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Introduction
One of the mayor topics of today’s water related research is the interaction between ground and surface water. With our IFM-Tool
(FEFLOW® InterFace Module) it is possible to present a realistic view of
this interaction. The module couples the DHI-WASY groundwater software FEFLOW® with the DHI surface water software MIKE11®. Besides
the regular river branch coupling for flow processes, the actual version
2.0 offers the coupling of polders and floodplains, the coupling of mass
transport processes, as well as a realistic representation of the exchange area between the river and the groundwater.
This user manual has been written in the first place for users who are
already familiar with FEFLOW. It was therefore decided not to describe
FEFLOW in detail. Please refer to one of the FEFLOW documents at
www.feflow.com if you need more information about the use of
FEFLOW. The basics of MIKE11 however are provided in the first section of this manual. In section 3 a short explanation of the FEFLOW interface manager is given. If you need more information, a useful documentation can be downloaded also from the FEFLOW website. In Section 4 the basics of the coupling as well as all dialogs are described.
This section focuses on the coupling of regular branches without mass
transport. In Section 5 the coupling of mass transport as well as the
coupling of polders and forelands and the use of special boundaries is
documented. Finally, in Section 6 a detailed description of the exercises available in your IfmMIKE11 installation directory is given.
Thanks to the colleagues of DHI and the developers and the support
team of FEFLOW for their excellent help. Without them it would not
have been possible to finish most parts of the features available in this
new version.
PRIMARY FEATURES OF THE COUPLING



Unsaturated/Saturated



Confined/unconfined (Free & Movable, Fixed and Phreatic)



Transient Flow



o

3rd kind Boundaries in FEFLOW

o

Special internal boundaries

Transient Mass
o

Multi- as well as single species

o

Convective Form

o



1st Kind Boundaries



Special internal boundaries

Divergence Form


1st Kind Boundaries



4th Kind Boundaries



Dry River Option



Flexible and automatic mesh overlay



Adaptive and Constant Time steps



Polder, Wetland, Foreland and Floodplain modelling

IfmMIKE11: Coupling FEFLOW to MIKE11

10



Automatically setup of flow constraints in polders or regular
branches



Batch mode



Comfortable user interface to observe the interaction between
MIKE11 and FEFLOW as well as to save all interaction components

RESTRICTIONS


Only 3D FEFLOW models



Only 6 Node Elements in FEFLOW (Triangular)



Only transient flow, both in MIKE11 as well as FEFLOW



Ends of branches of MIKE11 cannot be coupled with mass
transport simulations



Non-iterative coupling
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MIKE11

2.1

Introduction
MIKE11 is software developed by DHI (Danish Hydraulic Institute) to
simulate 1D flow problems. The software enables the user to simulate
unsteady flow in river networks as well as looped networks using an
implicit finite difference scheme. Sub-critical as well as supercritical
flow conditions can be calculated. Big advantage of the model is that
most of the input parameters can be variable in time (for example Kvalues). Furthermore, MIKE11 is able to simulate mass transport processes as well as sedimentation and erosion processes.
The description of MIKE11 in this manual is mainly focussed on the
coupling to FEFLOW. The present version of the coupling module works
with versions newer than (and including) the 2004 version, including
Service Pack Nr. 2. A more detailed description for MIKE11 as well as a
useful tutorial can be found in the directory “..\DHI\2011\MIKE Zero\Manuals\MIKE_11”. The coupling software has been successfully
tested for the newest 2011 version of MIKE11 as well.
MIKE11 is integrated in the software MIKE ZERO, which functions as a
GUI for several DHI products. MIKE11 itself doesn’t have a GUI; it is
basically an engine that loads all the input data, simulates the flow
processes and writes the results into a result file.

2.2

MIKE Zero
In the following figure the GUI of MIKE Zero is shown (“Programs\DHI\2011\bin\MzShell.exe”):

Figure 1:

Main GUI of MIKE Zero

With ‘File’ it is possible to load, change, save or create any of the DHI
File Formats being used within MIKE11. For example with
‘File/new/File’ you get following Dialog:

12
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Figure 2:

Create a new MIKE11 simulation file

By pressing the OK button in this Dialog a new simulation file for
MIKE11 will be created. Within this simulation file all other necessary
MIKE11 files can be defined, a simulation period can be chosen and
simulations can be started. More information about the structure of
MIKE11 files can be found in the next chapter or in one of the PDF files
saved in the directory “..\DHI\2011\MIKE Zero\Manuals\MIKE_11”.
With ‘File/Open’ all kind of files used for MIKE11 can be opened.

2.3

MIKE11
MIKE11 basically uses 5 files for a simulation. Besides the already
mentioned simulation file, these files are the cross section file, the
network file, the boundary file and the hydrodynamic file (HD file). All
files will be briefly discussed. All files can be created, loaded, edited
and saved in the MIKE Zero GUI. In case you have selected a mass
transport (AD) simulation, then additionally an advection-dispersion
file should be created.

2.3.1 Simulation File
The Simulation file (“*.sim11”) defines the names and location of the
remaining files, whether or not a steady state simulation has to be calculated, which period has to simulated and how often and to which file
the results have to be saved. Note, that the coupling of FEFLOW
and MIKE11 can only be applied to a transient MIKE11 model.
While working with MIKE11 input data, it is recommended to open the
simulation file at first. From this file all other files can be opened (“Edit”). In that way, the connection between all files is continuously guaranteed. Adding a cross section in the cross section file for example will
then result in a new symbol in the network file (if the symbol for cross
sections is set to visible).

13
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Figure 3:

Example of MIKE11 simulation file

If mass transport processes have to be simulated, the checkbox for
Advection-Dispersion has to be checked. If all files have been created
and all parameters have been checked successfully, under ‘Start’ both
the Run as well as the HD parameters buttons will be coloured green
and the simulation can be started. This does not automatically mean
that the simulation will start without errors. If any of the connections
between the files is not correct, the simulation will be cancelled before
the first time step has been calculated. This unfortunately cannot be
detected by the coupling module. If MIKE11 stops the simulation before starting the first time step, it could therefore possibly happen that
FEFLOW will give an error. It is therefore recommended to test the
MIKE11 simulation without coupling (stand-alone) before the
FEFLOW mesh and the MIKE11 network are patched. The only
thing which can not be tested without coupling is the simulation period.
This has to be defined within the coupling module (see Chapter 4.5.1).
If the defined period does not fit to the maximum period for a MIKE11
demo simulation or does not fit to the time series applied to the
boundary conditions (s. below), MIKE11 will also cancel the simulation
before the first time step has been calculated. FEFLOW will also give an
error in this case. It can also happen that the MIKE11 simulation is
numerically instable. In that case the simulation is cancelled as well.
This will be detected by the coupling module. FEFLOW will give a node
that probably the simulation parameters should be altered to get a
more stable simulation. The simulation parameters however can only
be changed after re-loading the FEFLOW problem.

Figure 4:

Starting a MIKE11 simulation
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2.3.2 Network File (*.nwk11)
In this file the river network has to be defined: digit points, branches
(river sections), their connections, HPoints (numerical calculation
points of the water level) and QPoints (numerical calculation points for
discharge). The file can be displayed as a view (see right side of figure
below) as well as a table (left side).

Figure 5:

Example of MIKE11 network file

To change the settings of the view (size and colour of digit points,
branches, cross sections etc.) use the dialog attached to ‘Settings/Network’ in your Network View Menu.
Loading the network file will open the view. The table can be displayed
simultaneously by using ‘View/Tabular View’ in the Network Menu.

Figure 6:

Opening the network tabular view

All buttons to the right in the figure above can be used for creating a
network: adding points, connecting points into a branch, deleting
points, connecting branches etc. For example, the most left yellow ar-
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row can be used to insert cross sections, boundary conditions, initial
water levels and structures (right mouse button). An easier method
however has been described in Chapter 2.3.3. The tabular view looks
like follows:

Figure 7:

Example of the network tabular view

Two important aspects of the Tabular View: In ‘Branches’ you have to
define a maximum distance between two HPoints (calculation points for
water tables) for each branch. QPoints will be calculated automatically
exactly in the middle of two HPoints. To visualise the locations of the
Q- and HPoints be sure to update your grid points after changing the
maximum distance of one of the branches (last entry in the table to
the left). Another important point for the coupling is located at ‘Runoff/groundwater links => MIKE SHE links’. Here the branches which
have to be coupled to MIKESHE can be defined. At the moment it is
only possible to couple all branches to FEFLOW, not a selection of
branches. In contrast to previous releases of IfmMIKE11, it is
not allowed to include branches for the coupling to FEFLOW at
this location. In previous releases it was mandatory to include
all branches.
2.3.3 Cross Section File (*.xns11)
In this file for each branch the cross sections are listed separately. The
user can add or delete cross sections. The user can also load an ASCIIfile to import all cross sections at once (“File/Import/Import Raw Data
& Recompute”). This method mostly is more convenient than entering
all cross sections manually. An Example of the ASCII-file is given in the
next Figure.
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Figure 8:

Example of an ASCII cross-section import file

Figure 9:

Example of MIKE11 cross-section file

The cross sections are integrated in the MIKE11 simulation as a function. For example the function Width(Level). As a result, forelands with
a dike between river and foreland have to be simulated separately:
otherwise the foreland will already contain water before the water level
reaches the top of the dike. The functions can be calculated automatically for all cross section using the cross section menu “Cross Sections
/ Apply to all sections” or for each cross section separately (“View Processed Data” in the cross section dialog. Processed data look like follows:
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Figure 10:

Example of MIKE11 cross-section file, processed data

The subdivision below the branch name in ‘TOPO-IDs’ can be used for
calculating alternative cross sections for one branch. The TOPO-ID being used in the simulation has to be defined for that branch in the network file (tabular view).
The last point being mentioned in this chapter is related to the markers
of a cross section. For the coupling especially the marker No 2 is obligatory (Bottom of profile). Using the option “Cross Sections/Apply to all
sections” the markers 1, 2 and 3 can be updated for all cross sections
at once. By using “Settings/Cross-Section/Update Markers” one can select which of the markers have to be updated.
2.3.4 Boundary File (*.bnd11)
Like in the cross section file, for each possible chainage (metre) along
a branch a boundary condition can be defined. This can be a water level, an additional Inflow (at the beginning of a branch this is automatically the total discharge) or even a Q/H relation.

