across the boundary is applicable. It can
be used for HD, AD and ST simulations. For the HD model it corresponds to a
zero discharge boundary and for AD and ST models it corresponds to zero
transport across the boundary. No additional information is required except
the location described by branch name and a chainage.
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4.1.3 Specifying the Boundary Type, Data Type and File/Values

In this section the specification of the Boundary Type and associated Data
Types are described. This additional information is given in the second and
third split windows.

The content of the second split window depends on the combination of
Boundary Description and Boundary Type given in the highlighted row in the
Boundary Table in the upper split window. The basic purpose of the second
split window is to specify the necessary boundary conditions and in some
cases select whether information should be specified for additional modules,
e.g. AD boundaries, AD-RR links etc.

The content of the third split window will again depend on the specifications
given in the second split window. The third split window deals primarily with
boundaries for the AD and ST modules.

Boundary conditions can be specified as either a time series (TS Type) or
constant values. If AD components are required, the user can choose
between additional data types as: Concentration, Bacteria Concentration,
Salinity, Temperature and Undefined.

If a constant boundary is specified under TS Type in the second split window,
the user can select the type of data from a drop-down list in the Data Type
column. If a time series is specified, the corresponding Data Type field cannot
be edited, but will be updated based on the data type of the actual time series
selected.

When the Boundary Description is Closed or the Boundary Type is Sediment
Supply no additional data is required.

The Inflow Boundary

Open Inflow Boundary

Open inflow boundaries are used to specify inflows at free branch ends
(boundaries of the model domain) for HD, and AD simulations. The layout for
the Inflow boundary for Open Boundaries is shown in Figure 4.6. (Note the
AD-RR option is not available for open boundaries). The three check boxes
available are:

e Include HD Calculation.
This box must be checked if the discharge time series is to be included in
the water balance in the HD calculation.

e Include AD calculation.
This box must be checked if the discharge is to be used with a concen-
tration to compute the mass inflow of a component in an AD simulation.
When checked, the associated concentrations are entered in the third
split window.
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® boundl.bndll o ==

| | Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID | Boundary ID

Open Inflow - 0 0

[#]Include HD calculation
[[Include AD boundaries

Data Type| TS Type File / Value TS Info

Discharge: | TS Fil [...) [Edlit

Figure 4.6 Specification of a discharge at an open inflow boundary

Figure 4.6 shows the specification of a simple discharge boundary for a HD
model. The discharge (either constant or a time series) is specified in the sec-

ond

split window.

If the ‘Include AD calculation’ box is checked, additional information is
needed in the second split window, see Figure 4.7. This information
describes how the AD boundary condition should be processed during the
simulation. There are three possibilities:

Powering Water Decisions

TS-Defined

This option is used when the specified concentration defined as the
boundary condition (constant or time-varying) shall be applied directly as
the concentration value at the boundary node.

Open, Concentration.
This option is used at locations where outflow from the model area takes
place. When an outflow boundary becomes an inflow boundary during a
model simulation (e.g. due to tidal conditions) the boundary condition is
adjusted according to:

’tmikaix
C = Cprt(Cout— Cppe

Where Cy is the concentration specified at the boundary location, C,, is
the computed concentration at the boundary immediately before the flow
direction changed, K« is a time scale specified in the input and t, is
the time since the flow direction changed.

When outflow occurs the boundary conditions is defined as
2

°C_

ox
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e Open, Transport.

This type of boundary should be used 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 and hence,
a well-defined amount (mass) of pollutant is introduced into the model.
Consequently, the computed concentration in the boundary node can dif-
fer from the concentration specified in the boundary file. It may be used
where appreciable storage and hence dilution of the inflow can take
place close to the boundary.

® boundL.bndll (=[O sl
Boundary Description Boundary Type Branch Name | Chai Chainage | Gate ID | Boundary ID
Open Inflow Main 0 0

[#]Include HD calculation
[#]Include AD boundaries

Data Type TS Type File / Value T5 Info AD boundaries K
1 Discharge: [m*3/s] T5Fil T5-Input.dfs) [...) [Edit]| Inflow | T5-defined -
open, transport
TS-defined
Component Nyl Data Type TS Type File / Value | TSInfo | Scale Factor
1 1 Concentration | TS File T5-Input.dfs) [...] [Edit]| Conc 1
2 2 Concentration | TS File TS-Input.dfs0 [ Conc2 08

Figure 4.7 Specification of a boundary for a combined HD and AD simulation

Point Source or Distributed Source Inflow Boundary

Point or distributed source inflow boundaries are used to describe lateral
inflows for HD and AD simulations. Figure 4.10 shows the layout of the
boundary file for the Inflow Boundary.

The second split window is similar to that displayed for Open inflow bounda-
ries, with one additional facility:

e AD-RR.
If this check box is checked AD components can be included with the
inflow generated by the rainfall runoff models integrated in MIKE 11.

In Figure 4.8 only the ‘Include HD calculation’ box is checked. It thus repre-
sents a standard lateral inflow used in a HD simulation. Only the discharge
need be specified, as either a constant value or a time series.
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® boundL.bndll (o[ O ]
Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID| Boundary ID
i Point Source Inflow Main 2500 0

F Distributed Source | Inflow Trib 3000 10000

[#]Include HD calculation
[[Include AD boundaries
[C]AD - RR

Data Type| TS Type File / Value TS Info
1 Discharge: | TS Fil [...) [Edlit

Figure 4.8 Specification of a point source lateral inflow for a HD simulation

If the ‘Include AD calculation’ box is also checked then the third split window
becomes editable and boundaries for the different AD components can be
entered (see Figure 4.9).The discharge specified in the second split window
is used both in the water balance and in the AD calculation. In the AD calcula-
tion it is multiplied with the concentrations in order to calculate the mass
inflow for the different components.

ﬁ Note that if only an AD simulation was to be computed (based on a previous
HD simulation), the “Include HD Boundaries” would be turned off. However
the discharge would still need to be specified in order to compute the mass
inflow of the components to the AD model.

If the Boundary Description was changed to Distributed Source and a second
chainage were specified in the first split window, this boundary would also be
valid for a distributed inflow.
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® boundl.bndll (o[ O ]
Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID | Boundary ID
Point Source Inflow Main 2500 0
[¥]Include HD calculation
[¥]Include AD boundaries
[C]AD - RR
Data Type| TS Type File / Value TS Info
1 Discharge: | TS Fil TS-Input.dfs0 [...] [Edlit]| Inflow
Component Ni Data Type TS Type File / Value T5Info | Scale Factor
il 1 Concentration Constant 5 1
2 2 Concentration Constant 14 1
3 Concentration | TS File T5-Input.dfs) [...) [Edit]| Conc 1

Figure 4.9 Specification of a point source boundary for both HD and AD simula-
tions

In the second split window, a discharge time series must be specified
together with the level at which the inflow occurs.

Figure 4.10 shows the layout of the boundary file if we now uncheck the
‘Include HD calculation’ box. It is actually the same layout as if the ‘Include
HD calculation’ box is left checked. This is because information on the dis-
charge is still required in order to calculate the mass flux of AD components
into the river branch. The only difference is that the discharge is no longer
used in the water balance.
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® boundL.bndll (=[O sl
Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID| B dary ID
1 Point Source Inflow Main 0 0

F Distributed Source | Inflow Main 1250 7500

[|Include HD calculation
[¥]Include AD boundaries
[]AD - RR
Data Type TS Type File / Value TS Info
1 Discharge: [m*3/s] TSFil [...] [Edit
Component Nyl Data Type TS Type File / Value T5Info | Scale Factor
1 1 Concentration | TS File [...] [Edlit 1
2 Concentration Constant ~|0 1

Figure 4.10 Specification of a Point Source inflow boundary for an AD simulation.
The discharge is not included in the water balance when the ‘Include
HD calculation’ is left unchecked

In Figure 4.11 the ‘AD-RR’ box is checked. This facility can be used where
the concentration of rainfall or runoff from a NAM model are to be used in an
AD simulation. All other check boxes are now invisible. Instead a section
where information on the Catchment Name, Catchment Area and Runoff
Type must be specified are now present.

The Catchment Name must refer to a catchment included in the MIKE 11
Rainfall Runoff model set up. The area value is used as a scaling factor
meaning that runoff calculated by the rainfall runoff model is scaled pro rata
against the catchment area specified in the rainfall-runoff editor.

The runoff type must be selected between Total Runoff, Surface Runoff, Root
Zone Runoff, Groundwater Runoff or Rainfall. Note that Interflow is only avail-
able for the NAM model. Also note that the Rainfall Runoff model must run in
parallel with the HD and AD models for the AD-RR facility to operate.
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® boundl.bndll o ==
Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID| Boundary ID
Distributed Source Inflow Main 2500 7800
AD-RR
J|AD - RR
Catchment ~ Catl
Area 223
RR flow type | Total Runoff -
Total Runoff
Surface Runoff
Root Zone Runoff
Groundwater Runoff
Rairfall
Component Ni Data Type TS Type File / Value T5Info | Scale Factor
il 1 Concentration Constant 5 1
2 2 Concentration Constant 14 1
3 Concentration | TS File T5-Input.dfs) [...) [Edit]| Conc 1
Figure 4.11  Specification of rainfall or runoff for input to an AD simulation. The sec-

ond split window now contains information on catchment name, catch-
ment area and runoff type

The Water Level Boundary
The Water level boundary is valid in connection with an Open boundary. Note
the “Include HD Calculation” box is not visible, as this is not an option, see

Figure 4.12.The boundary is specified as either a time series or a constant in
the lower window.

® boundl.bndll o ==
Boundary Description| Boundary Type | Branch Name| Chainage | Chainage | Gate ID | Boundary ID
Open Water Level Main 12500 0
[@Include AD boundaries
Data Type| TS Type File / Value TS Info
1 Water Leve | TS Fil TS-Input.dfs0 [...) [Edlit]| Levels

»

| =

Figure 4.12  Specification of a simple water level boundary for a HD simulation
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Where an AD simulation is to be carried out in parallel to a HD simulation, the
“Include AD Boundaries” box should be checked as shown in Figure 4.13.
The water level boundary is specified in the second split window together with
information on the AD boundary type. An open, concentration boundary type
is used because outflow occurs at the downstream end. AD boundaries are
specified in the third split window.

® boundL.bndll (o[ O ]
Boundary Description| Boundary Type | Branch Name| Chainage | Chainage | Gate ID | Boundary ID
Open Water Level Main 12500 0

[#]Include AD boundaries

Data Type| TS Type File / Value T5 Info AD boundaries K-mix

1 Water Leve | TS Fil TS-Input.dfs0 [..][Edit]| Levels | open, concentratio 0
Component Nyl Data Type TS Type File / Value T5Info | Scale Factor
il 1 Concentration Constant 5 1
2 2 Concentration Constant 14 1
3 Concentration | TS File TS-Input.dfs0 [...) [Edit]| Conc b

Figure 4.13  Specification of a water level boundary for a combined HD-AD simula-
tion. Open concentration boundaries with a suitable k value are used
as this is an outflow boundary

The Q-h Boundary

Q-h (discharge-water level relation or rating curve) boundaries can be applied
at Open boundaries only, and are only recommended to apply at the down-
stream end of a model domain, where water flows out of the model. If a Q-h
relation is selected, the user will be presented with the display as shown in
Figure 4.14.
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® boundl.bndll o ==
Boundary Description| Boundary Type | Branch Name| Chainage | Chainage | Gate ID | Boundary ID
Open Q-h Main 12500 0
[Include AD boundaries h Q
1 -1 0
2 -0.75 2
3 0 5
4 al 10
5 3 50
6 7 200

T

Figure 4.14  Specification of a Q-H relation at an Open boundary

The Q-h relation is given in the table in the second split window. The Q-h rela-
tion can either be entered from a known rating curve (e.g. copied and pasted
from Excel) or automatically generated by selecting Tools -> ‘Auto Calculation
of Q/h Table...”in the top menu bar. If this later option is selected a new dialog
appears, see Figure 4.15.

Auto calculation of Q/h table @

Topo ID | MODEL-V1 -
Cancel
() Critical flow
(@ Manning formula
Slope 0.001
Manning’s M 40 n 0.025

Figure 4.15 Dialog used when making automatic calculation of Q-h relation

The Q/h-relation tool calculates a Q/h-relation from the flow characteristics of
the specific cross section located at the boundary location and hence, it is
required to select the TOPO ID of the cross section to be used in the Q/h-cal-
culation.

H-values in the Q/h-relation is extracted from the processed data of the actual
cross section and related Q-values can be calculated from one of two
assumptions; Critical flow or Uniform flow using the Manning equation. If the
latter is chosen the bed slope and Manning’s “n” or “M” must be specified.
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Both methods will take H-values from the processed data of the specific cross
section (Levels column) and Q-values is calculated from either Equation (4.1)
or Equation (4.2).

In case of Critical Flow, Q is calculated from:

Q(h) = Ah) g% (4.1)

In case of Uniform flow by Manning’s formula, Q is calculated from:

Q(h) = Conv(h).JI 4.2)

where:
Q(h) the level depending Discharge
A(h) the level depending Area (from Cross section processed data)

W(h) the level depending Width (from Cross section processed
data)

Ithe bed slope

Conv(h)is the level depending Conveyance calculated as a function
of the resistance type definition in cross section raw data:

If raw data Resistance type = Relative Resistance:

2
Conv(h) = Mgy1e0r - A(h) - R(h)’

If raw data Resistance type = Manning’s M:

2

Conv(h) = M(h)~A(h)-R(h)§

If raw data Resistance type = Manning’s n:
2

Conv(h) = #h) A(h)- R’

If raw data Resistance type = Chezy or Darcy Weissbach:

Conv(h) = C(h)-A(h)- JR(h)
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where:
ManTool is the Manning number defined in the Q/h tool dialog,

M(h), n(h) and C(h) are the respective Resistance number defini-
tions extracted from the resistance factor column in the in the cross
section processed data view.

As data from the specific cross section is required for calculating the Q/h-rela-
tion, this facility is only available when the simulation editor is open and the
paths to the cross section and boundary files have been specified.

Please note that the location defined for the boundary and the chainage of
the cross section used to calculate the Q/h-relation must be within 1mm dis-
tance of each other. If not, the Q/h-calculation tool can not find a relevant
cross section and no calculations takes place.

AD boundaries may be specified together with the Q-h relation. If this is done
(as shown in Figure 4.16) the user must specify the type of AD boundary (typ-
ically Open, Concentration for a downstream boundary) and enter information
on the boundaries in the lower window.

® boundL.bndll (o[ O ]
Boundary Description| Boundary Type | Branch Name| Chainage | Chainage | Gate ID | Boundary ID
Open Q-h Main 12500 0
[#]Include AD boundaries h Q
1 -1 0
2 -0.75 2
3 0 5
- 4 al 10
AD boundaries T 3 50
Kmix 0.5
Component Nyl Data Type TS Type File / Value T5Info | Scale Factor
il 1 Concentration Constant 5 1
2 2 Concentration Constant 14 1
3 Concentration | TS File T5-Input.dfs) [...] [Edit]| Conc 1

Figure 4.16  Specification of a Q-h boundary to be used in a combined AD-HD simu-
lation

Dam Break Boundary

Dam Break boundaries need to be specified when a dam break structure with
a time-dependent breach formation in defined in the river network file. The
specification of the boundaries is quite simple as illustrated in Figure 4.17.
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The second split window indicates that three time series must be specified:
Dam Breach Level; Dam Breach Width; and Dam Breach Slope.

Important notice concerning GATE ID: For Dambreak structures (and Reg-
ulating structures) which utilises a boundary description to control the charac-

teristics of the structure, it is Required to specify the ‘GATE ID’ in the
boundary file. ‘GATE ID’ must be identical to the defined STRUCTURE ID as
defined in the Network file for the individual structures. Hence, it is also
required to define a Structure ID for all structures defined in the network file
which utilises a boundary condition as a control definition!

® boundl bndl1 [E=%|EoR ™3
Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID | Boundary ID
Structures Dambreak Main 12500 0
Data Type TS Type File / Value | T1SInfo
i Dam breach level: [meter] TS File TS-Input.dfs0 L] Edit|| BreachLevel
2 Dam breach width: [meter] TS File TS-Input.dfs0 [ Edit]| BreachWidth
Dam breach slope: [(}] Constant ﬂ 1 |
TS File

K

Figure 4.17  Specification of a Dam Break boundary. Note the absence of the third
split window, which is not necessary for this, and the other combina-
tions of Boundary Description and Boundary Type shown

Dam Boundary
Dam Boundaries are used in connection with stratified branches (MIKE Res-

ervoir model) when extraction from the dam needs to be specified. The dis-
charge value or time series is given in the second split window, while the
Level, Width and Height of the discharge point (extraction) should be given in
the third split window, see Figure 4.18.
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® boundL.bndll (o[ O ]
Boundary Description| Boundary Type | Branch Name| Chainage | Chainage | Gate ID | Boundary ID
Structures Dam Main 12500 0
Data Type TS Type File / Value TS Info
i Discharge: [m*3/s] T5File T5-Input.dfs) [ [Ediit]| Inflow
Dam i

level 0

Widh 0 =

Height 0

Figure 4.18 Specification of a Dam Boundary for a stratified branch (MIKE Reservoir
model). Discharge is specified in the second split window and the
geometrical data of the extraction point is specified in the third split
window

Rainfall and Evaporation Boundary

Figure 4.19 shows the layout for a Rainfall boundary, which can either be
applied globally or as a distributed source. When applying a rainfall boundary
to a HD computation, the rainfall is converted to a lateral discharge by multi-
plying the rainfall depth with the actual flooded area associated with each
computational water level point. The actual flooded area is in turn computed
during the simulation from the current cross section storage width (and if
applicable, additional flooded area) and the cross section spacing.

If an evaporation time series is specified, the lateral “inflow” will be negative,
i.e. an outflow. Note that if a NAM result is used as input to a HD simulation,
the incorporation of rainfall and evaporation is handled automatically without
the need for a separate boundary file.

If the rainfall input is to be used as a source for an AD model, the “Include AD
boundaries” should be checked. In this case the concentration of components
in the rainfall are specified in the third split window. Component numbers
must match those in the AD parameter file. A boundary for component num-
ber ‘0’ will be applied to all components if not otherwise specified.
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® boundl bndl1 [E=8|EoR ™5
Boundary Description| Boundary Type | Branch Name | Chainage | Chainage | Gate ID| Boundary ID
Distributed Source |« | Rainfall Main 2500
2 Point Source Inflow Main 0
[#]Include AD boundaries
Data Type TS Type File / Value TS Info
1 Rainfall rate: [mm/day] | Const 2
Component Ni Data Type TS Type File / Value T5Info | Scale Factor
il 1 Concentration Constant 5 1
2 2 Concentration Constant 14 1

Figure 4.19 The layout of the boundary file when the Boundary Type is chosen to be
rainfall. The second split window now contains a check box used to
specify if AD components should be included. AD components must be
specified in the third split window

Sediment Transport Boundary
Figure 4.20 and Figure 4.21 show the layout of the boundary file for Sediment
Transport, which can be specified for either an open boundary or a point

source.

The second split window holds information on the time series needed and
also requires information about the type of sediment transport included in the
computations: single or multiple (graded) sediment fractions.

In Figure 4.20, data for only one sediment fraction is needed and the relevant
time series is assigned in the second split window.

Powering Water Decisions
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® boundl.bndll (=[Ol
Boundary Description Boundary Type Branch Name | Chainage | Ck ge | GateID | B dary ID
Open ~ | Sediment Transport | Main 0
2 Point Source Sediment Transpert | Main 7500
Data Type
@ Sediment Transport, Total
() Sediment Transport, Fractional
Data Type TS Type File / Value TS Info
il Sediment Trans | TS File [...] [Edlit

»

Figure 4.20 Specification of a sediment inflow boundary for a single sediment frac-

tion (total transport)

Figure 4.21 shows the layout of the boundary file for a graded sediment
model boundary. The third split window now prompts the user for fraction
numbers. The fraction numbers refer to the different fractions defined in the

Sediment Transport Editor.

Sediment inflow boundaries (either total or graded sediment) can also be
specified as point source inflows.

® boundl bnai1 = o
Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID | Boundary ID
Open Sediment Transport Main 0 0
2 Point Source Sediment Transport | Main 7500 0
Data Type £
(7) Sediment Transport, Total !E ‘
@ Sediment Transport, Fractional !7‘
Type, Fraction Data Fraction No | Data Type TS Type File / Value | TS Info | Scale Factor|
1 Seditment Transport, Fraction |1 Sediment Trans | T5 File 1
2 Seditment Transport, Fraction |2 Sediment Trans | TS File il

Figure 4.21  Specification of a sediment inflow boundary for graded sediment trans-

port
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The Bottom level Boundary

Bottom level (river bed level) boundaries can be specified in conjunction with
the sediment transport model, at Open boundaries only. Figure 4.22 shows
the layout for a Bottom Level Boundary. In the second split window the user
specifies whether the boundary data are the absolute bottom level or the
change in bottom level. The time series for both types are specified in the
second split window. If the data is selected as change in bottom level the
absolute bottom level is calculated during the simulation based its initial
value.

If the Bottom Level Boundary Type is used in combination with a graded sed-
iment model it is necessary to specify the relative amount of the different sed-
iment fractions. This is done in the third split window. As indicated in

Figure 4.8 it is possible to select between Fraction Value or Change in Frac-
tion Value. This is done in the ‘Type, Fraction data’ column. If the “Change in
Fraction Value” is set to zero, the initial distribution of the sediment fractions
will apply throughout the entire simulation.

@ boundLbndll felrE] ==

Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID| Boundary ID
Open Bottomn Level Main 0 1}

Data Type
() Bottom Level
(@ Change in bottom

| Datatype | TSType | File / Value [ 1Smfe |

1 [ Bottom level ch| T5 File | [l Edit] |
Type, Fraction Data Fraction No | Data Type TS Type File / Value T5Info | Scale Factor|
1 Fraction Value 1 Sediment fracti | TS File [D 1
2 Fraction Value j 2 Sediment fracti | TS File E] 1

Change in Fraction Value

Figure 4.22  Specification of a Bottom Level boundary for ST simulations. The user
selects whether the data are interpreted as absolute bottom level or
change in bottom level. If the graded sediment model is used, data for
the individual fractions are to be specified in the third split window

4.2  Boundary Editor Tools

The boundary editor includes a number of tools to assist the user in setting up
complex model boundaries and quickly modifying the time series inputs.
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4.2.1 Quick set up of Graded Sediment Boundaries

A quick method to set up boundaries for graded sediment models is to use
the tool ‘Make List of Fractions’. This tool is found under “Tools” in the top
menu bar and is available when the lower split window is active. If the Bound-
ary Type is chosen as Sediment Transport a dialog will appear, see

Figure 4.23. This dialog can be used to specify several boundaries simultane-
ously. The boundaries can be either constant values or time series, depend-
ing on the selection made in the TS Type edit field.

If constant boundaries are chosen the number of fractions should be entered
together with the value of the constant boundary in the ‘Nb. Of Fractions’ and
‘File/Value’ edit fields, respectively. If time varying boundaries are requested
a time series file should be selected. When the OK button is pressed all legal
time series items (time series with the requested data type) in the time series
file will be inserted as boundaries in the third split window. The first legal time
series will be applied for fraction number 1, the second for fraction number 2,
etc.

Make List of Fractions @

&

Type, Fraction Data Nb. of Fractions Data Type T5 Type | File f Value
Seditment Transport, Fraction Sediment Transport: | TS File [...] [Edlit

oK ][ Cancad |

Figure 4.23  Dialog for quick specification of graded sediment inflow boundaries

If the “Make List of Fractions” Tool is used for Boundary Types equal to Bot-
tom Level the dialog is slightly changed, see Figure 4.24. Now the user must
specify if the boundaries should be ‘Fraction Value’ or ‘Change in Fraction

Value'.
Make List of Fracticns RS
Type, Fraction Data | Nb. of Fractions Data Type TS Type File / Value TS Info
1 Fraction Value - Sediment fraction: | TS File [...] [Edlit
Cf;angle in‘Fra.ction Val
[ ok ][ Canca |

Figure 4.24  Dialog for quick specification of graded sediment bottom level bounda-
ries
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4.2.2

Quick set up of AD Boundaries

AD boundaries can be specified in a similar way to that described for graded
sediments above. Make sure the lower split window is active, then select from
the top menu bar ‘Make List of Components’. The dialog that appears is
shown in Figure 4.25. This dialog works in a similar manner to the dialog
used to set up graded sediment boundaries. If constant boundary values are
requested the user must select the Data Type and enter the number of com-
ponents and the boundary value. If time varying boundaries are requested
the user must select the appropriate file. All legal (i.e. concentration) time
series items in the time series file will then be used as boundaries. The first
legal time series is used for component number one the second legal time
series for component number 2 etc.

Py

Make List of Components

Nb. of Components Data Type T5 Type File / Value TS Info
ik Concentration: [g/m*3] || Constant 0

Bacteria Concentration: [million/100 ml]
Salinity: [PSU]

Temperature: [degree Celsius]

Undefined I

oK | [ Cancel

Figure 4.25 Dialog for quick specification of AD boundaries

4.2.3 Copying Point Source Boundaries

In order to assist the user in the creation of a boundary file containing many
point sources, a tool “Copy/Paste Boundary Condition” has been imple-
mented under “Tools” in the top menu bar. Note that the boundary to be cop-
ied must be highlighted. This facility only works for Point Sources when the
AD-RR box is unchecked.

When this option is selected a dialog appears, see Figure 4.26. This dialog
reflects a HD point source with a location (branch name and chainage), a
boundary ID and a discharge boundary. In this dialog each row represents a
new boundary. The user specifies the branch name and chainage for the new
boundary in the first two columns, and optionally the boundary ID. The last
two columns (with the common header Discharge) are used to specify the
discharge. If they are left empty the same discharge boundary will be used for
the new boundaries. If the new boundaries should use other discharges the
necessary information is entered here. If constant values are requested only
the File /Value edit field should be filled out. The dialog can also be filled by
copying data from an Excel spreadsheet. When the dialog is closed the user
is asked if the new boundaries should be pasted into the boundary editor.

If a time series is requested from a .dfs0 file with more than one item, click on
the _.._| button to specify which item you want.
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@ boundl bndll:2 =N R =

Discharge

Branch Name | Chainage | Boundary ID | File / Value TS Info

Figure 4.26 Dialog for copying a HD point source

If the point source being copied also includes AD boundaries the dialog will
also offer a possibility to change these boundaries, see Figure 4.27, in which
a point source for three AD components are being copied. The columns for
the components work in the same way as the columns used to copy the dis-
charge.

@ boundl.bndl12 =R <

Discharge Component 1 Component 2
Branch Name | Chainage | Boundary ID | File / Value TS Info File [ Value TS Info File | Value TS Info

Figure 4.27  Dialog for copying an AD point source

4.2.4 Scale factor

In certain situations it can be useful to scale one or more of the boundaries
without changing the time series. This may be the case if a discharge hydro-
graph representing catchment runoff needs to be applied to a number of
smaller sub-catchments. Alternatively boundaries may be scaled up or down
as part of a sensitivity analysis.

The Scale Factor field is located next to the TS Info Column. The specified
Scale Factor will be multiplied with the boundary conditions value (constant or
time series). Figure 4.28 shows an AD point source with three components in
which the second component is reduced by 20 percent.
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® boundl bndl1 [E=3|EoR ™3
Boundary Description Boundary Type Branch Name | Chainage| Chainage | Gate ID | B dary ID
Point Source Inflow Main 0 0
[¥]Include HD calculation
[¥]Include AD boundaries
[C]AD - RR
Data Type TS Type File / Value TS Info
1 Discharge: [m"3/s] TSFil TS-Input.dfs0 U Edit| Inflow
Component Nyl Data Type TS Type File / Value | TSInfo | Scale Factor
1 1 Concentration | TS File T5-Input.dfs) [...] [Edit]| Conc 1
2 2 Concentration | T5 File TS-Input.dfs0 [ [Edit]| Conc2 0.8
3 Concentration | TS File TS-Input.dfs0 [ Ceonc3 1

Figure 4.28 AD point source where the second component is reduce with 20
percent

An additional tool is available to quickly change scale factors. The “Change
Scale Factors” tool is found under Tools in the top menu bar when the first
split window is active. Note that this tool works for point sources of the inflow
type only. The dialog is shown in Figure 4.29

The user specifies the branch name and chainage interval to which the
change in scale factor(s) applies. Leaving the branch name blank corre-
sponds to selecting all branches, but the chainage interval must still be spec-
ified. A new scale factor for the discharge boundary can be entered in the
appropriate field. If this is left blank no changes will take place.

For AD boundaries, the scale factor of individual components can be
changed. If the component number is left blank the new scale factor will be
applied to all components. The new scale factor for the AD components must
be entered; if left blank the scale factor will not be changed.
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Change Scale Factar Ié]

Boundary Description  |Point Source

Boundary Type Inflow

Branch Name Main|

From Chainage 1200

To Chainage 7500

Mew Discharge Scale Factor 1

Component Mumber 2

MNew Component Scale Factor k]

)

Figure 4.29 Change Scale factor dialog

Users Upgrading from MIKE 11 Version 2002 or Previous
Versions

In version 2003 the layout of the boundary editor has been improved to make
the specifications of boundary conditions easier and more intuitive. The major
changes are:

HD, AD and ST boundaries need no longer to be specified on different
property pages in the boundary editor.

The user can now choose between various boundary descriptions: open
boundary, a point source, a distributed source, a globally applicable
boundary, a closed boundary or a boundary related to certain structures.

The user can now describe all boundary conditions attached to a specific
location once. For example when applying the Advection-Dispersion
(AD) Module the combined flow and concentration data are specified

together.

Constant boundary conditions can now be specified without the need to
create a time series (.dfs0) file.

Boundary input time series may be scaled within the boundary editor.

Downstream Q-h boundaries can be automatically computed assuming
critical or uniform flow conditions.

When undertaking AD simulations, it is no longer necessary to specify
the type of boundary in the AD editor file.

Before running a model developed with the MIKE 11 2002 version or older the
old boundary file needs to be converted to the new file format. The conver-
sion will start automatically when the old boundary file is opened in MIKE 11.
When converting it is necessary to browse for the relevant network file from

MIKE 11 - © DHI A/S



Users Upgrading from MIKE 11 Version 2002 or Previous Versions )

which the necessary data needed for specifying the boundary type are
stored. If the old boundary file contains any AD boundaries it is also neces-
sary to specify the associated AD11file (AD parameter file) since the informa-
tion regarding the type of AD boundary previously stored in this AD11 file
must be transferred to the new boundary file.
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5 Rainfall-Runoff Editor

o 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 time series. 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.

o Calculation of weighted rainfall through a weighting of different rainfall
stations to obtain catchment rainfall.

o Digitising of catchment boundaries and rainfall stations in a graphical
display (Basin View) including automatic calculation of catchment areas
and mean area rainfall weights.

« 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 addi-
tional methods for Calculation of Runoff from catchments and Calculation of
Mean Precipitation of basins (method of Thiessen polygons and Isohyetal

Mapping).
Simulation

The Rainfall Runoff Editor constructs a file containing all the specified data
(with extension .RR11). Once the catchments have been defined for the rain-
fall-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 noted that:

e Itis recommended to use a time step not larger than the time step in the
rainfall series and not larger than the time constant for routing of over-
land flow. See example in Figure 5.2.

o Simulated catchment results can be linked with the River Network.
Catchment runoff/discharges are used as lateral inflows to Normal and
Routing river branch types, see sections 2.5.2 and 2.4 in the River Net-
work Editor guide.

Results

MIKE 11 generates a variety of output types from a Rainfall Runoff simulation.
These may be used for model calibration and result presentation. The result
types are described in Section 5.11
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30 skawa.sim11

Model:  Input |Simulati0n| Hesultsl Start I

Rainfall-Runoff Editor

i~ Input File:

Network Pkl 1] | oe| _Edi |
Crozz-sections  [%.xnz11) I _I Edit...
Boundary data  [*bnd11] I".':\MikelZerU:\.Skc‘.wa\[leraull.I:-nd‘l'I _I Edit...
FR Parameters  [%n11] IEI:\MikeZero\Skawa\Skawa.HH1‘I _| Edit... |
HD Parameters (“hdt1] | | _Edi. |
AD Parameters [%ad11] | e
‘Wil Parameters [“wgll) I __I Edit...
ST Parameters  (st11) | ] _Edi |
FF Parameters  [ff11] | ] _Edi. |
HD Resubt:  [hrestl) | =]
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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:
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Addto Hotstart
Type of condition Hotstart filename file [rate and Time:
HD: | Steady State ;I I __I il I90-01 01 12:00:00
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Figure 5.2

In this example one Time step is 12 hours

Editing using the clipboard

Simulation page to the rainfall-runoff simulation in the Simulation Editor.

Tabular Overviews in the Editor shown at 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 clip-
board. After editing, the parameters are copied back to the Overview and

saved in the Rainfall Runoff Editor.
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5.1 Specifying model Catchments

A

The catchment page is used to prepare the catchments to be included in the

RR setup (see Figure 5.3).

Skawa.RR11 - Modified

Eatchmentsl M I 1R I SMAF’I Urbanl Timeseriesl

— Catchment Definition
Catchment name
Riainfall runoff model type

Catchment area

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

2 SHAA_LOW

Ak

G&3.469

G&3.469

3 SHAWYA,

Combined

1155.36

Figure 5.3 The Catchment page. Additional catchments are prepared via the Insert
Catchment dialog. The Example includes 2 sub-catchments and a com-

bined catchment which includes the 2 sub-catchments

Inserting Catchments

New catchments are defined via the Insert Catchment dialog (see

Figure 5.4). A new RR parameter File is created from the MIKE Zero File dia-
log. Catchments are defined when pressing the button: Insert catchment.

A new catchment can be prepared as a copy with parameters from an exist-
ing catchment or with default parameters (see Figure 5.4). The copy also

includes time series from the existing catchment.
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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 specified in
separate pages in the editor (see Figure 5.3). The following models can be
selected:

1.