Figure 11:

Example of MIKE11 boundary conditions file
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Adding a new boundary definition can be done by selecting the bottomright cell in the upper table and enter the tab key on your keyboard.
The boundary type is a combobox with all available types (for example
water level or inflow). Furthermore, you have to define at which branch
at which chainage you want to define the new boundary and from
which file the values associated to the specified item for the boundary
have to be taken (“Time series file:”=>Browse or ‘copy’ from other entries). The latter definition can be made in the lower part of the dialog.
It is recommended to save all files related to one MIKE11 simulation in one directory.
Selecting the “Browse” button in the lower part of the table a new dialog appears (right side of Figure 11). With ‘Item’ at the bottom part of
this dialog you can choose the item in the selected Time Series File
(“*.dfs0”) which represents the boundary you want to define. Only
items which correspond to the type of boundary being defined can be
chosen. With the “Edit” button beneath the “Browse” button at the left
part of Figure 11, the defined Time Series File can be opened and altered.
On the left side of the dialog of the dfs0 file, you will see the curves of
all items in the file. On the right side you see the values in a separate
table.

Figure 12:

Example of MIKE11 timeseries file

By pressing the right mouse button in the left side of the dialog (View)
and selecting the properties option, you can delete, rename or add
items as you like. You even can adjust the time levels of all items. To
alter the values of the different items, use the “Tools/Calculator” submenu in the dfs0 menu.
Notice that the simulation period being defined in the simulation file has to be available in the dfs0-file! If this is not the
case, the simulation of MIKE11 cannot be started.
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2.3.5 Hydrodynamic File (*.HD11)
In this file mainly 3 tab riders are of interest. Firstly, the tab rider ‘initials’ can be used to define an initial water level for each chainage and
branch. Between the chainages the program automatically interpolates. If no value has been entered the global value will be assigned.
However, be sure to initialize both the up and downstream end
of a branch as the program is not able to extrapolate (this is also true for cross sections: be sure to have a cross section on
both the up and downstream end of each single branch!). The
initial values will be ignored if within the simulation file the option ‘start
simulation with steady state calculation’ or ‘hot start’ has been chosen.
To add rows in the table select the bottom-right cell and press the tab
key.
Secondly, the reference resistance values can be entered in this file using the tab rider ‘Bed Resistance’. According the method being used
(Manning or Chezy) suitable values have to be entered for each
branch. Also here, no extrapolation takes place and a global value is
used where no interpolation is possible. Using a boundary resistance
factor, these values are also used as a reference and being multiplied
with the actual factor in order to get the actual resistance value.

Figure 13:

Example of MIKE11 hydrodynamic (HD) file

Finally, the tab rider ‘Default Values’ will be discussed briefly. Within
this dialog the parameter ‘Delta’ could be of great use if your model is
not that stable. See the MIKE11 reference manual for more detailed information about this parameter. Also the parameter ‘Delh’ could be
useful if you want to start your simulation with dried out branches. See
Example 4 in Chapter 6.4 for more information on this topic.
2.3.6 Mass Transport File (*.ad11)
If mass transport processes are to be simulated and the checkbox in
front of “Advection-Dispersion” in Figure 3 is checked, than additionally
a mass transport file (*.ad11) has to be added to the simulation. In
this file the number and names of the species as well as the initial conditions and the dispersion coefficients have to be defined. Additionally
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boundary conditions for mass transport have to be defined in the
boundary condition file (*.bnd11). In Figure 11 for example, the
checkbox before “include AD boundaries” should then be checked. To
read more about the different type of AD boundary conditions, please
use the MIKE11 manual or the online help.

Figure 14:

2.4

Example of MIKE11 advection-dispersion (AD) file

MIKE View
As MIKE11 mainly is an engine and MIKE Zero is the GUI for preparing
the input data for MIKE11, additional software has been developed by
DHI to analyse the results of MIKE11: MIKE View.

Figure 15:

Example of MIKE View

Using the buttons beneath the two red circles, you can copy the water
tables to an excel sheet (1st button) or start an animation of the selected branch (2nd button) showing both water levels and discharges
along the branch during the simulation period. Further information can
be found in the tutorial manual in the directory mentioned before.
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3

FEFLOW - IFM

3.1

Introduction
The groundwater model FEFLOW developed by DHI-WASY offers an interface between certain call-backs and outside source code. This interface is called IFM (Interface Manager) and enables the user to read,
change or delete parameters, boundary conditions or initial values inside FEFLOW before, while or after simulating. This Interface will be
discussed more in detail in the next chapter. Information on how to
build a FEFLOW model can be found in the examples (Chapter 6.1) or
in the FEFLOW manual, which is available on the FEFLOW installation
DVD.

3.2

IFM
In the following figure, the call-backs in the FEFLOW simulator are
shown.

Figure 16:

Call-backs in FEFLOW

Besides these, a number of call-backs are available outside of the simulator. For example OnEnterProblemEditor() while entering the problem editor or OnEdit() while pressing the IFM module button at the
bottom-left of the FEFLOW view in FEFLOW 5.x or use the “edit” option
in the plug-in panel in FEFLOW 6. Reaching one of the call-backs,
FEFLOW calls that function in the active modules (DLLs). Within the
function the author of the source code can interfere with FEFLOW pa-
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rameters, like Kf-values or heads at the boundary conditions. Obviously, the latter is being used to bring the actual water levels of MIKE11
into FEFLOW.
In the newest FEFLOW 5.x versions, it is not only possible to create an
IFM GUI using Motive, MFC can be used as well. All dialogs in the module IfmMIKE11 have been designed using MFC. For using this module,
it is obligatory to have a FEFLOW version newer than (and including)
5.2. All dialogs are also supported by FEFLOW 6.
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Coupling - IfmMIKE11 (regular coupling, flow-only)
Most of the FEFLOW dialogs in this chapter have been created with
FEFLOW 5.x (or the motive version of FEFLOW 6). In case the setup of
FEFLOW 6 (Qt) is very different, also a figure of the equivalent dialog
in FEFLOW 6 will be shown. This Chapter focuses on the coupling for
flow simulations. The coupling of mass transport processes as well as
the coupling of polders and forelands is discussed in Section 5.6 and
Section 5.3.

4.1

Installing the software
By installing the software, several new directories will be created on
your computer. The main directories are “Module”, “Documentation”
and “Examples”. The coupling software itself is a single DLL, which is
located in the directory “Module” (“IfmMIKE11.dll”). How to integrate
this DLL in a FEFLOW problem file will be discussed in Section 6.1
(Demo 1). Because the module has been created using MFC, it can only be used on a Windows platform (starting from Win2000/WinNT). In
“Documentation” the IfmMIKE11 manual is located. In “Examples” the
files for the examples of Section 6 are saved. To be able to use the examples on Windows7, this directory is not placed in the IfmMIKE11 installation directory, but in a new directory called “WASY IFmMIKE11
2.0” in your CommonAppDataFolder. In most cases, this directory is
located at “C:\Documents and Settings\All Users\Application Data”.
The installation is rather self-explaining. If it doesn’t start automatically by reading the CD, please execute the file “IfmMIKE11.msi” from the
CD manually. For uninstalling the software you have to enter the
“Start/Control Panel/Software” Dialog and delete the software
IfmMIKE11 2.0.

4.2

Basic Principle
The coupling of FEFLOW and MIKE11 is not an iterative coupling. That
means that no time steps are calculated twice. Not by FEFLOW, not by
MIKE11. Before each time step, FEFLOW takes the water levels of
MIKE11 at the end of the previous time step to define the actual
boundary values at the coupled boundary nodes (only 3rd kind, Cauchy type!). After each time step, discharges calculated by FEFLOW to
these coupled boundary nodes (Budget) are exported to the MIKE11
HPoints as an additional lateral boundary condition (Q_base). MIKE11
will calculate its time step as often as needed to reach the actual time
level of FEFLOW. If this has been done, the actual water levels of the
MIKE11 HPoints will be stored and FEFLOW can start its next time step.
The internal time step of MIKE11 can be set in the module (s. Chapter
4.4.1). The time step of FEFLOW has to be set in the fem file. In which
way the boundary nodes of FEFLOW are being coupled (“patched”) to
the MIKE11 HPoints will be discussed in Chapter 4.4.2. In general, it
can be said that for one boundary node of FEFLOW the closest MIKE11
HPoint is being patched directly, which means that the water level of
the HPoint is set to the boundary node without considering the
chainage and therefore not by interpolating. Therefore, the density of
HPoints and boundary nodes should not be too small.
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Figure 17:

Basic principle of the coupling

Besides the main executable MIKE11.exe, DHI installs an additional
DLL in the MIKE ZERO/bin directory: “m11dll.dll”. This DLL provides
the user with a number of functions in order to start a simulation outside of the MIKE ZERO environment. The DLL also enables the user to
get information about the locations of the HPoints, the cross sections
and the digit points. Finally, it tells you which structures are included in
the model, which branches are connected to each other and what the
cross sections look like. This DLL is dynamically loaded in the IFM
module. So, all MIKE11 information is available in the module as well.
Besides providing input data, the additional inflow boundaries (result of
FEFLOW) can be calculated and be forwarded to MIKE11. Also the resulting water levels as well as the total discharges can be asked for after each time step of MIKE11.
The following picture shows the different call-back functions of FEFLOW
and the MIKE11 functions (m11dll.dll) being called during those callbacks.