NAM: A lumped, conceptual rainfall-runoff model, simulating the over-
land-, inter- flow, and base-flow components of catchment runoff as a
function of the moisture contents in four storages. NAM includes a num-
ber of optional extensions, including an advanced snow-melt routine and
a separate description of the hydrology within irrigated areas. Auto cali-
bration is available for 9 important parameters.

UHM: The Unit Hydrograph Module includes different loss models (con-
stant, proportional) and the SCS method for estimating storm runoff.

SMAP: A monthly soil moisture accounting model.

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

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 catchment
is defined in the group for combined catchments, which is activated when
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selecting combined catchment. The runoff from the combined catchment
is found by simple addition of the simulated flow from the sub-catch-
ments.

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 Composer and is saved in the subdirectory
RRCalibration with the filename: Catchment-name.plc. The time series in
these plots are also available in DFS0 format in the subdirectory RRcalibra-
tion with the filename: Catchmentname.dfs0. Figure 5.32 shows an example
of a calibration plot.

Calculated Areas

The Calculated area shown in the Catchment Overview is based on the digit-
ised catchment boundaries in the Graphical display. The calculated area is
activated when the Basin View has been selected, see section 5.10. The
Catchment Area is shown in the edit fields for Area and Calculated Area,
when transferring a catchment from the Basin View to the catchment page.
The Area which is used in the model calculation can afterwards be modified
manually.

Example of a catchment setup

The catchment data included in Figure 5.3 is input data to a setup of a catch-
ment 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 5.12: A step-by-step procedure for using the Rainfall Runoff Editor.

5.2 The NAM Rainfall-runoff model

The NAM model is a deterministic, lumped and conceptual Rainfall-runoff
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:

o Extended description of the ground water component.

o Two different degree day approaches for snow melt.

e Irrigation schemes.

e Automatic calibration of the 9 most important (default) NAM parameters.
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Parameters for all options are described in the following.

Surface-rootzone

Parameters used in the surface and the root zone are described below (see
Figure 5.5).

Skawa.RR11 - Modified

Catchments  MAM | LIHkM I SMaP I Timeseries I
Surface-Rootzone I Ground W'aterl Show Meltl Irrigationl Initial Eonditionsl Autocalibrationl
I SKawia,_LIPP

-~ Storages
M aximum water content in surface storage Umax
M aximum water content in root zone storage Lmax

~ Funoff Parameter
Ovwerland flow runoff coefficient CROF ID.SBE
Time constant for routing interflow CKIF 238
Time constant for rauting overland flow CK1.2 I‘I 38
Roaot 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 IPPY 188 102 0.565 238 138
2 Shaa | O 15 200 o7 1e+003 20
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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 per area in the upper-
most 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 per area,
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 infiltra-
tion. Values range between 0.0 and 1.0
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Time constant for interflow (CKIF)
Determines the amount of interflow, which decreases with larger time con-
stants. Values in the range of 500-1000 hours are common.

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 constant
(CK1=CK2). High, sharp peaks are simulated with small time constants,
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 0.7% 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.

5.2.2 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 0.7% of Lmax and the maximum value allowed is
0.99.
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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 topographical
catchment area (specified under Catchments). Local geological condition
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 ripar-
ian 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 assessed from hydro-geologi-
cal data, e.g. test pumping. Typically values of 0.01-0.10 for clay and 0.10-
0.30 for sand are used.
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Maximum ground water depth causing baseflow (GWLBFO)
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 capil-
lary flux of 1 mm/day when the upper soil layers are dry corresponding to wilt-
ing 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 per day, 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

5.2.3 Snow Melt

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 separate snow
melt parameters, temperature and precipitation input for each zone.

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 Time series page.

The Snow Melt parameters are described below (see Figure 5.7).
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Figure 5.7 NAM - Snow Melt

Include Snow melt

Overall Parameters

Base Temperature snow/rain (TO).
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 usually
at or near zero degree C.

Ticked for a sub-catchments with snow melt included.

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 Tempera-
ture. Typical values for Csnow is 2-4 mm/day/C.
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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 available.
The time series input file is specified separately on the Time series page. The
total snow melt is calculated as a contribution from the traditional 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 catchment.
In each altitude zone the temperature and precipitation is calculated sepa-
rately.

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 ele-
vation zone. (The file with temperate data is specified on the time series

page).

Dry temperature lapse rate

Specifies the lapse rate for adjustment of temperature under dry conditions.
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 differ-

ence in elevations between the reference station and the actual zone.

Wet temperature lapse rate

Specifies the lapse rate for adjustment of temperature under wet conditions
defined as days with precipitation higher than 10 millimetres. The tempera-
ture in the actual elevation zone is calculated based on a linear transforma-
tion of the temperature at the reference station to the actual zone defined as
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the wet temperature lapse rate (C/100m) multiplied by the difference in eleva-
tions between the reference station and the actual zone.

Reference level for precipitation station
Defines the altitude at the reference precipitation station (The file with precip-
itation data is specified on the time series 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 precipita-
tion 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 cov-
ered 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
show 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.

Max water retained in snow

Defines the maximum water content in the snow pack of the zone. Generated
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 pre-
cipitation in the zone can be specified manually or calculated automatically as
defined above.
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5.2.4
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Figure 5.8 NAM - Snow Melt, Elevation Zones

Irrigation

Minor irrigation schemes within a catchment will normally have negligible

influence on the catchment hydrology, unless transfer of water over the catch-
ment boundary is involved. Large schemes, however, may significantly 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 s defined to accumulate the

runoff.

A time series of applied irrigation must be specified as a rainfall series on the

time series page.

The Irrigation parameters are described below (see Figure 5.9).
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Figure 5.9 NAM - Irrigation
Include irrigation

Ticked for a sub-catchments with irrigation included.
Infiltration Parameters

Infiltration rate at field capacity (kO-inf)

Defines the infiltration, which is taken directly from the upper storage using a
Horton-type description. This overrides the standard NAM infiltration calcula-
tion, and the overland flow coefficient CQOF and the threshold value TOF are
consequently not used when irrigation is included.

Irrigation sources

Can be local ground water, a local river, an external river, or a combination of
these. Local ground water will be taken from the NAM ground water storage

and irrigation water taken from a local river will be subtracted from the simu-

lated runoff. If all the water is abstracted from an external source, outside the
catchment, no subtractions are made.
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A

Crop coefficients and operational losses

May be specified separately. The monthly crop coefficients are applied to the
potential evaporation. The operational losses, including also conveyance

losses, are given in percentage of the irrigation water as losses to groundwa-
ter, overland flow or evaporation, (see Figure 5.10).

Seaszonal variation for lrrigation

IRR
 Crop Coefficient
Jan  Feb  Mar  Apr May  Jun  Jul Aug  Sep Oct Moy  Dec
| EEN N TR N N XN N N N O {
— Dperational and Conveyance Loszes in Percent of Abstracted 'water
Losses to Jan  Feb  Mar  Apr May  Jun  Jul Aug  Sep Oct Moy Dec
Groundwater |0 0 0 0 1] 1] 0 0 1] a ] ]
Derland flow {0 1] 0 1] 0 ] 1] 1] 1] 1] 1] ]
Evaporation |0 0 0 i} i} i} i} i} i} 0 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 baseflow

are included a value for the initial lower baseflow must also be specified.
Snow melt

Initials values of the snow storage are specified when the snow melt routine

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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E5 Skawa.RR11 - Modified

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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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:

e Maximum water content in surface storage (Umax).

e Maximum water content in root zone storage (Lmax)

e Overland flow runoff coefficient (CQOF)

o Time constant for interflow (CKIF)

o Time constants for routing overland flow (CK1, 2)

e Root zone threshold value for overland flow (TOF)

e Root zone threshold value for inter flow (TIF)

o Time constant for routing baseflow (CKBF)

e 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 auto-
calibration 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 maxi-
mum 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 RRfile.

A calibration plot of the results is prepared in the RRcalibration directory and
can be loaded via the Plot-composer.



UHM )

MIKE 11

Q Autocalibration Completed.
Skawis_LUPP.RR11 has been updated. Reload file to see revised parameters.
Flot of rezults : Load RRcalibrationh\SKAwA,_LIPP.plc .

Figure 5.13 Message box after autocalibration is finished

53 UHM

Introduction

The UHM (Unit Hydrograph) module constitutes an alternative to the NAM
model for flood simulation in areas, where no streamflow records are availa-
ble or where unit hydrograph techniques are already well established.

The module includes a number of simple unit hydrograph models to estimate
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).
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Figure 5.14 UHM Parameters

Areal Adjustment and Baseflow

An area adjustment factor (different from 1.0) may be applied if the catch-
ment rainfall intensity is assumed to differ from the input rainfall data series.

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 meth-
ods:

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
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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.

Six other methods for describing the hydrograph are available. These are:

e Storage Function

e Quasi Linear Storage Function

o Nakayasu

« Rational method

o Kinematic Wave (rectangular basin)

e Kinematic Wave (Non-uniform slope length)

For each of these a number of parameters are to be given. These parameters
are described in more details in the reference manual.

Loss model

Constant loss
The infiltration is described as an initial loss at the beginning of the storm fol-
lowed 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
operates with three different levels of the antecedent moisture conditions
AMC, where the initial AMC is specified.

Three other loss models are available:

o Nakayasu

e f1-Rsa
¢ Noloss
Lag time

Can be specified directly in hours or calculated by the standard SCS formula:

SCS formular
Three parameters are specified: Hydraulic Length, Slope and Curve Num-
ber. Use the ‘calculate’ button to calculate the actual lag time.
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Introduction

SMARP is simple rainfall runoff model of the lumped conceptual type.

It has been designed to work on the basis of monthly input data and therefore
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 reservoir 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 represent-
ing the root zone and the groundwater reservoirs respectively.

SMARP has five calibration parameters (see Figure 5.15):
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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 evap-
otranspiration. The model does not account for evaporation from interception
or surface depressions. Thus the magnitude of SAT is normally somewhat
larger than what may be estimated from rooting depth and field capacity. Val-
ues 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 storage
(MAX).

Surface Runoff exponent (E2)

SMAP calculates the Surface runoff (OF) as a fraction of the rainfall input dur-
ing the Time step (P). The surface runoff depends both of the degree of satu-
ration 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 calibration with E2 val-
ues close to 1.
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Evaporation Exponent

The actual evaporation (EA) is calculated as a fraction of the potential Evapo-
transpiration (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 ground-
water 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 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 specified.

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 var-
iables within an output interval and improves the results.

ﬁ Please note that the discharge output in the main result file is in m3/s and
represents an instantaneous value at the end of the last calculation time step.
l.e. it is not the average discharge during the storing interval.

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.
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9.9

5.5.1

Urban

A

Introduction

Two different urban runoff computation concepts are available in the Rainfall
Runoff Module:

Model A) Time/area Method
Model B) Non-linear Reservoir (kinematic wave) Method

Model A provides a hydrograph with a user-specified time of concentration
suitable for larger urban catchments as well as rural catchments. Model B
generally results in the hydrograph peak occurrring just when heavy ranfall
ceases. Model B is therefore best suited to small urban catchments.

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 concep-
tual 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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Figure 5.16  Urban Page. Model A, Time/area Method

Impervious Area
The Impervious area represents the reduced catchment area, which contrib-
utes 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 depressions.

Reduction factor
Runoff reduction factor, accounts for water losses caused by e.g. evapo-tran-
spiration, imperfect imperviousness, etc. on the contributing area.

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:
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1. rectangular catchment
2. divergent catchment, widest at its outlet
3. convergent catchment, widest at its head

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 having the same area as the
contributing catchment, only taking the gravitational and friction forces into
account. The runoff amount is controlled by the various hydrological losses
and the size of the actual contributing area.

The shape of the runoff hydrograph is controlled by the catchment parame-
ters length, slope and roughness of the catchment surface. These parame-
ters form the base for the kinematic wave computation (Manning equation).

Infiltration to groundwater is calculated using a modified Horton equation.

The Parameters for Model B are described below (see Figure 5.17)
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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 in the Manning equation for the
runoff.

Area (percentages)

The area distribution percentages allow the catchment area to be divided in
up to five sub-catchments with identical geometrical, but distinct hydrological
properties. The five sub catchment types are:

e impervious steep

e impervious flat

e pervious -small impermeability

e pervious - medium impermeability

e pervious - large impermeability
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The hydrological properties of each of the sub-areas can be adjusted by mod-
ifying the appropriate hydrological parameters (see Figure 5.18 showing
default values). The sum of the specified areas (in %) must be equal to 100%.

Model B Parameters
[ mMopELA
Impervious Surface Perviousz Surface
Fioof Area Flat Area Small Infil. Medium Infil Large Infil.
Wwetting Joos Joos Joos Joos
Storage |og 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 depres-
sions on the catchment surface prior to occurrence of runoff. Not applicable
to ‘Impervious Steep’ type of catchment.

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.

Horton's Exponent

Time factor "characteristic soil parameter" with unit of s-'. Determines how
quickly during a rainfall event the infiltration capacity rate reduces over time
from the ‘Start Infiltration’ to the ‘End Infiltration’. The actual infiltration capac-
ity is dependent of the 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 event, i.e. in a drying period.

Manning's number

Describes roughness of the conceptual catchment surface, used in hydraulic
routing of the runoff (Manning's formula).

Note that the Manning’s number here is specified as Manning M - the recipro-
cal of Manning’s n.
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554 Additional Time series

Additional runoff

Additional runoff can be specified as a constant flow or specified as load
based on inhabitants (PE). An additional time series for load (gload) is
specified in the time series, when the flow is based on load based on inhabit-
ants (PE>0). The flow is calculated as:

Flow = [PE]qload(t) (5.1)

Evaporation

The 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

The Snow melt check box controls if snow melt is to be included in the calcu-
lation. 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.

5.6  Flood Estimation Handbook (FEH)

5.6.1 Background

The Flood Estimation Handbook (FEH) was introduced in 1999 to replace the
previous Flood Studies Report (FSR) methods for flood estimation in the UK.
The FEH comes in 5 volume, with 2 associated software products. The FEH
set comprises:

1. Overview
2. Rainfall Frequency Estimation
3. Statistical Procedures for Flood Frequency estimation

4. Restatement and application of the Flood Studies Report rainfall-runoff
method

5. Catchment Descriptors

The implementation of MIKE FEH is mainly concerned with Vol. 4.
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5.6.2 Methods for hydrograph Generation

The following methods for computing a hydrograph have been incorporated
into MIKE FEH:

o Generation of a T-year event -Chapter 3 of the FEH handbook

e Generation of a Probable Maximum Flood (PMF) - Chapter 4 of the FEH
handbook

e Generation of an observed Flood Event - Chapter 5 of the FEH hand-
book
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The steps described in Table 5.1 are used to compute a T-Year hydrograph:

278

Table 5.1 T-Year event
Step |Input Computation Reference
1 The catchment in question is identified Vol. 5, Chap 7.
from the FEH CD ROM and the catch-
ment descriptors exported to CSV for-
mat.
The main descriptors are:
- AREA = catchment area (km2)
- DPLBAR = = mean drainage path
length (km)
- DPSBAR = mean drainage path
slope (m/km)
- PROPWET = proportion of time
when Soil Moisture Deficit (SMD) was
below 6mm in period 1961-90
- SPRHOST = Standard Percentage
Runoff derived from HOST soil classi-
fication (%)
- URBEXT = extent of urban and sub-
urban land cover
- SAAR = Standard Average Annual
Rainfall (mm)
- The Depth-Duration-Frequency rain-
fall descriptors:
¢, d1,d2,d3,eandf
2 Compute Tp(0) - Time to peak of This can be com- |Vol. 4, Chap
instantaneous unit hydrograph (IUH). |puted from 2.2.
i. Catchment LAG
(Vol. 4, Eq. 2.9)
ii. Catchment
Descriptors (Vol.
4, Eq.2.10)
iii. Donor catch-
ment
iv. Observations
3 Compute delta T, time interval of unit |Recommended as |Vol. 4, Chap
hydrograph. 10-20% of Tp(0). |2.2.
Computed as 20%
of Tp(0).
4 Compute Time to peak, Tp, of unit Tp = Tp(0) + del- |Vol. 4, Chap
hydrograph. taT/2 2.2.
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Table 5.1 T-Year event
Step |Input Computation Reference
5 Calculate Unit Hydrograph peak (Up) Up: Vol. 4, Eq
and time base (TB). 2.6.
Tb: Vol. 4, Eq.
27.
6 Calculate design Storm duration, D. |[D=Tp Vol. 4, Chap
(1+SAAR)/1000 |3.2.1, Eq. 3.1.
7 Calculate rainfall return period, TR for |If URBEXT < Vol. 4, Chap
each flood return period TF. 0.125,then TRis |3.2.2.
determined from
Vol. 4, Figure 3.2.
If URBEXT >0.125
and <0.50, then
TR=TF
8 Compute the D hour, TR year point Gumbel reduced |Vol. 2, Chap
rainfall (mm) = MT-Dh variate: 2.3.
This is calculated from the catchment |Y=-In[-In(1-1/TR)] |Eq. 2.2 -2.4.
descriptors ¢, d1, d2,d3, e and f. (Vol. 2, Eq. 2.1)
Not Displayed. The point rainfall
is computed as a
function of y and
c,d1,d2,d3, e
and f.
9 Compute storm depth P for catchment |ARF = 1 - bD-a Vol. 2, Chap
by scaling point rainfall depth with Where aand b are |3-4.
Areal Reduction Factor (ARF) functions of the  |Vol. 4, Chap
Not Displayed Area. 3.2.2.
10 Derive design storm profile. There are |If URBEXT < Vol. 2, Chap
2 standard profiles, the winter and the [0.125, use winter |4..
summer profile. profile. Vol. 4, Chap
The actual design profile is based on |If URBEXT >0.125 |3.2.3.
the standard one taking into account |and <0.50 use
the catchment storm depth and dura- |summer profile.
tion. The profiles are
Compute and write to output file in defined in Vol. 2
dfs0 format. Eq 4.2 and shown
in Vol. 4 Figure
3.5.
11 Compute Catchment Wetness Index Vol. 4, Chap
(CWI). This is function of SAAR. 3.24.
Figure 3.7.
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Table 5.1 T-Year event

Step |Input Computation Reference
12 Compute Standard Percentage Run- Vol. 4, Chap
off (SPR). SPR can be computed from 2.3.
- Baseflow index (Vol. 4 Eq. 2.16)
- SPRHOST

- Transfer from donor
- From observations

13 Calculate percentage runoff (PR) Vol. 4 Eq. 2.12, Vol. 3, Chap
appropriate to the design event. This [2.13, 2.14,2.15. |3.3.1.

is based on PR for the rural fraction of
the catchment and scaled according to

URBEXT.
14 Compute baseflow. This can be com- Vol. 4, Chap
puted from 2.4,
- Catchment descriptors (Vol. 4 Eq
2.19)

- Transfer from donor catchment
- From observations

15 Compute the net event hydrograph by |Output of Step 10
multiplying the design rain event hye- |multiplied with PR.
tograph by PR.

16 Compute the rapid response hydro-  |Vol. 4, Eq. 2.3 Vol. 4, Chap
graph by convoluting the net rainfall 3.3.

event hyetograph against the unit
hydrograph (computed in step 5).

17 Compute total response hydrograph
by adding baseflow (Step 14) to rapid
response hydrograph (Step 16).

18 Scale computed hydrograph accord-
ing to Target Peak Flow.

56.4 Probable Maximum Flood

PMF computations are used for e.g. reservoir and dam safety studies. The
main differences between PMF and T-Year hydrograph generation described
in the previous section are:

e - Unit hydrograph parameters

e - Rainfall generation

e - CWI estimation

e - Contribution of Snowmelt
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e - Standard percentage runoff (SPR) and Percentage runoff (PR)

Unit Hydrograph Parameters

Very simply, the time to peak of the instantaneous unit hydrograph, Tp(0), for
a PMF computation is assume to be 0.67 times the standard value. This
affects both the peak (Up) and time base (TB). See Vol. 4, Chap 4.2.1.

Rainfall Generation

The Probable Maximum Precipitation (PMP) hyetograph is constructed
directly, not via storm depth and standard profiles as in the T-year case. The
user is required to construct the design hyetograph manually and store the
profile in a dfso file.

Catchment Wetness Index (CWI)

This is now a function of the estimated maximum antecedent rainfall, which in
turn is a function of the storm hyetograph. The user should make the compu-
tation (given in Vol. 4 Chap 4.3.3) and enter the value directly in the menu.

Contribution of Snowmelt

Snowmelt may contribute to both the storm depth and antecedent rainfall,
and therefore the CWI. The user should define a snow melt rate (mm/h) from
which both these effects can be computed. See Vol. 4, Chap 4.3.4 and exam-
ple 4.1f. Output from this part is an adjusted CWI (denoted CWI') as well as a
modified storm profile in dfsO format (as for step 10, above).

Standard percentage runoff (SPR) and Percentage runoff (PR)

If using a winter PMP, the SPR is set to a minimum of 53% to account for fro-
zen ground. See Vol. 4 Chap 4.2.2. In addition, a revised formulation for PR is
made, Vol. 4, Eq. 4.12.

Initially, the SPR is computed as for step 12, above, and subsequently
checked to ensure that the value is greater than or equal to 0.53 (if a winter
profile is used).

In the computation of PR, PR rural is computed from Vol. 4, Egs. 2.13 - 2.15
and Eq. 4.12 using the SPR (just computed), the CWI (adjusted for snowmelt)
and the integral over time of the design hyetograph (also adjusted for snow-
melt).

5.6.5 Generation of an Observed Flood Event

In this case observed rainfall is used as input from which the resulting hydro-
graph can be computed. Computation of the CWI is also based on the rainfall
observations. See Vol. 4, Chapter 5.

Catchment Rainfall (MAR)

Catchment rainfall is provided by the user as a dfs0 file. Please note that
mean area rainfall computation is done on the Time series page in the Rain-
fall Runoff editor. Following the specification of a catchment rainfall file, the
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period (start and end) covered by the time series will be shown. Using this
information the user is required to set the design storm period, which defines
the storm duration and the rainfall depth.

Storm Depth and Duration

The storm duration and depth is computed automatically from analysis of the
input rainfall. Note the rainfall must start at least 5 days before the storm start
time in order to compute antecedent wetness.

Storm Profile

An option is available to allow the user to use the measured rainfall time
series distribution to generate the hydrograph, alternatively one of the two
standard profiles (summer or winter) may be used.

Observed Antecedent Catchment Wetness Index (CWI)

The CWI calculation is based on the observed rainfall record in the 5 days
prior to the start of the event and the observed soil moisture deficit (SMD).
The procedure is described in detail in Vol. 4, Appendix A, section A.4.2.
SMD is defined by the user. Subsequently, CWI is computed by MIKE FEH.

The user may set the origin of the time axis of all the result files computed in
MIKE FEH. This may be desirable if a hydraulic analysis (using MIKE 11 HD)
is to be done afterwards.

The results include:

1. The design storm profile as interpreted by MIKE FEH
2. The unit hydrograph profile used to compute the hydrograph
3.  The computed hydrograph

If, for a T-Year event, multiple return periods have been specified, the result
files contain multiple items, one item for each event.

Validation

Once the user presses the Compute button on the Results page, MIKE FEH
starts the validation of the provided input. If the input is accepted, the model
proceeds, otherwise the validation error messages are shown in the inter-
face.

Log Files

An excerpt of the input and the intermediate results are found in a text file
with the extension .log. The file is located in the directory of the RR11 file.
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5.7

5.7.1

DRIiFt

A

From the interface, the user selects for each catchment whether or not a log
should be created.

The DRIiFt module (DRIiFt = Discharge River Forecast) is a semi-distributed
rainfall-runoff model based on a morphological approach. The model is able
to consider the topography of each site analysed and the spatial variability of
soil characteristics and rainfall patterns. Input data for the DRiFt model is
divided into three groups:

e Surface Flow parameters
e Initial Conditions
e Rainfall / Precipitation data

The development of DRiFt was done by CIMA - Centro di ricerca Interuniver-
sitario in Monitoraggio Ambientale - a research institution of the Universities
of Genoa and Basilicata (Italy), in cooperation with ACROTEC S.r.l.

Please note that ‘DRIiFt’ is only available in the 32-bit version.

Surface flow

Parameters for calculating the surface flow are described below (see
Figure 5.19).
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Figure 5.19 DRIFt Surface Flow parameters

Geo-morphological Parameters

DEM

The DEM (Digital Elevation Model) of the basin - prepared and saved in a
two-dimensional grid-file (*.dfs2). For a better interpretation of the derived
files (like draining network files, etc.), it is opportune to mask the useless
parts of the territory (e.g. the sea) setting them to "no data value".

The DEM-file to be applied for a particular catchment must be selected by
pressing the Browse button “...’. The ‘Edit’ button opens an already selected
DEM dfs2-file for viewing and editing in the MIKE Zero grid editor.

Threshold value ASk

ASk is the threshold value for a slope-area filtering procedure applied when
generating the channel drainage network in the basin from the DEM. Typical
range of ASkis 100-1.000.000 m2, default value for e.g. a 225m x 225m DEM
resolution: 100.000 m2.

Geo-morphological exponent, k

The Geo-morphological exponent, k is the exponent used in the expression
for the threshold value ASk. Default value is 1.7.
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Draining Network file

The draining network file is a grid-file containing some topography informa-
tion in general from the DEM and additionally, the information on the channel
or draining network inside the basin. The Draining network file is the grid-file
which is actually used in the calculation of surface runoff. Therefore, it is
required to specify a draining network file for each DRiFt catchment prior to a
simulation.

The Draining Network is created by activating the ‘Create’ button after a
DEM-filename, an ‘ASK-value and a ‘k’-value has been defined. Alternatively,
a pre-defined network-file can be loaded by use of the ‘...’ button. Before the
creation, a name for the destination file must be chosen by clicking on the ...
button. The suggested default name of the draining network file is "catch-
ment_name.choice.dfs2".

Other files are automatically generated together with of the draining network
file (e.g. catchment_name.pnt.dfs2 representing the slope orientation, catch-
ment_name.area.dfs2 representing the drained upstream area). These files
are used in the simulation even though they do not appear within the inter-
face, therefore they always must be located together in the same directory.
The user must pay attention to the operations which could alter this condi-
tions (renaming, moving, deleting these files).

Catchment outlet node

The catchment outlet node is defined as the pixel (grid point) in the draining
network where outlet from the basin occurs. The outlet node is specified by
the X- and Y-coordinates (or j- and k-grid coordinates as are the standard
notations for dfs2-file definitions in MIKE Zero) of the grid point which con-
tains the basin outlet location.

Surface Parameters

Curve Number (CN)

CN (the Soil Conservation Service Curve Number) can be specified in two
ways; either as an average, constant value for the entire basin or as a distrib-
uted grid defined by a dfs2-file.

Activating the ‘Average value’ tick-mark will activate the average value field
and a constant value must be defined. De-activating the tick-mark will require
a dfs2-file selection in the ‘Distributed’ field by use of the browse button.

The range of this variable is from 0 to 100.

Flow velocity in channels

Flow velocity in each area (cell) within the basin which is identified in the
draining network file as ‘channel’. Contributes to the computation of a total
routing time.

Default value for flow velocity on channels is 1 m/s. The normal range of the
variable is from 0,1 m/s to 10 m/s.



5.7.2

286

Rainfall-Runoff Editor

Flow velocity on hillslopes

Flow velocity in each area (cell) within the basin which is identified in the
draining network file as ‘non-channel’ or ‘hill-slope’. Contributes to the com-
putation of a total routing time.

Default value for flow velocity on hillslopes is 0,1 m/s. The normal range of
the variable is from 0,001 m/s to 1 m/s.

Initial conditions

Initial conditions for the DRiFt model comprises the SCS Antecedent Mois-
ture Content. The SCS-AMC value is specified in the DRIFt Initial Conditions
page (see Figure 5.20).

5 DRiFt-1.RR11 i (=]

Catchments| MAH | UHH | 60427 | Uban | FEH  DRiFt | Timeseries]

Surface flow  Initial Conditians | Hainfalll

I DRIFT-CAT

— Surface and Rootzone

SC5 Antecedent Maisture Content ITYPE Il 'l

[~ Distibuted S5C5 Arntecedsnt Moisture Content

[EDatatBasint_SCS. dis2 |_| Edit |

— Dvervie

5C5 Antece| Distributed
TYPEI CHDATABAS)

Figure 5.20 DRIFt Initial Conditions page

SCS Antecedent Moisture content

The antecedent moisture content can be defined as either a constant value
all over the catchment or a distributed value (defined in a dfs2-file). Only
theree values are allowed: Type | (dry condition), Type Il (normal condition)
and Type Il (wet condition).
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Default option is to use a constant value. If, however a distributed AMC-value
is required, then activate the ‘Distributed SCS Antecedent Moisture Content’
tick-mark and select an AMC dfs2-file by use of the browse button. AMC

dfs2-file must be constructed assigning to each cell numeric values 1, 2 or 3
corresponding to Type |, Il or .

5.7.3 Rainfall

The input for the rainfall-runoff simulation is supplied as rainfall (or precipita-
tion) data. Rainfall data can be specified either as a constant value, as a time

series or as a time-varying distributed rainfall pattern.

The rainfall input is defined in the DRIFt ‘Rainfall’ page (see Figure 5.21).

DRiFt-1.RR11

— Rainfall Rate

=10l x|

I DRIFT-CAT

Eatchm§nts| HAM | UHM | Sb8F ] Utban | FEH  DRiFt | Timeseres]

Surface rowI Initial Conditions Hainfalll

Spatial distribution

Temporal distribution

Constant precipitation rate

IUniform j ITime warying j

|

TS-ile IE:\Data\.TSF!ain.dst

[T Create new distibuted precipitation maps

Interpolation tupe Thiessen

=

L] eat |

Frecipitation time step multiplier I4 Create precipitation maps |

— Dvervie

| Spatial distr

Temporal diIConstant pr

T5-file

Interp

Unifarm

Time varyi

i

CDatalTSRai

Thigzze

|

Figure 5.21 DRIFt Rainfall page (Spatial distribution = Uniform)

Precipitation Rate

DRIiFt utilises a spatial distributed map of precipitation as input to the compu-
tational part. It is therefore required to preprocess a rainfall map from either
spatial and/or temporal distributed sources.
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Spatial distribution
Spatial distribution of precipitation can be made either Uniform or Distributed.
Select the required option from the Spatial Distribution combo-box.

Temporal distribution
Temporal distribution of precipitation can be made either Constant (= con-
stant value in space and time) or Time Varying.

Based on the selected combination of spatial and temporal distribution of
rainfall, different precipitation data definitions are required (see Table 5.2):

Table 5.2 Specification of precipitation data. Requirement as function of Spatial
and Temporal distribution selections.

Spatial Temporal Required precipitation

Distribution Distribution data definition

Uniform Constant Constant value for precipitation rate
[mm/hours]

Uniform Time Varying Time series file (dfs0) of

precipitation as rainfall intensity
[mm] or rainfall intensity [mm/hour]

Distributed Time Varying Time varying grid-file (dfs2) of
precipitation maps precipitation as rainfall [mm]

Constant precipitation rate
Here the constant precipitation rate is defined [mm/hour].

TS-File

With a selection of uniform spatial distribution and time varying temporal dis-
tribution as presented in Figure 5.21, it is required to select a time series file
(dfsO-file) with rainfall data in the ‘TS-file’ filename field.

Precipitation can inserted in two different ways:
e as "rainfall" [mm] and TStype = "mean step accumulated”
e as "rainfall intensity” [mm/hour] and TStype = "instantaneous"

Rainfall file

With a selection of distributed precipitation maps as presented in Figure 5.22,
it is required to select a time varying grid-file (dfs2-file) with rainfall data in the
‘Rainfall file’ filename field.

Here precipitation is always treated as "rainfall” [mm], "mean step accu-
mulated”
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Create new distributed precipitation maps

DRiFt includes a possibility for generating a time varying grid based precipita-
tion input file from a number of single rain gauges observations by use of spa-
tial interpolation. If the rainfall pattern must be distributed and no rainfall file
exists then by activating this check-box, DRiFt will generate a time varying
distributed file with the filename as specified by the user in the ‘Rainfall File’
filename field.

In case the ‘Create new distributed precipitation maps’ feature is enabled, it is
required to specify Rain gauges definitions in the table below the checkbox.

Rainfall station specification table
Rainfall stations (rain gauges) definitions for the spatial interpolation feature
in DRIiFt is given in this table. The information required for the interpolation is:

o the location of the rain gauge station in the basin defined by plan coordi-
nates (X and Y),

o atime series file (dfsO-file) with rainfall measurements from the specific
station. Use the Browse button to select the required dfsO-file.

e additional, optional information in the table is the possibility to specify a
text-string identifier for each rainfall station.

To start the definition of rain gauges stations in an empty rain gauges table,
click on the ‘Edit’ column-button and thereafter press <TAB>. Alternatively, it
is possible to select from the ‘Grid’ option in the Main Menu Bar the ‘Insert
line’ option (after one of the column-buttons has been activated). Thereby, a
new line will be appended to the table and rain gauges specifications can be
made.

Every time a new rain gauge definition must be added, it is possible to add a
new line to the table by using the Tabulator when the cursor is located in the
last column of the table.

An example of definition of three rain gauges stations is presented in
Figure 5.22.
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Figure 5.22 DRIiFt Rainfall page (Spatial distribution = Distributed)

Interpolation type

Interpolation options for generation of time varying distributed precipitation
maps are: ‘Thiessen’ and ‘Inverse squared distance’. Select the desired inter-
polation type from the Interpolation type combo-box.

Precipitation time step

The precipitation time step is the temporal resolution of the new distributed
maps [seconds]. In order to exploit the whole available information, it is rec-
ommended to set the precipitation time step on the same value of rain
gauges measurements resolution.

Create precipitation maps

This action-button creates the required distributed precipitation maps for the
DRIiFt runoff calculations. The distributed rain maps are required for all DRiFt
calculations and it is therefore requested for the user to prepare a rain map
for all catchments.