Figure 18:

Software structure of the coupling
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4.3

Principle of coupling using reference distributions
In order to be able to ignore some of the boundary nodes of FEFLOW
(for example if no cross sections are available or water levels during
the simulation period are already known and can be assigned directly
to FEFLOW) the already in FEFLOW integrated approach of reference
distributions (“Problem Editor / Reference Data / Reference Distribution” in FEFLOW 5.x and “Reference Data” in the Data Panel in FEFLOW
6) has been used. This option enables the user to assign a certain value to each FEFLOW node (in each slice).
A large number of distributions can be used. For the regular coupling of
MIKE11 to FEFLOW five reference distributions have been “reserved”,
having the names “Mike11_ignore”, “Mike11_trib”, “Mike11_trib_area”,
“Mike11_PS_from” and “Mike11_PS_to”. Additional Reference Distribution names will be discussed in Chapter 5. The reference distributions
use decimal values for all nodes. This module mostly converts them to
integer values (except the distribution “Mike11_trib_area”) to get ID
values. The user has to keep this in mind if, for example, the
mesh is to be refined. New nodes after refining the mesh get a value
which is automatically interpolated by FEFLOW. The result can be a
node with an ID of 1.4, which is then converted to 1. The user should
therefore check the distributions after refining (and de-refining) the
mesh. Important is also that the values in the reference distributions
are not changed after the patching has been completed.
The values in the distributions are (partly) being read while simulating.
Changing the values during the simulation (or after patching) could
therefore result in a strange behaviour of the system. After changing
the reference distributions it is therefore strongly recommended to re-patch the MIKE11 network and the FEFLOW mesh. The
same is true for the boundary conditions.
In each reference distribution values can be given for each slice in the
FEFLOW model. For the coupling module only the first slice of the
reference distributions is regarded. It is assumed that all other
slices have the same distribution. All distributions only show effect
for the nodes which have a boundary condition in FEFLOW at
the time of the patching. These boundary conditions should be of
the 3rd kind (Cauchy type).

Figure 19:

Example of reference distribution Mike11_ignore
(FEFLOW 5.X)
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Mike11_ignore:


all nodes with Value = 0 will not be ignored while “patching” and
it is tried to find the closest HPoint within the maximum distance
being defined.



all nodes with Value = 1 will be ignored. Its boundary conditions
will not be changed during simulation, nor will the discharges at
those nodes being calculated and used in MIKE11.



All nodes with Values > 1 belong to a tributary, which normally
should not be modelled by MIKE11. Nodes with a certain value all
belong to one tributary. They tribute to a single node of FEFLOW
and therefore to a single HPoint of MIKE11. This point will be defined using the distribution “Mike11_trib”.



All nodes with Values < -1 belong to a tributary, which normally
should not be modelled by MIKE11. Nodes with a certain value all
belong to one tributary with the same number, only then positive. They tribute to one node of FEFLOW and therefore to one
HPoint of MIKE11. This point will be defined using the distribution
“Mike11_trib”. These “negative” tributes will only be coupled in
one direction: from MIKE11 to FEFLOW. At the FEFLOW boundary
points the water levels will be set according the water level in the
patched MIKE11 HPoint. The calculated fluxes into these boundary points however will not be regarded. From these boundary
points no base flow boundary will be set in the patched MIKE11
HPoint.



all nodes with Value = -1 will be regarded as foreland nodes.
They will only be active (3rd kind boundaries), in case the water
level at the coupled HPoint or the groundwater level at the
FEFLOW node has a higher water level than the surface elevation
of that FEFLOW node. Otherwise, a 2 nd kind zero flux boundary
condition will be set. In case that the groundwater level is higher
than the surface elevation, but the surface water level is below
the nodal surface level, then the value of the 3 rd kind boundary
condition will be set equal to the nodal surface level. The surface
elevation can be taken from the elevation of the first slice or by
means of the Reference Distribution “Mike11_DTM”. See more
about the foreland coupling in Section 5.3 and in Example 5.
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Figure 20:

Example of reference distribution Mike11_ignore
(FEFLOW 6)

Figure 21:

Example of reference distribution Mike11_trib
(FEFLOW 5.x)
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Mike11_trib:


all nodes with Value = 0 are not regarded as a tributary point,
which will be coupled in the direction MIKE11 to FEFLOW. Only
the direction FEFLOW to MIKE11 will be coupled. Therefore, the
water levels at the FEFLOW boundaries will not be changed according the calculated water levels by MIKE11. The fluxes into
the tributary however will be set as an additional boundary condition in MIKE11 (base flow). The node should also have a value in
the reference distribution “Mike11_ignore” > 1. Otherwise, these
points are not regarded as tributary points.



all nodes with Value = 1 represent the end of a tributary (junction point). The node itself is not regarded as a tributary point,
which will be coupled in the direction MIKE11 to FEFLOW. Only
the direction FEFLOW to MIKE11 will be coupled. Therefore, the
water levels at the FEFLOW boundaries will not be changed according the calculated water levels by MIKE11. The fluxes into
the tributary however will be set as an additional boundary condition in MIKE11 (base flow). Junctions are important for patching
the tributary to the nearest HPoint of MIKE11, If a tributary has
no junction, the HPoint which is the closest to the gravity centre
of the tributary will be patched to the complete tributary. This
normally results in incorrect patching. If a junction has been defined for a tributary, the HPoint closest to this junction will be
patched to the complete tributary. The node should also have a
value in the reference distribution “Mike11_ignore” > 1.



all nodes with Value = 2 also represent the end of a tributary
(junction point). These nodes however will be coupled in both directions. The node should also have a value in the reference distribution “Mike11_ignore” > 1 or < -1. The sum of all discharges
to the nodes of the distribution “Mike11_ignore” with the same
(positive) value will be set after each time step of FEFLOW as a
base flow boundary condition to the nearest MIKE11 HPoint to
this junction point. In the other direction, the water level calculated at this HPoint by MIKE11 will be set to the FEFLOW boundary node(s) at this junction.



all nodes with Value = 3 represent those tributary points which
are not a junction point. These nodes, like the one which has a
value of 2, will be coupled in both directions. The node should also have a value in the reference distribution “Mike11_ignore” > 1
or < -1 (with a value < - 1 however the coupling only takes place
in the direction MIKE11 to FEFLOW). All nodes with the same
(absolute) value in the reference distribution “Mike11_ignore”
build a separate tributary. If no junction can be found for this
tributary (value 2 inside “Mike11_trib”), the HPoint closest to the
gravity point of the tributary will be patched. For the nodes with
value = 3, the water level of the patched HPoint will be set to the
whole of the tributary and the fluxes of the complete tributary
will be forwarded to MIKE11.



all nodes with Value = 4 represent those tributary points which
are also not a junction point. These nodes, like the one which has
a value of 2, will be coupled in both directions. The node should
also have a value in the reference distribution “Mike11_ignore” >
1 or < -1 (with a value < - 1 however the coupling only takes
place in the direction MIKE11 to FEFLOW). All nodes with the
same
(absolute)
value
in
the
reference
distribution

IfmMIKE11: Coupling FEFLOW to MIKE11

29

“Mike11_ignore” build a separate tributary. For the nodes with
value = 4, the water level of the patched HPoint will not be set to
the whole of the tributary directly. The slope of the tributary
which is set by the user before starting the simulation will be
kept constant during the simulation. At the first time step for
each of the nodes with a value = 4, the difference between the
water level at that node and the one at the junction of the tributary is calculated. This difference will be added to the water level
calculated by MIKE11 at the HPoint patched to the junction at
each single following time step. If no junction is available for the
complete tributary the difference will be calculated using the first
available water level in the patched HPoint.
This Reference Distribution cannot be used in case you are using special kind of boundary conditions for a more realistic representation of
the exchange area between the river and the groundwater (see Section
5.1).

Mike11_trib_area:


All nodes which represent a tributary junction which is coupled in
both directions (all nodes which have a value > 1 in
“Mike11_ignore” and have a value of 2 in “Mike11_trib”) can be
assigned an additional (constant) storage area (m²) by use of
this distribution. A tributary will get a new water level after each
time step. The storage in the tributary between the former and
the actual water level normally is not being taken into account by
the module. This results in a balance error. To reduce this error
the difference between both water levels is being multiplied with
the storage area inside the tributary. By dividing this volume by
the length of the time step the additional discharge into HPoint
patched to the tributary junction can be calculated. This discharge is being assigned as an additional boundary condition
(Q_overland) to this HPoint in the next time step (an iteration is
not possible in this version of the module). A constant storage
area implies that the river bed is constant with the water depth.
As this is normally not the case, this method unfortunately cannot solve the problem completely. The storage area to be assigned in this distribution can be calculated by digitising the river
from a topographical map and have the area calculated by a GISsystem. To reduce the discharges at the beginning of the simulation (small time steps of FEFLOW) in the properties dialog a minimum time step length to calculate the discharges into the
HPoints can be defined (s. Chapter 4.4.1, button “Options”). This
Reference Distribution shows no effect in case you are simulating
coupled mass transport processes (see Section 5.6).
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Figure 22:

Example of reference distribution Mike11_PS_to (left)
and Mike11_PS_from (right)

Mike11_PS_from:


all nodes with a Value > 0 will be regarded as a pumping station.
These nodes should have a value in the reference distribution
“Mike11_ignore” equal to 0. There are two possibilities to define a
pump. One possibility is to define the characteristics in a separate
file. This file should be located in a directory “pumps” inside
the MIKE11 simulation directory (where the sim11-file is saved).
The name of the file should correspond with the number of the
pump, for example “pump1.pup” for the pump with the value 1
in the distribution “Mike11_PS_from”. This file should be an
ASCII-file with the contents being shown in the next figure. A
pump should have a general water level at which the pumping
(m³/s) is started (ONLEVEL). The pumping will be stopped if a
certain minimum water level has been reached (OUTLEVEL). If
the water is higher than the defined switch level
(LEVELSWITCHMINMAX) the pumping station can pump at a
maximum pumping rate (QMAX, m³/s). If this level has not been
reached, the minimum (normal) pumping rate will be applied
(QMIN, m³/s). In this way a pumping station with more than one
pump can be simulated. Besides the functioning of the pumping
station by “rules”, the general state of the pumping station can
be defined in a table. In this table the columns “TIME” (in
FEFLOW days) and “Func” (in percentage of maximum capacity)
have to be filled out. If the Func value is 0 all pumps are out of
order (for example in case of maintenance). If this value is 100,
the capacities QMAX and QMIN will be applied. This possibility
can be used if in the MIKE11 model a “Q=0” boundary has been
defined. The calculated pumping rate will then be set as an additional boundary (Q_overland) in the MIKE11 model by the coupling module.
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Figure 23:

Example of ASCII pump characteristics file



The second possibility is to pump all the water which flows into
an HPoint out of the river. This makes sense if at that HPoint a
water level boundary in MIKE11 has been defined. In this case
no addition boundary is set at the HPoint patched to the node
defined in “Mike11_PS_from”. This possibility is simply being
activated if no file for the pumping characteristics is available
for the pumping station. As no boundary is set by the module in
the HPoint patched to the node defined in “Mike11_PS_from”,
this method only shows some effect if in the reference distribution “Mike11_PS_to” a pumping station with the same number
has been defined. In that case the water which is pumped out
of the first HPoint will be “transferred” to the HPoint which is
patched to the node defined in “Mike11_PS_to”. At this HPoint
an additional boundary condition (Q_overland) will be set by the
module. As an iterative approach has not been integrated within
this version of the module, this boundary is set during the next
FEFLOW time step. This causes a slight delay of the pumping. If
no definition in “Mike11_PS_to” has been made, no additional
boundary condition will be set in MIKE11 and the pumping station in fact is ineffective.



The distribution “Mike11_PS_to” can also be used for the option
using pump characteristics from the ASCII-file. The pumping
rate which is calculated from these characteristics will be set as
an additional boundary (Q_overland) in MIKE11. In this case
there is no delay in assigning the pumping values. If no definition regarding the place to pump to has been made only one
boundary condition will be set: in the location where the water
is coming from. In that case, the water will be pumped out of
the model.

These Pump Reference Distributions show no effect in case you are
simulating coupled mass transport processes (see Section 5.6).

4.4

Coupling Settings
For defining the general coupling settings like time step approach and
spatial assignment, a separate dialog has been created which can be
opened through the main GUI of the module (button ‘Properties’).
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Figure 24:

IfmMIKE11 properties dialog

The upper part of the dialog shows the spatial assignment settings and
the bottom part of the dialog shows the time step settings. Each of the
settings will be saved within the fem file (“serialize”) and therefore only have to be defined once. This is also true for the definitions made
under “Options” and “Quality”.
The middle part of the dialog shows the general settings. The first
check box defines if the error file of MIKE11 will appear after leaving
FEFLOW (in case there are some MIKE11 errors to show). It is also
used as a flag for giving the internal MIKE11 time step information in
the FEFLOW log window. This option is saved in the fem-file. “All results” refers to the possibility to keep only the actual time step in
memory. Normally, all FEFLOW time steps will be kept in memory, so it
is possible to analyse the results using the GUI in FEFLOW. If your
memory is limited and the number of time steps very large, it could be
useful to use this option. By using this option it is not possible to write
the results of all time steps to a separate file after you finished the
simulation (s. Chapter 4.5.4). This option is not saved in the fem-file, it
has to be defined every time the fem-file is loaded. The right check box
enables you to exclude dry cells from the coupling. This option is saved
in the fem-file. In case this check-box is activated to the right another
box appears in which a minimum water depth has to be defined. If the
water depth in an HPoint is less than this minimum depth and the
groundwater is lower than the surface water table, the HPoint is no
longer regarded as a coupled one. The boundary nodes patched to this
HPoint will be converted to a no-flux boundary (2nd kind). In that case
no additional water will flow into this HPoint and the water level in the
HPoint will not be transferred to the FEFLOW model. The HPoint however is still included in the MIKE11 model and in case the water level
gets higher than the defined minimum depth or if the groundwater table gets higher than the surface water table the coupling of this HPoint
will be reactivated. One of the examples in Chapter 6 deals with this
option.
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Options
If the button “Options” is applied, then a new dialog will appear, by
which additional flow options can be defined. These options are:

Figure 25:

IfmMIKE11 properties dialog, additional flow options



Activate FEFLOW fluid flux corrections: due to the finite element
approach, occasionally nodal discharges are calculated by the
budget, which are directed oppositely of the direction which
could be expected from the nodal ground- and surface water levels. To prevent this, the direction of estimated flow is compared
with the nodal budget and in case the direction is opposite, then
the exchange flux is reduced to zero.



Use only 1st MIKE11 tie step: for a faster calibration it is usually
sufficient to import a single MIKE11 time step in the first calibration phase. Using the MIKE11 hot start function, accurate water
levels can be imported once and held constant during the
FEFLOW simulation.



Use special boundary type to improve the exchange areas: using
3rd kind of boundary conditions for the coupling, it is very difficult
to control and analyze the exchange area between the groundand surface water. In 2009, a special kind of boundary condition
function has been introduced to IFM, by which both the surface
water level at a boundary node, as well as a nodal transfer rate
and an exchange area can be described. IfmMIKE11 was extended to calculate accurate exchange areas from the cross sections
of MIKE11 and by checking this option, these special boundaries
will be used instead of regular Cauchy boundaries. The option is
only available, if a Reference Distribution “Mike11_trans” has
been created in the fem-file, by which the nodal transfer rates
are defined ([d-1]). More information about these special boundary conditions will be given in Section 5.1.



Use every single slice to save the transfer rates: This option is
only available, if the previous option was checked. It was introduced in order to provide the possibility to define different transfer rates for different slices. Note, that compared to regular elemental transfer rates, it is not possible to distinguish between inand outflowing conditions for these nodal transfer rates.



Use constraints within floodplains and catchments (polders): In
case forelands or catchments could be detected during the patching (by means of the Reference Distribution “Mike11_catch” for
example), this option determinates whether constraints are automatically set to these areal infiltration nodes or not. These
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constraints will limit the difference between the ground- and surface water level at a single node to the water depth at the node.
This could improve the accuracy of the simulation, especially if
the groundwater is very deep. Constraints for regular branches
can be set using the Bcc button in the IfmMIKE11 main window.
More information about the coupling of polders and floodplains
can be found in Section 5.3 and Example 5 in Section 6.5.


Minimum time step for calculating balance tributaries: This defines the minimum time step length with which the additional inflow from the tributaries will be calculated to reduce the balance
error (see Section 4.3). If there is no reference distribution
“Mike11_trib_area”, this option will be disabled.

Quality
If the button “Quality” is enabled, it indicates that the species defined
in FEFLOW match to the species of MIKE11. If the button is applied,
then a new dialog will appear, by which the mass transport options can
be defined. Besides the kind of mass boundary condition to be used for
the coupling, a maximum exchange mass flux can be defined. Furthermore, in case of 4th kind boundaries (only available in the divergence form), an automatic balance correction can be applied. More information about mass transport coupling can be found in Section 5.6
and Example 8 in Section 6.10.

Figure 26:

IfmMIKE11 properties dialog, additional mass
transport options

4.4.1 Time Step Approach
Before FEFLOW starts it first time step, MIKE11 initialises the water
levels at the HPoints (whether by steady state simulation, by importing
data from another result file or by taking the initial values from the HD
file). These values will be set to the coupled FEFLOW boundary nodes
just before the simulations starts. FEFLOW boundary nodes therefore
do not have to be given a value within the problem editor. FEFLOW will
take its first time step as being defined in the “Temporal & Control Data”. All other FEFLOW time steps depend on these settings and therefore only indirectly depend on the MIKE11 coupling. If an automatic
time step control has been chosen (which is recommended), the next
time step will depend on the water levels in the rivers, but adapting
this time step is only controlled by FEFLOW itself. There is one exception to this rule however. Saving results for different time steps while
simulating (see Chapter 4.5.4), will order the module to prescribe
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FEFLOW these time levels as defined time levels to address during the
simulation.
In most situations, groundwater levels only slowly react on surface water level changes (especially if 3rd kind boundary conditions are being
used). FEFLOW will therefore increase its time step rather quickly. Due
to the non-iterative approach of the coupling, these large time steps
could result in oscillating groundwater tables (and surface water tables). It is therefore recommended to restrict the time step of FEFLOW
to a certain length. This will change from model to model, but according our experience, a maximum time step of 0.25 day in most cases
gives acceptable results (no oscillating).
MIKE11 also offers the possibility to run a simulation with constant and
adaptive time steps. The coupling module however, only support a
MIKE11 simulation setup with a constant time step length. Fortunately,
the DLL mentioned in Chapter 4.2 provides a possibility to change this
time step during the simulation, so the adaptive time step approach
can be implemented from outside. In IfmMIKE11 this has been done.
This allows not only for a reduction of the total time steps needed to
complete a simulation, also the time step length can be adjusted in order to fit perfectly to the actual time of FEFLOW.

Figure 27:

Time step controlling in IfmMIKE11

Figure 28:

Dialog part for time step controlling

As for FEFLOW, the MIKE11 time step has a defined initial length (for
example 1 minute, see step 1 in Figure 27). If a variable time step has
been chosen by the user, furthermore, a maximum (dHmax, see Figure
28, “Decrease dT at dH”) and a minimum (dHmin, “Increase dT at dH”)
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change of water level inside the model have to be defined. In case of a
maximum error approach, ‘change of water level’ means the biggest
change within all HPoints in the MIKE11 model. In case of the Root
Mean Square (RMS) option, the average of all HPoints is determining
this change (dHcalc). In case dHcalc < dHmin, the MIKE11 time step will
be increased with a factor which has been defined by the user (s. step
4 and 5 in Figure 27 and “In/Decrease dT with factor” in Figure 28). In
case dHcalc > dHmax, the MIKE11 time step will be decreased with the
same factor (s. step 2 and 3 in Figure 27). In all other cases, the time
step remains constant (s. step 6 and 7 in Figure 27). Time step 8
shows the final time step before the actual time level of FEFLOW is
reached.