The precipitation map will be created here as "rainfall” [mm], "mean step
accumulated"

The file containing the rain map is a dfs2-file with a filename depending on
the selection of spatial distribution (uniform or distributed). For a selected uni-
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form spatial distribution the filename will be ‘Rainmap+Catchment-
name’.dfs0. If a distributed spatial distribution has been selected then the
Rain map will be saved in the file as specified in the ‘Rainfall file’ edit-field.

5.8 Time Series

The Time series page serves two purposes: Input of time series and calcula-
tion of weighted time series (see Figure 5.23)

E5 Skawa.RR11:1 - Modified

Catchments | Natd | UHM | SMap  Timeseries

I Skaws_ PP
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Weighted 1
Data type tir:::;er?es File name Hem Browse

Rainfall o SHAWA UPP_RAIN WWEIGHTED

Evaporstion [ E.DFS0 6510 I

[Chserved discharge) [] Q@ DFs0 203

Temperatuire [ |TDOFs0 B507 |
~ Mean Area \Weighting - -

& tie fived combiatone. 1
Weighted average | Distribution in time

Browse = |
Station no. e 1 2 3 4 I
Filename p.dfs p.dfs0 p.dfs0 pdfs0
|ftem 6512 G314 6313 6307 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 a 1] 1] 0| |58
| | »

i~ Catchment - Maty Overvie

Data type IHainfaII L! Tupe IWeighted average_‘J Combination I‘I 'l
Station Ho. | 1 2 3 4 5
Catchm. tem| 6512 6514 6513 6507 6505
1 Skava LPP 0267 00679 0.238 0.426 o
2 SHAVYA | O |U 1] 0.0565 0196 0315
<] | i

Figure 5.23 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 simulation.
The following data types are used:

Rainfall

A time series, representing the average catchment rainfall. The time interval
between values, may vary through the input series. The rainfall specified at a
given time must be the rainfall depth accumulated since the previous value.
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Time series item definitions for rainfall input require:

- ltem Type must be defined as ‘Rainfall’

- TS-Type must be set to ‘Step Accumulated’, which means each value is
total rainfall quantity in its time step.

Evaporation

The potential evaporation is typically given as monthly values. Like rainfall,
the time for each potential evaporation value must be the accumulated depth
at the end of the period it represents. The monthly potential evaporation in
June should be dated 30 June or 1 July.

Time series item definitions for Evaporation input require:

o Item Type must be defined as ‘Evaporation’
e TS-Type must be set to ‘Step Accumulated’
Temperature

A time series of temperature, usually mean daily values, is required only if
snow melt calculations are included in the simulations.

Time series item definitions for Temperature require:

o Item Type must be defined as ‘Temperature’
o TS-Type must be set to ‘Instantaneous’
Irrigation

An input time series is required to provide information on the amount of irri-
gated water applied, if the irrigation module is included in a NAM simulation

Time series item definitions for Irrigation require:

o Item Type must be defined as ‘Irrigation’

o TS-Type must be set to ‘Step Accumulated’

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.

Time series item definitions for Abstraction require:

o Item Type must be defined as ‘Ground Water Abstraction Depth’
e TS-Type must be set to ‘Step Accumulated’

Radiation
A time series of incoming solar radiation can be used as input to the extended
snow melt routine.

Time series item definitions for Radiation require:
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e Item Type must be defined as ‘Sun Radiation’
e TS-Type must be set to ‘Instantaneous’
Degree-day coefficient

A time series of seasonal variation of the degree-day coefficient can be spec-
ified as input to the extended snow melt routine.

Time series item definitions for Degree-day coefficient require:

e Item Type must be defined as ‘Melting Coefficient’

e TS-Type must be set to ‘Instantaneous’

Observed Discharge

A time series of observed discharge values can be specified and used for

model calibration. The observed discharge must be specified when automatic
calibration is included.

The selection of the observed discharge will automatically enable additional
output which includes a calibration plot with comparison of observed and sim-
ulated discharge and calculation of statistical values. See Section 5.11.

Time series item definitions for Observed Discharge require:

e Item Type must be defined as ‘Discharge’
e TS-Type must be set to ‘Instantaneous’

Calculation of Weighted time series

This calculation usually needs only to 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.

If the rainfall data, weights or number of catchments changes the calculation
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 calcu-
lation is made without requiring a model run.

2. During a simulation. A new simulation is started in the Simulation Editor:
If the weighted time series is ticked, the Mean Area weighting calculation
is carried out as part of the model run.

It is recommended to use option 1.This will ensure that the available time
periods of the input files are available for the simulations editor.



After having calculated the weighted time series once the calculation can be
disconnected by 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 combi-
nations can be specified for different combinations of missing data.

It is not necessary to specify weight combinations for all possible combina-
tions of missing stations. For each calculation, the Mean Area Weighting
algorithm will identify estimate weights which best represent the actual com-
bination of missing data. In most cases only one set of weights need to be
specified. The Mean Area Weighting algorithm will automatically redistribute
weights from missing stations equally to the stations with data.

Alternatively, the user may specify the weight to be used for specific combina-
tion 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 high-frequency
stations. You may, for example, use all daily and hourly stations to determine
the daily mean rainfall over the catchment and subsequently use the hourly
stations to the distribute (desegregate) this daily rainfall in time. Different
weight combinations for different cases of missing 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 combina-
tions). 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.
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59 Parameters menu

The parameters menu contains a number of items mainly relating to the UHM
models Storage Function, Quasi Linear Storage Function, Nakayasu,
Rational method, and Kinematic Wave.

5.9.1 Enlargement ratio

The rainfall specified in the Time series page can be enlarged by a factor.
Three factors, each with a duration for which they should apply, can be spec-
ified.

59.2 Loss Parameters

For the Nakayasu and the f1-Rsa loss method a number of parameters can
be specified. Later when specifying the loss method for a UHM catchment a
set of parameters from this dialog can be selected by refering to the row num-
ber in the dialog.

5.9.3 Land use definitions for QLSF method

A number of parameters relating to the UHM method quasi linear storage
function method can be specified. Later when defining QLSF catchments the
user refers to the row number of this dialog when defining the percentage of
area covered by the land use category.

5.9.4 Default values for specific method

A number of parameters which can be specified globally only, i.e. they apply
to all catchment of the given type, are available. See technical reference for
more details on each parameter.

5.9.5 Time-fixed combinations

The mean area rainfall calculator selects the weight combination based on
the availability of the rainfall stations. However, if desired the selection of the
combination may be specified fixed in time. Within this dialog, the time peri-
ods for which each of the combinations should be applied can be specified.
Time-fixed combination are activated by selecting the check-box on the time-
series page.
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59.6 MAW merged output file.

The mean area rainfall for each catchment is saved in a separate file. If
desired these files can be combined into one file. This is selected within this
dialog, and the filename for the merged file is specified.

5.10 Basin View

The Basin View provides a graphical interface for some useful rainfall-runoff
modelling tools providing facilities to:

o Digitise catchment boundaries and the location of rainfall stations

o Calculate catchment areas

e Calculate weights used for mean area rainfall calculation

The Basin View is by default not activated when a Rainfall Runoff file is

opened or created. It is not required to activate the Basin View for preparation
of the RR-file.

5.10.1 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.

&4 Origin =¥ Origin
O O = |
—\Width Height itz |
[500 { [350

Figure 5.24 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 at the
same time as the Basin View. The default catchment can afterwards be
deleted from the catchment page in the Tabular View, such that the catch-
ments in the Basin View and in the Tabular View are the same.

5.10.2 Importing Layers

The layer management tool is used to import a graphical image as back-
ground in the Basin View (select “Layers | Layer management” from the menu
bar). The graphical image is georeferenced in the image coordinates dialog
when importing the layer.
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5.10.3 Basin Work Area

)

The Basin Work Area dialog selected from the top menu bar contains the fol-
lowing facilities (see Figure 5.25).

Basin WwWork Area Window  Help

Import Basin Definitions...
Import Station Definitions...

Export Catchmén_t_P_n!__l,lg_o’ps.._.

Thiessen Options...
Isohwetal Optiors...
Calculate M‘e_an'i':‘.rec'ipité_tion
Combination Definitian...

Graphical Settings...

Besize Working Area...
Delete Selected ltems Del
Create Polygons...

Copy Metafile To Clipboard
Save Yiew To Metafils...

Figure 5.25 Basin Work Area.

Import Basin Definitions
Import of predefined Basin Definitions from a file with the format:

Powering Water Decisions

... Xn1Yn1

... Xn2Yn2

Line 1: Index of catchment boundary section and number of pairs of
(x,y)-coordinates.

Line 2 - Line4 : (x,y) -coordinates for first catchment boundary section.

Line 5: Index of catchment boundary sections and number of pairs of
(x,y)-coordinates.

Line 6- 8: (x,y) -coordinates for second catchment boundary section.
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Line 5 to 8 are repeated for the following sections. The # marks the
end of all sections

Import Station Definitions
Import of predefined Location of Rainfall Stations from a file:

1 4782 98.0
2 4885 1101
3 4625 1132
4 4250 151.9
Line 1 - 4: Station index, (x,y)-coordinates.
The lines are repeated until the last station.

Export Catchment Polygons
Export of Catchment boundaries to a file.

Thiessen Options

Preparation of Thiessen Weights takes place within the “Thiessen Option”-
dialog. Select number 1 for the first combination and press OK (see
Figure 5.26). Thiessen weights have now been prepared (see Figure 5.23,
Time series page in the Rainfall Runoff Editor).

Thieszen Options [ %]

Calculation of Thiessen polygons/weights——
= l—— -DK
Al combinations Cancel |

Figure 5.26 The Thiessen Option dialog.

Apply the weight “-1.00” (for stations with missing data) on the Time series
page before calculating other combinations.

To show Thiessen polygons for a catchment on the Basin View do the follow-
ing:

1. Press the Thiessen icon () on the Basin View toolbar.

2. Right click on the basin view.

3. Select the 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
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link to data on the Time series page in the Rainfall Runoff Editor. It should
therefore be noted that the Isohyetal Option cannot be used to prepare
weights and time series of mean area rainfall used as input to the rainfall-run-
off calculation. Select the Isohyetal Options to activate the Isohyetal Option
dialog (see Figure 5.27). The dialog has the following pages:

Preparation of periods.
Grid Interpolation
Isoline Options

b -

Calculated catchment rainfall based on interpolated isolines
To see the Isolines on the Basin View: Press the Isoline icon on the Basin
View toolbar (E).

Isohyetal Options

Rainfall data | Girid interpolation | Isolines | Catchments |

" User specified period

Start |2DDD£DS.-"05 10:51:54 —' v|

End  [2000/05/05105754 =1~

—Accumulation Setting

v &llow Delste values

Maximum value of Gap filing |‘I 0

— Statistics on calculated value

Minimum I[l

I awirnum l['

Apply Mow |

Figure 5.27 Isohyetal Options dialog

Calculate Mean Precipitation

After having prepared the Thiessen weights (see Figure 5.23, 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 5.28).
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The “Graphics” page is used to adjust display options for the following graph-
ical objects:

o Basin Web Objects (active when editing or deleting objects)

o Catchment Objects

o  Station Objects

e 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

— Points Drawn a:

=@ Graphical Obj
S e eatiess || Ei x| (0| 0=0fC A[w] =]

¢ Lines. Coo: N -| Ml Fortiisye  [wne <
>q Catchment Objects S
o Liries Paint size: |2 [Ppt]

-+ Labels

B Station Objects

— Lines Drawn a:

-~ Paintz [# Disply, Line: style: ISo.Ild vl

-+ Labels

Thiessen Objects Calor: —l'l l_ Palpgor fill style: I 'l
Inzide Catchment - :
- Palpgon Lines Thickness: I2 [pixelz]
-+ Station Points
Outside Catchment — Teut Drawn a:

juf Poligon Lipes = isan Justification:

‘e of Station Paints

Colar: |'I ’_ Background style: I wl

ak I Cancel | Sl | Help I

Figure 5.28 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 create
catchment polygons (alternatively press the Create Polygon Catchments
icon: @!). Each catchment will be created in the Rainfall Runoff Editor, includ-
ing an automatic calculation of the area.
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Copy Metafile to clipboard
The Basin View is copied to a the clipboard.

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.

5.10.4 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 catchment
boundaries are defined as a set of points connected by straight lines forming
a polygon. To define the boundaries press the add catchment boundary but-
ton and start digitising the first catchment boundary. To close the first catch-
ment boundary polygon double click on the mouse. Digitising of additional
boundaries is initiated when selecting the add catchment boundary, clicking
on the mouse with the cursor placed close to an existing 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 (jgt).
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 polygons.

Create Polygons

Catchments are created within the Rainfall Runoff Editor using the “Create
Polygon Catchments”-icon (2%) after having digitized the catchment bounda-
ries. Each catchment will be created in the Rainfall Runoff Editor, including
automatic calculation of the area. Catchment names can be modified in the
Rainfall Runoff Editor.

5.10.5 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”-dia-
log to select the time series and select the name for the Rainfall station (see
Figure 5.29).
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Edit Station [ %]

i~ File Selection
Ok I
File name : C:AMikeZero\Skawa'p. dfz0
I J Cancel |

Item number : |111

Itemn name : |98589

i~ Location coordinate:
% [333550
¥:  [5527000

i~ Station

Mame:  |96563

Mumber : I?

Frecipitation ||

Figure 5.29 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”.

5.10.6 Preparing Thiessen weights

302

Thiessen weights are prepared from the menu bar (Basin View | Thiessen
Options).

Figure 5.30 shows an example of a Basin View for two catchment showing
the catchment boundaries, 7 rainfall stations and the Thiessen polygons for
all 7 stations.
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Figure 5.30 Basin View with catchment boundaries, rainfall stations and Thiessen
polygons

5.11 Result Presentation

Results

MIKE 11 generates two Rainfall Runoff Result files. The first result file con-
tains 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 generated in two for-
mats, either as RES11 or DFSO filetype (for MIKE 11) or alternatively as
RES1D files. The format of the result file should be selected before running
the simulation. Three facilities are available to plot and analyse the results of
a rainfall-runoff simulation:

1. MIKE View. To apply MIKE View for result analysis during calibration, use
RES11 as result file type. Plot layouts can be generated (and saved) in
MikeView for comparing simulated and observed flow while displaying e.g.
the Root Zone storage variation, the snow storage, the rainfall, etc.

2. MIKE Zero 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 DFSO0 extension.
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3. MIKE Zero Plot Composer. The MIKE Zero Plot composer, which also
uses DF SO 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 cur-
rent simulation directory. The table is extended with observed discharge for
catchments, where the time series for observed discharge have been speci-
fied on the Time series 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 5.31
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  Q-sim %diff |Rainfall PotEvap nActEvap|
19917 17 1 - 19927 17 1 | 418.2 482.6 -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 | F¥1.8 688.1 582.9
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 5.31  Example of contents of summarised output from a NAM catchment with
observed discharge included.

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 on the catchment
page. The calibration can be loaded from the Plot composed and is saved in
the subdirectory RRCalibration with the filename: Catchment-name.plc. The
time series in these plots are also available in DFSO format in the subdirec-
tory RRcalibration with the filename: Catchmentname.dfs0. The plot shows
the following results (see Figure 5.32):
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Figure 5.32 Example on a Calibration Plot

e Comparison between observed and simulated discharge.

o Comparison between accumulated series for observed and simulated
discharge.

e Values for water balance error and coefficient of determination.

It should be noted that the calibration plot requires the results saved for each
simulation time step (See Simulation editor, Results Page).

A combined catchment has no input time series and is therefore not repre-
sented on the Time series page. The observed discharge for a combined
catchment is therefore included as the observed discharge for the previous
catchment on the Time series Page.
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5.12 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 exam-
ple 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 steps were per-
formed:

1.

Opening a new MIKE 11 RR - Parameter file. A catchment must be
defined in the first “Insert Catchment’-dialog (see Figure 5.4). This catch-
ment is used to initialize the Rainfall Runoff Editor for the Basin View.

Activating the Basin View (select View | Basin View).

Importing a background images (select Layers | Layers management).
The imported image was prepared and geo-referenced from an ArcView
application.

Digitising catchment boundaries. The catchment was subdivided into
two sub-catchments defining the Upper and Lower part of the Catchment
(see Section 5.10.4).

Creating polygon catchments (see Section 5.10.4), 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 catchment. The
names of the two catchment were modified to SKAWA_UPP and SKA-
WA_LOW and the default catchment was deleted from the Catchment
Overview.

Setting up a combined catchment. A Combined catchment was
defined as the sum of the two sub-catchments (see Figure 5.3).

Inserting the rainfall stations. Stations included in the calculation of
catchment rainfall were included in the Basin View (see Section 5.10.5).

Preparing Thiessen Weights (see Section 5.10.3, Thiessen Options).
The calculated Thiessen Weight Polygons are shown on Figure 5.30,
which also shows the two sub-catchments. The weights which were
automatically transferred to the Time series page are shown in

Figure 5.23.



10.

11.

12.

13.

14.

15.

A

Calculating Mean Precipitation. The Weighted time series were calcu-
lated based on the weights prepared as described in the previous step.

Setting up other input time series. Input Time series for Evaporation,
Temperature and Observed Discharge were included on the Time series
page (Figure 5.23).

Setting up 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 component
including elevation zones (see Figure 5.7). Areas of the elevation zones
were prepared from a Digital Elevation Model. Areas were afterwards
copied to the “Elevation zone” dialog via the clipboard. Temperature cor-
rections were finally calculated using a fixed temperature lapse rate (see
Figure 5.8).

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 respectively
100% and 90% of maximum capacity (see Figure 5.11).

Setting up Autocalibration for the upper catchment. Estimation of
parameters in the upper catchment were based on the NAM auto calibra-
tion 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).

Starting the simulation editor. After having saved the Rainfall Runoff
Parameters, a MIKE 11 simulation editor was opened. The Input page
includes the RR Parameter file (see Figure 5.1). The Simulation period
was prepared from the Apply default button and a time step of 12 hours
was found appropriate for the simulation (see Figure 5.2).

Estimating RR-parameters for the lower catchment. The parameters
for the lower catchment were estimated based on results from the auto
calibration of the upper catchment and the knowledge of 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 in 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).



) Rainfall-Runoff Editor

16. Presenting Results. Results from the simulation were finally compared
in tables and in plots. Figure 5.31 shows an example of summarised out-
put from the upper catchment, while Figure 5.32 shows the calibration
plot for the upper catchments.
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6 Hydrodynamic Parameters Editor

A

The Hydrodynamic parameters editor (HD-editor) is used for setting supple-
mentary data used for the simulation. Most of the parameters in this editor

have default values and in most cases these values are sufficient for obtain-
ing satisfactory simulation results. The HD parameter editor contains a num-
ber of tabs as presented in Figure 6.1 below.

Steady State Options

[ Use energy equation
Allow upstream slope

Mo suppression of convective terms

Contraction expansion coefficients
0.1

Velocity distribution coefficient based on conveyance

® HDParl hdll o[-l
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars

hiisl | Wind | BedResist. | BedResist. Toolbox | Wave Approx | Default Values
Quasi Steady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Computational parameters

Relax: p.5 Heonv_Factor: 0.m

Beta_Limit: 1e-008 Min_Hconv_In_Branch:  1e-00%

Fac_0: 25 (Q_struc_Factor: 0.005
Qconv_Factor: 0.001 Hstop: 0.0001

Model contraction and expansion losses

Default

=
wa

Figure 6.1

A list of the tab-page available in the Editor are presented below and

The HD Parameters Editor - opening view

described in the following: paragraphs.

Powering Water Decisions

Initial (p. 312)
Wind (p. 313)

Bed Resistance (p. 315)
Bed Resistance Toolbox (p. 3718)
Wave Approximation (p. 321)

Default Values (p. 323)

Quasi Steady (p. 325)
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]

Initial

e Heat Balance (p. 328)

o Stratification (p. 330)

e Time Series Output (p. 333)

o Maps (p. 335)

o Groundwater Leakage (p. 345)
o Groundwater Leakage 345

e Reach Lengths (p. 346)

e Add. Output (p. 347)

e Flood Plain Resistance (p. 357)
e User Def. Marks (p. 352)

o Encroachment (p. 354)

o Mixing Coefficients (p. 359)

e W.L. Incr.- Curve (p. 360)

e W.L. Incr.- Sand Bars (p. 363)

Note: The HD Parameter editor is configurable and the number of tab-pages
presented when opening or creating a new HD Parameter file depends on the
content of your MIKE 11 license! Therefore, the view as presented in

Figure 6.1 can differ in the sense that some tabs are visible to you and some
are not. This is an intended behaviour and you should therefore not be con-

cerned about obtaining different Editor-appearance on different license-con-

figurations.

Initial conditions for the hydrodynamic model are specified on this page. The
initial values may be specified as discharge and as either water level or water
depth. The radio button determines whether the specifications are interpreted
as water level or depth.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 and if defined, local values
will override the global specification.

New lines in the Local Values table are created either by placing the cursor in
the last column and pressing <TAB> or through the ‘Grid’ option in the main
menu bar;.

An example on applying a combination of Global and Local values are pre-
sented in Figure 6.2. The global water level and discharge have been speci-
fied as 5.0 and 1.4 respectively and Local values have been specified in the
branch "RIVER 1".



Wind

6.2 Wind

A

This definition will result in a local varying initial water depth from 5.70 to 5.00
with a linear relationship between chainage 0 and 3000 and the discharge

also varies between 1.000 and 1.400 with a linear relationship between

chainage 0 and 3000. At any other locations in the model, Global values will
be applied as the initial value.

® HOParl hdll [E=%|EoR =3
QuasiSteady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves W. L. Incr. - Sand Bars
hiigl | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
Initial conditions
Global Values
Water Level 5 @ Water Level
Discharge: 14 () Water Depth
Local Values
River Name Chainage Initial h Initial Q
RIVER 1 0.000000 57
2 RIVER 1 3000.000000 5 14
Figure 6.2 Initial value tab

Note: Linear interpolation will be performed automatically between the

defined locations (river name + chainage) in the Local Values table. Hence, it
is not required to manually define initial condition values in every single calcu-
lation point in the model. Local Values should only be defined at locations

where change in values should be applied.

Wind friction on the water surface can be accounted for by adding wind shear
stress in the simulation. Wind fields can be applied to the entire model net-

work using the wind property page.

Powering Water Decisions
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The property page contains an "on/off" switch to either include or exclude
wind shear stress in the simulations (default is ‘off’) and the possibility to
define Global as well as local wind factors.

MIKE 11 includes wind in simulations by combining the factors defined in the
present page with a wind field defined by wind speed and wind direction.
Wind fields are defined as boundary conditions in the Boundary Editor.

The wind factors defined in the present page is applied to the simulations in
the following way:

e Topographical Factor:
The topographical factor is a multiplication factor which is included in the
calculation of the wind shear stress, and hence by optional use of Local
Factors it is possible to adjust the Wind Field applied with different val-
ues at different locations. See the reference manual for details about the
applied equation.

e  Friction Factor:
Friction Factor is a global parameter used in the calculation of exchange
between vertical layers and as such, the Friction factor is only applicable
to Stratified flows or MIKE 12 applications.

An example of applying the Wind friction is presented in Figure 6.3:

To activate Wind friction, remember to activate the ‘Include Wind’ tick-mark.
The global wind factor is set to 0.70 and local variation of wind factors are
defined as a linear change from 0.70 to 0.30 in the branch named "RIVER 1"
from chainage 0 to 5000.



Bed Resistance )

® HOParl hdll [E=%|EoR =3
Quasi Steady | Reach lengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage 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
Wind Factor
Global Factor
Include wind Topographical Factor 1
Friction Factor 0.0024
Local Factors
River Name Chainage | Topographical factor
RIVER 1 0.000000 07
2 RIVER 1 5000.000000 0.3

Figure 6.3  Wind tab

6.3 Bed Resistance

Two approaches may be applied for the bed resistance. Either a uniform or a
so-called triple zone approach.

6.3.1  Uniform approach

The bed resistance is defined by a Resistance Formula and a corresponding
global value. Local values are entered in the Local Values table at the bottom
of the page

Three resistance type options are available:

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.

After defining a resistance formula and the Global resistance and Local
resistance values if required, the resulting bed resistance number applied in
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the simulation is the defined resistance numbers multiplied by the water level
depending ‘Resistance factor’ which is specified for the cross sections in the
cross section editor (.xns11 files).

Note that the resistance is only used if relative resistance has been selected
in the corresponding cross sections.

Example (Figure 6.4): A global resistance (Manning’'s M type) of 30 is speci-
fied. 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.

® HDParl hdll o[-l
QuasiSteady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage | Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
Initizl I Wind | Bed Resist. | Bed Resist. Toolbox I Wave Approx I Default Values
Approach Resistance Formula

@ Uniform Section

i} Manning (M) -

() Tripple zone
Global Values
Resistance Number: 30
Local Values

River Name Chainage Resistance

1 |RIVER1 0.000000 | 30.000000
2 |RIVER1 5000.000000 | 25.000000
3 |RIVER1 14000.000000 | 20000000
4 |RIVER1 21000.000000 | 30.000000

Figure 6.4 Uniform approach for implementation of the bed resistance

6.3.2 Triple zone approach

316

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 6.5
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Bed Resistance

Figure 6.5

‘ZONEZF

Zoned

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. 353)).

Global and local values of bed resistance for each zone can be specified as
described for the Uniform approach (see Figure 6.6).

® HDParl.hdll =n| Wl <
Quasi Steady | Reach lengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage | Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
Initizl I Wind | Bed Resist. | Bed Resist. Toolbox I Wave Approx I Default Values
Approach Resistance Formula
() Uniform Section
- Manning (M) -
@) Tripple zone
Global Values
Resistance Number:
Zone 1: 30 Zone 2: 25 Zone 3: 20
Local Values
River Name Chainage Zone 1 (lo | Zone 2 (mi| Zone 3 (up
1 |RIVER1 0.000000 | 30.000000 | 25.000000 | 19.000000
2 |RIVER1 5000.000000 | 25.000000 | 20.000000 | 15.000000
3 |RIVER1 14000.000000 | 27.000000 | 23.000000 | 10.000000
4 |RIVER1 21000.000000 | 22.000000 | 22.000000 | 12.000000
Figure 6.6 Triple Zone approach for Bed Resistance
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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.

6.3.3 Vegetation and bed resistance

6.4

318

It is evident that the Bed Resistance - amongst other parameters - depend on
vegetation growth and well-defined relationships between vegetation growth
and flow conditions are required.

However, only few detailed investigations have been made to establish rela-
tionships between flow resistance and vegetation growth. A quantitative eval-
uation of the influence of vegetation on the flow resistance has been
performed in a few Danish gauging-programmes. These are referred to in
Appendix A.1 Flow Resistance and Vegetation (p. 491).

Bed Resistance Toolbox

The bed resistance toolbox offers a possibility to make the program calculate
the bed resistance as a function of the hydraulic parameters during the com-
putation by applying a Bed Resistance Equation. The Bed resistance toolbox
page is presented in Figure 6.7 below.
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Bed Resistance Toolbox

Bed Resistance Equation

[n=1/M=a"InVR) +b

7

Apply to Sub-sections
[[] Zone 1 (lower)
Zone 2 (middle)

Factor, a:

Exponent, b:

Min. Bed Resistance:

® HOParl hdll [ |lE |ms)
QuasiSteady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. | W. L. Incr. - Curves I W. L. Incr. - Sand Bars
Il | Wind | BedResist. | BedResist. Toolbox | Wave Approx | Default Values

i

0

0.025

[ Zone 3 {upper)

Mz¢. Bed Resistance: 0.5

River Name Chainage a Min. Res. | Max. Res.|
1 |Global -1 0 0.025 0.5
Figure 6.7  The Bed Resistance Toolbox property page

Five options are available in the Bed Resistance Equation combo box:

Powering Water Decisions

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).

n=1/M = a*D"b

The bed resistance is calculated as a function of the depth.

Please note that the Depth is calculated as an average depth (or
‘Hydraulic Depth’) to avoid local deep parts of a section to control the
resistance for the entire cross section. D is therefore calculated as: D =
Area / Width.

n=1/M=a*V*b
The bed resistance is calculated as a function of the velocity.
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o 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 defini-
tions.

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 maximum
value must be specified to control, that bed resistance values calculated 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.



Wave Approximation

6.5

Wave Approximation

@ HOParl.hdll [l E |mss)
Quasi Steady | Reach lengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves | W. L. Incr. - Sand Bars
hiisl | Wind | BedResist. | BedResist. Toolbox | Wave Approx | Default Values

Wave Approximation
Global Value

Wave Approximation: [High Order Fully Dynamic ']

Local Values

River Name | UpStr. Chain DrLStr.Chainagl Approx.
1 |Fu||)r Dynamic

Figure 6.8 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 individ-
ual 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 computational efficiency of
models in specific circumstances. They should only be used when the simpli-
fications/assumptions upon which they are based are valid (see below).
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6.5.1  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 modifi-
cation typically allows simulations to be performed at longer time steps than
the ‘fully dynamic’ description.

6.5.2 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 resistance forces
dominates. It is not suitable for tidal flows.

6.5.3 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.
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6.6 Default Values

@ HOParl hdll [E=N|EoR =3
Quasi Steady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
sl | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Defautt Values

Computation Scheme

Detta: 0.5 Zeta Min: 01
Delhs: I}I}'Ii Struc Fac: 0
Delh: 01 Inter1Max: 10
Alpha: 1 Molter: 1
Theta: 1 MaxlerSteady: 100
Eps: 0.0001 FroudeMa: -1
Dh MNode: 0.01 FroudeBExp: -1

Switches

Figure 6.9 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.

In the following, a brief descriptions are provided of the different parameters
(see also section Coefficients, HD default parameters in the MIKE 11 Refer-
ence Manual).

6.6.1 Computation Scheme

Delta

The time-centring of the gravity term in the momentum equation. A value of
0.5 will produce the most accurate calculations provided there are no numeri-
cal instabilities, but instabilities are less likely with higher Delta values. For
MIKE FLOOD models incorporating MIKE 11 channels, the smaller time
steps are usual and Delta of about 0.85 generally provides accurate calcula-
tions and stable computations. Large value of Delta (towards 1.0) has a sig-
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nificant dissipative effect which can significantly influence model dynamics
and high values of Delta should therefore be avoided especially for applica-
tions with strong and systematic dynamics such as in e.g. a tidal range appli-
cation.

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 intro-
duced 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 computational 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 acceleration
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 control
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.

Max Iter Struc (Inter1Max)
The maximum number of iterations permitted at each time step to obtain a
solution at a structure.

No. Iterations (Nolter)
The number of iterations at each time step, generally 0, 1 or 2. Therefore, a
number of 0 here results in zero iterations, but naturally one calculation on
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each time step is performed, and a number of 2 will result in 3 calculations of
the hydrodynamic simulations on every time step.

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 conditions 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 suppres-
sion term applied to the convective acceleration term in the momentum equa-
tion. 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 section Suppression of con-
vective acceleration term in the Reference Manual.

6.6.2 Switches

Node Compatibility
This switch should be set to water level since the energy compatibility is not
available.

6.7 Quasi Steady

Various parameters required for the quasi steady simulation to be carried out
are set here.
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® HDParl.hdll =n| Wl <
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
hiisl | Wind | BedResist. | BedResist. Toolbox | Wave Approx | Default Values
Quasi Steady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Computational parameters
Relax: D57 Heonv_Factor: 0.0
Beta_Limit: 1e-008 Min_Hconv_In_Branch:  1e-00%
Fac_0: 25 (Q_struc_Factor: 0.005
Qconv_Factor: 0.001 Hstop: 0.0001
Steady State Options
[ Use energy equation Model contraction and expansion losses
Allow upstream slope Velocity distribution coefficient based on conveyance
Mo suppression of convective terms Default

Contraction expansion coefficients
0.1

=
wa

Load branch and chainages

Figure 6.10 The Quasi Steady property page

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.

The optimization is carried out by running the hydrodynamic model for con-
stant 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 systems the value
should be less than 1.

Beta_Limit
Factor used to avoid underflow in ‘horizontal’ branches.
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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 computa-
tion iterations.

Hconv_factor
H convergence factor used in the stop criterion for the backwater computation
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.

6.7.2 Steady state options

The steady state options are accessed by setting the switch ‘Use energy
equation’. This also indicates that the options are only available for steady
state flow situations using the energy equation as the governing equation.

Allow upstream slope

This switch allows solutions where the water surface is sloping in the oppo-
site direction of the flow. If this switch is off the solver will project the down-
stream water level to the upstream location and add 1 mm in situations where
the water level is sloping in the opposite direction of the flow. Only turn off in
situations where the calculated water level does not seem to be within an
acceptable range.

No suppression of convective term

In some cases where the flow is in or close to the super critical range the
solution algorithm may have trouble converging. This is handled by MIKE 11
through the introduction of a suppression term which varies with the Froude
number. So that for full super critical flow the convective terms in the govern-
ing equation are fully suppressed. If this suppression is not desired please set
this switch to on.

Model contraction and expansion losses

This switch will allow the inclusion of expansion and contraction losses in the
energy equation. When this is activated the lower part of the page should be
used to input the contraction and expansion loss coefficients. Note that the
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contraction/expansion loss criteria is based on the difference in the velocity
head upstream versus downstream.

Velocity distribution coefficient based on conveyance

By default the velocity distribution coefficient used by MIKE 11 is 1 (user
defined under default values). Using this switch the velocity distribution coeffi-
cient will be calculated based on the conveyance distribution in the cross sec-
tion.

Friction slope evaluation

This option allows the user to select the method for calculation of the friction
slope. Five options are available which are documented in the reference
manual.

6.7.3 Contraction and expansion loss coefficients

6.8

328

If the user has selected to model contraction and expansion losses the coeffi-
cients must be specified. The user may choose to only give global values
which are given in the top two fields above the table. If the user would like to
specify either values throughout or at selected locations the lower table
should be used. Note that by the use of the button on the right "Load branch
and chainages" the table can be populated with all h-point locations in the
set-up, the user then simply edits the parameters to be used at the different
locations.