Figure 29:

Dialog part for initial time step controlling

In case a constant time step approach is chosen, the time step length
will be set differently. In contradiction to the name, the time step
length will not be constant all the time during the simulation. If the option “relative to time step FEFLOW” (see Figure 29) is activated, the
MIKE11 time step length will change with the FEFLOW time step
length, also during the simulation. If a maximum time step length has
been defined in FEFLOW (“Temporal & control data / specific options
for time step control schemes” in FEFLOW 5.x and “Edit / Problem Settings / Temporal Properties” in FEFLOW 6) this could automatically result in a constant time step of MIKE11. By additionally setting the “absolute maximum of Time step” (Figure 29), the time step of MIKE11
can be limited and a constant time step of MIKE11 can be reached earlier. Even if only the maximum time step of MIKE11 has been defined,
the final MIKE11 time step within one FEFLOW time step will be
adapted to fit exactly to the new simulation time (like step 8 in Figure
27). The time step lengths which actually have been used can be found
in the file “IfmMIKE11_Time stepsMike.txt” (s. Chapter 4.5.4).
4.4.2 Spatial Assignment
Two main options for the spatial “patching” of the FEFLOW boundaries
to the MIKE11 HPoints have been integrated in the module:


by Observation Point Groups,



automatically,



both options.

In case of observation point groups, for each group with an ID >=
111 defined by the user in the FEFLOW problem editor (“Reference
Data / Observation Point Groups” in FEFLOW 5.x, in FEFLOW 6 observation point groups are not yet supported) a gravity point will be calculated. This gravity point will be compared with all HPoints of MIKE11.
The closest HPoint is then patched to all boundary nodes included in
the observation point group. Each group has to be defined in each slice
which contains a boundary condition which has to be coupled. However, the module will notice, for example, that a group has been defined
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in only 2 slices and that at the same time in slice 3 a boundary condition is available. Also the module will notice that no boundary has been
defined in one of the nodes of the group. Consequently, it will bring a
warning. Observation Point Groups have a higher priority than tributaries and pumps. If they are inside a tributary for example, these nodes
are not considered to be in the tributary (while simulating, not while
trying to find the tributary junction!). Observation Point Groups also
have an higher priority than catchments, polders, floodplains and forelands. Observation Point Groups are useful if two branches are rather
close to each other (at a junction for example). The end of each branch
can than be patched to a single HPoint of the same branch, even if an
HPoint of the other branch is closer to one of the boundary nodes. It
can also be used to separate the upstream and downstream side of a
structure. Notice that it is not possible to combine Observation
Point Groups with the option “exclude dry HPoints” (s. Chapter
4.5.2). The boundary nodes inside an Observation Point Group will stay
active during the complete simulation! If you want to compare the
fluxes between the groundwater and the surface water which are calculated by IfmMIKE11 with the fluid flux diagram plotted by FEFLOW
during the simulation or in the DAC-file, be sure to define the group as
a “BC-related fluxes” type of group (s. Figure 30). Note that the QtGUI of FEFLOW 6 does not support the definition of observation point
groups yet.

Figure 30:

Defining observation point groups for IfmMIKE11
(FEFLOW 5.x)

Note, that observation point groups cannot be used for mass
transport coupling and also not for special boundary conditions!
To integrate observation point groups in the FEFLOW model for all
boundary conditions which have to be coupled would be quite timeconsuming. A more convenient approach has therefore been developed. In this automatically patching approach, each FEFLOW
boundary node in the first slice (!!) will be patched to the nearest
HPoint. The boundary nodes in the remaining slices will be patched to
this HPoint as well. Boundary nodes for example, which are positioned
in the second slice and which do not have a boundary node on top are
not being patched! Notice that you can only influence which
boundary nodes are ignored by the reference distribution
“Mike11_ignore”. The coupling related reference distributions
are only valid for the first slice. All other slices will be assumed
to have the same distribution!
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An example for an automatically approach is shown in the next figure.

Figure 31:

Example of automatically patching

The brown circles are the HPoints of MIKE11. The largest HPoint represents a pumping station (“from”) and has been automatically assigned
from the reference distribution “Mike11_PS_from”. The middle large
HPoints are those points which were patched without any restrictions
(not being ignored, not a polder or foreland (s. Section 5.3), not a
pumping station). The purple and green triangles show adjacent patch
groups. A patch group is a group of FEFLOW boundary nodes which has
one common closest HPoint. The HPoint also belongs to the patch
group. If the boundary nodes are less dense than the HPoints it may
occur that some of the HPoints could not be patched. In the figure,
these points have the smallest brown circle. The grey triangles show
the FEFLOW finite elements. The blue, red and black lines show the
branches of MIKE11. With this approach each boundary node can be
patched to only one HPoint. However, more boundary nodes can be
patched to the same HPoint.
In the module the possibility has been integrated to combine both
methods. In that case the Observation Point Groups logically have a
higher priority than a single node. The boundary nodes in these groups
will be patched according the gravity point of the complete group
(even if some of them do not have boundary conditions). The remaining boundary conditions will be patched according the rules of the automatically patching.
Additionally to the use of Reference Distributions in FEFLOW, in order
to avoid coupling of single particular branches, some predefined names
can be used for the branches in MIKE11. This can be particularly useful
in case of small channels for separate structures, for example connecting a floodplain and a regular river. To avoid coupling of a single

39

IfmMIKE11: Coupling FEFLOW to MIKE11

MIKE11 branch the following sequences can be used at the beginning of the names of a MIKE11 branch; “LINK”, “WEIR”,
“BREACH”, “CULVERT”.

4.5

GUI
As said before, the main GUI has been developed using MFC. The main
dialog is the IfmMIKE11 Viewer. Its appearance is slightly different,
depending if the user calls the dialog from the problem editor or the
simulator. Therefore, the detailed description of the dialogs has been
separated in “Problem Editor” and “Simulator”. To enter the IfmMIKE11
GUI, in FEFLOW 5.x always press the module button at the bottomleft of the FEFLOW viewer (s Figure 32). In FEFLOW 6 use the plug-in
panel, select IfmMIKE11 and use a right mouse click for editing. If a
fem-file is opened which includes the module IfmMIKE11 or the module
is included during a FEFLOW session, the first dialog which appears is a
normal Windows file dialog. Here you can define the name of the ASCII
file in which the log messages of the module will be saved. These log
messages include for example the time settings, all time steps, average discharges and warnings. The default filename is “feflowlog.txt”.
The contents of this log file is rather self-explaining and therefore not
been documented.

Figure 32:

Entry to the IfmMIKE11 settings and dialogs

4.5.1 View Problem Editor
The first dialog which appears after pressing the module button from
the problem editor looks like follows and enables you to select the
MIKE11 simulation file and optionally to show you the MIKE11 library
which is loaded by the module. Pressing the F1 button enables you to
change the license file for the module. If no current filename is available, only the right button is enabled. Here, you can select the simulation file with a standard File Dialog. The second time you open the
simulation file dialog also the left button is enabled and a new checkbox appears on top of the MIKE11-dll checkbox. This button enables
you to re-patch the MIKE11 network and the FEFLOW mesh, for example if you changed the reference distributions or refined the FEFLOW
mesh. Once you have selected a simulation file, you can not
change this anymore during a single FEFLOW session. If you
want to change the simulation file, you have to restart FEFLOW.
This problem unfortunately could not be solved yet.
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Figure 33:

IfmMIKE11 dialog for defining MIKE11 simulation file

The second dialog which appears after pressing the main module button from the problem editor or the first one if you enter the simulator
directly looks like the figure below and enables you to select the
MIKE11 simulation time. The length of this simulation period is verified
with the simulation period of FEFLOW. By defining the simulation period out of the module, the period set in the MIKE11 sim11-file will be
neglected. By pressing OK automatically a patch will be made using the
standard or actual settings of the module. After that, the main
IfmMIKE11 Dialog will be opened. As said in Chapter 2.3.1, setting a
period which doesn’t fit the maximum length for a MIKE11
demo simulation or the applied time series in the MIKE11
boundary conditions could force MIKE11 to cancel the simulation. FEFLOW will show a consequent error in that case.

Figure 34:

IfmMIKE11 dialog for setting the simulation period of
MIKE11

The main IfmMIKE11 Dialog looks like follows:
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Figure 35:

IfmMIKE11 main dialog (problem editor)

To the right the main View becomes visible. Within the view, the patch
groups, HPoints, branches, boundary conditions, cross sections, digit
points and the FEFLOW elements can be displayed. You can zoom, pan,
measure a distance, change the colour, size or symbol of one of the
items being displayed and, using the right mouse button inside the
view, zoom to a patch group. This all is quite self-explaining and will
therefore not be explained in detail. The zoom button, the pan button
and the measure button all have a separate cursor. You can also switch
between them pressing the middle mouse button in the view.
Pressing the same button twice will result in a cursor change to a yellow arrow. This is the Info Option. If you are within close distance to
a certain point, the Data View will show you the data associated with
that point. If this is a cross section, the cross section view will show
you the associated profile. In this Cross Section View, you can use the
zoom, pan and the info cursor as well. The ‘Full Extent’ option can be
selected using the right mouse button here. All buttons can be activated using the left as well as the right mouse button. The zoom button
however, offers additional options using the right mouse button (zoom
to last or next extent, zoom to branch and zoom to FEFLOW node ID).
The button “Bcc” is new from version 2.0 and is implemented to generate automatically constraints for all coupled regular river nodes. The
value of the constraint, which is from the H-type, will be set equal to
the bottom of the coupled HPoint. There is no option to delete the constraints yet. This has to be done by hand from the FEFLOW menu. Refer to Section 5.4 for more information about constraints.
At the bottom of the dialog, you can close the dialog without (cancel)
or with (ok) remembering the present settings (like extent and colours). Pressing the properties button, will open a new dialog, which
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enables you to change the settings for the time step handling and the
patching (see Chapter 4.5.2).
4.5.2 Properties Problem Editor
The dialog being opened after pressing the properties button mentioned above looks like follows:

Figure 36:

IfmMIKE11 properties dialog (problem editor)

If changing one on the patching options, closing the main dialog will
result in re-patching the FEFLOW and the MIKE11 model. For further
information about this dialog, see Chapter 4.4.
4.5.3 View Simulator
Pressing the module button in the simulator will open the main View of
the module directly. The appearance is slightly different from the one
in the problem editor (Figure 37).
If you activated the ‘all results’ check box in the IfmMIKE11 properties
dialog (main GUI out of the problem editor), in this dialog you will find
all FEFLOW time levels being simulated so far (Time Step Browser). If
you did not activate it, only the last time level will be available. The
time steps are related to the time at the end of the FEFLOW time
step. This is also the time, which is shown at the end of each time step
in the “Time Characteristics” at the left side of the FEFLOW frame (s.
Figure 38).
Using the right mouse button in the view, you can set the ‘FREEZE’ option (standard) in the Shell Menu. In that case, the last selected point
will be kept in memory and you can browse through the time steps and
analyse for example the change in water level during the simulation. In
the context Menu some more options are available, which are quite
self-explaining.
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Figure 37:

IfmMIKE11 main dialog (simulator)

Notice that the FEFLOW boundary nodes being shown in the view represent the state of the boundaries at the end of the last time level being simulated. In contrast to previous versions, IfmMIKE11 sets the
state of the boundaries at the beginning of the actual time step (in the
callback PreFlowSimulation(), see Figure 16). In the data viewer only
the value at the boundary node for the actual time step is available. A
list of all boundary node values is not integrated. If the state of the
boundary node for the actual time step was inactive, the viewer will
show a boundary of the 2nd kind, value 0. To retrieve information about
the state of the boundaries during the complete simulation one can use
the patch groups. In the data viewer an entry to the state of the
boundary node at the patch group point is available. Logically, this entry is only listed if the option “exclude dry HPoints” (s. Chapter 4.5.2)
has been activated in the properties dialog. As Observation Point
Groups cannot fall dry (s. Chapter 4.4.2) in the data viewer the entry
“not relevant” will appear for the state of the boundary. The information in the data viewer for the HPoints is briefly explained in the
next table.
If you press the save results button (former ‘properties’), a new dialog
will be opened, which enables you to save the results.

Figure 38:

Time characteristics of FEFLOW
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Table 1:

Description of the parameter in the Data Viewer
(HPoints)

Entry

Unit

Branch

[-]

Name of the branch, at which the HPoint is located

Chainage:

[m]

Chainage inside the branch at which the HPoint is located

Water Level
(Begin)

[m]

MIKE11 water level at the beginning of the FEFLOW time
step (t0). Also the boundary condition (if not dry) at the
beginning of the time step

Water Depth
(Begin)

[m]

MIKE11 water depth at the beginning of the FEFLOW time
step (t0)

Water Level
(End)

[m]

MIKE11 water level at the end of the FEFLOW time step
(t1). Also the boundary condition at the end of the time
step.

Bottom

[m]

Lowest point of the profile at the HPoint

Head FEFLOW
(Begin)

[m]

Groundwater level at the HPoint in the 1st slice at the beginning of the FEFLOW time step (t0).

Head FEFLOW
(End)

[m]

Groundwater level at the HPoint in the 1st slice at the end of
the FEFLOW time step (t1), therefore this value is the result
of the boundary values set at t0 (Water Level (Begin))

Q Base

[m³/s]

Inflow from the groundwater into the boundary nodes
patched to the HPoint, calculated in PostTimeStep(). This
value is identical to the value which would be retrieved from
the budget made by FEFLOW (shown in the Fluid Flux Diagram) in case an boundary flux observation point group was
defined including all coupled boundary nodes of the particular HPoint.

Q Drain

[m³/s]

This boundary inflow component is always 0 in IfmMIKE11.

Q Land

[m³/s]

Amount of water which is pumped into a HPoint (pumping
station defined by the reference distributions
“Mike11_PS_from” and “Mike11-PS_to”), calculated in
PostTimeStep(). If no characteristics of the pump have been
defined (s. Chapter 4.3), then the total discharge at the
HPoint “From” from the former time step will be pumped to
the HPoint “To” during the actual time step. As it is then
also assumed, that in MIKE11 at the same time a Hboundary is defined at the HPoint “From”, the water will not
be substracted from this HPoint (Q Land = 0). If Pump
characterists are available the pumping rate will be distracted from the HPoint “From” and added in the HPoint “To”,
both at the actual time step. Q Land is also used for the
balance correction using “Mike11_trib_area” (s. also Chapter 4.3)

Q Delta

[m³/s]

Sum of Q Base and Q Land.

Q MIKE11

[m³/s]

Discharge in the HPoint (Interpolated from the discharges at
the QPoints up- and downstream of the selected HPoint),
calculated by MIKE11 at the end of the FEFLOW time step
(t1). Fits to the discharges available in the MIKE11 Res11File (s. Figure 39). In previous versions of IfmMIKE11, there
was a differentiation between Q_IN and Q_OUT in a single
HPoint. Because MIKE11 now returns a already interpolated
discharge at a HPoint, this differentiation is no longer appropriate.

Q FEFLOW TOT

[m³/s]

Total Inflow from the groundwater into the boundary nodes
patched to all HPoints (sum of all nodal Q Base values).

[-]

All FEFLOW nodes patched to the HPoint (FEFLOW node IDs
of the 1st slice including the number of patched nodes in
vertical direction or Observation Point Group IDs including
the number of patched nodes in the group)

GROUPs

Description
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Figure 39:

Interpolation of discharge at HPoint in MIKE11 (Item
Q MIKE11)

In case of mass transport modelling or in case special boundaries are
used, additional information will be displayed in the Data Viewer (s.
Section 5.6)
4.5.4 Save Results Simulator
The Dialog mentioned above looks like follows:

Figure 40:

IfmMIKE11 save results dialog (general)
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This dialog has 4 tab riders. In “General” the list of time steps to be
saved has to be defined (use ‘copy & paste’ inside the list box or edit
the time steps manually). You can get the actual FEFLOW time step list
with ‘Load TList’ and check the viability of the actual list with ‘Check
TList’. In this part of the dialog you also have to define the name of the
file to be saved and at which time the data have to be saved (right
now, at the end of simulation or after each time step). If you choose
‘write during simulation’ you can stop the writing by pressing the option ‘stop results during simulation’ the next time you open the dialog.
With ‘remind current settings’ the current settings will be set while initialising the dialog the next time you open it.

Figure 41:

IfmMIKE11 save results dialog (range)

In the tab rider ‘Range’ you select the HPoints to be saved. In the right
List box the HPoints which will not be saved are displayed. With double
click or “<<” you can move them to the left List box, in which the
HPoints which will be saved are shown. If any, you can move the
pumping stations all at once to the left by using the middle button. The
lower buttons can be used for saving and loading the list of selected
HPoints. If you change the MIKE11 network (especially if you change
the number of HPoints) after saving a range list, loading the same
range list could fail.
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Figure 42:

IfmMIKE11 save results dialog (items)

In the tab rider ‘Items’ the type of data to be saved can be selected.
To the left, you can select the constant data, on the right the dynamic
data and at the left bottom the overall data. You can only save the
state of the boundaries if the option “exclude dry cells” has been activated. In that case, for each time step the state of the boundary at
the beginning of the FEFLOW time step is saved. This is the same
state as you would see if you would enter the problem editor / boundary conditions menu at the end of the same time step. The state of the
boundary conditions is saved as a integer number. Following numbers
can be found:


0: all boundary nodes which were patched automatically to the
HPoint are inactive



1: all boundary nodes which were patched automatically to the
HPoint are active (including possible observation point
groups).



2: Some, but not all boundary nodes which were patched automatically to the HPoint are active.



3: all boundary nodes which were patched automatically to the
HPoint are inactive, but (active) nodes belonging to an observation point group are connected to this HPoint.



4: Some, but not all boundary nodes which were patched automatically to the HPoint are active, but (active) nodes belonging to an observation point group are connected to this
HPoint.



5: no boundary nodes could be patched automatically to the
HPoint, but (active) nodes belonging to an observation point
group are connected to this HPoint.



6: no boundary nodes could be patched to this HPoint.

Note that also the state of the forelands and catchments is registered.
In the figure, the grey items “Repres. Length”, “Wetted Perimeter“ and
“Exchange Area” represent the items related to the special flow boundaries, which can be used for a better representation of the exchange

48

IfmMIKE11: Coupling FEFLOW to MIKE11

area between the ground- and surface water (s. Section 5.1). They refer to the beginning of the FEFLOW time step. The items “Concentration” and “Massflux” will only be available if mass transport is included
in the coupling (s. also Section 5.6). They refer to the end of the time
step.
The water level data are separated in two parts: data at the beginning
of the FEFLOW time step and data at the end of the MIKE11 calculations. All other dynamic data which are enabled in the figure above
(only discharge data) refer to the end of the MIKE11 calculations. For
each of the enabled dynamic data, in
Table 2 a short explanation is given. Also a reference to the values in
the IfmMIKE11 Data-Viewer is provided. Again, the time step numbers
being saved are related to the time at the end of the FEFLOW time
step. Time 0 shows the initial conditions in the model.
Table 2:

Entry Save
Results Dialog

Description of dynamic regular items in the save results
dialog
Entry
Data
Viewer

Unit

Description (s. Table 1)

Q FEFLOW

Q Base

[m³/s]

Inflow from the groundwater into the boundary nodes patched to the HPoint, calculated in
PostTimeStep(). This value is identical to the
value which would be retrieved from the
budget made by FEFLOW (shown in the Fluid
Flux Diagram) in case an boundary flux observation point group was defined including
all coupled boundary nodes of the particular
HPoint.

Q MIKE11
DRAIN

Q Drain

[m³/s]

This value is always 0.