Heat Balance

The property page used for setting up heat exchange simulations is illustrated
in Figure 6.11.
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® HDParl.hdll =n| Wl <
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
hiial | Wind | BedResist. | BedResist. Toobox | Wave Approx | Defaul Values

Quasi Steady Reach Lengths | Add.Output | Flood Plain Resist. | User Def. Marks
Encroachment HeatBalance |  Siraffication |  Time Series Output | Maps

Heat Balance Calculation

Included

Location

Latitude (N pos.) 55
Longitude (W pos.) -12

Time meridian zone (W pos.) -15

Displacement in time o

Solar absorption
Light attenuation 0

Constart in Beer's law 0

Radiation under cloudy skies Vaporization
Parameter A 02 Parameter A 1

Parameter B 0.5 Parameter B 1

Figure 6.11  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 1Thour ahead.

Light attenuation
Attenuation of solar radiation in the water column. Used to distribute the
incoming solar radiation over the different layers.

Powering Water Decisions 329



) Hydrodynamic Parameters Editor

Constant in Beer's law
The incoming solar radiation is distributed over the layers by use of the fol-
lowing formula:

Isun
Efpo = T—t(l - B)exp(-a(D - z)) (6.1)
o
where Iy, is the solar radiation, 3 is constant in Beer's law, (D-z) is distance
from surface and a is light absorption.
Radiation Parameter A

Daily radiation under cloudy skies is determined by:

H n

— = A+B— 6.2

A, N, ©2)
where n is sunshine hours and N is the day length.

Radiation Parameter B
See above.

Vaporization Parameter A
Vaporative heat loss is determined by:

qe = LCe(A + BWZ)(QW_ Qa) (6-3)

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 surface,
and Q, is the vapor density close to the surface.

Vaporization Parameter B
See above.

6.9 Stratification

The property page used for setting up stratified flow simulations is illustrated
in Figure 6.12.
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® HDParl hdll o[-l
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
hiial | Wind | BedResist. | BedResist. Toobox | Wave Approx | Defaul Values
Quasi Steady | Reach lengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance | Stratification | Time Series Output I Maps

Comections (reductions)

Mo. of layers 10 Baroclinic Pressure
Factor 1
Turbulence mode! Local bed slope 0
Viscosity 0.003 Convection / Advection

Factor horizontal momentum 1
Turbulence model in fluid

k-eps model - Factor vertical momentum 1

Factor advection 1
Turbulence model at bed

drag coefficient - Dispersion

Factor horizontal viscosity 1

7R )
Richardson numbers comection Factor vertical viscosity 1

Figure 6.12 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 num-
ber specified is used to calculate the bed friction, see scientific documenta-
tion.

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 cor-
rect equation is solved. If the factor is 0 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 0 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 0 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 diffusion in
the transport equation.

Dispersion: Factor vertical viscosity
A factor multiplied on the turbulent viscosity to get the vertical diffusion in the
transport equation.
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A

On this property page request is made for time series output files to be gener-
ated during the simulation. This output is in addition to the regular and the
additional *.res11 or *.res1d output file. Time series output can be saved in
.dfs0 or ASCII files. Time series output files are typically requested in stead of
manually extracting time series data in selected grid points from the *.res11 or
*.res1d file after the simulation has been completed. This is often useful for
automatic or manual calibration or when running production simulations. The
time series output page is shown in the following figure:

® HDParl hdll o[-l
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
hiial | Wind | BedResist. | BedResist. Toobox | Wave Approx | Defaul Values
Quasi Steady | Reach lengths | Add.Output | Flood Plain Resist. | User Def. Marks
Encroachment I Heat Balance I Stratification | Time Series Output | Maps

Generate time series output files
Format Auto n Filename Br
1 |dfs Timeseries Bridge [] | CATemp\output.dfs0 ]
Text file settings
[ Minimum  [] Time of minimum Delimiter in output file
[ Maximum  [] Time of maximum Width of columns 20
Time period in output
[T Limited output period 10/09/2015 09:13:04 10/09/2015 09:13:04
ltems in output
Default name User defined name No decimals
1 | Water level 2
2 | Velocity 2
Grid points in output
Selected arid points in output
River Name | UpStr. Chainag| DnStr. Chainag| o o' PO i ouP
) Al
1 2
(@) Only from the list
() Al excepted those from the list

Figure 6.13 Time series output property page in HD parameter editor

6.10.1 Generating Time Series Output Files

Selecting this option, the time series output files will be generated during the
simulation. For each row in the grid control one time series output file will be
generated. The format column gives three choices for the file format:
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Dfs Time series Bridge: This will generate a .dfs0 file in the standard DHI
file format for time series. Files can be loaded into for instance the time
series editor, plot composer, MIKE View or used as simulated data for
the auto calibration tool.

ASCII format 1 Time series Bridge. This will generate an ASCI| file with a
column based format. There will be one time column and one column for
grid point item selected for output. The number of lines will equal the
number of saved time steps.

ASCII format 2 Time series Bridge. This will generate an ASCI| file with a
table based format. There will be one table for each time step saved.
Each table will have rows corresponding to the number of selected grid
points, and columns corresponding to the number of selected items.

6.10.2 Text File Settings

These check boxes only apply for the two ASCII file formats.

Minimum: A separate table at the bottom of the file will show the mini-
mum value of the output items.

Maximum: A separate table at the bottom of the file will show the maxi-
mum value of the output items.

Time of minimum: A separate table at the bottom of the file will show the
time of minimum value of the output items.

Time of maximum: A separate table at the bottom of the file will show the
time of maximum value of the output items.

Delimiter in output file: Between each column a special character like
semicolon, comma etc can be requested. This makes import to for
instance Excel easier.

Width of columns: The desired minimum width of each column can be
specified.

6.10.3 Time Period in Output

Selected, this check box makes it possible to define the period for which the
time series output is generated. If not selected, the full simulation period will
apply. The saving frequency is always equal to the saving frequency for the
regular *.res11 or *.res1d output file as specified in the simulation editor.
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6.10.4 Items in Output

Time series output is produced for the selected items of which some are
dynamic and some are static. Dynamic items are items between "Water level"
and "Bed shear stress". In the dfs0 files only dynamic items will be saved. In
ASCII items both dynamic and static items will be saved.

A user defined name for the item can be specified. If not specified, the default
name will apply.

The number of decimals will only apply for output in ASCII files.

6.10.5 Grid Points in Output

6.11

Maps

The grid points from which the time series output is to be generated are spec-
ified here. Using the radio button to the right, the user may choose to gener-
ate time series output from all, selected or all-but-selected grid points. The
selection of grid points is done through specifying a number of reaches (river
name, upstream chainage and down stream chainage). Single grid points can
be selected by setting the upstream chainage equal to the downstream chain-
age.

Time series output is only generated at h-points.

MIKE 11 may be used to produce two dimensional maps based on the one-
dimensional simulations. The maps are made as dfs2-files (rectangular grids)
and constructed through interpolation in space of the grid point results. Thus
the maps constructed in this way should be viewed as a two dimensional
interpretation of results from a one-dimensional model. For MIKE 11 simula-
tions producing a map as output, the maps will therefore be calculated only
within the extent of cross sections defined in the mapping area as illustrated
in Figure 6.14.
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Figure 6.14 MIKE 11 Mapping feature; lllustration of area included in map calcula-
tion. Thick black line represents river line, cross section lines along the
river and the dashed polygon represents the area for the MIKE 11 simu-
lation and hence, the active area where simulation results will be trans-
ferred into a map representation

No calculation of map-values will take place outside the cross sections
extent, and the maps obtained, therefore represents exactly what the model
calculates during the actual simulation.

An example of a flood map produced through the map-feature is presented in
Figure 6.15:

Graphical ltems

3127850 4 Calar point
2 Width paint
8127800
8127750 4~
8127700
Wiater depth [m]
B #bovess
8127650 7 Bl s5:-55
B s3:-5:
B 24-as
8127600 B 444
B zs- 4
B :z-z5
28-32
8127550 = 24.28
B =224
B 15 z
2127400 | 12-18
[ os-12
| [ o4-0s8
] o-04
8127450 7 1 setow 0
[ undefined value

372400 372400 372600 A72700 72800 372800
05/23/02 05:00:00, Time step 6 of 142

Figure 6.15 An example of a flood inundation map presented in the Result Viewer

Various simulation results may be mapped. The complete list (selected from
the ‘Item’ column in the property page) consists of:

o water level

o water depth
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o velocity
o velocity times depth
e advection dispersion component

¢ (hpa)
The maps may be of three types:

e  minimum values
the overall minimum value throughout the simulation period for each grid
cell included in the map.

e maximum values
the overall maximum value throughout the simulation period for each grid
cell included in the map.

e dynamic
Time-varying grid-file - for animations etc.

Only dynamic maps require a time span to be specified.

Through the mapping page, the user specifies the area that is to be mapped,
the type of map to be produced and the desired result item. Depending on the
user selections additional information may be required such as the advection
dispersion component, the time span for which the map is to be produced and
the storing frequency.

The option named ‘(h, p, q)’ produces a map-file containing the three results-
items; Depth, P-flux and Q-flux. This map-type is primarily targeted the crea-
tion of ‘seamless dfs2 result-files’ with results from a MIKE FLOOD simulation
(coupled 2D- and 1D-simulation) such that inside river cross sections cover-
age, the results in the map are calculated from MIKE 11 and the results out-
side the river sections coverage are calculation results obtained from MIKE
21 and transferred to the mapping creation routine during simulation of the
coupled model.

Additionally the mapping interface may also be used to generate a digital ele-
vation model (DEM) for the river bed. This is done by selecting the DEM
option. The DEM option only requires information for the area to be used.
This option may further be used for introducing surveyed cross sections into a
DEM covering the surrounding area. Figure 6.16 shows an example of a
DEM generated using the map capabilities of MIKE 11. The DEM consists of
the coarse background DEM (input topography) which has been superim-
posed with the topography found through interpolation of the cross sections
in the MIKE 11 set-up.

Please refer to the documentation of the bathymetry editor on how to gener-
ate a dfs2 bathymetry file.
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Figure 6.16  An example of generating a DEM using MIKE 11. The DEM is con-
structed based on a background DEM in the form of a dfs2 file and sur-
veyed cross sections found in the MIKE 11 set-up. To visualize the DEM
MIKE Animator has been used

Important: Creating maps can be rather time-consuming and hence increas-
ing the simulation time significantly. Especially maps of the types; ‘Velocity’,
‘Velocity * Depth’ or ‘(h, p, q)’ are heavy on processing and it is therefore rec-
ommended to save as limited time steps as possible. Use the save frequency
field to decrease the number of mapping time steps being processed and
saved to the map-file to improve the overall computational performance.

The maps definition property page is defined in Figure 6.17 below:
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Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
hiial | Wind | BedResist. | BedResist. Toobox | Wave Approx | Defaul Values
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Apply DEM input data for ground elevations

4 I 2

Input topography
[ Apply DEM data between river cross-sections
[] Map additional flooded areas using help grid from MIKE 11 GIS

Filename Br| Item no. Order

Figure 6.17 The Maps property page

To activate the Map Generation in a simulation you must select the ‘Generate
maps’ tick-box. This will open the property page for editing of data.

User-definitions for map-generations includes:

Powering Water Decisions

‘X Orig.” and ‘Y Orig.’
These are the coordinates for the Origo of the grid-area in which the map
will be produced

‘Rotation’

The orientation of the grid at origo is defined as the angle from map pro-
jection North to the y-axis of the map-grid (defined as Clock-wise positive
direction). Note that map projection North differs from true North by the
Convergence angle.

Rotation angle is defined in either Radians or Degrees - depending on
the settings of the Unit Base Group settings. Default unit is Radians but
the fly-by text when placing the cursor on top of the rotation edit-field will
inform you which angle unit is active with your installation.

‘Grid Size’
The grid cell size of the maps produced. Maps generated can only be
squared (equal spacing of dx and dy of the grid)
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‘J cells no.” and ‘K Cells. no.’
Number of grid cells in the J- and K-direction respectively. J-direction is
equivalent to the X-axis and K-direction is equivalent to the Y-axis)

‘Filename’

The filename for the map you are creating.

Note: The map-file generated is a dfs2-file and hence, you should ensure
that the filename you specify has an extension named ‘.dfs2’.

use the ‘Browse’ button (‘...") to search for existing flename or define a
new name for the map to be generated.

KTypei
The map-type to be generated; Minimum, Maximum or Dynamic

‘Item’
The Result Iltem to be included in the Map (Water Level, Water Depth,
Velocity, Velocity * Depth, AD Component, DEM, (h,p,q)).

‘Component’

If AD Component has been selected as the Map-ltem it is required to
define which component number (or State Variable) the maps shall be
produced.

‘Storing Frequency’

The frequency between time steps saved in a dynamic map.

The time step in the generated map-file will be defined as the ‘Storing
Frequency’ multiplied with the specified result saving frequency in the
simulation file. (example; a simulation storing frequency of 2 hours and a
Map Storing Frequency of 6 will result in a map grid-file which will contain
map-results for every 12 hours).

‘Default Period’

The Default Period check-box relates only to Dynamic type of maps.
Activate the Default Period box to create dynamic maps throughout the
entire simulation period.

Deactivate the check-box to create dynamic maps for only a limited
period within the simulation period.

Reducing the time in which the maps are created have two main pur-
poses: a) reducing the overall simulation time as map processes are only
activated in a limited period of time, and b) reducing the file-size of a
dynamic map.

‘Start time’ and ‘End time’

The Start and End times are applicable for ‘Dynamic’ Type maps and if
the ‘Default Period’ is unchecked.

Define the period for which the maps should be generated by the start
and end times respectively. Both dates defined here must lie within the
total time span of the simulation.
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An additional option generating maps is to include information from external
grid-files including DEM data

Activate the ‘Apply DEM input data for ground elevations’ tick-box to activate
this feature.

Input Topography options:

1. ‘Apply DEM data between river cross sections’
This feature allows the usage of one or more pre-defined Digital Eleva-
tion Models to determine the Input Topography used by the mapping rou-
tine.

—  As previously stated, the mapping routine creates maps with grid-
values within the extent of cross sections. The input topography
encapsulated by the polygon as illustrated in Figure 6.14, is nor-
mally determined from interpolation between the defined cross sec-
tions, but more details can be obtained by using the present option,
where topographical data are taken from externally defined dfs2
grid-files containing DEM-data.

—  Multiple DEM-input files can be defined in the table in the bottom of
the page in a prioritised order such that you can decide which DEM-
value to take in case of overlapping Input maps.

2. ‘Map additional flooded areas using help grid from MIKE HYDRO River *
This feature can be used only in connection with applying an underlying
DEM, which covers the additional flood areas to be mapped.

— MIKE HYDRO River is an extension to ESRI Arc-GIS which
amongst others, includes a feature, where potential flooded areas
outside of the area covered by the cross sections in the model can
be digitizes as a polygon.

In MIKE HYDRO River, the digitized polygon is assigned a linkage to
a specific cross section and thereafter exported to a dfs2 grid-file.
The dfs2-file contain the cross section number (defined as a number
in the Cross Section ID) in all cells which represents the additional
flooded area.

—  During simulation and map generation, flood maps for the area cov-
ered by the helping grid are generated by using the calculated water
level in the actual cross section and eventual flooding in the addi-
tional area is included in the generated map.
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Figure 6.18 Map area including additional Area outside of cross section defined

mapping area

6.11.1 A step by step guide to generating two-dimensional maps

342

1.

Mark the ‘Generate map’ tick box.

Locate the area where the map is to be produced. The area is given by
the origo, the orientation, the cell size and the number of cells in the two
directions (see Figure 6.19).

Select the cell size to be used. Remember the finer the resolution the
larger the result file.

Specify a name for the output file including the extension dfs2. Note that
the browse button may be used to select the directory in which the file is
to be saved.

Open the network file to rectify that the map outline is correct.
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Origo

Jcells No~, % K cells No.

Figure 6.19 Definition of grid used for mapping. The rotation angle is positive clock-

wise. The definition of origo is also shown. The two blue lines indicate
the location of the river system
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arioo0 arz000 araooo ar4000 ara000

Figure 6.20 Overview of the location of the map in the network file. Note that the

map is rotated with respect to the working area coordinates

6. Select the item to be mapped. Note that if an advection dispersion com-
ponent is to be mapped then the component number also needs to be
supplied.

7. Specify the type of map which is to be generated (minimum, maximum or
dynamic).

8. If a dynamic map has been selected then the storing frequency and the
mapping period need to be specified. Note that as an alternative the full
simulation period may be used. The latter is achieved by activating the

Powering Water Decisions
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10.

11.

12.

13.

14.

15.

16.

17.
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tick-box ‘default period’.

The storing frequency is a multiplier of the storing frequency specified in
the simulation editor. Thus the mapping storing frequency is found as the
general simulation editor storing frequency times the storing frequency
specified in this menu.

If you have one or more additional digital elevation models in the form of
a dfs2 files that you wish to include then continue to the next step other-
wise go to step 16.

Please refer to the documentation of the bathymetry editor on how to
generate a dfs2 bathymetry file.

The topographical information from the cross sections may be aug-
mented or overridden with additional topographical information located in
one or more dfs2 files. The dfs2 files needs to be in the same projection
as the working area and contain an item describing the elevation.

To activate the use of the an input topography use the ‘Apply DEM data
between cross sections’ tick box.

Browse for the file(s) containing the additional topography and set the
item number of the elevation.

If there are multiple background topography files then the ranking order
needs to be specified. The lowest order number is given the highest pri-
ority.

Run the simulation.

The output files may now be viewed using the Result Viewer or MIKE
View. MIKE Animator if installed may also be used to view the results
(see Figure 6.15).

6.11.2 A step by step guide to generating Digital Elevation Models (DEM)

1.

2.

344

Follow steps 1 through 5 in section 6.11.1 A step by step guide to gener-
ating two-dimensional maps (p. 342).

Select the map item as DEM
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Please refer to the documentation of the bathymetry editor on how to
generate a dfs2 bathymetry file.

The topographical information from the cross sections may be aug-
mented or overridden with additional topographical information located in
one or more dfs2 files. The dfs2 files need to be in the same projection
as the working area and contain an item describing the elevation.

Do not select the ‘Apply DEM data between cross sections’ tick box.

Browse for the file(s) containing the additional topography and set the
item number of the elevation. Please refer to the documentation for the
bathymetry editor on how to generate a dfs2 bathymetry file.

If there are multiple background topography files then the ranking order
needs to be specified. The lowest order number is given the highest pri-
ority.

Run the simulation.

The output DEM may now be viewed using the Result Viewer or the grid
editor. If installed MIKE Animator may also be used to view the gener-
ated DEM (as presented in Figure 6.16).

6.12 Groundwater Leakage

The Groundwater Leakage page defines leakage coefficients such that an
additional loss of water from the river (to the groundwater) can be included in
the simulation.

The Leakage coefficients page is presented in Figure 6.21.
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® HOParl hdll [E=%|EoR =3
sl | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
QuasiSteady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment | Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leskage |  Mix.Cosf. | W.Lincr.-Curves |  W.L.Incr.-Sand Bars

Include Leakage
Global Leakage Coefficient
0

Local Leakage Coefficients

River Name Chainage Leakage Coef

Figure 6.21 Groundwater Leakage page

Include the Leakage in the simulation by activating the ‘Include Leakage’ tick-
mark on the top of the page.

Leakage coefficients are defined as in many other pages in the HD editor by
an overall Global Leakage coefficient and local coefficients which overrides
the Global value.

Hence, if leakage should be included only at some reaches, then a Global
value of 0 can be defined and the local reaches defined in the Local Leakage
Coefficients table.

6.13 Reach Lengths

346

The Reach lengths page is ONLY for use with the steady state energy equa-
tion switch found under the Quasi Steady State page. The reach lengths are
used in evaluation of the friction loss from one cross section to the next. For
unsteady simulations the reach lengths are ignored.

In MIKE 11 cross sections are viewed looking downstream. Downstream is
per definition the direction of increasing chainage. This definition of down-
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stream is independent of the flow direction and is used throughout by the
Graphical User Interface.

On the Reach lengths page the user specifies the reach lengths of the left
and the right overflow banks in the downstream direction (increasing chain-
age). Note that the reach lengths are to be specified at all cross section loca-
tions except for the cross section with the highest chainage in a branch (the
area downstream of such sections is either a node/junction or beyond the
model area). The reach lengths are defined as the distances to the next
downstream cross section (next chainage). Please refer to fig. 1 below. As an
aid to the user the "Load branch and chainages" button will populate the table
with all rivers and h-point locations. Please note that the functionality of this
button is only available if the simulation file is open and the data from the
cross section and network editors are accessible. Since the use of reach
lengths is based on raw data the method requires that there exist cross sec-
tions at all h-points in the grid. If this is not the case please insert cross sec-
tions or increase max-dx in the network editor to avoid the code generating
interpolated h-points at run time. The grid generating function in the network
editor can be used to check whether cross sections are present at all h-points

River thalweg,

with direction of
increasing chainage
indicated

Xn+1

Figure 6.22 Reach length definition

The reach lengths to be specified at cross section with chainage X, is shown
in Figure 6.22. The reach lengths indicate the distance on the flow banks
from the current cross section (X,,) to the next cross section (increasing
chainage). L og: Length Left Overflow Bank, Lrog: Length Right Overflow
Bank

6.14 Add. Output

A number of simulated parameters can be selected for storage in an addi-
tional output result file (with the flename extension ‘.res11’ or .res1d’). The
parameters are saved for each save step at each h/Q point of the river sys-
tem. Time series and longitudinal profiles of the parameters can be viewed in
the same way as normal MIKE 11 result files.
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@ HDParl.hdll =n o<

hiial | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. | W. L. Incr. - Curves I W. L. Incr. - Sand Bars

Quasi Steady | Reach lengths | Add.Output | Food Plain Resist. |  User Def. Marks

HorQ points  Hand G poirnts  Total Structures
Velocity [
Discharge
Cross Section Area
Flow Width
Radius
Resistance
Conveyance
Froude Number
Wolume
Flood Area
Mass Emor
Accumulated Mass Emor
Lateral Inflows

Water level slope

OEE@

Energy level slope
Energy level

Bed shear stress
Groundwater head
Time Step &)

0 T o = =

Figure 6.23 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 h-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.

Top width
The channel width at the free surface level.
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Radius
The resistance radius.

Resistance
The cross-sectional resistance (resistance number multiplied by the resist-
ance factor).

Conveyance
The conveyance

Froude number
Defined as:

F = QA (6.4)

Where F is the Froude number, Q the discharge, A the cross sectional area, g
the acceleration due to gravity and bg the channel width at the 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 connec-
tions the mass error is distributed uniformly between each connection.

Total: The total mass error for the river system.

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, reducing 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.
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Lateral Inflows
Lateral inflows due to boundary conditions, catchment runoff, Flood forecast-
ing updating or coupling to MIKE SHE, MIKE 21 or MIKE URBAN.

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 1t at water level points given as
2

V
1= pgR——5
MR

where p is the fluid density, g the acceleration of gravity, M the Manning
number, R is the radius (approximated equal to the flow depth, h) and V is the
flow velocity.

An alternative option for Bed Shear Stress saved to the additional result file is
available. The MIKE11.ini file contains a parameter;
‘AddOutput_ShearStress_UseEnergyl evelSlope’ which controls whether the
bed shear stress shall be calculated in the most common form using the fric-
tion slope as indicated above - or if the bed shear stress should be calculated
for using the Energy level slope.

When the parameter is set to ON, the following equation is used.

T = pgRa

where E is the energy level and x is the grid spacing between calculation
points along the river.

6.14.1 Additional output for QSS with vegetation

350

Note that when utilising the quasi two dimensional steady state with vegeta-
tion module, additional output is based on the processed data which does not
take the effect of dead water zones or vegetation zones into account. Addi-
tional data for these calculations can be obtained by setting the following
switch in the “MIKE11.ini” file:

CREATE_QSSVEG_VELOCITY_FILE=ON

With this setting eight .txt-files are generated and saved in the working direc-
tory i.e. where the simulation file is stored.
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The files are titled:
o QSSVEG velocities: Velocity and area of the individual panels.

o QSSVEG_velocities_add1: Energy slope, low water channel width, high
water channel width, Radius, wetted perimeter and Manning’s n of the
individual panels.

o QSSVEG_velocities_add2: Height of water/water interface, water/vege-
tation interface of the individual panels.

e QSSVEG_ velocities_add3: Mixing coefficients of the individual panels.

o QSSVEG velocities_add4: Shear forces of the individual panels normal-
ised with p.

e QSSVEG_junctions: The appropriate parameters used for obtaining the
water level increment due to the junction and the water level increment in
the channels meeting at the junction.

e QSSVEG_sandbars_curves: Water level increments due to sandbars
and river curvature.

o QSSVEG_bridges: The water level increments due to bridges.

6.15 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 resist-
ance should be calculated from the raw data in the cross-section data-base.

Example (Figure 6.24): In ‘RIVER 1’ the resistance on the flood plains is glob-
ally calculated on the basis of the raw cross section data. However, between
chainage 5000 m and 10000 m an alternative flood plain resistance is
applied. The resistance number on the flood plains in this reach varies line-
arly between 25 and 30.
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® Hopar et (= o =)
sl | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves | W. L. Incr. - Sand Bars
QuasiSteady | Reachlengths | Add.Output | Flood Plain Resist. | User Def. Marks

Flood Plain Resistance
Global Value
Flood Plain Resistance: -99

Local Values

River Name Chainage Flood Pl. Res
RIVER 1 5000.000000 25.000000
2 RIVER 1 10000.000000 30.000000

Figure 6.24 The Flood Plain Resistance property page

6.16 User Def. Marks

352

]

The User Defined Markers page offers a possibility for the user to define spe-
cial 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 presented on
a longitudinal profile in the result presentation programme; MIKEView. Mark-
ers could be the location of an important hydraulic structure, a gauging sta-
tion 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 a new col-
umn 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 inter-
polation is requested on stretches between chainages and marker levels

defined in this page. In case a user defined mark should be presented on the
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longitudinal profile as a single point (e.g. a bridge location or flood mark indi-
cator) the Interpolate check-box must be unchecked.

6.16.1 Activation of Bed resistance Triple Zone Approach

The Bed resistance Triple Zone approach is activated by defining two mark-
ers 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-separators 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-separa-
tors.

ﬁ Note: In case the Triple Zone Approach has been activated and zone separa-
tor 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 6.25 shows an example where a single point marker has been defined
(‘Main Bridge’ at RIVER1, chainage 1500) and triple zone separator lines has
been defined in RIVER1 in the reach from chainage 0.0 to 5000.
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® HOParl hdll [E=%|EoR =3
Iiial | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
Quasi Steady | Reach lengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Mark title Interpolat|
MAIN BRIDGE =
2 | ZOMEL-2
3 | ZOMEZ2-3

River Name Chainage MAIN BRI| ZONE1-2 | ZONE2-3

RIVER 1 0.000000 1 15
2 |RIVER1 1500.000000 23 1.2 17
3 |RIVER1 5000.000000 08 16

Figure 6.25 Example of defining User Defined Marks

6.17 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 reference
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 Encroachment
simulation overview. Hereby one can evaluate different encroachment strate-
gies through the same setup. The parameters used for defining the encroach-
ment simulations are described below.

ﬁ Note that only MIKE 11’s default steady state solver may be used. Further
since the encroachment module utilizes the steady state solver, the installa-
tion of MIKE 11 should include a steady state module to make the encroach-
ment module function.
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® HDParl.hdll =n| Wl <
sl | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
Quasi Steady | Reach Lengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment | Heat Balance I Stratification I Time Series Output I Maps
lteration Encroachment positions Reduction parameters
Max no. of terations 20 Left offset o Reduction type | Equal
Location Right offset 0 Left reduction |0
Rivername  RIVER 1 Right reducti 0
h Left position 0 anit reduction
ainage 100 - 0
Right position 0 Total reduction |0
Encroachment method Target values

Method wan {0 Weterlvel change
Sides Load Eranch & Chainage Energy level change
Encroachment simulation overview

Method Sides | Left offse| Right offs| Left positil Right posi| Width
1 | Fixed positio Both si 0 0 0 | 0 0E

=

4 | i b

Encroachment station overview

River Na | Chainage Method Sides | Left offse| Right offs| Left positi| R
1 |RIVER1 100 | Fixed positio Both si 0 0 0
2 |RIVER1 200 | Fixed positio Both si 0 0 0
3 |RIVER1 300 | Fixed positio Both si 0 0 0
4 | i | b

Figure 6.26 The encroachment property page

6.17.1 lteration

Max no. of iterations

The maximum number of iterations allowed when obtaining encroachment

positions. The default setting is 20. If a non-valid number (<2) is entered the
ﬂ code will use the value to 2. Note that this parameter is global for all

encroachment simulations and stations.

6.17.2 Location
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.

6.17.3 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 spec-
ified.

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. lteration: The encroachment positions are found through an iterative pro-
cedure 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.

ﬁ 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.

6.17.4 Encroachment positions

Left and right offset

The user may specify a left and a right offset for the encroachment positions.
These specify the minimum distance between the position of the encroach-
ment and the river bank. The latter being defined by markers 4 and 5.

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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6.17.5 Reduction parameters (only encroachment methods 3 to 5)

Reduction type
The way that the conveyance reduction should be accomplished is specified
here. Three possibilities are available:

o Equal: The conveyance reduction is accomplished by reducing the con-
veyance equally on both flood plains.

o Relative: The conveyance reduction is accomplished by reducing the
conveyance relative to the conveyance distribution in the reference simu-
lation.

e Specified: The user may specify the conveyance reduction for each of
the flood plains.

ﬂ The above-mentioned 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 conveyance
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 percent-
age.

6.17.6 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 sim-
ulation 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.

Encroachment strategies using method 5
If method 5 is utilised there are three possible strategies.
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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 iter-
ative procedure. This procedure considers each cross section individually
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 bifurcations in a downstream direc-
tion 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.

6.17.7 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 car-
ried out.

6.17.8 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).

6.17.9 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
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encroachment module only allows equidistant level selection for the cross
sections used for encroachment. If the latter is not the case an error message
will be displayed and the simulation stopped.

For encroachment simulations only the initial start time in the simulation edi-
tor 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 consider-
ing 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 latter method 5 should instead be
used.

6.18 Mixing Coefficients

® HDParl.hdll = ==
sl | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
QuasiSteady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance | Stratification I Time Series Output I Maps
Groundwater Leakage | Mex. Coef. | W. L. Incr. - Curves I W. L. Incr. - Sand Bars
Water & Water Location
HWC & LWC River Name
b/B g Chainage
1 0 0
0.5 03
3 1 01 Water & Vegetation
Independent Vegetation Zones
F 01

-
Independert Veg. Zones f |0.17 Vegetation Zones adjacent to leves

Expansion/Contraction  f 0.04 F 003

River Name | Chainage | W & W Inde| W & W Expa| W & V Indep W&Veg.ﬂdjl
1 | Global 017 0.04 01 0.03|

Figure 6.27 The Mixing Coefficients property page
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Used only in conjunction with the quasi two dimensional steady state vegeta-
tion 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.

6.18.1 Water & Water

=
L

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 function 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 b/B=0 and end with b/B=1 and all
intermediate values of b/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 vegeta-
tion panel and a normal panel.

Expansion/Contraction f
The mixing coefficients at a water/water boundary at a dead water interface.

6.18.2 Location

The river name and location (chainage) is displayed here.

6.18.3 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.

6.19 W. L. Incr.- Curve

2

360

Used only in conjunction with the Quasi Two Dimensional Steady State vege-
tation module. This menu is used for setting the parameters which are used
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for determining the increment of the water level due to the presence of river

curvature.

The tab is illustrated in Figure 6.28 with all the different features all of which
are described below.

System Definition
[ Average Range

Enabling water level increment due to curve

[T Curvature Radius

Load Branch & Chainage

® HDParl.hdll =n| Wl <
Iiial | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
Quasi Steady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification | Time Series Output I Maps
Groundwater Leakage I Mic. Coef. | W. L. Incr. - Curves | W. L. Incr. - Sand Bars
General

[7] Water Surface width Velocity
River Name | Chainage | Average Range | Water Width| Radius Velocity
Global Mone 0,000000 |  0.000000 | 0.000000
2 |RIVER1 0.000000 | Mone 0.000000 | 31150,0000 |  0.000000
3 |RIVER1 1000000000 | Mone 0.000000 | 665221.000 |  0.000000

Figure 6.28 Water level increment due to curves

6.19.1 General

Enabling water level increment due to curves

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 three choices

e Load the Branch and Chainage from Cross Section editor.

e Load the Branch, Chainage and Radius from Cross Section editor and
Network Editor.

Powering Water Decisions
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e Load the Branch, Chainage, Radius and Channel Width from Cross Sec-
tion 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
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 incre-
ment. The parameters which are not greyed may be edited.

6.19.2 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.

ﬁ Note! If either 2 or 3 is ticked the velocity is also automatically ticked.

6.19.3 Tabular view

362

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 curvature
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. Consecutive h-points with the same
average range setting is lumped together when calculating an average curva-
ture radius. "Multiple 1/2" is used for h-points to be included in both the
upstream and downstream averaging reach.
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6.20 W. L. Incr.- Sand Bars

Used only in conjunction with the Quasi Two Dimensional Steady State vege-
tation 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.

The tab is illustrated in Figure 6.29 with all the different features all of which
are described below.

® HDParl.hdll =n| Wl <
Iiial | Wind | BedResist. | Bed Resist. Toolbox | Wave Approx | Default Values
Quasi Steady | Reachlengths | Add.Output | Flood Plain Resist. |  User Def. Marks
Encroachment I Heat Balance I Stratification I Time Series Output Maps
Groundwater Leakage I Mic. Coef. I W. L. Incr. - Curves | W. L. Incr. - Sand Bars
General

Enabling water level increment due to sand bars Load Branch & Chainage
System Definition

@) Slope / Low Water channel Width / Water Area of Annual Max Discharge

() dH {Observed)

River Name | Chainage | Slope of Bed| Width of Lo | Area of Low | dH (Observe
1 | Global 0.000000 0.000000 0.000000 0.000000
2 |RIVER1 0.000000 0.200000 | 1500,000000 | 150.000000 0.000000
3 |RIVER1 1000.000000 0.400000 | 2000.000000 | 180.000000 0.000000

Figure 6.29 Water level increment due to sand bars

6.20.1 General

Powering Water Decisions

Enabling water level increment due sand bars
If the effect of sandbars on the water level is to be included in the calculations
this box should be ticked.

Load Branch and Chainage button

This button loads the branch name and chainage from the cross section edi-
tor (remember to have the simulation editor open).
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At the bottom of the editor a table is displayed with river name, chainage and
parameters appropriate for the determination of the water level increment.

6.20.2 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

o Bed slope, low water channel width and water area of annual maximum
discharge

or

e An observed water level increment.

6.20.3 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.
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Module Description

7 Advection-Dispersion Editor

The AD Editor is used in conjunction with the following modules:

e Advection Dispersion module (pure AD)

o  Water Quality simulations (using MIKE ECO Lab)

e Cohesive sediment transport module

e Advanced cohesive sediment transport module

A brief description of each of these modules is provided below followed by a
description on the dialogs included in the AD Parameter Editor.
e Module Description (p. 367)

e Components (p. 369)

o Dispersion (p. 371)

o Init. cond. (p. 373)

o Decay (p. 376)

e Cohesive ST (p. 377)

e Sediment Layers (p. 385)

e Non-cohesive ST (p. 389)

e Additional Output (p. 391)

e AD Simulations, Additional features (p. 392)

71 Module Description

7.1.1  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. 368) 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 intro-
duced in order to reduce the third order truncation error. This correction term
makes it possible to simulate advection-dispersion of concentration profiles
with steep fronts.
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7.1.2 The Advection-Dispersion Equation

The one-dimensional (vertically and laterally integrated) equation for the con-
servation of mass of a substance in a solution, i.e. the one-dimensional
advection-dispersion equation reads:

0AC . 9QC  0(,ndC) _
oA, 2dcC —aX(ADaX) AKC +Cyq 7.1)

where
C: concentration
D: dispersion coefficient
A: cross-sectional area
K: linear decay coefficient
C,: source concentration
qg: lateral inflow
X: space coordinate
t: time coordinate
The equation reflects two transport mechanisms:

o Advective (or convective) transport with the mean flow;

o 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 term is considered to mix instantaneously over the
cross-section.

o The substance is conservative or subject to a first order reaction (linear
decay)

o Fick's diffusion law applies, i.e. the dispersive transport is proportional to
the concentration gradient.

7.1.3 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
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because the settling velocity of the fine sediments is very low. The cohesive
module uses the AD module to describe the transport of the suspended sedi-
ment. Erosion/deposition is modelled as a source/sink term in the advection-
dispersion equation. The erosion rate depends on the local hydraulic condi-
tions whereas the deposition rate depends on the concentration of the sus-
pended 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 oxy-
gen 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.

7.1.4 Advanced Cohesive Sediment Transport module (ACST)

The Advanced cohesive sediment transport module provides an alternative,
more complex, process description than the simple CST module. This mod-
ule is especially useful in situations where a mass balance of cohesive sedi-
ment is required in order to simulate the accumulation of sediment. Then,
knowing the exact location of sediment pools, it is possible to estimate the sil-
tation in navigation channels, waterways, harbours etc.

The advanced cohesive sediment transport module is part of the advection-
dispersion (AD) module. As for the standard formulation, the sediment trans-
port is described in the AD-model through the transport of suspended solids.
Erosion and deposition of cohesive sediment is represented in the AD-model
as a source/sink term. Whereas the erosion rate depends only on local
hydraulic conditions (bed shear stress), the deposition rate also depends on
the suspended sediment concentration.

7.2  Components

]

Component names and numbers must be specified in this dialog.

The components are user defined. Each component is modelled using a
defined concentration unit and component type. In Figure 7.1 below an exam-
ple is presented where four components are defined. One ‘Normal type’ salin-
ity component type, two sediment components of one single layer and one
multi-layer Cohesive Sediment type and one normal component at the end.

Please note that the combination presented in the figure is primarily for
demonstration purpose. In a real application it would not be recommended for
several reasons to include two different types of Cohesive Sediment compo-
nent types in the same simulation.

Please Note: For Water Quality simulations using the MIKE ECO Lab Frame-
work it is not required to define any Components in this property page. Com-
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ponent definitions (names) in a MIKE ECO Lab (Water Quality) simulation are
taken from the ‘State Variables’ definition in the applied MIKE ECO Lab11-file.

Components are only required to be defined in this page when AD-simula-
tions without any MIKE ECO Lab file are to be conducted.

J ADPar.ad11 =13
Sediment Layers I Mon-Cohesive ST I Additional output I MIKE 12 Additional output I
Components | Dizpersion I MIKE 12 Dispersion I Init. Cond. I Decay Cohesive ST
— Components
Component Units Type
1 |SALINITY PsU Marmal
2 |CsT majl Single Layer Cohesiv
3 |AaCsT majl Multi Layer Cohesive
4 |COMP1 g/m3 Normal hd

Figure 7.1 The component property page
The components definition includes:

Component
Here one or more component names are defined by a user-defined string.

%’Jf?:fequested unit for each of the components is selected through the drop-
down selection box. Options available:

e my-g/m3: Microgram per cubic meter.

e mg/m3: Milligram per cubic meter

e g/m3: Gram per cubic meter

e kg/m3: Kilogram per cubic meter

e my-g/l: Microgram per litre.

o mg/l: Milligram per litre.

e g/l: Gram per litre.

o Deg. Cel: Degrees in Celsius.
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e 1/100 ml:
e PSU: Practical Salinity Units
e Counts x 1E6/100 ml: Bacterial counts.

Type
o Normal: A component used for standard Advection-Dispersion simula-
tions.

o Single layer cohesive: A component used only in the single layer cohe-
sive sediment transport model (the CST module).

e Multi cohesive: A component used in the multi layer cohesive sediment
transport model (the ACST module).

« Non-cohesive: A component defined as a Non-Cohesive is actually not
simulated using the Advection-Dispersion equation - but rather using tra-
ditional sediment transport equations.

Please be informed that this option for simulation a non-cohesive compo-
nent within the AD Parameter Editor Framework is actually a leftover
from earlier versions of MIKE 11 where combined Sediment Water Qual-
ity interaction was simulated through this interface. However, now WQ-
simulations are made using the MIKE ECO Lab Framework and the non-
cohesive component type is therefore rather unuseful in the present
release.

Simulating a Non-cohesive sediment component through the AD Param-
eter Editor does Not include morphological updating and as such it is not
very useful.

For Non-cohesive sediment transport simulations, please apply the ST-
Module instead.

7.3  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). The velocity
is given in m/s.

Both the ‘dispersion factor’ and the ‘dispersion exponent’ can be specified. If
the dispersion exponent is zero then the dispersion coefficient D becomes
constant (equal to the dispersion factor). By default the dispersion is zero (i.e.
there is only advective transport and no dispersion). The ‘Minimum dispersion
coefficient’ and the ‘Maximum dispersion coefficient’ parameters are used to
control the range of the calculated dispersion coefficients.
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J ADPar.ad11 =13
Sediment Layers | Mon-Cohesive ST I Additional output I MIKE 12 Additional output I
Components Dispersion | MIKE 12 Dispersion I Init. Cond. I Decay Cohesive ST

r~ Dispersion coeficients/factors

r~ Global values
Dizpersion factor |1 0.000
Exponent ID.DDD

Minimum disp. coefficient ID.DDD
Maximum disp. coefficient I‘IDD.DDD

i~ Local values
River - Dispersion Minimum | Maximum
Name Chainage factor |E¥Ponent coef. coef.

1 |RIVER 1 |1000.000] 15.000000| 1.000000 | 5.000000 | 25.00000
2 |RIVER 1 |2500.000] 15.000000| 1.000000 | 5.000000) 25.00000

Figure 7.2 The dispersion property page

Global values

The Global dispersion values are defined in this group of fields.These values
will be defined in all branches and calculation points unless Local Values are
defined additionally.

Dispersion factor
The dispersion factor equivalent to parameter a in equation (7.2) is defined
here.

Exponent
The dispersion exponent equivalent to parameter b in equation (7.2) is
defined here.

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 during the entire simulation period 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 during the entire simulation period can be entered here.
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Local Values

MIKE 11 will use the values specified under global values except for those
places were local values have been specified.

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 7.2 both global and local values are entered. In ‘RIVER 1’ the dis-
persion coefficient is globally set to 10 m2/s (independent of the flow velocity
because b equals 0). Local values are defined in the reach between chain-
ages 1000 m and 2500 m, where the dispersion coefficient is dependent on
the velocity (D= 15V, 5 < D < 25)

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 through-
out the model. Global and local values of initial concentrations can be speci-
fied for each component. Local values are specified by entering the river
name, chainage and concentration in the local values table. Initial concentra-
tions are not used if the AD simulation is started with a hotstart file.
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J ADPar.ad11 =13
Sediment Layers I Mon-Cohesive ST I Additional output | MIKE 12 Additional output I
Components I Dizpersion I MIKE 12 Dispersion Init. Cond. | Decay Cohesive ST

i~ Initial conditions

Component |Concentratio| Global | River Name | Chainage
1 SALIMITY 35.000000 Hv
2 SALIMITY 20.000000 RIVER 1 S000,0000
3 SALIMITY 25.000000 RIVER 1 10000,000
4 SALIMITY 27.000000 RIVER 1 12000,000
5 SALIMITY 33.000000 RIVER 1 15000,000

i~ Initial conditions - Stratification
Compon| Conc. 5| Conc. 2 | Conc. 3| Conc. B k2 k3 |Glob| River Name
Undefin 1] 1] 1] 1] 1] 0

—

Figure 7.3  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 by selecting from
the drop-down selection box present in the ‘Component’ column.

Concentration
The Initial concentration-value for the specific component is defined here

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.

Example

In Figure 7.3 initial conditions are defined for the component ‘SALINITY’. The
initial, Global concentration of SALINITY is set to 35 PSU for the entire river
network. However, the initial concentration of SALINITY varies from 20 PSU
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to 33 PSU along the reach defined as river branch named ‘RIVER 1’ at the
chainages 5000m to 115000 m. Linear interpolation is used between speci-
fied values

Initial conditions - stratification table

Initial conditions for AD-simulations where Stratified river branches are
included are given in this section. (Stratified river branches are defined in the
River Network Editor -> Table View -> Branches -> Branch Type = Stratified).

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.

Powering Water Decisions 375



7.5

376

Advection-Dispersion Editor

This page contains information for non-conservative components. These
components are assumed to decay according to a first-order expression:

— = KC (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.

IMPORTANT NOTE: If the components selected are used for a water quality
simulation (WQ) then decay constants should not be specified in this dialog
as process-equations defined in the Water Quality (or MIKE ECO Lab) tem-
plate normally includes all processes affecting the State variables. Therefore,
adding an additional decay in this AD Parameter Editor will normally interfere
negatively with the defined equation framework of the Water Quality model.

The decay page is presented in Figure 7.4 below.

J ADPar.ad11 =13
Sediment Layers I Mon-Cohesive ST I Additional output I MIKE 12 Additional output I
Components I Dizpersion I MIKE 12 Dispersion I Init. Cond. Decay | Cohesive ST
— Decay constants
Component cg:scta {_1 Global ';:':'L Chainage
1 |ComMPl 1.000000 fv
2 |ComMP1 2.000000 RIVER 1 | 10000.00
3 |ComMP1 2.000000 RIVER 1 | 20000.00

Figure 7.4 The Decay property page

Component
Here the component in question is selected. Select from the Components
drop-down box present in the Components column
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Cohesive ST
Decay const
Here the value of the decay constant is entered (default unit is [per hour])
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.
River name
The name of the river with the local initial value.
Chainage
The chainage in the river with the local value.
Example

In Figure 7.4 the component COMP1 has been selected to be non-conserva-
tive. 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.

7.6 Cohesive ST

Data used for each of the two cohesive sediment transport models available
are entered on this page. When using the cohesive sediment transport mod-
els (either the simple or the advanced) all components specified in the AD
editor must be defined as ‘Single layer cohesive’ or ‘Multi layer cohesive’ in
the Components 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.
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Single Layer Cohesive Model

) ADPar.ad11 =13
Sediment Layers I Mon-Cohesive ST I Additional output I MIKE 12 Additional output |
Components I Dizpersion I MIKE 12 Dispersion I Init. Cond. I Decay Cohesive ST
r— Cohesive Sediment tranzport global values
Model Type Location
’7 @& Single laper € Multilayer ‘ ’7 River name I Chainage I ‘
r— Fall velocity Depozition
C - offset: [10.00 g [450 m [0.00 Criical Shear [velosity =  [0.050
will: ID.DDEDDD T8 ID.DDDBS2 Time centering ID.SD
—EROSION Consolidation
Ir;sltant :rosion ISet:linjlent ISet:limzent ISet:lin133nt Transition rates
of layer ayer ayer ayer
Cilcal shear[velocity @] [0.070 [000 [0 Layert > Layer2 [2550
Erasion cosficient | EE Dl Lajei2 > Layerd [1T50
Erasion ssponent o |[zo00 . [000 Sl e coet. [0
Componeny Type Global | River Nam |Chainage| C - offset g
1 > ||Single v 10.00 4,50
KN i

Figure 7.5 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

wO
The free settling velocity.

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/m2,

Time centring
This centring factor used in the deposition formula. Typical range is: 0.5-1.0.
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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. Typical
range: 0.20 - 0.50 g/m?/s.

Erosion exponent
The erosion exponent describes the degree of non-linearity in the rate of ero-
sion. 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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Multi Layer Cohesive Model

J ADPar.ad11 - Modified =13
Sediment Layers I Mon-Cohesive ST I Additional output I MIKE 12 Additional output |
Components I Dizpersion I MIKE 12 Dispersion I Init. Cond. I Decay Cohesive ST
r— Cohesive Sediment tranzport global values
Model Type Location
’7 € Single layer & Bultilayer ‘ ’7 River name I Chainage I ‘
r— Fall velocity Depozition
C - offset: [10.00 g 450 m [0.00 Ciiical Shear [stress =] [0.050
will: ID.DDEDDD T8 ID.DDDBS2 Time centering ID.SD
—EROSION Consolidation
Ir;sltant :rosion ISet:linjlent ISet:limzent ISet:lin133nt Transition rates
of layer ayer ayer ayer
Cilical shear[stess ] [0070 0300 [0.300 Layert > Layer2 [2850
Erasion cosficient [0 [ozo0 o200 Lajei2 > Layerd [0.150
Erasion ssponent [foo  [z000 3000 Sl e coef.  [5.00
Componen| Type Global |River Nam |Chainage| C - offset g
1 [ACST Pt v 10.00 4.50
KN i

Figure 7.6 The cohesive sediment property page when a multi layer model is
selected

Below the parameters that apply to the ‘Multi layer cohesive’ sediment trans-
port model are described.

Fall velocity

C-offset
Concentration limit for flocculation affected settling velocity. For higher con-
centrations the settling velocity is affected by hindered settling.

g
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.

SWi
Sediment volume index used in the settling velocity expression.
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Deposition

Erosion

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/m2,

Time centring
This centring factor used in the deposition formula. Typical range is: 0.5-1.0.

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/m2 for layer1 and 0.20 - 0.50 N/m2 for layer
2 and 3.

Erosion coefficient
The erosion coefficient is applied linearly in the erosion expression. Typical
range: 0.20 - 0.50 g/m?/s.

Erosion exponent

The erosion exponent describes the degree of non-linearity in the rate of ero-
sion. In case that ‘Instantaneous erosion’ of layer 1 is selected the erosion
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 consol-
idation. Typical ranges:

layer 1 -> layer 2: 2.35 - 3.11 g/mZ2/s,
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
m1/2/s.

Overview

At the bottom of the property page an overview table is shown.
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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.

7.6.3 Cohesive Sediment transport dynamics; Description

Single Cohesive Layer Model - Deposition

Deposition of suspended material occurs when the mean flow velocity is suffi-
ciently 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 deposi-
tion.

The rate of deposition can be expressed by:

wC T
S=—[1- ,T< 7.4
h*( Tcz) e 7
where,

Sis the source term in the advection dispersion equation

C is the concentration of the suspended sediment (kg/m3)
w is the mean settling velocity of suspended particles (m/s)
h'is the average depth through which the particles settle

1 is the critical shear stress for deposition (N/m?2)

1.4iS the bed shear stress (N/m?2)

The bed shear stress can be given by the Manning formula (as an example):

2

Vo o

where,
pfluid density (kg/m3)

gacceleration of gravity (m/s2)
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Mthe Manning number (m1/3/s)
hflow depth (m)
Vflow velocity (m/s)

Substituting the bed shear stress into the deposition equation results in the
following equation:

S = ";C(l —(%)j V<V, (7.6)

where,

Vqcritical 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 electro-
chemical bonds which must be overcome by the shear forces before erosion
occurs.

S = M(l—i)n, T< Tge (7.7)

Ssource term in the advection dispersion equation
tbed shear stress (N/m?2)

tcecritical shear stress for erosion (N/m2)

M erodibility of the bed (g/m2/s) (= erosion coefficient)
hflow depth (m)

nerosion exponent

Using the Manning formula as described in the deposition section above, the
following expression for the erosion rate can be derived:

S - MT*@—(VLCE)Z)", Vv, (7.8)

where

Powering Water Decisions 383



) Advection-Dispersion Editor

Ve 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 deposition
(Sy) is given by:

Sy = ws(l—i()c,r«;cd (7.9)
T, '

where
wgmean settling velocity of suspended particles (m/s)
S rate of deposition (kg/m2/s)
tcritical shear stress for deposition (N/m2)
csuspended sediment concentration (kg/m3)

All deposited material is added to sub-layer 1.

The model concentration c is weighted in time according to the following
expression:

n+1

¢ = (1-0)c/ +0c; (7.10)

where:
Jspatial index
ntime index
0the 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-lin-
ear function of the excess stress:

Sg = Eo(rbftcje)n, Th>Tee (7.11)
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where,

Serate of erosion (kg/m2/s)

Eerosion coefficient (kg/s/N)

¢ eCritical shear stress for erosion n: erosion exponent

nexponent

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 velocity or shear

stresses.

7.7  Sediment Layers

Initial conditions for the sediment layers may be defined on the Sediment

Layers page. Selection drop-down menus are available for the component
types ‘Single cohesive’, ‘Multi cohesive’ or ‘Non cohesive’ and hence, only

components defined as one of these types can be selected in this page.

o ADPar.ad11

Components |
Sediment Layers

Dizpersion I MIKE 12 Dispersion I
| Mon-Cohesive 5T I

Init. Cond.

Additional output

=10 x|

I Decay Cohesive ST
| MIKE 12 Additional output

i~ Initial conditions cohesive sediment
i~ Location
Componen| Layer | Table | Height | Density |Pot. fac| Global | River Name
1 C5T ol 0.00000 | 1029,56 | 0,00000 fv
2 ACST v 0.20000 | 1029,56 | 0.00000 fv
3 ACST ol 0.10000 | 1029,56 | 0,00000 fv
4 ACST ol 0,30000 | 1029,56 | 0,00000 fv
1] | |
width Layer Height
1 0.000000 10.000000
2 3.000000 5.000000
3 5.000000 0.000000

Figure 7.7  The Sediment Layers property page
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Location

The Location specification includes the definition of locations of initial values
of sediment layers as well as the values for sediment layer definitions.

Component

Select from the drop-down box one of the allowed component types: Single
Layer Cohesive, Multi Layer Cohesive and Non-Cohesive. If no components
have been selected as one of these types, the selection box will appear
empty.

Layers

Only available when Component is chosen as a Multi Layer Cohesive compo-
nent. The user can select between Upper, Middle and Lower representing the
three layers in the Multi Layer Cohesive model. Parameters must be speci-
fied for each of the layers.

Table

Only applicable for Multi Layer model components. Instead of giving the initial
conditions in Height (p. 386), a more detailed initial condition can be specified
using a width-Height table, see Parameters (p. 386).

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 specified in the
Non-cohesive ST (p. 389) property page.

Density
The density of the layer.

Pot. fac. (Potency factor)

The Potency factor is a left-over from previous Sediment Water Quality inter-
action simulations performed through the AD Parameter Editor and not used
in the present version of MIKE Zero.

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
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sediment per length of the river. It is hereby possible to vary the thickness of
the sediment layer along the transverse of the cross section.

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 parameters:

Pot. fac. (Potency factor)

Initial amount of BOD attached to the sediment (kg BOD / kg sediment). The
Potency factor is a left-over from previous Sediment Water Quality interaction
simulations performed through the AD Parameter Editor and not used in the
present version of MIKE Zero

7.7.1 Initial layer thickness values from external file

Please note that this option applies only for the advanced, 3-layer cohesive
sediment transport module (ACST).

As an alternative to the manual definition of initial layer thickness values
through the AD Parameter Editor as described above it is possible to define
initial layer thickness values through an ASCII text file.The calculation engine
reads and utilises this file during pre-processing of the model simulation.

The ASCII file must fulfil a number of requirements to be used as input to the
simulation:

e The filename is ‘Layerlnp.00?’ where the last ?’ in the file extension
refers to the Component number for which the layer thickness shall be
defined. That is, if an ACST component is defined e.g. as component
number 2 in the list of defined components, then the filename must be;
‘Layerinp.002’

o The ASCII files must be located in the simulation folder. That is, the
folder where the .sim11 file for the actual simulation is located.

o If the simulation engine detects a file with the requested name, a mes-
sage box will appear as presented in Figure 7.8 below. From the dialog it
can now be chosen whether the initial layer depths should be read from
the external file (Press Yes) or using the definitions from the AD Parame-
ter file (Press No).
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B x|
Read Initial sediment depths from txt-file(s ) "layering. 002"
fes I Mo |

Figure 7.8 Confirmation dialog for reading initial sediment layer depths from exter-
nal ASCII file

o The ASCII file contains information on levels, widths and layer depths (in
m3/m) for 3 layers. Levels and Widths must be identical to the values for
each cross section and h-points in the model domain. The format is pre-
sented below. Data for different cross section points are divided with a
Separator Strlng Of StarS (l*********************’)

Component number : River branch name : Gridpoint chainage [nm] Branch nr ic:
: : gooo 0

level [n] width [m] layerl [m3-m] layer2 [m3-m] layer3 [m3-m]
54.760 0,000 0.0000 0.0000 0.0000
54.897 18 285 . o.ooog 0.0000 0.0000
55.033 ¢ 34.372 0.0000 0.0000 0.0000
5§5.175 . 41 557 0.0001 0.0020 ; 0.0030
55.311 ¢ 95.534 0.o0002 0.0020 0.0030
55.448 176,989 . 0.0003 0.0020 ; 0.0030
55.585 264,186 0.0004 0.0020 0.0030
§5.721 . 366,169 0.0006 0.0020 0.0030
55.858 480,663 0.0007 0.0020 ; 0.0030
55.995 . 557 637 . 0.0010 0.0021 0.0030
56.131 589.673 0.0009 0.0020 ; 0.0030
S56.267 639.047 0.0006 0.0020 0.0030

Figure 7.9 File format of ASCII input file for initial cohesive sediment layer depths
Auto-generated ASCII file with Initial conditions layer values

Evidently, it is difficult to manually prepare an input file with the correct format
and content, so the calculation engine automatically generates an ASCII file
for you, which can serve as a template for defining initial conditions for sedi-
ment layers for the simulation.

Running a simulation with a ACST component, the calculation engine auto-
matically creates an ASCII file, which contains the initial sediment layer
depths as distributed functions of water level and width for all calculation
points in the model. This ASCII file is named; ‘LayerOut.00?’ where the ‘?’ in
the extension name represents the component number from the defined list
of model components. You can use this file to define your own initial layer val-
ues by simply editing the file with your required initial layer values and
rename it to ‘Layerlnp.00?’. Thereby, the simulation engine will use your val-
ues as layer initial conditions.

Note that the LayerOut.007? file(s) always contains the sediment layer values
as defined in the AD Parameter, so the content of this file will not change
regardless of which layer input file you eventually use for the simulation.

Auto-generated ASCII file with layer values at End of Simulation

As an alternative to using the above described ‘LayerOut.00?’ files as initial
conditions an additional ASCII file is generated with terminal layer values.
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This ASCII file is named; <ADResultFileName>.CST’ and it is located in the
result-file folder for the AD Result file.

This CST-file will contain the values for the sediment layers at the time where
the simulation ended, which may be useful initial conditions for consecutive
simulations.

Regular hotstart including ACST components

Please be informed that the standard Hotstart facility also includes the hot-
start of sediment layers such that a previous AD-result file can also be used
as initial conditions.

If Hotstart is used as initial conditions for the AD-simulation then the Layer-
Inp.007? file option is not used and consequently, the message-box
(Figure 7.8) will not appear for AD-simulations using hotstart.

7.8 Non-cohesive ST

J ADPar.ad11 =13
Components I Dizpersion | MIKE 12 Dispersion I Init. Cond. I Decay Cohesive ST I
Sediment Layers Non-Cohesive ST | Additional output I MIKE 12 Additional output

r— Data for non-cohesive sediment transport

r~ Model constants

Model type IEngeIund - Fredzoe 'l

Fac. 1 I‘I.DDD Fac. 2 I‘I.DDD beta ID.BSD
kin. wisc. I‘I.DDD x10"-6 porozity ID.BED
1el.dens. |2.B5U thetac ID.DEB
- Data
River

Component| Grain size |St dev] Global Chainage|

Name

1 [MNCT 0.001000 | 1.0000 fv

Figure 7.10 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.
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ﬁ Please note (as mentioned also in the Components section):

This option for simulation a non-cohesive component within the AD Parame-
ter Editor Framework is actually a left-over from earlier versions of MIKE 11
where combined Sediment Water Quality interaction was simulated through
this interface. However, now WQ-simulations are made using the MIKE ECO
Lab Framework and the non-cohesive component type is only kept for back-
ward compatibility.

Simulating a Non-cohesive sediment component through the AD Parameter
Editor does not include morphological updating and as such it is not appropri-
ate for describing the physics.

For Non-cohesive sediment transport simulations, please apply the ST-Mod-
ule instead.

Model constants

Model Type
A pop down menu provides a choice from two types of sediment transport for-
mulations; the Engelund-Fredsge and the van Rijn model.

Fac.1
Calibration factor for bed load transport. The calculated bed load is multiplied
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-Freds@e 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.
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Data

Component
Here a Non-cohesive component is selected.

grain size
The D5q 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.

7.9  Additional Output

The additional output page contains check boxes which can be used to store
internal model parameters in an additional result file. (The filename is:
'<AD filename>ADAdd.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 accumu-
lated values can be selected.

Components I Dizpersion Init. Cond. I Decay Boundary | Cohesive ST |
Sediment Layers I Mon-Cohesive ST I lce Maodel Additional cutput

Tatal Grid
Accurnulated id Accurnulated

=

i A B R
D

Masz
Masz balance

1. order decay

I i R |

Mass in branches
Tranzport, total
Dizpersive transport

1 A e i i |
1 A e i i |

Convective transport

Figure 7.11  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.

Powering Water Decisions 391



Advection-Dispersion Editor

1. order decay

The 1st order decay is given in the units specified on the ‘Components’ prop-
erty 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 ‘Components’
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 ‘Components’
property page, per seconds. Grid and grid accumulated values can be
selected.

7.10 AD Simulations, Additional features

This section includes a number of additional features for the AD simulation,
which can be activated through other options than the Parameter Editor.

7.10.1 Alternative Solution scheme; The ULTIMATE method

392

An option for changing the solution scheme from the traditional Finite Differ-
ence scheme to the so-called Ultimate solution scheme is available.

The AD simulation engine can be instructed to utilise the ULTIMATE solution
scheme by placing an ASCII text-filenamed ‘ULTIMATE.TXT’ in the folder
where the sim11-file is located. Should a file with this name be found in the
simulation folder, then the Ultimate method is automatically activated.

So why use the ULTIMATE method?

The ULTIMATE method is very strong and efficient at resolving very sharp
concentration gradients at neighbouring calculation points, where the stand-
ard Finite Difference method typically makes a solution with significant
numerical ‘wiggles’. The Ultimate method is able to keep the sharp gradients
without generating wiggles as illustrated in Figure 7.12.
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B4 AD simulation. Ultimate vs. Standard method ol x|
[meter] AD Simulation. Ultimate vs. Standard method 1-1-2008 11:55:12 gim"3]
18.0 7 I ; : Standard Finte Difference |

Y N = LILTIMATE [ 150

I RASREREEEEEEE - e -
] : : : F 100
4.0 - -
207~ Tt oso
00+-

20+ -F oo

40

; . F &0
5.0 3

Figure 7.12  Simulation results, longitudinal profile of AD-simulation with abrupt
change in concentration due to high-concentration tributary inflow to
main river. Blue line presents concentration profile from calculation of
standard Finite Difference method and Red line presents results
obtained from the ULTIMATE method

strong method which supplies accurate results also at locations with very
sharp concentration gradients there is a significant reason why this methodol-
ogy is not applied as a default method!

The ULTIMATE method is derived from a fundamental assumption that the
Courant Number must never exceed 1! That is, if you have locations where
the Courant Number exceeds 1 then the ULTIMATE method can simply not
be applied. This often sets such a high restriction on the combination of grid-
spacing (dx) and time step (dt) to keep the Courant Number below 1 that it is
not feasible in all applications.

ﬂ Important: Though the ULTIMATE solution method is a very efficient and

7.10.2 AD simulation features activated through the MIKE11.ini file

Located in the ‘bin’directory of the MIKE Zero installation you will find a
MIKE11.ini file which is used to activate and control specific behaviour and
performance of the calculation engine.

The MIKE11.ini file also contains a section specifically for AD-simulations
(section named [AD_SIMULATIONT) and a few of the parameters possible to
alter in the ini-file are mentioned below.

Please note that it is recommended to copy the MIKE11.ini file from the bin-

folder to your project simulation folder (must be located where you have your
sim11-file). The simulation engine searches for the MIKE11.Ini file locally first,
and secondly for the global file in the bin-folder. By copying the file to the local
folder, you ensure, that the changes you make in the ini-file only concerns the
present project, which is often required as changes in the ini-file are possibly

Powering Water Decisions 393



394

Advection-Dispersion Editor

required and beneficial for one project, whereas different values or parame-
ters must be altered in other projects.

Variables from the ini-file of interest here include:

AD-Variables no 1:
‘ADLOG=0ON’

Automatic creation of an Error log-file from AD-Simulations containing
Courant number warnings can be disabled by changing the variable.

AD-Variables no 3:
‘MORPH_UPD_IN_COHE_3LMODEL=0OFF’

Morphological updating of bed topography due to erosion/deposition of cohe-
sive sediments can be activated (for the ACST, 3-layer cohesive model only)
by adjusting this variable. Setting this variable to ON also activates bed level
as an additional output variable in the AD-result-file from the ACST simula-
tion.
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8 WQ ECO Lab Editor

MIKE ECO Lab is a numerical lab for Ecological Modelling. It is an open and
generic tool for customizing Aquatic Ecosystem models to describe water
quality, eutrophication, heavy metals and ecology. The module is mostly used
for modelling water quality as part of an Environmental Impact Assessment
(EIA) of different human activities, but the tool is also applied in aquaculture
for e.g optimizing the production of fish, seagrasses and mussels. Another
use is in online forecasts of water quality.

The need for tailormade ecosystem descriptions is big because ecosystems
vary. The strength of this tool is the easy modification and implementation of
mathematical descriptions of ecosystems into the hydrodynamic MIKE
engines.

MIKE ECO Lab utilises so-called Template files with the filename *.ECOLab’
(in the following named MIKE ECO Lab File). The MIKE ECO Lab template
files are customized collections of equations and parameters required for a
specific type of Water Quality simulations. The user may use one of the pre-
defined MIKE ECO Lab Templates, which is installed together with the MIKE
Zero installation - or may choose to develop own model concepts. The mod-
ule can describe dissolved substances, particulate matter of dead or living
material, living biological organisms and other components (all referred to as
state variables in this context).

The module was developed to describe chemical, biological, ecological pro-
cesses and interactions between state variables, but it can also describe the
physical sedimentation process of components. State variables included in
MIKE ECO Lab can either be transported by advection-dispersion processes
based on hydrodynamics, or have a more fixed nature (e.g. rooted vegeta-
tion).

8.1 Model Definition

The Model Definition page consists of the selection of the template (.ecolab)
file, which will form the basis of the Water Quality simulation. The .ecolab file
contains the definitions of the MIKE ECO Lab model. The content of the
remaining MIKE ECO Lab Dialogs depends on the contents of this file as
parameters, forcing functions, output variables etc. are extracted from the
MIKE ECO Lab file and presented in the dialog pages of the MIKE ECO Lab
Editor. The MIKE ECO Lab file can be selected by choosing the “From File...”
item in the combo-box and browsing to the location of the file. This procedure
is normally adopted for selecting user-defined .ecolab files.In case your MIKE
11 Installation includes one or more of the pre-defined MIKE Water Quality
models, they will be listed in the combo-box as well - or alternatively, then can
be found in the Template folder under the installation (typically; \MIKE
Zero\2022\Templates\ECOLab’).
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Having selected the .ecolab file, a brief summary of the contents of the model

is shown in the Dialog as presented in Figure 8.1.

mx
Model definion | Stale variables |  Constants | Forcings | Ausiay varisbles | Pracasses Derived autput |

Mo selscion

[From File =

IE'\Dala\p\mT Tdatahecolabh\EL ecolab

- Solution parameter

Integration method |RKAC =
Update frequency 1

I~ Disable caloulation of procassss, D results orly

[~ Summar

State variables I12 Auiliary variables |35
Constants I?I] Processes
IB

Forcings Deivedoutput |3

11

Figure 8.1 Menu for Water Quality Model Definition

Please note that every time a new .ecolab file is selected, the specifications
of all the remaining MIKE ECO Lab Dialogs are reset to default values.

The specification of the Solution Parameters includes selection of the Integra-
tion Method for the coupled ordinary differential equations defined in the .eco-
lab file. At present the following three methods are available (please consult
the MIKE 11 Reference Manual for details on the listed options available for
solving the coupled linear differential equations in the MIKE ECO Lab frame-
work):

Euler integration method
A very simple numerical solution method for solving ordinary differential
equations.