Q MIKE11
OVERLAND

Q Land

[m³/s]

Amount of water which is pumped into a
HPoint (pumping station defined by the reference distributions “Mike11_PS_from” and
“Mike11-PS_to”), calculated in
PostTimeStep(). If no characteristics of the
pump have been defined (s. Chapter 4.3),
then the total discharge at the HPoint “From”
from the former time step will be pumped to
the HPoint “To” during the actual time step.
As it is then also assumed, that in MIKE11 at
the same time a H-boundary is defined at the
HPoint “From”, the water will not be substracted from this HPoint (Q Land = 0). If
Pump characterists are available the pumping
rate will be distracted from the HPoint “From”
and added in the HPoint “To”, both at the
actual time step. Q Land is also used for the
balance correction using “Mike11_trib_area”
(s. Chapter 4.3)

Q MIKE11
DELTA

Q Delta

[m³/s]

Sum of Q FEFLOW and Q MIKE11 OVERLAND.

Q MIKE11

Q MIKE11

[m³/s]

Interpolated discharge at the HPoint (s. Figure 39), calculated by MIKE11 at the end of
the FEFLOW time step (t1)

State
Boundaries

Patch
Groups
(boundary
active)

[-]

State of the boundary nodes patched to the
HPoint at the beginning of the time step (t0),
s above section.

H FEFLOW
(Begin)

Head
FEFLOW
(Begin)

[m]

Groundwater level at the HPoint in the 1st
slice at the beginning of the FEFLOW time
step (t0).
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Entry Save
Results Dialog

Entry
Data
Viewer

Unit

Description (s. Table 1)

H FEFLOW
(End)

Head
FEFLOW
(End)

[m]

Groundwater level at the HPoint in the 1st
slice at the end of the FEFLOW time step (t1),
therefore this value is the result of the
boundary values set at t0 (Water Level
(Begin))

H MIKE11
(Begin)

Water Level
(Begin)

[m]

MIKE11 water level at the beginning of the
FEFLOW time step (t0). Also the boundary
condition (if not dry) at the beginning of the
time step

H MIKE11
(End)

Water Level
(End)

[m]

MIKE11 water level at the end of the FEFLOW
time step (t1). Also the boundary condition (if
not dry) at the end of the time step

Q FEFLOW
TOTAL

Q FEFLOW
TOT

Figure 43:

[m³/s]

Total Inflow from the groundwater into the
boundary nodes patched to all HPoints (sum
of all nodal Q FEFLOW values).

IfmMIKE11 save results dialog (items)

In the tab rider ‘Format’ two options are available. The option “Dynamic Item // Time” is only available if the results are saved at once, not
while simulating. In most cases this is the easiest format to transfer to
Excel or other supporting products.
If the OK button is enabled all data have been entered. Clicking will accept the save result settings.
Besides the result file which is saved by using the dialogs mentioned
above, four other files are automatically saved in the directory in
which the MIKE11 sim11-file is located;


“IfmMIKE11_Patchgroups.txt”,



“IfmMIKE11_Patchfefnodes.txt”,



“IfmMIKE11_Time stepsMike.txt”,



“IfmMIKE11_boundarystate.txt”.

If pumps with characteristics are available in the model also a file
named “IfmMIKE11_Pumpvalues.txt” will be automatically created.
Each of these files will be discussed separately.

50

IfmMIKE11: Coupling FEFLOW to MIKE11

IfmMIKE11_Patchfefnodes.txt
In this file all patched boundary nodes of the 3 rd kind of FEFLOW will be
saved including the HPoint to which they are patched. The file is sorted
by HPoints. In the table below two HPoints are listed (ID1 and ID2).
The first HPoint in total has 8 FEFLOW boundary nodes being patched.
In the first (0) and second (1) slice both 4 nodes of FEFLOW are
patched to ID1. The patched boundary nodes of FEFLOW also include
all nodes which belong to a tributary which is patched to the HPoint.
Within the file, also the coupling nodes of polders and forelands are included.
Table 3:
IDH

Example of file 'IfmMIKE11_Patchfefnodes.txt'

CHAIN

BRANCH

IDF

SL

0

BRANCH1

ID1

3408391.5

HX

5814237.5

HY

3408393.3

FX

5814235.6

FY

87

0

0

BRANCH1

ID1

3408391.5

5814237.5

3408432.1

5814296.4

1328

0

0

BRANCH1

ID1

3408391.5

5814237.5

3408412.7

5814266.0

1899

0

0

BRANCH1

ID1

3408391.5

5814237.5

3408451.5

5814326.7

1905

0

0

BRANCH1

ID1

3408391.5

5814237.5

3408393.3

5814235.6

2017

1

0

BRANCH1

ID1

3408391.5

5814237.5

3408432.1

5814296.4

3258

1

0

BRANCH1

ID1

3408391.5

5814237.5

3408412.7

5814266.0

3829

1

0

BRANCH1

ID1

3408391.5

5814237.5

3408451.5

5814326.7

3835

1

250

BRANCH1

ID2

3408537.0

5814441.0

3408470.9

5814357.1

722

0

250

BRANCH1

ID2

3408537.0

5814441.0

3408564.7

5814482.0

761

0

250

BRANCH1

ID2

3408537.0

5814441.0

3408517.8

5814419.5

1324

0

250

BRANCH1

ID2

3408537.0

5814441.0

3408541.3

5814450.7

1738

0

250

BRANCH1

ID2

3408537.0

5814441.0

3408591.6

5814512.2

1885

0

250

BRANCH1

ID2

3408537.0

5814441.0

3408494.3

5814388.3

1892

0

250

BRANCH1

ID2

3408537.0

5814441.0

3408470.9

5814357.1

2652

1

250

BRANCH1

ID2

3408537.0

5814441.0

3408564.7

5814482.0

2691

1

250

BRANCH1

ID2

3408537.0

5814441.0

3408517.8

5814419.5

3254

1

250

BRANCH1

ID2

3408537.0

5814441.0

3408541.3

5814450.7

3668

1

250

BRANCH1

ID2

3408537.0

5814441.0

3408591.6

5814512.2

3815

1

250

BRANCH1

ID2

3408537.0

5814441.0

3408494.3

5814388.3

3822

1
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Figure 44:

Example of GIS View of file
'IfmMIKE11_Patchfefnodes.txt'

This file can be easily displayed using a GIS-System like ArcView. The
best method to do this is to load the file two times into the GIS. One
time you display the points according the FEFLOW (global) coordinates
(FX and FY) and one time you use the HPoint coordinates (HX and HY).
By giving each IDH a unique colour, it can easily be seen which boundary nodes are patched to which HPoint. Furthermore you can export
the FEFLOW mesh into a shape and display this as well (s. Figure 44).

IfmMIKE11_Patchgroups.txt
The difference between this file and the former one is that in this file
also the nodes which could not be patched are being saved. This file
can therefore be used in case the patching was not successful (warning
of the module like “not all nodes could be patched”). The file looks like
Table 4. In the first column the internal FEFLOW node ID is listed. If
this number is negative, it shows that the group is an observation
point group (s. Chapter 4.4.2). The ID of the observation point group
is the positive opposite value. The second column shows the type of
entry. Here, there are 6 possibilities (0-5):



0: These are all FEFLOW boundary nodes (including polder and
foreland nodes) which should be patched (for all slices). In case
of a tributary only the gravity point or the junction point of the
tributary is included.



1: These are the HPoints which could actually be patched to each
FEFLOW boundary point (value 0), including polder and foreland
nodes. They have the same GROUP ID as the node being patched
to. The same HPoint will be included in this list as often as it has
been successfully patched.
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2: These are the boundary nodes of FEFLOW which could not be
patched although they were not allowed to be ignored
(“IfmMIKE11_ignore”, s Chapter 4.3). Mostly this is caused by
setting a small searching radius in the properties dialog or by errors in the distribution. They are located close to the original
boundary point, both in X as in Y-direction moved with 10 m.



3: These are the gravity points of the observation point groups to
be patched. The gravity point is calculated from all the nodes in
all slices of the observation point group, even if there is no
boundary condition in FEFLOW at this node.



4: These are the HPoints being successfully patched to the gravity points of the observation point groups. They have the same
GROUP ID as the observation point group they are patched to.



5: These points represent the observation point groups, which
could not be patched to any HPoint. They are located close to the
original gravity point of the observation point group, both in X as
in Y-direction moved with 10 m.

All possibilities are shown in the table and in the following figure. In
the figure, there are 23 boundary nodes which could be patched, 3
boundary nodes which could not be patched, 1 observation point group
which could be patched and 1 observation point group which could not
be patched. By importing the ASCII file into a GIS-system the locations
at which the patching was not successful can easily be detected.
Table 4:

Example of file IfmMIKE11_Patchgroups.txt'

GROUP ID

TYPE

X

Y

SLICE

88

0

3408393.3

5814235.6

0

88

1

3408391.5

5814237.5

0

2018

0

3408393.3

5814235.6

1

2018

1

3408391.5

5814237.5

1

904

0

3408782.9

5814709.9

0

904

1

3408696.5

5814632.0

0

2834

0

3408782.9

5814709.9

1

2834

1

3408696.5

5814632.0

1

912

0

3408266.8

5814885.8

0

912

2

3408276.8

5814895.8

0

2842

0

3408266.8

5814885.8

1

2842

2

3408276.8

5814895.8

1

2869

0

3408877.4

5814790.6

1

2869

1

3408873.8

5814807.5

1

939

0

3408877.4

5814790.6

0

939

1

3408873.8

5814807.5

0

-111

3

3409116.7

5815952.7

-1

-111

4

3409110.8

5815979.5

-1

-112

3

3408371.3

5815703.0

-1

-112

5

3408381.3

5815713.0

-1
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Figure 45:

Example of GIS View of file
'IfmMIKE11_Patchgroups.txt'