Runge Kutta 4th order

A classical numerical solution method for solving ordinary differential
equations. It has normally higher accuracy than the Euler method but
requires longer simulation times. The fourth order Runge Kutta method
requires four evaluations of equations per time step.

Runge Kutta 5th order with quality check

A numerical solution method for solving ordinary differential equations.
The accuracy is evaluated and the time step is adjusted if results are not
accurate enough. The method requires 6 evaluations at each time step
to take a so-called Cash-Karp Runge Kutta step and the error is esti-
mated as the difference between a Runge Kutta fourth order solution and
the Runge Kutta fifth order solution.
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Finally the Update Frequency has to be specified. This parameter is the num-
ber stating how often the water quality processes will be calculated during the
simulation. The update frequency is defined as a multiplum of the simulation
time step used for the HD- and AD-simulation and therefore determines the
frequency for simulating water quality processes on top of the standard
Advection and Dispersion processes which are calculated at every time step.
The Update Frequency must be an integer above zero. Definition of the fre-
quency should be based on careful considerations. The user should recog-
nise that the dynamics of the advection dispersion is comparable to the
dynamics of the process descriptions. Thus it is strongly recommended to
use an update frequency of 1.

The selection of the Time Step of the MIKE ECO Lab model, and hereby the
Update Frequency, has to be based on considerations of the time scales of
the processes involved. Please notice that this selection can be rather deci-
sive for the precision of the numerical solution as well as for the CPU time of
the simulation. A large Update Frequency will decrease the precision as well
as the CPU time. It is therefore advisable to perform a sensitivity analysis on
the Update Frequency before making the final selection.

8.2 State Variables

The State Variables Dialog shows a summary of the State Variables defined
in the MIKE ECO Lab model. The Description, Unit and Transport type of
each State Variable are given (“No Transport” refers to a fixed State Variable

e

and “Transport” refers to a State Variable, which is transported by Advection-

dispersion).
o
Madel defintion | Gtate varisbles Constarts | Foicings | Awiiery varisbles | Processes Derived autput_|
Description Transport Type Unit Value Local|
1 Phytoplankton C Transport | |Concertration_3 mad 01
B Phytoplankton N Trensport | Concertration_3 mad 004
3 Phytoplankton P Trensport | Concertration_3 mad 0,002
T Chiorophyll-a Trensport | Concertration_3 mad 0.003
B Zooplankton C Trensport | Concertration_3 mad 0.003
1 Defritus C Transport Concentration_3 g ns =
7 Dedritus M Transport Concentration_3 g 0.3 =
5 Detritus P Transport | Concertration 3 e 00z| .
Bl Inorganic nitrogen Transport | Concertration 3 e 001|
10 Inorganic phosphorous Transport | Concertration 3 e [
11 Dissolved oxygen Transport | |Concertration 3 i El
12 Bentiic vegetation ¢ Notransp  |Mass per Unit Area ] a .

Figure 8.2  The State Variables tab

For each State Variable its initial value within the model area should be spec-
ified. It can be specified in one of two ways: As a constant value applied to all
points in the area through the ‘Value’ column or with local exceptions. Local
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exceptions for parameter values are defined by opening the local variables
sub-dialog. Press the . button in the ‘Local’ column and a local values
sub-dialog will open as presented in Figure 8.3.

 ECOLab1.ecolab11:2 =ik.i]

State Variables Local values

Deetritus N 0.3 [River 1 1500
0.5 |River 1 3750

| | Description Value Eivernam Chainage

Figure 8.3 State Variables, Local Value definition page

To generate table-lines where local values can be defined, use the <TAB>
key at the last row of the table or press the <Insert> key. Local values can be
defined for one or multiple of the state variables in this page. Select the varia-
ble for which the local variables must be defined from the drop-down selec-
tion box containing all the model state variables in the ‘Description’ column
and specify river location (Rivername and Chainage) and the local value of
the specific parameter.

Note that if you want to specify local variations at the same locations for dif-
ferent state variables, you must define this in individual lines for each State
Variable.

Constants

The Constants are defined as any input parameter (physical constant, coeffi-
cient, rate, etc.) in the MIKE ECO Lab model, which is constant in time. The
Constants are essentially divided into two groups:

e Built-in Constants and

e User-specified Constants

The built-in Constants are automatically provided by the model system during

execution, whereas the user-specified Constants have to be specified in the
present Dialog.
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Depending on the Spatial Variation of the Constant, as defined in the MIKE
ECO Lab model, it can be specified as a “Constant value” or as local values.
Please note that a Constant, which is defined as a built-in Constant in the
MIKE ECO Lab model, will appear as a user-defined Constant in case it is not
supported by MIKE 11.

TR
Model defintion | State varisbles || Constants Forcings | Auwiliary varisbles | Pracesses | Derved autput |
Description Unit Value Local| ot

1 Latituce Degrees 55

B Pelagic paramenters: Growth rate diatoms per day 05

3 Pelagic paramenters: Growth rate green algae per day 1

T Pelagic rate <2m per day 025

B Pelagic vate =2m meter/ay 05

& Pelagic paramenters: Max. grazing rate per day 15

@ Pelagic paramenters: Death rate phyloplankion per day 002

5 Pelagic paramenters: Zooplankton desth rete 1st ord |per day 01

Bl Pelagic paramenters: Zooplankton desth rete 2nd ord |per day 12

10 Pelagic paramenters: Oxygen reaeration constart |per day 15

11 Pelagic paramenters: Delritus C mineralisation rate | per day 005

12 Pelagic paramenters: Detrtus C setting rate <2m  |per day 005

13 Pelagic paramenters: Detrtus C setting rate =2m  |meterfday (X

14 Pelagic paramenters: Light extinction constant phytop| m2ig Chi-a 20

15 Pelagic paramenters: Light extinction background con|m2 035

16 Pelagic paramenters: Light extinction detrtus C m2ig detritus 01

17 Pelagic paramenters: Light extinclion constant macra |m2ig macrasl 002

18 Pelagic paramenters: Light extinction constant suspe |m2ig 53 01

19 Wacroslgea parameters: Sloughing rate ot 20 degree |per day o0

20 Wacroslgea parameters: Production rate ot 20 degreelper day 025

2 Wacroslgea parameters: Respiration rate at 20 degre |per day [}

22 Simple sedimert descrigtion: Proportional factor for s |dimensionies 1

23 Simple sedimert descrigtion: Proportional factar for N |dimensianies 1 =
e e e e B g

Figure 8.4 Menu for Constants

Constants can be declared as spatial varying in the MIKE ECO Lab template
file and for these, it is possible to specify local variation of the parameter val-
ues through the ‘Local’ column. Definition of local values are made in the
same was as described for defining local values of State Variables.

8.4  Forcings

The Forcings are defined as any input parameter (physical property, rate,
etc.) in the MIKE ECO Lab model, which is varying in time. Examples of a
Forcing are: Temperature, salinity, solar radiation and water depth. The Forc-
ings are essentially divided into two groups:

e  Built-in Forcings and

e User-specified Forcings
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& ECOLab1 - Modified (=] 5|
Model defintion | State variables | Constants [ Forcings Audiany varisbles | Processes Derived autput |

Description unit 15 Type | File Value| TS Info
Temperature degreesC | Contart |10
Saiiity pau Contart |0
Suspended solids mgd Constart |0
Salar Radiation Emaid Contert |25
ster depth water column m Constart 8
ster diepth actusl layer m Contant 2

DR EEE

Figure 8.5 Menu for Forcing Functions

The built-in Forcings are automatically provided by the model system during
execution, whereas the user-specified Forcings have to be specified in the
present Dialog. Depending on the Spatial Variation of the Forcing, as defined
in the MIKE ECO Lab model, it can be specified as a “Constant value” or a
“Type 0 data file”.

Please note that a Forcing, which is defined as a built-in Forcing in the MIKE
ECO Lab model, will appear as a user-defined Forcing in case it is not sup-
ported by MIKE 11.

Alto note that the forcings called "Water depth " and "Water layer height" both
hold the actual hydraulic radius as a measure for the water depth rather than
for instance the maximum or the average depth across the cross section.

8.5  Auxiliary Variables

In case Auxiliary variables (or help processes) has been defined in the MIKE
ECO Lab template file, these can be stored as output in an additional output
result-filenamed '<AD filename>WQAdd.res11'. The author of the MIKE ECO
Lab file has decided which of the auxiliary variables described in the MIKE
ECO Lab file that the user can select and store as additional output. Simply
tick the auxiliary variables you want to save.
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& ECOLab1 - Modified ]

Model defintion | State varisbles | Constants

Forcings

Processes

| Derived cutut |

=1gix]

Description

Select

Mitragen check function phytoplankion

Phosphorous check function phytoplanidon

Chiorophyl check function phytoplankton

Check function phytoplznkton

Mitrogen function phytoplankton

S [@[ra]—~

Phosphorous function phytoplanidon

Figure 8.6

8.6 Processes

The Auxiliary Variables tab

Processes defined in the MIKE ECO Lab file, and at the same time marked
as OUTPUT, can be saved in the additional output file named '<AD file-
name>WQAdd.res11'. Also for the processes the author of the MIKE ECO
Lab file has decided which of the processes that you can store as additional
output. Simply tick the processes you want to save.

& ECOLab1 - Modified

(o
Model defintion | State varisbles | Constants Forcings | Ausiiary variables || Pracesses Derived autput_|
Description Select
1 Production phytoplankton carban -
B Respiration of sedimert nitrogen -
3 Respiration of sedimert phosphorous -
4 Production of benthic vegetation r
Figure 8.7  The Processes tab

Derived output defined in the MIKE ECO Lab file could be the sum of various
state variables (e.g. Total N = Organic N and Inorganic N) that are useful to
save in the additional output file ('<AD filename>WQAdd.res11') to avoid for
instance any manual post-processing of the main model results. The author
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of the MIKE ECO Lab file may have chosen other types of processed model
results from which you can select the derived output. Simply tick the derived
output you want to save.

& ECOLab1 - Modified

R e

Figure 8.8  The Derived Output tab
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9 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. 409)

e Transport Model (p. 410)

o Calibration Factors (p. 417)

o Data for Graded ST (p. 418)

e Preset Distribution of Sediment in Nodes (p. 419)

e Passive Branches (p. 421)

e Non-Scouring Bed Level (p. 422)

e Initial Dune Dimensions (Engelund Fredsoe Model) (p. 423)

Opening view of the ST Parameter editor is presented in Figure 9.1below.

J ST-Riverl.st11 ol x|
Calibration Factors I D ata for Graded ST
Prezet Distribution of Sediment in Modes I Passive Branches I Mon Scouring Bed Level
Sediment Grain Diameter | Transport Model I Initial Dune Dimensions

Global Grain Diameter ID.5
St. Deviation |1

River Nam |Chainage| Grain diam. |St. deviatio
1 0.5 1

Figure 9.1 ST Parameter Editor, Opening view

Some of the sediment transport formulas and other features of the Non Cohe-
sive Sediment Transport module have been developed in cooperation with
CTI Engineering CO., Ltd., Japan.
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9.0.1 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 hydrodynamic
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 calcu-
lations to the hydrodynamics. Results are volume transport rates and accu-
mulated 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; ‘Calculation of
Bottom Level’ is unchecked (in the ‘Transport Model' page).

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 calculated in time and
space as an explicit function of the corresponding values 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 computation
time than the explicit mode but is more representative of the dynamic alluvial
processes.

9.0.2 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)
e Ackers - White (Total load)
o Smart - Jaeggi (Total load)
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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)
o Lane-Kalinske (Suspended load)

e Ashida, Takahashi and Mizuyama (ATM) (bed load)

All of the transport models can be used for both explicit and morphological
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. Further
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
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 instabil-
ity problems.

Features and usage of the ST Parameter Editor pages are described below.

9.1 Sediment Grain Diameter

2

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 globally and
locally. If grain diameters and standard deviations are specified for a local
application, these values are used instead of any globally specified values.

The Standard Deviation defined in this page is only applied for two of the
Transport Models available;

o the Van Riin model utilises the standard deviation for calculating the
mean diameter and particle size diameter used in the equation set of the
Van Rijn model, and

o the Engelund-Fredsoe model utilises the standard deviation in the Sus-
pended Load calculation to determination the grain size diameter applied
in calculating the effective fall velocity

e The other transport models available does not include the standard devi-
ation in the respective set of equations and hence, adjusting the stand-
ard deviation when applying any of these other transport models will not
affect the simulation results.



9.2
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Figure 9.2 shows an example where the sediment grain diameter is globally
set to 0.5 mm. This value will be used in the entire river network except for
the reaches ‘RIVER1’ between 1000 m and 2500 m, where the local grain
diameter varies linearly between 1.2 and 1.5 mm. and between 2500 m and
4400 m where the grain diameter varies linearly between 1.5 and 1.1 mm. At
the same chainages, the standard deviation varies linearly between 1.2, 1.2
and 1.0.

J ST-Riverl.st1l ol x|
Calibration Factors I D ata for Graded ST
Prezet Distribution of Sediment in Modes I Passive Branches I Mon Scouring Bed Level
Sediment Grain Diameter | Transport Model I Initial Dune Dimensions

Global Grain Diameter ID.5
St. Deviation |1

River Nam |Chainage| Grain diam. |St. deviatio
1 RIVER 1 1000.000 1.200000 1.200000
2 RIVER 1 2500,000 1.500000 1.200000
3 RIVER 1 4400,000 1.100000 1.000000

Figure 9.2 Example of implementation of local grain diameter

Transport Model

Selection of sediment transport model as well as editing the model specific
parameters are essential for the calculation of the sediment transport. This
page should therefore always be visited and verified by the user to set the
model type (Total load or bed load/suspended load model) and the appropri-
ate transport model(s) as well as adjusting transport parameters if required
prior to making any ST-simulation.

Figure 9.3 shows an example of how to set the transport model type and
appropriate parameters in the dialog. In this example, the bed load transport
will be calculated using the ‘Engelund and Fredsoe’ model and the sus-
pended load transport calculated using Van Rijn formula. Morphological com-
putation is selected as the check box for ‘Bottom Level’ is activated, but there
will be no computing of the bed shear stress.
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J ST-Riverl.st11 (=13
Calibration Factors I D ata for Graded ST
Frezet Distribution of Sediment in Modes | Passive Branches I Mon Scouring Bed Level
Sediment Grain Diameter Transpart Madel | Initial Dune Dimensions
~ Model type
" TotalLload |&ckers and ‘white j
' Bed Load and/or Suspended Load
v BedLoad v Suspended Load
|+van Rin =l [vannRin |
~ Model P. b i~ Calculation of
v
Rel. density 265 ) Bl

Kin. Yiscosity 1 1076 dH/dZ: IBaCk water VI
Beta ID.BE PSI IU.S
I™ | Theta Critical caleulated (AT madel] Fi IDS—

Theta Critical 0.056

Gamma 1

Acker - White IBD35 vl
Channel Slope aption Il =0 vl

Parosity 0.35

[T BedShear Stress

I M anning (k] j
Iore.... | Minirnum I‘I a
—Staring ... b axinmum 100

vV Bed / Suspended load

7
[ Total sediment volumes in each grid point Omega I

™ Graded sediment volumes in each grid paint

Figure 9.3 Sediment transport model parameters. Selection of bed load and sus-
pended load models. Morphological updating is included but Bed Shear
stress updating excluded in this example

ﬁ Note: When selecting Transport models, which divides sediment transport
into Suspended Load and Bed load respectively, it is generally recommended
- if possible - to apply the models of the same author (e.g. Van Rijn or Enge-
lund-Fredsoe) to secure that identical assumptions are used in the formula-
tion of - and division between - suspended and bed load characteristics.

9.2.1 Model parameters

The transport model parameters are divided into three sub-groups: Model
parameters appears visible as a function of the selected transport models.

Rel. density
Relative density (or Specific gravity) of the sediment. Relative density deter-
mined as; Psegiment’ Pwater
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Kin. Viscosity
Kinematic viscosity of water.

Note that the Kinematic Viscosity must be specified as 'value - 10-6' m2/s (for
SI-Units). That is, if a value of 0.000001 m?2/s should be used, in the dialog,
you must specify 1.0.

Beta
Dynamic friction coefficient used in the Engelund-Fredsoe model. Please
consult the MIKE 11 Reference Manual for further details.

Theta Critical
Critical Shields' parameter for incipient motion of sediment.

In case of Ashida, Takahashi and Mizuyama (ATM) bed load model a selec-
tion box is made visible and the user can hereby select whether Theta Critical
should be calculated or if the constant value from the input page should be
applied. If ‘Theta Critical calculated’ has been selected, the value of Theta
Critical will be calculated from lwagaki’s model and the modified Eqiazaroff
model (for further details, see the MIKE 11 NST reference manual; section of
‘Incipient Motion Criteria’).

Gamma

Calibration parameter applied to suspended load with the Engelund-Fredsoe
model when calculating the height of sand dunes. For further details please
consult the MIKE 11 Reference Manual.

Ackers-White
Switch used in the Ackers-White model indicating whether the applied grain
size represents dzs or dgs.

Channel slope option (ATM bed load model only)

The Ashida, Takahashi and Mizuyama bed load model takes into account
effects of channel slope on the calculated bed load. Different options are
available for representing the channel slope ‘I': I=0, I=Energy Grade and I=
bed level slope.

Storing
o Bed/ Suspended load

o 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.

o Total sediment volumes in each grid point

e Storing of total sediment volume in each grid point - accumulated over
time. That is;
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e Graded sediment volumes in each grid point

e Storing of sediment volume of each fraction in each grid point.

Parameters used for morphological computations

]

Calculation of Bottom Level

If Morphological updating of bed levels is required in the sediment transport
simulation, then activate this check-box. If the check-box is left non-active,
the sediment transport calculation will be performed in the so-called Explicit
sediment transport mode.

dH/dzZ
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 (pore volume/total volume).

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 dur-
ing the simulation.

Resistance type combo box

The user is given the option to select which shear stress / resistance type for-
mulation to be used for defining minimum and maximum limits of resistance
number applied in the ST simulation (Manning’s M, Manning’s n or Chezy).
Values of resistance number limits must be defined in the selected type units.

Omega

Calibration parameter for the resistance number. (ResistanceST = OMEGA *
ResistanceHD). Note that Omega is applied to the resistance number, which
is internally in the MIKE 11 engine calculated as Manning’s M. Hence, an
increased value of Omega will result in a smaller overall resistance (higher
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value of M) and a reduced value of Omega will result in a higher overall
resistance.

Minimum/Maximum
Minimum/maximum limits for the calculated resistance number in the compu-
tations.

ﬁ 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 as well. Thus, the Chezy or Manning number speci-
fied in the cross-section data base may differ from the value(s) applied in the
hydrodynamic computations.

Also, note that only few of the authors of sediment transport formulas has
considered formulations for updated alluvial resistance. Hence, MIKE 11a
applies alternative formulations for these formulas as presented in Table 9.1

Table 9.1 Methods applied for Updating bed shear stress in sediment transport
formulas available

Transport formula Bed Shear Method
Ackers-White Ackers White formulation
Engelund-Hansen Engelund-Hansen method
Smart & Jaeggi Engelund-Hansen method
Engelund-Fredsoe Engelund-Fredsoe method
Van Rijn No method implemented
Meyer, Peter & Mueller Engelund-Hansen method
Sato, Kikkawa & Ashida Engelund-Hansen method
Ashida & Michiue Engelund-Hansen method
Lane-Kalinski Engelund-Hansen method

Please note that for most of the methods there are no specific formulation for
a bed resistance update method and the Engelund-Hansen method has been
adopted in these formulations.

ﬂ However, It is IMPORTANT to pay extremely much attention to the results
obtained if the update bed resistance is activated for ANY of the formula
which does not have a specific update method available. In most cases it
would probably NOT be recommendable to activate the bed resistance
update for these methods
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9.2.2 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 vis-
ible in the ST Editor when either the bed load or suspended load transport
model is chosen as Engelund and Fredsoe (see Section 9.8).

Smart-Jaeggi model

When selecting the Smart-Jaeggi transport model, the model parameters
must be edited as for all other transport models. Additionally, user-defined
coefficients and exponents used in the Smart-Jaeggi formulation can be
specified. Therefore, when selecting the transport model for Total Load as
‘Smart and Jaeggi’ values for coefficients and exponents can be edited in a
separate dialog.

The Smart - Jaeggi Factors dialog is activated by pressing the bare
button, which can be activated as soon as the transport model selected is

‘Smart and Jaeggi’. as shown in Figure 9.4.

Smart - Jaeggi Factors [ %]
Dimenzsionless sed. transport :
I al* [(%)32 =1 20 s theta™ * (a6 *theta® - thetacr )]
Coeff. 1 [a1]: |4 Coeff. 2 [a6] : |1
Exp. 1 [a2]: ID.2 Exp. 4 [a5]: ID.5
Exp. 2 [a3]: ID E Exp. 5 [a7]: |1
Exp. 3 [ad): |1 E=p. B [a8]: |1
Unifarmarity of sediment [D90/D30] : |1 34
Angle of repose [degrees) : |33 [k
Slope corr. form. : IBottomIeveI j Cancel |

Figure 9.4  Additional dialog for defining Smart and Jaeggi model factors

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.

9.2.3 Bottom level update methods

A choice of method for updating bottom level exists. The default method is an
assumption that the whole cross section is moved undistorted up in the case
of deposition and down in the case of erosion.
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If required, an alternative method for updating bottom levels can be defined
through the MIKE11.ini file (ST_Parameters section; ‘BOTTOM_LEVEL_UP-
DATE_METHODS’ parameter). The value of this parameter determine which
approach is selected for cross section updating through the entire sediment
transport simulation.

Update methods available are:

e Method no 1.

Deposition in horizontal layers from the bottom. Erosion proportional with
depth below bank level

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

An illustration of the different methods available is presented in. More details
on the calculation of bottom levels is given in the NST Reference Manual.



Calibration Factors

MODEL 1 MODEL 2 MODEL 3

MODEL 4 MODEL 5

Figure 9.5 Options available for updating of bed levels and cross sections parame-
ters

Please note that it is not unfortunately not possible to extract and present the
updated cross sections shapes due to morphological updating. from any
result-file. Analysis of impacts on cross section parameters (Area, Width,
Radius) can be made if these parameters are saved through the HD addi-
tional output feature. If saved to the HD Additional Result-file then the Area,
Width and Radius will all contain the updated parameter values as calculated
during the sediment transport calculation.

9.3 Calibration Factors

The factors ‘Factor 1’ and ‘Factor 2’ can be applied to the calculated transport
rates as correction factors. Both are simple multiplication factors used to
either up- or downscale the calculated sediment transport.

The calibration factors are applied as follows:

o Factor 1: Multiplication factor for Total Load and Suspended Load.
e Factor 2: Multiplication factor for Bed Load.

Hence, 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
correction factor and ‘Factor 2’ is not applied at all, whereas for other models
distinguishing between bed load and suspended load both factors are
applied.
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Calibration factors can be specified globally and locally as shown in

Figure 9.6, 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 ‘RIVERT’
chainage 1000 to 4000 m.

=lolx|

Frezet Distribution of Sediment in Modes I Passive Branches I Mon Scouring Bed Level

Sediment Grain Diameter | Tranzport Model I Initial Dune Dimenzions
Calibration Factors Diata for Graded ST

i~ Global Data

Factor 1: |1
Factaor 2 |1

River Name{Chainage| Factorl | Factor2
1 RIVER 1 1000.000 | 1.500000 | 0.750000
2 RIVER 1 4000.000 0.800000

Figure 9.6 Calibration factors dialog

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 in which sedi-
ment transport occurs overlying an in-active, passive layer. Each layer is
divided into an equal number of fractions (or classes) specified by the user. A
mean grain size 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’ checkbox.

The percentage contribution and transport rate of each fraction can be stored
in the ST result file by activating the a check boxes; ‘Save fraction values’ and
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‘Save sed. transport each fraction’. If the result file is to be used as a hot start
file, these values must be saved.

Global and local values can be specified.

An example of defining 4 fractions (global defined fractions only) is shown in

Figure 9.7.
J ST-Riverl.st11 (=13
Frezet Distribution of Sediment in Modes I Passive Branches I Mon Scouring Bed Level I
Sediment Grain Diameter I Tranzport Model | Initial Dune Dimenzions
Calibration Factars D'ata for Graded 5T
i~ 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
Number |Diameter| Active | Passive

I River

Name Chainage|

Layer La
1,000000 | 25,00000 | 10,00000 ff|
1,500000 | 30,00000 | EHaaaals] |

2,300000 | 25,00000 | 30.00000 fv
3.000000 | 20.00000 [ 35.00000 [

& [wfra =
|||

Figure 9.7 Example of specifying Graded ST data (4 fractions)

ﬁ Please note that Graded Sediment Transport option is not available for the
Meyer, Peter & Mueller sediment transport formula.

9.5 Preset Distribution of Sediment in Nodes

The property page enables the addition and editing of a preset distribution of
sediment in calculation nodes.

The default sediment distribution in a node is carried out as the ratio of flow
discharges where outflow from the node in a specific branch is related to the
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total inflow of the considered node. The default formulation for distribution of
the sediment into branch ‘m’ reads:

Q
Qsty "V =y ast” —"— (©.1)

w 2

down

Where:

QSt%’ D Sediment transport at time step (n+1) for outflow branch ‘m’

n
ZQSt Acc.sediment transport in upstream branch-ends (= outflow from node
up
Q, Discharge from node into branch ‘m’ (time step n+1)
Z Q Acc. inflow to node (downstream branch-ends) at time step n+1.
down

An alternative distribution can be specified on this property page by providing
the distribution coefficients (A) and exponents (B) through the following rela-
tionship:

B
An Q)
Qsty ™V = y oSt ——"— 92)

B;
uwp > AQ

down

Where

Index ‘m’ refers to branch ‘m’ and index ‘i’ refers to inflow branches to the
specific node.

The coefficients and exponents are given for each branch, specified by its
upstream and downstream chainage as linked to the node as illustrated in the
figure below, where ‘River 1’ discharges into a node (defined by the ‘Down-
stream’ type) and ‘River 2’ and ‘River 3’ respectively receives water from the
node (= outflow branches in the node. Defined by the ‘Upstream’ type).



Passive Branches )

J ST-Riverl.st1l (=13
Sediment Grain Diameter I Tranzport Model I Initial Dune Dimenzions
Calibration Factors I D ata for Graded ST
Frezet Distribution of Sediment in Modes | Passive Branches | MNon Scouning Bed Level
River NamelChainage| Type Distrib. coef| Distrib. exp.
1 |RIWER 1 |10000.00 Dowrstrea | nNGNEEE 0.000000
2 RIVERZ 0.000000 |Upstream 0.000000 0.000000
El RIVER 3 0.000000 |Upstreamn 0.000000 0.000000

Figure 9.8 Preset Sediment Distribution in calculation nodes

9.6 Passive Branches

It is possible to exclude Sediment transport calculations in selected branches.
Branches in which sediment transport should not be calculated are specified
in this property page by the River Name and the upstream and downstream

chainages as shown in Figure 9.9, where two branches are defined as being
passive. A branch will only be defined as passive in case both the upstream

and downstream chainages are recognised internally in MIKE 11 as being the
start and end point of a branch.

Sediment can be transported into a passive branch, but the sediment eventu-
ally transported into a passive branch is ‘trapped’, as no sediment can be
transported inside and out of a passive branch.
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=il

Sediment Grain Diameter I Tranzport Model I Initial Dune Dimenzions
Calibration Factors | Drata for Graded ST
Frezet Distribution of Sediment in Modes Passive Branches | Mon Scouring Bed Level

UpStr. DownStr.
Chainage Chainage
1 LIMK-CH1 0.000000 | 100,000000
2 DIVERSION1 0.000000 | 1500,000000

River Name

V' Save result in passive branches

Figure 9.9 Passive branches property page

The ‘Save result in Passive Branches’ check-box enables saving of sediment
transport results to include also calculation points in branches which have
been defined as ‘Passive’. Enable this check-box to include only all calcula-
tion points in which MIKE 11 actually calculates the sediment transport in
order not to start analysing further on results in points where no sediment
transport calculation has actually taken place. However, do note that in case
the result-files you are producing shall eventually be used as hotstart-file for
additional simulations, then it is actually required that the result-files contains
results from all calculation points in the model, and therefore, in this case, this
check-box must be kept de-active.

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 calcu-
lations. Default formulations in MIKE 11 define the thickness of active layer as
half the dune height, but this value can also be user-defined through this
property page. 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 lev-
els (global and/or locally) where a non-erodible surface is present. If, during a
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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.

ﬂ Important: the non scouring bed level must be defined as a actual level - and
not a height!

P ST-River] .ST11

Calibration Factors I D ata for Graded ST I

Sediment Grain Diameter I Transport Model Initial Dune Dimensions |
Preset Distribution of Sediment in Hodes I Paszzive Branches MNon 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 9.10 Non scouring Bed Level property page

Figure 9.10 shown an example where the global values of Thickness of
active layer is defined to 0.1 m and Non scouring bed level is set to -1.5 m.
These values are used in the entire river setup except for specific reaches in
'RIVER1’ and 'RIVERZ2’ where local values are specified. Linear interpolation
will be used to define Layer thickness and Non scouring level at calculation
points in between the local stations defined in the dialog.ue must be given as
a depth. That is; a height above bottom of river bed.

ﬁ Pleas note that in 'RIVER2’ from chainage 0 to 4000 a value of -99 has been
defined which means, that the previous default formulation for defining thick-
ness of active layer in MIKE 11 will be activated for this river reach.

9.8 Initial Dune Dimensions (Engelund Fredsoe Model)

When selecting the Engelund-Fredsoe 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.
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Sediment Transport Editor

Figure 9.11 shows an example where the global dune height has been set to
0.25 m, and the global dune length has been set to 12.50 m. These values
will be used in the entire river network, except in the reach ‘RIVER7T’,
between chainage 5.000 km and 10.000 km, where the dune height varies
linearly between 0.25 m and 0.40 m.

=lolx|

Calibration Factors I D ata for Graded ST
Frezet Distribution of Sediment in Modes I Passive Branches | Mon Scouring Bed Level |
Sediment Grain Diameter I Transport Model Initial Dune Dimensions

r~ Global Values

Height: ID.25
Length: |1 25

River Name| Chainagel Height | Length

1 RIVER 1 500,.000(] 0.250000 | 12.50000
2 RIVER 1 10000.,00 | 0.400000 | 12,50000

Figure 9.11  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.

ST Simulations; Additional Features

This section includes a number of additional features for the ST simulation,
which can be activated through other options than the Parameter Editor.

Transport layer depth options through ASCII file; TrsDepth.Inp

This option is valid for the Graded Sediment Transport module only.

The default MIKE 11 formulation for defining the transport layer depth (active
layer) is the water depth divided by (D/6). However, this formulation only
gives realistic results in case of slowly varying flow and similar water depths
in the entire modelled river reaches.

An option for selecting alternative formulations for the transport layer depth is
available through the use of a ASCII text-file named; ‘TrsDepth.inp’. This text
file must be placed in the simulation folder where the sim11-file for the project
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is located. If MIKE 11 locates an ASCII file with this name a message-box will
appear prompting you whether you wants to read values from this text-file or
not.

The format of the TrsDepth.Inp file is presented below:

Descriptor line
Transport depth type
Descriptor line
Transport depth factor

Transport Depth Type (1 or 23 ~~line no.
1 #+line no.
Transport Depth Factor (TDF) s/line no.
0.2 ~line no.

YN

Figure 9.12  File format of ASCII file ‘TrsDepth.Inp’ used to apply alternative meth-
ods for initial transport depth in the Graded Sediment transport module.

Two parameters are defined through the TrsDepth,inp file;

e Line 2: Transport Depth Type (options available: ‘1’ or ‘2’)
e Line 4: Transport Depth Factor (TDF)

The alternative method applied for the transport layer depth depends on the
defined Transport Depth Type.

The following methods are available:

1. Transport Depth Type =1
Transport depth defined as a constant throughout the entire model area.
That is: Transport Depth = TDF

2. Transport Depth Type = 2
Transport depth defined as constant ratio of water depth.
That is: Transport Depth = Radius * TDF

9.9.2 Shielding option defined through ASCII file; Shield.inp

This option is valid for the Graded Sediment Transport module only.

The standard Egiazaroff formulation for description of sheltering is over-ruled
if the ASCII file named ‘Shield.Inp’ is located in the simulation folder (same
folder as where the sim11-file is located).

The Shield.Inp file consists of two lines only as presented below:

Shielding type Shielding Factor ~~line no. 1 Descriptor line
2 s#line no. 2 Shielding Type and Shielding factor

Figure 9.13  File format of ASCII file ‘Shield.Inp’ for defining alternative options for
shielding (hiding/exposure) of grains
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1. Line 1is a header line (i.e. could be any text-string)

2. Line 2 contains two numbers; Shielding Type (1 or 2) and a Shielding
factor

Following alternative formulations are used depending on the Shielding Type
definition:

In(sf) 2

Shield Type = 1: T gpigiq = Tc - (m—
] m

dm sf
Shield Type =2: TC shield = TC . (-—d—)
i
where:
T¢. shield is the critical shear stress adjusted with sheltering effects
‘sf’is the Shielding Factor (from the Shield.Inp file)

‘di’ is the grain size diameter of fraction i

‘dm’ is the mean diameter

9.9.3 ST simulation features activated through the MIKE11.ini file

Located in the ‘bin’ directory of the MIKE Zero installation you will find a
MIKE11.ini file which is used to activate and control specific behaviour and
performance of the calculation engine.

The MIKE11.ini file contains also a section specifically for ST-simulations
(section named ‘[ST_SIMULATIONT') and a few of the parameters possible to
alter in the ini-file are mentioned below.

Please note that it is recommended to copy the MIKE11.ini file from the bin-
folder to your project simulation folder (must be located where you have your
sim11-file). The simulation engine searches for the MIKE11.ini file locally first,
and secondly for the global file in the bin-folder. By copying the file to the local
folder, you ensure, that the changes you eventually make in the ini-file only
concerns the present project, which is often required as changes in the ini-file
are possibly required and beneficial for one project, whereas different values
or parameters must be altered in other projects.

Selected variables from the ini-file mentioned here includes:



ST Simulations; Additional Features )

ST-Variables no 1:
BOTTOM_LEVEL_UPDATE_METHODS =4

Defines which updating method is used for calculating morphological
changes in cross sections (see section 9.2.3)

ST-variable 13-17:
COUPLED_ST_AD=OFF
CORRECT_ST_AD=OFF
NO_AD_ST_FRACTIONS=1
AD_COMP_NO=1
ST_FRAC_NO=1

Variables affecting coupled Non-cohesive and Cohesive sediments through
the graded sediments feature.
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Basic Definitions

A

10  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 rainfall and runoff and
inflow / outflow through the model boundaries.

The MIKE 11 FF module includes:
o Definition of basic FF parameters

o Definition of boundary conditions in the forecast period (Forecasted
boundary conditions)

o 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 discrep-
ancy between the observations and model simulations.

10.1 Basic Definitions

10.1.1 Simulation Period and Time of Forecast

The Time of Forecast (ToF) is defined in relation to the Hindcast and the
Forecast Period in Figure 10.1.The Hindcast Period defines the simulation
period up to ToF and is specified in the simulation file or calculated by the
system; see Chapter 10.1.2, Simulation Mode. The length of the Forecast
Period is always specified in the Forecast Menu, see section 10.2.1

< [Hnnapeid | ——><— [Fomoapria | —>

| | >

1
| Stondation Stat | | Tiree of Fomcast | — =

Figure 10.1  Definition of ToF

10.1.2 Simulation mode

Real-time mode

Powering Water Decisions

Real time mode defines a condition where MIKE 11 FF is used to execute
simulations applying real-time hydrometeorological data as boundary condi-
tions. The common time span of the boundary data defines the hindcast

period, see Figure 10.2. As real-time hydrological and meteorological data
are often captured and supplied by a telemetry network, pre-processing of
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these data is usually required for a specific (user defined) Hindcast Period
and Time of Forecast.

¥

g2

L J

¥

51

A J

Bimulation Start

I I I hl
=
[EN)
\

(rovitenms ]

Figure 10.2 Definition of Hindcast Period and ToF
Historical mode

While real-time telemetry data form the boundary conditions in an operational
forecasting mode, historical hydrometeorological data are applied as bound-
ary 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 10.3 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-D1-9912:DD:DD ID?-D‘I-SS‘IZDD:DD Apply Defaultl ‘ ‘

Figure 10.3  Definition of Hindcast period in historical mode

" Simulation Period

The forecast period is defined in the Forecast Menu.

10.2 Forecast

The main forecast parameters are specified in the Forecast Menu,
Figure 10.4.
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rﬁSs-FF.FFﬂ - Modified =] S

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 10.4 Basic Forecast Definitions

10.2.1 Forecast length

The Forecast length is equal to the Forecast Period (Figure 10.4). The length
of the Forecast Period can be specified in hours or in days

10.2.2 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 10.4.

10.2.3 Accuracy

The Boundary Conditions estimated after the Time of Forecast are obviously
uncertain. The effect of a specified uncertainty level can be included in the
simulations.

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.

Powering Water Decisions 433



) Flood Forecasting Editor

Estimated boundary conditions with Upper and Lower levels are stored in the
‘Boundary Estimates’ directory as described in Section 10.3.4.

10.2.4 Alternative modes

Multiple forecast with historical data

To execute simulations in Historical Mode tick on the Multiple forecast check
box, see Figure 10.4 or below. Additional information about simulating in His-
torical Mode can be found in Section 10.1.2.

In Historical Mode it is possible to execute consecutive simulations shifting
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 sim11 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 10.5 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 10.6).
5
94— B = -
=]
% 3——— = - - —
2
=
o
s 21— = - - — —
E
L N - " — — — |
o T T ‘ T T T
01-04 01-05 01-06 01-07 01-08 01-09 01-10
Simulation period

Figure 10.6  Multiple 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 Sec-
tion 10.1.2, Historical Mode, Simulation End is interpreted as ToF In each of
the following simulations Simulation Start and ToF are shifted 12 hours.
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Seasonal forecasting

Not yet implemented

10.2.5 Location of forecast stations

Forecast points are specified as shown in Figure 10.7 below

Lacation:
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

S

torage timestep |12 Hours

Figure 10.7 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 individ-
ual time series files (dfsO format), one file for each forecast point (location).
These files are named according to the Name field in the Locations menu
and are stored in a directory structure as illustrated in Figure 10.8.

Data
Directory

7-JUL-1999-12.00

Forecast
Sandung-H.dfs0

8-JUL-1999.-00-00

Sandung-G.dfs0

Boundary Estimates

Forecast
Sandung-H.dfs0
Sandung-Q. df=l

Boundary Estimates

Figure 10.8 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 10.8. The individual fore-
cast 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 individual
forecast time series according to the specifications from the Location menu.

Powering Water Decisions
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Storage time step

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.

10.3 Boundary Estimates

To simulate beyond the ToF requires boundary conditions for the forecast
period i.e rainfall, evaporation and possibly temperature for each catchment
in the RR simulation and water level or discharge for each of the open bound-
aries in the HD model.

Boundary conditions applied during the forecast period are in this manual
described as Estimated boundary conditions.

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 10.3.3.

Figure 10.9 shows the Boundary Estimates menu.

P SsFF.FF11 - 0] x|
Forecast Boundary Estimates | Update Specificationsl Rating Eurvesl
— Editing
File Hame Last Checked
1 Pred-Tide dfz0 11-05-0012:25:42 || 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|0
2 GIT Rainfall| mourtains df mourtain | 1|0
3 BEB-SILA Rainfall| lowland dfs0 loweland | 1|0
4 GIT-SAND Rainfall| lowland dfs0 loweland | 1|0
5 Rainfall| lowland dfs0 loweland | 1|0

¥ Save all boundary estimates

Figure 10.9 Boundary Estimates
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10.3.1 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.
Filename
Press the “...” button to select the appropriate time series file.
Filetype
The Axis type for the dfsO 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.
10.3.2 Editing

All files included in the setup menu will be listed in the ‘Editing’ menu as seen
in Figure 10.9 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.

10.3.3 Boundary data manipulation

To minimize the time spent entering and editing data related to the ‘Estimated
boundaries’ several alternative boundary estimation methods have been
implemented in the FF module. The different boundary estimation methods
are summarised in Table 10.1 and their effect illustrated in Figure 10.10
through Figure 10.14.
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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 10.1
Case Estimation method lllustration
Omit a boundary condition in  |If data from the hindcast time |Figure 10.10
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 10.11
the whole forecast period.
Estimated time series starts at | Time series is extrapolated Figure 10.12
ToF but does not cover the applying the last found value
whole forecast period
Estimated time series starts Time series is interpolated Figure 10.13
after ToF. using hindcast data at ToF and
the first entered estimated
value
The time series cover the During the first 10 HD time Figure 10.14
whole forecast period, but steps the boundary data are
there is a discontinuity at ToF |interpolated between hindcast
data at ToF and estimated data
)
4_>:'_--_--_--_--_-: == Hindcast
— - Forecast
N W ToF
- = - Extrapolated
2 T T T T T
o1-07 o1-07 o1-08 o1-08 o1-09 o1-09 a1-10
o000 1200 o000 1200 o000 1200 o000
Simulation period

Figure 10.10 Extrapolation from value at ToF
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— =—=Forecast

B Tof
2 T T T T T
o1-07 o1-07 o1-08 o1-08 o1-09 o1-09 a1-10
oooo 1200 oooo 1200 oooo 1200 oooo
Simulation period
Figure 10.11 Estimated boundary conditions as specified
Hindcast

= =Forecast

W ToF
= = = Extrapolated

2 T T T T T
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 10.12 Extrapolation of Estimated boundary conditions

Hindcast

— =—Forecast
B TeoF
= = = Interpolated

2 T T T T T
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 10.13 Interpolation of Estimated boundary conditions
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4_>_______ Hindcast
L
oy, — =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 10.14 Discontinuity at ToF
10.3.4 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 10.2.5
and Figure 10.15 below.

Forecast

o 7-JUL-1999-12.00

B lary Estil
o ss—a-s&a

. - 2.07sl
Directory HD-1.dfs0

Forecast ‘
8-JUL-1999.00-00

Boundary Estimates
RR-1.dfs0
RR-2.dfs0
HO-1.dfs0

Figure 10.15 Estimated boundary directory structure

10.4 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 10.16 shows the Update Specification menu.
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FaSs-FF.FF11 O] x]
Forecastl Boundary Estimates  Update Specifications | Rating Eurvesl
— Comparizon
Riiver name Chainage [rata type
Station kiri-57] |2B4850 IWater Il j
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 10.16 Update Specification

10.4.1 Comparison

Station

The location of the update point is defined via its River name and Chainage. If
the specified chainage does not correspond to the computational network it is
shifted to the nearest h- 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 fore-
casting 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.

Powering Water Decisions
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lterations
See No. of Iterations

Implicit solution

The specified time series are applied as internal boundary conditions in the
model. In the Continuity Equation h"*7 is substituted by the observed water
level and the lateral inflow g"** is calculated and applied as the updating dis-
charge.

No. of iterations

If a river branch includes a number of update points the specified No. of itera-
tions 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

Frequency of updating, i.e. the number of MIKE 11 HD time steps between
data observations in the time series used for updating.

10.4.2 Correction

442

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
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Rating curves

10.4.3 Parameters

Table 10.2

Parameter

Main effect

Typical value

Max phase error

Higher phase errors are auto-
matically reduced to this value

Equal to AP

Analyse Period (AP)

Determine the period where
observed and simulated data
are analysed

Found by calibration

Time constant in AP

If less than AP, recent devia-
tions may be given more
weight

Equal to AP

Time constant in
forecast period

Corrections at ToF are gradu-
ally decreased in the forecast
period by a first order decay
with this time constant.

Found by calibration

Adjust factor Increasing/decreasing the cal- |1.0
culated updating discharge

Alpha Anincrease in Alpha will cause |Found by calibration
deviations to be interpreted
more as amplitude errors

Peak value Highest expected discharge From observed dis-

after applying the correction
discharge

charge hydrographs

10.5 Rating curves

Not implemented.
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Data Assimilation editor

The Data Assimilation editor is used for specifying the parameters needed
when carrying out

e Uncertainty estimation
e  Model updating
e Forecasting

The uncertainty assessment and updating methods are applicable to hydro-
dynamic and/or advection dispersion simulations. Uncertainty assessment
and updating for NAM rainfall runoff will become available in a later release.
Thus any reference to catchment modelling in the present interface should be
neglected. One exception being that the uncertainty may be applied to output
from catchments.

Uncertainty assessment

The uncertainty assessment is a powerful tool for evaluating the effect of
uncertainties on the boundary conditions in a river network. To carry out an
uncertainty assessment a minimum of input parameters is required from the
user.

Model updating

If reliable measurements are available within the model domain, these may
be utilized to improve the model results of MIKE 11 using updating. Two dif-
ferent updating methods are available:

o A Kalman filter procedure

e A combined weighting function and error correction procedure

Forecasting

With the appropriate data the updating routines of MIKE 11 can improve
model results prior to a time of forecast. After the time of forecast the model is
corrected using forecasts of errors identified prior to the time of forecast. The
type of error correction to be applied in the forecast period depends on the
option chosen for model updating. If the Kalman filter is applied, estimated
errors in the boundary conditions at the time of forecast are phased out
according to an exponential decay. If the combined weighting function and
error correction procedure is applied, errors at measurement points are fore-
casted. Thus, the updating algorithm has an effect also after the time of fore-
cast. Furthermore, by using the Kalman filter procedure a stochastic or
ensemble forecast may be generated.

Depending on the method applied different menus within the editor are
required.
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General

General | Measurements | Equation Editor | Boundary Statistics | Standard Deviation Editor] Dutput]
Module Selection
+ Measurement update
(+ Kalman filter
" Weighting function

" Uncertainty prediction

Basic Parameters

Enzemble size 100
First filtering time step |5

Forecast

Time of forecast |DB-DB-2DD4 12:00:00
Farecast type (% Deterministic
™ Stochastic

Figure 11.1  The general data assimilation model parameter tab. Note that depend-
ing on the choice made in the Module selection section one or more of
the other boxes will be made inactive

Module selection

The simulation mode is selected here. Either the model is run using measure-
ment update or uncertainty assessment.

The first option requires the user to choose which updating technique that
should be applied. The choices are:

o Kalman filter: The model uses the ensemble Kalman filter based on
Monte Carlo simulation techniques to estimate the updates to be applied.

e  Weighting function: The model uses user-defined weighting functions to
estimate the updates to be applied.

If the uncertainty assessment option is chosen, the model uses Monte Carlo
simulation to propagate uncertainties in the boundary conditions into uncer-
tainties in the simulated model output.
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11.1.2 Basic parameters

Depending on the simulation mode selected in the Module selection box the
user is required to supply additional data.

Ensemble size

If applying either the uncertainty assessment simulation method or the Kal-
man filter updating method, the user is required to supply the ensemble size.
The ensemble size is defined as the number of simultaneous runs that are to
be carried out to evaluate the statistical properties needed for the uncertainty
assessment output and also for determining the updating parameters applied
in the Kalman filter.

The quality of the statistical estimates are strongly dependent on the ensem-
ble size. The larger the ensemble size the higher the confidence in the
results. On the other hand, the ensemble size has a linear effect on the run
time, that is, when the ensemble size is doubled the run-time is also doubled.

The above considerations should be taken into account when choosing the
ensemble size. Recommended values are 50-200. If only reliable estimates
of standard deviations are of importance, a smaller value may be chosen.
When producing confidence intervals an estimate of the full uncertainty distri-
bution is needed, thus an increase in the ensemble size is recommended for
such cases.

When applying the weighting function method no stochastic element is
applied in the simulation and thus the ensemble size is not required.

First filtering time step

This option is only applicable when using updating. The user needs to specify
at which time step the updating is to be initiated. The default value is O corre-
sponding to the first time step. The use of this variable is to ensure that the
stochastic process is sufficiently evolved to give good estimates of the uncer-
tainty before the first update, thereby avoiding model stability problems.

11.1.3 Forecast

The forecasting parameters are only applicable to the updating methods. The
time of forecast should be within the simulation period specified in the Simu-
lation editor.

When using the Kalman filter, the user may select either a deterministic or a
stochastic forecast. The first uses the ensemble mean of the state variables
including corrections at the time of forecast for a deterministic run, whereas
the latter continues the stochastic run omitting the updating step.
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11.2 Measurements

11.2.1
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General  Measurements l Equation Editor] Boundary Statistics | Standard Deviation Editor] Dutput]

Measurement Location

Branch name mainsten

Chainage ||4921— I—
Wariable type ’m I—
Component number |1 I—
File [ Ll R

Standard Deviation Error Forecast Maodel

Type ’m I~ Apply emar forecast

Value/File por =

I Lower limit
I~ Upper limit

| Branch na | chai |

1 mainskem 4921

Figure 11.2  The Measurements tab. Depending on the choice made in the general
tab some fields are made inactive

The measurements page is used for specifying the location and parameters
of the measurements that are to be used for the updating. Note that the page
is only used when applying the updating option.

To add a new measurement place the cursor in the last row in the overview
and press the right tab until an additional row appears.

Measurement location

The location of the measurement is specified here. The location does not
have to coincide with a grid point location since MIKE 11 uses linear interpo-
lation for determining the simulation value at the appropriate measurement
location.

Branch Name
The branch name where the measurement is located is specified.

Chainage
The chainage of the measurement is specified.
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Variable Type
Presently three types of measurements may be applied:

o Water level
e Discharge

o Concentration

If a concentration measurement is selected, the component number is
required. The component number is given by the order found in the Compo-
nents page of the AD editor.

File
The location of the measurement data is required. The dfs0 file may be
selected by browsing.

11.2.2 Standard deviation

When the Kalman filter updating method is applied, the user must specify the
standard deviation for the measurement. The standard deviation may be of
three different types:

o Constant. The user specifies a constant value.

o Relative. The standard deviation is taken as a relative value of the meas-
urement.

o Time dependent. The standard deviation may vary with time with the var-
iation defined in a dfs0 file.

When applying a relative or time dependent standard deviation, the user may
apply bounds on the standard deviation.

Note that for the percentage option the percentage is taken based on the
absolute value for discharge and concentration. For water level the percent-
age is interpreted as being with respect to the water depth.

For the weighting function method the standard deviation box is not applica-
ble.

11.2.3 Weighting function

When the weighting function update procedure is applied a weighting function
must be specified for each measurement. This function defines how errors at
the measurement location are distributed to neighbouring points in the river
network. The procedure updates the parts of the model state that correspond
to the measurement variable (e.g. if water levels are measured the water
level grid points are updated), whereas the other parts of the model state are
implicitly updated according to the numerical scheme in the next time step.



Type
Three different types of weighting functions are available:

o Constant. In this case the error correction at the measurement location is
distributed evenly over the grid points between Lower and Upper chain-
age.

o Triangular. In this case the error correction is linearly decreasing from the
measurement location to 0 at the Lower and Upper chainage.

« Mixed exponential. In this case the error correction is decreased accord-
ing to an exponential function from the measurement location to the
Lower and Upper chainage to about 0.01 times the correction at the
measurement location.

Amplitude

The Amplitude specifies the fraction of the observed error at the measure-
ment location that should be applied as error correction at that point. The
Amplitude should reflect the confidence of the observation as compared to
the model forecast. That is, if the amplitude equals one, the measurement is
assumed to be perfect, whereas for smaller amplitudes less emphasis is put
on the measurement as compared to the model forecast.

Lower chainage

The Lower chainage specifies the lower point (smallest chainage value) in
the branch where the measurement point is located for which the weighting
function is applied.

Note: Lower chainage must be smaller than the Upper chainage (regardless
of branch flow direction definition).

Upper chainage

The Upper chainage specifies the upper point (highest chainage value) in the
branch where the measurement point is located for which the weighting func-
tion is applied.

Note: Upper chainage must be larger than the Lower chainage (regardless of
branch flow direction definition).

Fade up

The user specifies the number of time steps used to fade up the corrections
initially, starting from zero corrections at the first time step up to full correc-
tions after the fade-up period. Employment of this function ensures that
model instabilities are avoided because the desired error correction value is
obtained gradually rather than abruptly.

11.2.4 Error forecast model

The weighting function update procedure may be combined with error fore-
casting at measurement points in the forecast period. In this case the Apply
error forecast tick box is activated and the name of the error forecast model is
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chosen from the pull-down menu. The error forecast model is defined in the
Equation editor.

Up to the time of forecast the observed errors at the measurement locations
are distributed to the neighbouring grid points according to the defined
weighting functions. After time of forecast the defined error forecast models
are used to forecast the errors at the measurement locations which are then
distributed to the neighbouring points. Thus, by applying error correction the
model is updated also in the forecast period. If error correction is not applied,
updating is not performed in the forecast period, and the model forecast is
simply a normal MIKE 11 run using the updated model state at the time of
forecast as initial conditions.

The Error forecast model tick box is not applicable for the Kalman filter
method.

11.3 Equation Editor

Generall Measurements  Equation Editar | Boundary Statisticsl Standard Deviation Editorl Dutputl

—E |
General

Mame IAF!2 E quation IA"E[-1 +B"E[-2]
E stimation period from |-2 to ID relative to time of forecast
P ter Definition
Mame IA ¥ Estimated Wariable type IEoncentration 'l
Type IVaIue VI Walue ID.SS Component number ID
Minirnum ID Biver narme I
I airurm |1 Chainage ID
Fie | ]
— Owerview of Emor Forecast Model Equation: r— Owerview of Equation Parameters
I Name I Equation I From I To I Name Type
1 |arz |B*E(-1HB*E(-2) | | o] 1 [ Yalue
2 B Value

Figure 11.3 The Equation Editor tab

The Equation editor is used to define the error forecast models used in the
weighting function update procedure. Error forecast models can be defined
as general linear or non-linear functions with a one-step ahead prediction that
depends on the previous errors at the measurement location, the model state
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at any grid points in the river network, and the boundary conditions (or any
other time series defined in a dfs0 file).

11.3.1 General

To add a new equation place the cursor in the last row in the Overview of
Error Forecast Model Equations and press the right tab until an additional row
appears.

Name

Unique name of the defined equation. This name is shown in the pull-down
menu of available equations when defining an error forecast model for the
Weighting function method on the Measurements page.

Equation

The equation editor is based on an equation parser that uses the general
arithmetic operators:

o Addition (+)

e  Subtraction (-)

e Multiplication (*)

o Division (/)

In addition, a number of mathematical functions are supported, see
Table 11.1

Table 11.1 Mathematical functions used by the equation parser (X and Y are varia-

ble names)

Syntax Function

SQR(X) Square function

SQRT(X) Square root function

SIN(X) Sine function. SIN returns the sine of the angle X in radians.

COS(X) Cosine function. COS returns the cosine of the angle X in radi-
ans.

TAN(X) Tangent function. TAN returns the cosine of the angle X in radi-
ans.

COTAN(X) Cotangent function. COTAN returns the cosine of the angle X in
radians.

ATAN(X) ArcTangent function

EXP(X) Exponential function

LN(X) Natural logarithmic function
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Table 11.1 Mathematical functions used by the equation parser (X and Y are varia-

ble names)
Syntax Function
LOG(X) 10 based logarithmic function
SINH(X) Sinus Hyperbolic function
COSH(X) Cosine Hyperbolic function

INTPOW(X,Y) The INTPOW function raises X to an integer power Y, e.g. INT-
POW(2, 3) = 8. Note that the result of INTPOW(2, 3.4) = 8 as

well.
POW(X,Y) The POW function raises X to any power Y
ABS(X) Absolute value
SIGN(X) SIGN(X) returns -1 if X<0; +1 if X>0, 0 if X=0.
TRUNC(X) Discards the fractional part of a number, e.g. TRUNC(3.2) is 3.
MIN(X,Y) Minimum of X and Y, e.g. MIN(2, 3) is 2.
MAX(X,Y) Maximum of X and Y, e.g. Max(2,3) is 3.
E(L) Error function with lag L (L<0), e.g. E(-1) is the error at the previ-

ous time step.

As an example, suppose the error forecast model is to be expressed as a
function of the variables X1, X2 and X3 as 5 times variable X1 minus the
square of variable X2 plus 2 times the natural logarithm of X3, the Equation
field should be written:

5*X1-SQR(X2)+2*LN(X3)

If one wants to apply a second order auto regressive model, the Equation
field should be written:

A*E(-1)+B*E(-2)
where A and B are the auto regressive parameters.

Estimation period
For parameters defined as values in the equation, automatic parameter esti-
mation can be applied based on the record of observed errors. The period of
the record to be used for the parameter estimation can be specified relative to
the time of forecast.

This option allows parameters of the error forecast models to be updated
continuously, and hence the error forecast models to adapt from one forecast
to the next to the prevailing conditions at the time of forecast. For instance,
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the error forecast models can be adapted to the structural differences in the
model errors that are often seen for different flow regimes.

11.3.2 Parameter definition

To add a new parameter place the cursor in the last row in the Overview of
Equation Parameters and press the right tab until an additional row appears.

Name
Unique name of parameter specified in the equation.

Type
Three different parameter types are available:

e Value. The parameter is assigned a numerical value.

o Time series. The parameter is assigned a time series defined in a dfs0
file. This may be a boundary condition in the HD or AD setup or a rainfall
input.

o State variable. The parameter is assigned a state variable, i.e. a water
level, discharge or concentration at a grid point in the river network.

Estimated

For a parameter that is assigned a numerical value, automatic parameter
estimation can be applied to estimate the value from the time series of errors.
Otherwise the value should be specified by the user in the Value field.

Value
Numerical value assigned to the parameter. If the Estimated tick box is active,
this field is made inactive.

Minimum
Allowable lower bound on the parameter when automatic parameter estima-
tion is adopted.

Maximum
Allowable upper bound on the parameter when automatic parameter estima-
tion is adopted.

Variable type

If the parameter is defined as a state variable, the variable type should be
defined:

o Water level

o Discharge

o Concentration
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Component number
If a concentration variable is selected, the component number is required.

The component number is given by the order found in the Components page
of the AD editor.

River name
The river name of the grid point of the state variable.

Chainage
The chainage of the grid point of the state variable.

File

If the parameter is defined as a time series, a dfs0 file item must be specified.

11.4 Boundary Statistics

General] Measurements] Equation Editor  Boundary Statistics l Standard Deviation Editor] Dutput]

Details

Boundary type | Location |l'" i | | AD—col
Discharae vl I vcinstenn o

r

| Item | St. Dev. Name |
u Discharge STupper

Boundary | Location AD-compon| 5t. Dev. Na | St. Dev. Na | 5t Dev. Na
1 |Discharge {mainstem, 0} STupper
2 |Discharge (trib1, 0% SThribl
'3 |Discharge (tribz, 0% SThrib2

Figure 11.4  The Boundary Statistics tab

This menu is only applicable to the Kalman filter updating method and the
uncertainty assessment simulation modes. The structure of this page has
been chosen to facilitate that the same uncertainty statistic can be applied to
multiple boundaries. For instance, it may be that the user would like to apply
a standard deviation of say 10 percent to all discharge boundary conditions in
the set-up.
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Details

The details for the boundaries where uncertainty is to be applied are specified
here.

Boundary Type
The boundary types that uncertainty may be applied to are:

o Water levels

o Discharges

e Lateral source point inflows
o Q/h-relations

e  Output from catchments

o Concentrations

e Wind fields

Note that at present uncertainty cannot be attributed to distributed lateral dis-
charge sources. Also note that the interface has been prepared for including
updates on rainfall runoff models, though the present release does not
include any rainfall runoff update capabilities.

Once the boundary type has been selected the locations where the uncer-
tainty is to be applied is entered in the second of the upper tables. Use the tab
key on the keyboard to supply additional locations. A location is specified
through a branch name and a chainage. If a concentration is to be given, the
component number is also required. The component number is given by the
order found in the Components page of the AD editor. For rainfall/runoff, only
the catchment name needs to be specified. Wind fields in MIKE 11 can be of
two types either distributed or global. If a distributed wind field is to be aug-
mented with uncertainty, then the chainage where the distributed wind source
starts is required. If uncertainty is to be described for the global wind field,
then the river name should be chosen as ‘GLOBAL WIND’ without a chain-
age.If the user-supplied location does not coincide with a boundary/forcing
term, a warning is issued and the boundary information is ignored in the sub-
sequent simulation.

For wind fields and catchments two standard deviations must be supplied
since both of these types consist of two input variables. That is, wind velocity
and wind direction for a wind field, and runoff and net rainfall for a catchment.

The specific standard deviation is defined in the Standard deviation editor and
may be selected from a pull-down menu.

The lower window gives an overview of all the boundary statistics.
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11.5 Standard deviation editor

General] Measurements] ] Boundary Statisics  Standard Deviation Editar l Dutput]
D | Data Type | Standard deviationl File/¥alue | Item |Ap|:4 Apﬂ Lower I| Upper I| TC befc
1 skl ‘Water Level: [meter] Relative 20 I 1] 0.2 1]
2 |sta |Discharge: [m~3/s] Constant 0.1 r i] i] 0
3 |strel |Wind Direction: [degree] Constant 10 r i] i] 0
4 |const [Wind speed: [m/fs] Relative VT 1 0 0
£ >

Figure 11.5 The Standard Deviation Editor tab

The standard deviation editor is used for defining the different standard devia-
tions that may be applied at the boundaries.

The page is structured as a table, the columns of which are described below.

o |ID: For each standard deviation an ID is chosen. This ID can be any
string, although it must be unique within the list of standard deviations. It
is used when selecting which standard deviation to apply in the Bound-
ary Statistics page.

o Data Type: The standard deviation is of a certain data type e.g. a stand-
ard deviation on water level requires a unit in the form of a length. The
type required for the different boundary types is described in Table 11.2

Table 11.2 Boundary type and corresponding data type

Boundary type Data Type
Water Level Water Level
Discharge Discharge
Lateral inflow Discharge
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Table 11.2 Boundary type and corresponding data type

Boundary type Data Type

Q/h relation Water Level

Wind Field Wind Direction and wind speed
Output from Catchment Discharge and Rainfall

Concentration Concentration

Input to Catchment (not available |Rainfall, temperature and evaporation
yet)

o Standard deviation: The method by which the standard deviation is to be
determined is selected. The choices are constant, relative and time
series. A relative standard deviation is selected as a percentage of the
value found in the boundary at that specific time step. The percentage is
taken based on the absolute value for discharge, concentration, wind
velocity, runoff, and net rainfall. For water level and Q/H-rating curves the
percentage is interpreted as being taken from the water depth.

o File/value: Depending on the choice made in the previous column the
user supplies a constant value, a percentage or a time series with the
temporal variation of the standard deviations to be used.

e Item: This column is only of importance when selecting a times series.

o Limits: For a relative and a time series type of standard deviation bounds
may be applied. Thus the standard deviation is limited by these bounds.

e TC before and TC after TOF: Explained below.

The errors applied at the boundaries may be described through a first order
auto regressive process:

§n+1 = ¢§n+8 (11-1)

where
& the error at time step n
dthe regression coefficient
ewhite noise

The regression coefficient should be interpreted as the ‘memory’ of the model
error. To ensure that this ‘memory’ is independent of the time step used the
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user is required to specify a time constant instead. The relation between the
regression coefficient and the time constant is:

0 = ex(-A02) (1.2

where
Atthe simulation time step
Inthe logarithm with base e.

Ty,

2

the time constant TC.

The time constant TC should be interpreted as the time it takes for the correc-
tion to drop to half the initial magnitude (exponential decay). For wind fields
and Catchment runoff, two values must be supplied. The numerical value of
the regression coefficient must be less than unity to ensure that the variance
of the model error is limited. A negative time constant results in a regression
coefficient which is greater than unity. Therefore, if a negative time constant is
entered, a warning is issued and the regression coefficient is set to 0 in the
simulation.

As an option, the time constant used when forecasting may differ from the
time constant used for updating. Thus, all in all up to four time constants
should be supplied by the user.

The model errors being described through the auto regressive process are
used in the forecast period to generate errors to be added to the boundaries.
If the forecast is deterministic, the model errors are described through the
auto regressive process without adding white noise. The model errors fade
out according to an exponential decay.
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Figure 11.6  The Output selection tab

The Output page is used for specifying additional output from an uncertainty
assessment analysis or a Kalman filter update. The output page is split in
two; one for hydrodynamic output and one for advection dispersion output.
For both types the user may select the following output:

e Standard deviation

o Corrections (the corrections of the state variables in the river network
caused by updating with each of the measurements)

o Confidence intervals

The latter requires the user to specify a percentage for each confidence inter-
val. For example in Figure 11.6 as additional output two confidence intervals
(75% and 90%) along with the standard deviation have been selected for the
hydrodynamic variables consisting of water level and discharge. Thus, in the
additional HD result file these confidence intervals and the standard deviation
in the whole network will be stored. Further, in Figure 11.6 two confidence
intervals have been chosen for the advection dispersion components. These
confidence intervals are stored in the additional AD result file.
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11.7 A Step-by-step Guide to Uncertainty Assessment

Uncertainty assessment may be carried out for hydrodynamic and/or advec-
tion dispersion. Below follows a step-by-step guide for how to set-up an
uncertainty assessment model.

1.

2.

Set up the MIKE 11 model as a pure deterministic model i.e. no data
assimilation.

In the simulation editor activate the ‘Data assimilation tick box’.

Models

Iv Hypdrodynarnic

™ Advection-Dispersion
™ Sediment transpart
I~ ECOLab

I Rainfall-Runaff

I Flaod Farecast

v Data assimilation

[ lce

Figure 11.7  Selecting the Data assimilation mode in the simulation editor

Create a new data assimilation file (extension *.DA11’).

Make sure that this file is connected with the simulation file by selecting
the created DA11 file in the DA parameters box in the input tab of the
simulation editor.

D& Parameters |IIKE11\c:0urse\DHIAug\exercises\link\stepbystep.da‘l‘I EI Edit...

Figure 11.8  Selection of the data assimilation file.

Powering Water Decisions

Open the DA parameter file.
Select ‘Uncertainty prediction’ in the General menu.

Choose the ensemble size. Remember that the larger this number the
more accurate the uncertainty assessment, the trade-off being longer run
times. A value of 100 is recommended if feasible.

Consider boundary conditions applied to the model of the type

Water level

Discharge

Q/H-relation

Wind

Source point lateral discharge
Concentration

Output from Catchment
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For each of these boundaries consider which are to be assessed with
respect to uncertainty.

Based on the selection above the boundaries are added in the DA editor.
Note that the same boundary statistics may be applied to multiple bound-
aries of the same type. Thus, for instance a 10 percent uncertainty can
be added to all discharge boundaries by selecting all the locations in the
second box as shown below.

— Detail

Baoundary type Location Chainage I AD-co I
Dizcharge - 1 [mainstem 0
! =l 2 |sTtribt 0
™| Update ify catchment mode! 3 ISTtrin 1]
I Item I St. Dev. Name I

Discharge |STupper |

Figure 11.9  Multiple locations with the same boundary statistics. The same statistics

10.

will be applied to the upstream boundaries in main stem, STtrib1 and
STtrib2. To add a line place the cursor in the last line or if no lines are
present in the upper left hand corner and use the right tab key on the
keyboard.

Once the uncertainties have been decided upon the Standard Deviation
Editor is used to define the individual standard deviation items. The
standard deviation is given an ID. This ID is subsequently used for
selecting which Standard Deviation to apply to the individual boundaries.
Further, set the standard deviation method to be used:

— constant, a value is specified in the value/file field
— relative, a percentage is specified in the valuef/file field
— atime series, a filename and a time series is specified by browsing.

If a relative or a time series type of standard deviation is selected, specify
(optionally) an upper and a lower limit to be applied.

Finally, the time constant for the temporal development of the errors are
set. Only the time constant prior to the time of forecast is used. The time
constants describe the “colouring” of the noise. If pure white noise is to
be applied at the boundaries, the time constant should be set to zero.
Typically, the noise at the boundaries will not be independent from time
step to time step (white noise), thus a non-zero time-constant (coloured
noise) is recommended. Please refer to section 11.5 for a description of
the time constants.
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11.

Decide what additional output is required. Tick the appropriate boxes for
HD and/or AD and supply the confidence intervals percentage. Note that
the confidence intervals are found by sorting each of the simulation val-
ues in the ensemble at every grid point. The confidence internal of say
90% is found by locating the values in the lowest 5% range of the
ensemble and the values in the highest 5% range. Thus, as an absolute
minimum the ensemble size must be sufficiently large to represent this
fraction. For the 90% case an ensemble size of at least 20 (1/20 = 5%) is
required. It is recommended to use a larger ensemble size than the mini-
mum dictated by the confidence interval.

11.8 A Step-by-step Guide to Updating Using the Kalman Filter

Method

If water level, discharge or concentration measurements are available within
the model domain these may be utilized for updating the model. Below fol-
lows a step-by-step guide for setting up a model that uses the Kalman filter
updating method.

1.

Powering Water Decisions

Follow the step-by-step guide for setting up an uncertainty run given in
section 11.7.

Determine the location of the measurements that are to be utilized for the
updating. The location of the measurement is inserted through the use of
a river name and a chainage. Remember that the measurements do not
need to be located at a cross section.

Set the variable type of the measurement. If a concentration measure-
ment is to be used, then the advection dispersion component number is
also required.

Specify the location of the file holding the measured data by browsing for
the file. The data must be in the dfsO format with a calendar axis.

The description used for the standard deviation is to be supplied. The
standard deviation may be of three types

— constant, a value is specified in the valuef/file field
— relative, a percentage is specified in the valuef/file field
— atime series, a filename and an time series is specified by brows-

ing.

If the relative or the time series option has been selected, bounds can
optionally be applied to the standard deviation.

Iltems 3 - 5 are repeated for every measurement. Augmenting the list with
a measurement is done by placing the courser in a row in the overview at
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the bottom of the measurements menu and then subsequently pressing
the right tab key until a new row appears.

Additionally, the updating method may be used for forecasting by setting
a time of forecast within the simulation period specified in the simulation
editor. Remember that for each measurement data must be available
from simulation start until time of forecast.

Finally, the forecast mode should be selected. Either deterministic (quick,
no forecast statistics) or stochastic (slow, but with forecast statistics).

11.9 A Step-by-step Guide to Updating Using the Weighting
Function Method

466

B

Below follows a step-by-step guide for setting up a model that uses the
Weighting function updating method.

1.

Follow steps 1-5 in the step-by-step guide for setting up an uncertainty
run given in section 11.7.

Select ‘Measurement update’ and ‘Weighting function’ in the General
menu.

If forecasting is performed, a time of forecast is set. The time of forecast
should be within the simulation period specified in the simulation editor.

Determine the location of the measurements that are to utilized for the
updating. The location of the measurement is inserted through the use of
a river name and a chainage. Remember that the measurements do not
need to be located at a cross section.

Set the variable type of the measurement. If a concentration measure-
ment is to be used, then the advection dispersion component number is
also required.

Specify the location of the file holding the measured data by browsing for
the file. The data must be in the dfsO format with a calendar axis. The
measurement data do not need to cover the entire period up to the time
of forecast. Updating is simply performed for each measurement up to
the time of the last data point in the dfsO file.

Set the type of weighting function, the amplitude of the function in the
measurement point and the lower and upper chainages for which the
function should be applied. The amplitude should be set to 1 if a perfect
match to the measurement is wanted, whereas an amplitude less than 1
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should be chosen to account for uncertainties in the measurements. The
type of weighting function and the bounds for which it applies should
reflect the correlation between the model error at the measurement loca-
tion and the errors at nearby grid points. Note that the weighting function
can only be applied on the branch where the measurement point is
located.

8. If error forecasting should be applied, activate the ‘Apply error forecast’
tick box and choose the error forecast model from the pull-down menu.
The error forecast models are defined in the Equation editor.

9. Items 4 - 8 are repeated for every measurement. Augmenting the list with
a measurement is done by placing the courser in a row in the overview at
the bottom of the measurements menu and then subsequently pressing
the right tab key until a new row appears.

11.10 Examples

With the installation of MIKE 11 follows a humber of examples illustrating the
use of the Data assimilations methods.

The examples are all based on a simple set-up with three branches. The
examples are designed to illustrate the main features of the data assimilation.
The are 5 examples available all located in the folder:

“...\examples\m11\DataAssimilation\example1’

There five examples are described below

11.10.1 Uncertainty assessment on hydrodynamic simulation

]

The example located in the folder ‘uncertainty’ illustrates how an uncertainty
assessment simulation is set up. Please run the simulation to generate the
results.

Note that confidence intervals are stored in the additional hydrodynamic
result file. Figure 11.10 illustrates the temporal variation of the discharge
through the structure located in Trib2 along with a 90% confidence interval
band.

Figure 11.10 The discharge through the structure in Trib2. The upper and lower limits
of the 90% confidence interval are also illustrated.
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[m"3is] Time Series Discharge (UNCERTAINTY res11)
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11.10.2 Kalman filter updating on hydrodynamic set-up

Based on the set-up from the example described previously an updating
model has been implemented. The full set-up is located in the folder
‘UpdateKalman’. The example illustrates how the Kalman filter is capable of

recreating a lost peak of a hydrograph. Figure 11.11 illustrates the effective-
ness of the updating technique.
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[m*3#z] Time Series Discharge
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Figure 11.11 Updating using the Kalman filtering technique. The discharge at the
upstream end of the main stem is illustrated. The blue curve is the result
obtained using MIKE 11 without updating the black curve with crosses
is the result obtained using the updating method. The updating is based
on a measurement located further downstream in the main stem

11.10.3 Uncertainty assessment on advection dispersion simulation

The example located in the folder ‘AD_uncertainty illustrates how an advec-
tion dispersion uncertainty assessment simulation is set up.

Figure 11.12 shows the temporal variation of the concentration at the junction
of the main stem and Trib2 along with a 90% confidence interval band.
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lg/n”3] Time Series Concentration (ADUNCERTAINTY res11)
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Figure 11.12 The concentration at the junction of the main stem and trib2. The upper
and lower limits of the 90% confidence interval are also illustrated

11.10.4 Kalman filter updating on advection dispersion set-up

The advection dispersion set-up from the previous example has modified so
that the upstream boundary condition consists of a constant concentration of
0.5 g/m3. The present example illustrates how the updating technique also is
effective for the transport equation. The set-up is located in the folder
‘AD_UpdateKalman'. Figure 11.13 illustrates the effectiveness of the updat-
ing technique for AD-simulations.
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loin"3] Time Series Concentration (AD_KALMAN res11)
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Figure 11.13 The concentration at the junction of the main stem and trib2. The red
curve illustrates the original simulation without erroneous boundary
condition. The blue curve illustrates the updated results. Finally for
comparison the erroneous results (no update) are illustrated as a hori-
zontal line at 0.5 g/m3
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12

121

Batch Simulation Editor

The Batch Simulation Editor offers a possibility for setting up a batch simula-
tion from the MIKE Zero 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 are then performed auto-
matically when starting the Batch simulation.

#¥ SNAKE-Batch.BS11 - Modified

Base simuiation fle: [C\M11_DATANSnake\Snake.sim1 | Mumber of simulations: [ 4 Veiify Fun |
Available parameters: Selected parameters:
= 0 Models: - Hb. Hetwork HD parameters HOD result file
" HD 1 CIMT_DATAGRakeSmake.nvwk11 Cop1 1 _DATASRskeSnake Constn HOM Y SMNAKERES1 RES11
AD 2 S _DATASnake\Snake.nwk11 it 1 _DATASnskeVSnake Varn HD11 | SNAKERes2 RES11
5T 3 | CoW_DATASRakeSnake-Modified nwk1 1)t 1 _DATASnakeSnake Constn HDM 1| SNAKERe=3 RES11
Wi 4 T _DATAGRakeSnake-Modified mawkd 1) CM 1 _DATASRskeSnake Yarm HD11  |[SNAKEREs4 RES11

RR

FF

- @ Simulation mode

=@ Inpul files

o Metwork,
Cross section
Boundarny
RR parameters

s HD parameters

=1 AD parameters
WO parameters
ST parameters
FF parameters
HD results . hd

Figure 12.1  The MIKE 11 Batch Simulation Editor.

Figure 12.1 above shows an example on how to use the Batch Simulation
Editor. The figure presents a batch simulation setup, where two different net-
work 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 one
of the files 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.

The Batch Simulation Editor has been developed in cooperation with CTI
Engineering, CO., Ltd., Japan.

Setting up a Batch Simulation

The following steps are necessary to setup the Batch Simulation:

o Pre-define base simulation file
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o Define parameters to adjust in batch simulation

e Specify input parameters for each simulation
Each of the steps are described in the following:
Pre-define base simulation file

The Batch Simulation Editor is designed such, that a Base simulation file
(*.sim11) with all relevant information on simulation models and simulation
mode, input files, simulation period, time step, initial conditions and output
filenames must be defined prior to using the Batch Simulation Editor. Batch
simulations are then performed with this Sim11-file as a basis and only if
other parameters or filenames have been defined by the user in the Batch
Simulation Editor, will the definitions in the Base Sim11-file be changed.

Filename and path to the base Sim11 file must be defined in the ‘Base Simu-
lation 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. A num-
ber of (empty) rows will be introduced in the ‘Selected Parameters’ grid after
specifying the this number and leaving the edit field using the <TAB> key or
clicking with the pointer anywhere in the editor.

Each line in the ‘Selected Parameters’ grid shall only contain specifications of
the parameters or input files which should be different from the definitions in
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 Simulation
Editor, (see Figure 12.2). Open any tree-view items by clicking the ‘+’ and
select the item/parameter, which should be modified in the batch simulation
by double-clicking the empty square in front of the specific item. After double-
clicking the item, a new column will be introduced in the ‘Selected Parame-
ters’ grid and a red check-mark is presented in the square in front of the
selected item in the tree-view. Within the new column in the Selected Param-
eters, it is now possible for the user to select different input files or define var-
iations in input parameters for the different simulation performed in the batch
simulation.
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Awailable parameters:

- Simulation mode
B Input filles
----- o Metwork
----- Cross section -
----- Boundary
----- RA parameters
----- o HD parameters
----- AD parameters
----- W parameters
----- ST parameters
----- FF parameters

----- HD results bl
| B

Figure 12.2 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 filenames, dif-
ferent simulation parameters, activating or deactivating simulation models
(e.g. activate and/or deactivate AD-model in some simulations) etc.

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 network file in one simula-
tion 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 simulations,
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 sim-
ulation).

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).
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Verify Batch Simulation definitions

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.

Start Batch Simulations

After the verification of the setup has been performed, press the ‘Run’ button
to start the batch simulations.
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13.1 Introduction

Correlation Analysis And Gap Filling Tool

This tool can, as it's name indicates, do the following:

1. Make a correlation analysis between 2 or more time series data.

2. Fill gaps (i.e. generate values artificially) in time series data where values

are missing.

To start the tool you should open or create a Correction Analysis & Gap Filling
file (.CGF) by selecting Open or New in the File menu.

The tool itself consists of one window being divided into a Tree view, a Data
view and an Error Message view, see Figure 13.1. When applying the tool
you would have to step through all pages by selecting the items in the tree
view from top to bottom. The content of the tree view may be less than shown

in Figure 13.1.

A CGFPar2.CGF
i
Description

+ Def. Files and Calc.
o Condnalysis

o CondinalysisOutput
«f  FeoE quationDutput
o Flot

o Gap Filing

oo Dietailed Result

=10l x|

Title  |Setup Title

IE:\p\m‘I‘Idata\ETI\TsTool\EoorAnaGapFill\Gap_ |
|22/11/2001 12:30:02 =
End  [22/11/2001 12:30.02 =

Input Precipitation data

Duration & All Start
7 Uzer define

V' Corelation Analysis

Output results [regressive formula

e C:Aphml1databCTINT 5T ool\Coordnals apFilloutput. .. |

[V Gap Filing

Input regreszive formula and order |E:\p\m11data\ETI\TsTool\EoorAnaGapFiII\output |

Output Precipitation data IE:\p\m‘I‘Idata\ETI\TsTool\EoorAnaGapFill\Gap_ |

[ A kL validation

Figure 13.1
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13.2 Def. Files and Calc. page

480

When a new .CGF file is created the tree view contains only one item in the
tree view, but as selections are made on the first page the tree view expands.

Input Time Series Data.

The time series data for the correlation analysis and/or gap filling is selected.
The tool can be used for any type of data, i.e. not limited to precipitation. The
time axis in time series file can be either equidistant or non-equidistant. The
selection of duration allow the user to control the time period used for the
analysis. The choices are "User Defined”, or “All” corresponding to all data in
the selected data file. The tool always applies all items in the time series file.

Correlation Analysis
The choice of including correlation analysis or not has to be made. If selected
an output file name has to be specified. The output file is an ASCII/PFS file.

Gap Filling

The choice of including gap filling or not has to be made. If selected a regres-
sive formula input and an gap filling output file name has to be specified. Most
often the user will specify the regressive formula input file as being equal to
the output file from the correlation analysis. The output file is a .dfs0 time
series file which will contain the result of the gap filling.

Figure 13.2 shows the page when all data selections and choices has been
made.

Title  |Setup Title

Input Precipitation data |E:\p\m1 1datahCTINT 5T ool\Coordnal apFillhG ap_ _I
Duration & All Start |22.-"11.-"2DD1 12:30:02 ﬁ
r )
Wisen i End  [22ri1/2001 123002 =]

V' Corelation Analysis

Dutput results (regressive formula— [C:\phm11databCTIMT 5T ool CoorénaG apFilloutput |
and order)

[V Gap Filing

Input regreszive formula and order |E:\p\m11data\ETI\TsTool\EoorAnaGapFiII\output |

Output Precipitation data IE:\p\m‘I‘Idata\ETI\TsTool\EoorAnaGapFill\Gap_ |

Figure 13.2 Def. Files and Calc. page
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13.3 CorrAnalysis page

Regression Formula
On this page the user selects what regression formula to use. Four types of
regression formulas all being linear are available:

1. Y=AX+B (Y regression)
2. Y=AX+B (XY regression)
3. Y=AX (Y regression)

4. Y=AX (XY regression)
Lower Limit

For some data types, for instance rainfall, is may be desirable to exclude val-
ues less than a lower limit in the analysis.

Run
Once the run button is pressed the correlation analysis in carried out, and the
result is written to the output file specified on the first page.

The CorrAnalysis page is shown in Figure 13.3.

Fiegression formula |Y=A><+B [ regreszion) 'l
Lower limit for the correlation analysis I 01

RN

Figure 13.3  CorrAnalysis page.

13.4 CorrAnalysis Output page

The result of the correlation analysis is shown on this page. See Figure 13.4.

The page contains a table with number of rows and columns equal to the
number of items in the time series input file. For each item in the file a row is
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shown holding the result of the correlation analysis against all items in the
time series file. The result of each analysis is shown with two numbers: the
correlation coefficient and number of values applied in the analysis. The num-
ber of values applied may differ from one analysis to the next as the number
of missing values may differ from one item to the next. In the diagonal of the
table the correlation coefficient is always 1.000 as this is the result of correlat-
ing the item to itself.

1 2 3
1 1.000 0878 0876
HITOKLIRA, 46 43 42
2 0878 1.000 1.000
MUSYL 43 44 41
3 0876 1.000 1.000
MUSHU_2 42 41 43

Figure 13.4 CoorAnalysisOutput page

13.5 RegEquationOutput page

The coefficients in the regression equation are shown in this page. See
Figure 13.5.

The page contains a table with number of rows and columns equal to the
number of items in the time series input file. For each item in the file a row is
shown holding the coefficients in the regression equation corresponding to
the other items in the time series file. The two numbers shown are the coeffi-
cients A (upper) and B (lower) in the equation Y=AX+B. In the diagonal of the
table the A and B is not shown as these always are 1 and 0 respectively.
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1 2 3
1 0529 0830
HITOKLIRA, 0.1 0.1
2 0529 1.000
MUSYL 0.1 0o
3 0830 1.000
MUSHU_2 0.1 0o

Figure 13.5 RegEquationOutput page

13.6 Plot page

This page allows for plotting the data in one item against data from another.
See Figure 13.6.

Row / Column number / Change Plot
Here you select which items to plot. Once you changed the numbers you
should press the “Change plot” button to update the plot.

Copy

Pressing the button copies the plot to the clipboard as Windows meta file
information. This allows for subsequent paste into for instance a word pro-
cessing tool.

Print
Pressing this button will send the plot to a printer.

Powering Water Decisions 483



Correlation Analysis And Gap Filling Tool

[l Station HITOKURA vs. Station MUSYL
g g g Fow number
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Figure 13.6  Plot page.

13.7 Gap Filling page

484

In this page parameters for the gap filling are specified and the gap filling pro-
cess is launched. See Figure 13.7.

The gap filling works such that for each missing value in each item an esti-
mated value will be calculated by using the value at the same time step from
another item transformed using the corresponding regressing equation. For
each item the other items are ranked in the order of decreasing correlation
coefficient. When a missing value occurs a non-missing value is searched for
in the other items at the same time step, and the non-missing value in the
item with the highest rank (lowest order) is selected.

The parameters for the gap filling are:

Gap filling boundary value.
Gap filling will only occur if the value applied to generate the missing value
through the regression equation is larger then the boundary value.

Lower limit for sample numbers.
If the number of non-missing values in an item is less than the specified limit
this item will not be used for gap filling.

Lower limit for correlation coefficient.
If the correlation coefficient for an item is less than the specified limit this item
will not be used for gap filling.
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Detailed condition

In the table the item specific conditions for the gap filling is given. For each
item to be gap filled a row with specifications is available. The first column in
the row indicate if the specifications are to be achieved automatically (equal
to the output of the correlation analysis) or to be user defined. In the remain-
ing columns the items are shown in order with the following information for
each item:

Item number in time series input file.
Regression equation

1
2
3. Number of non-missing values
4. Correlation coefficient.

These parameters can be edited if the check box in the first column is off.

Run

Pressing this button starts the gap filling process, and the output .dfs0 file is
generated. The result is shown also in two pages Details Results and Out-
lined Results. See Figure 13.8.

r— General condition

Gap filing boundary value - default iz empty I
Automatic Gap filing
Laower limit of sample numbers I 3
Lower limit of conrelation coefficient I—D
Detailed condition Run
Type 5t Ho. ! Regressive formula / valid no & correlation coe o
5t no.
AutoMan Order 1 Order 2 Order 3
1 @ 2 3
¥ =08294+012| ¥ =0830%+013
43 43
0.875 0.8976
2 O 3 1
Yo=1.000x+000| % =0829%+012
4 43
1.000 0875
3 @ 2 1
W= NN . nonn W= MR L4 LI

Figure 13.7 Gap Filling page

13.8 Detailed Result page

The results of the gap fillings are shown in detailed on this page. See
Figure 13.8.

The detailed results shows all the time series data after gap filling. Artificial
values that has been calculated by the gap filling has an integer number to
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the left of the number. This number is the item number used for the gap filling.
There may still be gaps in the data as no gap filling is done if all items on a
particular time step has missing values.

Figure 13.8 Detailed Result page.

13.9 Outlined Output page

486

Ho Date 1 2 3 ;I
HITOKURA MUsYU MUSHU_2

4 1982-07-31 13:00:00 0.000 0.000 0.000
5 1952-07-31 14:00:00 0.000 0.000 0.000
5] 1952-07-31 15:00:00
7 1982-07-31 16:00:00 0.000 0.000 0.000
g 1952-07-31 17:00:00 0.000 0.000 0.000
9 1952-07-31 18:00:00 0.000 01s50| 2 0150
10 1952-07-31 19:00:00 §.450 10.050 10.050
11 1952-07-31 20:00:00 0670 0.460 0.460
12 1982-07-31 21:00:00 0.000 0.000 0.000
13 1952-07-31 22:00:00 0180 o110 o110
14 1952-07-31 23:00:00 0.000 0.000 0.000
15 1952-05-01 00:00:00 0.070 0.040 0.040
16 1952-05-01 01:00:00 0.000 0.000 0.000
17 1952-05-01 02:00:00 0.000 0.000 0.000
18 1952-05-01 03:00:00 0.000 0.080 0.080
19 1952-05-01 04:00:00 0.950 0.600 0.600
20 1952-05-01 05:00:00 1.330 1.310 1.310
il 1952-05-01 06:00:00 1.520 1.450 1.450 b
22 1952-05-01 07:00:00 1.180 1180 1180
23 1952-05-01 05:00:00 | 2 5.256 5.200 5.200
24 1952-05-01 09:00:00 14.230 13.030 13.030
23 1952-05-01 10:00:00 3310 25860 2580
26 1952-05-01 11:00:00 2210 2,300 2,300
27 19582-05-01 12:00:00 1.780 1.620 1.620
28 1952-05-01 13:00:00 2560 2360 2360
29 1952-05-01 14:00:00 4.230 3.350 3.350
30 1952-05-01 15:00:00 5.540 5600 5600
3 1952-05-01 16:00:00 6.440 5.000 5.000
7 40272 09 N4 A T-00-00 A NEn 227N el 227N LI

A summary of the gap filling process is shown on the page. See Figure 13.9.

For each item following information is shown (from left to right)

1. Number of missing values before gap filling.
Number of missing values after gap filling.

For each item (other than the item itself) two numbers are shown:

The item number
Number of values from this item used in the gap filling.
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Figure 13.9  Outlined Results page
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A.1 Flow Resistance and Vegetation

Only a few detailed investigations have been made on establishing relation-
ships between flow resistance in a stream filled with vegetation and flow
resistance in the same stream without any vegetation. A quantitative evalua-
tion of the influence of vegetation on flow resistance has been performed in a
few Danish gauging programmes. For each of the programmes 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 resist-
ance 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 follow-
ing.

A.1.1 Flow Channels in Halkaer AA

Jensen et. al, /4/ describes experiments performed in a Danish stream
named ‘Halkaer A’ (= Stream of Halkaer). A straight-line stretch of the stream
with very dense vegetation was chosen for the experiment, and regulators for
control of the discharge into the stretch were introduced. The object of the
experiment was to determine Q-h 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.; Dan-
ish: Pindsvineknop) with few occurrences of Water Thyme (Latin: Helodea
sp.; Danish: Vandpest). The obtained Q-h relations are presented in Fig A.1.1



0 T T T T T T T T T
0nQoo 0050 0400 0450 0200 0250 0300 0350 0400 0450 0500
Discharge, O
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Fig A.1.1 Q-h curves determined for varying flow channel width

Calculated Manning numbers (Manning’s M) are presented in Fig A.1.2 as a
function of Discharge, Q. From this figure, it can be seen, that the flow resist-
ance in a weed-filled stream can be up to 4 times larger compared to weed-
free conditions in the same stream.
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FigA.1.2 Manning’s 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: enkeltbla-
det pindsvineknop). The experiment included a series of measurements with
varying weed density. Fig A.1.3 shows the results from the measurements.
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/m2).
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Fig A.1.3 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 resist-

ance can be correlated to the product, VR for a specific weed density by the
following equation:

n=an(VR)+b (A.1.1)

where, nis Manning’s n, Vis 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 A’, was unsuccessful. Application of eq. (A.1.1) is, how-
ever, supported by Bakry /1/ where statistics have been made on 12 cross
sections with ‘drowned weed’, that is, weed which primarily gets its nourish-
ment 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 = aD} (A1.2)

where a and b are coefficients as described for equation (A.1.1) and Dy, is the
hydraulic depth calculated from:

A
D, == A1.3
B (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 Mgllebaek’

Hoybye et. al, /2/ describes how Q-h curves have been determined in a Dan-
ish stream named ‘Kimmerslev Mgllebaek’ for both a winter and a summer sit-
uation. 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!53/s
at small water depths up to 30 m!/3/s for large water depths. Fig A.1.4 shows
the calculated Manning numbers as a function of water depth. For compari-
son expressions of the form (A.1.2) have been fitted to the data.
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FigA.1.4 Manning’s M for Kimmerslev Mallebaek in summer and winter
period. Results calculated with the formulas of the form M = a.DP are
also included

A.1.4 Experiments in ‘Arn A’

Hgybye et al., /2/, describes a gauging programme with the purpose of deter-
mining 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 ‘Kimmerslev Mal-
lebeek’.
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Merging .pfs files

A

B.1 Additional Tools

Apart from the catalogue of features which are accessible from the MIKE
Zero interface some additional application tools also come with a MIKE 11
installation. These are:

o pfsmerge: An application which is used for merging two or more pfs files
(.nwk11,.bnd11,.ad11, etc.)

e res11read: A tool for converting result files from MIKE 11 (*.res11 files) to
text files (ascii). The tool is only available for *.res11 files i.e. the classic
MIKE 11 calculation kernel.

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:

e Network files (.nwk11). Please note the feature Number Points Consec-
utively (p. 49) under the network editor.

e Boundary files (.bnd11).

o Rainfall-Runoff files (.rr11).

e Hydrodynamic parameter files (.hd11).

e Advection dispersion files (.ad11).

e Water quality files (.wq11).

o Eutrophication editor (.eu11).

e Sediment transport (.st11).

e Flood forecasting files (.ff11).

The application runs in a dos prompt and has the following syntax:
..\PFSMERGE pfsfile1 ... pfsfileN pfsfiletotal

where

...\ denotes the full path to the application located in the bin director of
the installation.

pfsfile1 ... pfsfileN: The list of files to merge.
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pfsfiletotal: The name of the combined pfsfile.

ﬁ 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 simulation results to text files (Res11Read)

The application named ‘Res11Read’ is designed for extracting information
from one or more MIKE 11 result files and convert results or additional infor-
mation on comparison etc. to an ASCII text file. Thus, the tool may be used
as a conversion tool for subsequent post-processing of MIKE 11 result files
stored in the binary res11-file format.

The Res11Read application must be launched from a command line in a Dos
Prompt window. Res11Read is located in the MIKE Zero installation sub-
folder ‘bin’ with the name Res11Read.exe.

To execute the program, open a Dos Prompt (on Windows XP the Dos
Prompt can normally be found under; Start-> Programs -> Accessories ->
Command Prompt).

The syntax for running the application is:

...\Res11Read.exe Option(s) Res11FileName1 ... Res11FileNameN
OutputFileName

where:

‘...\" denotes the full path to the application located in the bin directory
of the MIKE Zero installation.

‘Option(s)’ are user-defined options instructing the Res11Read utility
on which operation to perform (see below for list and explanation of
options available)

‘Res11FileName1 ... Res11FileNameN’ is the list of *.res11 files to con-
vert.

‘OutputFileName’ is the name of the ASCII output file.

Options available for the Res11Read utility
The different Options available for usage with the application is listed and
described briefly below:

o Xy
Exports X- and Y-coordinates as well as levels for all calculation points
(h- and Q-points) in the model.
(example: ‘Res11Read -xy xx.res11 out.txt’)
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xyh'
Exports X- and Y-coordinates and levels for all the h-points in the model.
(example: ‘Res11Read -xyh xx.res11 out.txt’)

‘_qul
Exports X- and Y-coordinates and levels for all the Q-points in the model.
(example: ‘Res11Read -xyq xx.res11 out.txt’)

‘-xyxsec’

Exports X- and Y-coordinates and levels for all h-points defined by cross
sections in the model.

(example: ‘Res11Read -xyxsec xx.res11 out.txt’)

-raw’
Exports Raw data for all cross sections used in the simulation.
(example: ‘Res11Read -raw xx.res11 out.txt’)

-sim’

Content of the .sim11 file used for the simulation is saved as static data
in the Res11-file. This can be extracted using this option (useful for
extracting details on simulation settings).

(example: ‘Res11Read -sim xx.res11 out.txt’)

“minX’

Exports the absolute Minimum values obtained in all grid points through-
out the simulation for item no X.

The item-number can be found by using the option *-Items’ initially. (For a
standard HD-Result file Water Level is Item number 1 and Discharge is
Item-number 2).

(example: ‘Res11Read -min2 xx.res11 out.txt’)

“maxX’

Exports the absolute Maximum values obtained in all grid points through-
out the simulation for item no X

(example: ‘Res11Read -max1 xx.res11 out.txt’)

‘-xsecids’

Exsports the Cross section ID’s from cross sections active in the simula-
tion.

(example: ‘Res11Read -xsecids xx.res11 out.txt’)

‘-usermarks’
Exports User defined marks from the result file.
(example: ‘Res11Read -usermarks xx.res11 out.txt’)

“-items’
Exports a List of all dynamic items present in the result file.
(example: ‘Res11Read -items xx.res11 out.txt’)



‘-allres’

Exports all simulation results (all time steps) for all calculation points in
the model.

Note: This option can occasionally result in a large ascii output file!
(example: ‘Res11Read -allres xx.res11 out.txt’)

‘-someresFILE’

Simulation results from selected calculation points only are written to the
output file. The selected points to be exported is defined in a configura-
tion file with a user-defined filename. In this example the file is named;
‘FILE’ (see format of FILE below).

(example: ‘Res11Read -Someresinp.txt xx.res11 out.txt’

where’inp.txt’ is the input configuration filename)

‘-compareFILE’

This option allows a comparison of two Res11-files from the same model,
and the option will issue an error if differences in result-values between
simulation points in the compared results are larger than a user-defined
threshold value.

The FILE is the configuration file for this option and contains information
on which threshold value shall be active for which result items. (see for-
mat of FILE below).

(example: ‘Res11Read -ComparelnpFile.txt xx.res11 yy.res11 out.txt’
where ‘InpFile.txt is the configuration filename)

‘-silent’

Writing to prompt is cancelled. Used in conjunction with one or more of
the other options.

(example: ‘Res11Read -allres -silent xx.res11 out.txt’)

‘“MessageCompare’

Writes additional message on Return code in output file on result of com-
parison (0 or 2 for the Compare results option).

(example: ‘Res11Read -Comparelnp.txt -MessageCompare xx.res11
yy.res11 out.txt’

where ‘Inp.txt’ is the configuration file for file comparison)

‘“DHIASCII

Option for suppressing header information in the Output file in order to
convert e.g. results/Time series into a DHI standard ascii format.
Should be used in conjunction with one or more of the above.
(example: ‘Res11Read -max1 -dhiascii xx.res11 out.txt’)

‘-FloodWatch’

Special option for converting results from a MIKE 11 simulation into a
specific format used by the FLOOD Watch real-time data handling sys-
tem from DHI.



A

o ‘-MakeDfs0’
Option to automatically create a time series containing results from spe-
cific calculation points.
Note: This option can only be used in conjunction with the -SomeresFILE
option
(example: ‘Res11Read -SomeResFILE -MakeDfs0 xx.res11 out.txt’)

o ‘-SeperatorSTRING’
Option for defining the seperator string between output-results.
Note: This option is only applicable in conjunction with the Flood Watch
option
(example: ‘Res11Read -Floodwatch -Separator, xx.res11 out.txt’)

o ‘“-RRResults’
Extraction of Results from Rainfall Runoff simulation specifically dedi-
cated toward a FLOOD Watch system. Hence, this option is only applica-
ble with the FloodWatch option.
(example: ‘Res11Read -Floodwatch -RRResults rr.res11 out.txt’)

o ‘-ArcView’
Exports results into an ArcView table import format. Used in conjunction
with other options. Typically RRResults as a sub-option to Floodwatch.
(example: ‘Res11Read -Floodwatch -RRResults -ArcView rr.res11
out.txt’)

Some of the above listed options includes a ‘FILE’ in the calling conversion.
FILE is here a name of a configuration file used by the Res11Read applica-
tion to detect details on what results shall be converted.

When FILE is used in connection with the option ‘someresFILE’, the format of
the configuration file is as presented below:

ItemHumber Chainage Rivername

1 10808 MAIH
1 200 MAIH
Fig B.1.1 Format of FILE used in connection with the ‘someresFILE’ option

Note: Column Separators in the configuration file (FILE) as presented above
must be blank space characters. It is not allowed to use tab-characters as
separators.

ltemNumber can be extracted from the results-files by running Res11Read
with the ‘-Items’ options. This will export all items present in the result-file and
their respective numbers.
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Note that if results are extracted from a Rainfall Runoff simulation results file,
the format of the FILE is slightly different.

Instead of Chainage and Rivername you must instead specify the Catch-
ment-Area and Catchment-Name as parameters as presented below:

ItemHumber Catchment_Area Catchment_Hame

12 2380.08080 CATCHHMENT_A
14 23808.9880 CATCHHENT _A
Fig B.1.2 Format of FILE when using the ‘SomeRes’ option and extracting

results from a Rainfall-Runoff result-file

Note that the file has a header line at the start.

An additional option is available to redirect individual selections to additional
text files.

This can be done using the ">" character at the end of a line in FILE:

ItemMNumber Chainage Rivername

1 100 MAIN
1 200 MAIN=main_chainZ00_output.txt
1 300 MAIN=main_chain300_output.txt
1 400 MAIN
1 500 MAIN=main_chain500_output.txt
Fig B.1.3 Format of FILE used for the ‘someresFILE’ option with alternate out-
put file option

Using the option ‘CompareFILE’ the format of the FILE is presented below:

ItemNumber Limit Rivername
1 le-6 Main 10000
2 le-6 Main 10000

Fig B.1.4 Format of FILE using the ‘CompareFILE’ option



Updating rating curves through the command prompt ;

The ‘Limit’ parameter defined in the FILE is the threshold for the comparison
between files, such that comparison errors will not be issued if differences are
smaller than the define Limit-value.

B.1.3 Updating rating curves through the command prompt

The updating of the Q/H-relations for broadcrested weirs, culverts and link
channels may be done using a separate executable. To execute the program,
open a command prompt (on Windows XP the Dos Prompt can normally be
found under; Start-> Programs -> Accessories -> Command Prompt). The
syntax for running the application is:

..\M11QHCalcLauncher.exe simulationfilename.sim11
where

...\ denotes the full path to the application located in the bin directory of
the MIKE Zero installation.

simulationfilename.sim11 is the simulation filename. If the calculation is suc-
cessful then the user is prompted to acknowledge this. If any errors occur
then the structure type along with the locations are reported in the file
errorQHcalc.log which is located at the same location as the simulation file.
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