IfmMIKE11_Time stepsMike.txt
In this file all time steps of FEFLOW and MIKE11 will be saved. In the
next table an example has been given. In the first three columns the
information for MIKE11 is stored: in the first column each internal time
step length of MIKE11 is listed in minutes, the second column shows
the cumulative value of these time steps in each FEFLOW time step in
days and in the third column the total MIKE11 simulation time is saved
(also in days). The next two columns store the information for
FEFLOW. In the first column the total simulation time of FEFLOW is
stored, the second column shows the actual time step length (both in
days). From the table it can be seen that for this example the internal
MIKE11 time step was constant (0.1 minute). Only at the end of the
FEFLOW time step (red colour) the time step is adapted to have the total simulation time of MIKE11 fitted to the total simulation time of
FEFLOW. The following MIKE11 time step then has the original length
of 0.1 minutes again.
Table 5:

Example of file 'IfmMIKE11_Time stepsMike.txt'

Internal ∆T
MIKE11
(min)

Cum. internal
∆T MIKE11
(d)

Total sim.
time
MIKE11 (d)

Total sim.
time
FEFLOW (d)

Internal ∆T
FEFLOW
(d)

0.10

0.000069

0.000069

0.001000

0.001000
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Internal ∆T
MIKE11
(min)

Cum. internal
∆T MIKE11
(d)

Total sim.
time
MIKE11 (d)

Total sim.
time
FEFLOW (d)

Internal ∆T
FEFLOW
(d)

0.10

0.000139

0.000139

0.001000

0.001000

0.10

0.000208

0.000208

0.001000

0.001000

0.10

0.000278

0.000278

0.001000

0.001000

0.10

0.000347

0.000347

0.001000

0.001000

0.10

0.000417

0.000417

0.001000

0.001000

0.10

0.000486

0.000486

0.001000

0.001000

0.10

0.000556

0.000556

0.001000

0.001000

0.10

0.000625

0.000625

0.001000

0.001000

0.10

0.000694

0.000694

0.001000

0.001000

0.10

0.000764

0.000764

0.001000

0.001000

0.10

0.000833

0.000833

0.001000

0.001000

0.10

0.000903

0.000903

0.001000

0.001000

0.10

0.000972

0.000972

0.001000

0.001000

0.04

0.001000

0.001000

0.001000

0.001000

0.10

0.000069

0.001069

0.002526

0.001526

0.10

0.000139

0.001139

0.002526

0.001526

In the next figure an example has been given for a longer period. In
this figure the internal time steps of MIKE11 have been converted to
days. The red and purple lines are based on the left Y-axes, the blue
and green lines on the right. After ca. 600 time steps the maximum
simulation time of FEFLOW (0.25 days) has been reached. Also at that
time MIKE11 reaches its longest time step length (5 minutes, defined
in the properties dialog). Later (at time step 1700), the time step
length is reduced because the surface water model has got to deal with
a flood wave. From this time, it takes more internal MIKE time steps to
reach one internal FEFLOW time step. Every time the green line (cumulative time step of MIKE11 within one FEFLOW time step) meets the
light blue line (FEFLOW internal time step) logically the purple line (total simulation time of MIKE11) meets the red line (total simulation time
of FEFLOW) as well.
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Figure 46:

Example of file 'IfmMIKE11_Time stepsMike.txt'

IfmMIKE11_boundarystate.txt
In
the
next
table
an
example
is
given
for
the
file
“IfmMIKE11_boundarystate.txt”. This file will be saved in same directory the defined MIKE11 Sim11 file is stored, but only if the checkbox
“log details” in the IfmMIKE11 properties dialog has been checked during the simulation. The data are kept in the runtime memory until the
simulation is finished, the user leaves the FEFLOW simulator or exits
FEFLOW. Only then these data are saved in the ASCII file. For each of
the boundary nodes of the 3rd kind defined in FEFLOW at the moment
the MIKE11 network is patched to the FEFLOW mesh its coordinates
(this gives the possibility to import the file into a GIS), slice number
and FEFLOW node-ID is saved (the first 4 columns of the table).
For each simulated FEFLOW time step the value of the boundary at the
beginning of the time step is saved in a separate column. If the
boundary node is inactive (boundary node of the 2nd kind with value 0
in case the option “exclude dry HPoints” has been activated in the
IfmMIKE11 properties dialog or in case of an inactive foreland or
catchment node) the saved value amounts -999. In this example all
HPoints were dry at the beginning of the simulation. The groundwater
was so deep that it could not interact directly with the river channels.
Therefore, all FEFLOW nodes were inactivated (value -999). At day nr
1 the channel was flooded by the boundary condition of MIKE11 at the
upstream end of the channel. At day 1.5 all 6 boundary nodes of
FEFLOW had a water depth, which was larger than the defined water
depth at which the HPoint is regarded to be dry. They were all active
and their actual value (water table) was saved in the ASCII file. At day
4 the inflow from the MIKE11 boundary condition stopped (no inflow)
and the channel fell dry again, starting from the upstream point. At
day 4.7 the complete river was dry and all boundary nodes were inactive.
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Table 6:

Example of file 'IfmMIKE11_boundarystate.txt'

FX

FY

SLICE

NODE

T_0.9

T_1.1

T_1.3

T_1.5

3410330

5818611

0

160

-999

39.45

40.02

3410314

5818457

0

255

-999

38.67

3410282

5818279

0

362

-999

3410170

5818140

0

528

3410084

5818012

0

3409998

5817862

0

..

T_3.9

T_4.1

T_4.3

T_4.5

T_4.7

40.40

39.47

-999

-999

-999

-999

39.58

39.98

39.26

38.72

-999

-999

-999

-999

39.08

39.48

38.94

38.48

-999

-999

-999

-999

-999

38.20

38.85

38.46

38.04

37.78

-999

-999

547

-999

-999

-999

38.21

37.97

37.59

37.31

37.02

-999

572

-999

-999

-999

38.21

37.97

37.59

37.31

37.02

-999

IfmMIKE11_Pumpvalues.txt
In case there is at least one pump defined in the reference distributions which pumping rates are being calculated using a separate characteristic file (*.pup, s. Chapter 4.3) in this file for all pumps all calculated pumping rates as well as the water levels at the pump will be
saved. This can be seen for one pump in the next table and figure. In
the figure also the pup-file is shown (orange frame). Between time
step 4 and 197.5 the pump is out of order, so the pumping rate is 0
(although the water level at the pump is high). At time step 198 the
pump is working and the water level is higher than the level which has
been defined to switch between the minimum and maximum capacity,
so the pumping rate is 1.75 m³/s. The pump stops at a level of 24.78
m. From that time the water level starts to rise and at 24.87 m the
pump starts to pump with its minimum capacity of 0.55 m³/s. From
that point the water level never reaches the switch level, so the maximum capacity of the pump is not used during the remaining part of the
simulation.
Table 7:

Example of file 'IfmMIKE11_Pumpvalues.txt'

T FEFLOW (d)

PUMP-ID

H (m)

Q (m³/s)

0.0015

1

24.900

0.55

3.5

1

24.865

0.55

4

1

24.855

0

4.5

1

24.867

0

197.5

1

25.202

0

198

1

25.202

1.75

205

1

24.843

1.75

205.5

1

24.789

1.75

206

1

24.731

0

210.5

1

24.870

0

211

1

24.876

0.55

214.5

1

24.784

0.55

215

1

24.771

0

220

1

24.865

0
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Figure 47:

Example of file 'IfmMIKE11_Pumpvalues.txt'

58

IfmMIKE11: Coupling FEFLOW to MIKE11

5

Special Coupling Features

5.1

Use of Special Boundary Conditions
The nodal exchange flux (q) between the ground- and surface water
can be calculated within FEFLOW for each single boundary condition of
the 3rd kind separately. The main parameter to control this flux is the
transfer coefficient h [d-1]:

q  h (href  hgw )
In which:
q
= Darcy flux [md-1] of fluid (positive from river to
groundwater) and
href, hgw

= heads [m] in the river and groundwater respectively.

The flux (q) of each boundary finite element node is internally multiplied with the corresponding exchange area A [m²] represented by the
node to determine the total discharge for each node Q o,i [m³d-1]. There
are two basic ways to define this area in FEFLOW. One can describe a
river as a line element in more than one slice (lateral infiltration) or as
an area in only one slice (vertical infiltration). This is shown in the next
figure.

Figure 48:

Basic ways to represent a river in FEFLOW

This area depends on the finite element stratigraphy within the model.
The stratigraphy is subject to changes using the free and movable option in FEFLOW, especially in case of a line element representation of
the river. In that case, the top slice of the model is located exactly on
the position of the head of the first slice and all remaining slices are
moved accordingly using the BASD (Best-Adaption-to-StratigraphicData) technique (see FEFLOW White papers, Volume 1, Section 2.5).
So using a free and movable top slice the exchange area calculated by
FEFLOW does not necessary fit to the real exchange area between the
ground- and surface water.
To avoid this, an additional boundary option has been integrated in
FEFLOW. Using these integral boundary conditions the exchange area
of the boundary nodes is determined only once, just before the simulation is started. But then the exchange area is totally surface water level independent! This also doesn’t represent reality accurately. This is
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also the case, if a fixed or phreatic top slice has been defined in the
FEFLOW model.
In case that there is a lateral infiltration to or from the connected river
the wetted perimeter strongly depends on the water level in the river.
So for these conditions, unfortunately there is no ordinary way in
FEFLOW to represent the exchange area. It therefore has to be concluded that the exchange discharges between the surface and groundwater cannot be calculated by the module accurately for lateral infiltration conditions using 3rd kind boundary conditions. In the next figure
the results of a lateral infiltration simulation (for two FEFLOW stratigraphy options) are compared with the analytical solution of this problem. Here the “free & movable” result was retrieved using integral
boundary conditions. In both cases the resulting exchange rates differ
significantly from the analytical solution.

Figure 49:

Comparison between calculated results and the analytical solution for a lateral infiltration system.

In case of single vertical infiltration however, for example along a artificial channel with impermeable walls and a permeable bottom, the
wetted perimeter as well as the exchange area is in fact also water
level independent in reality and can be represented by FEFLOW exactly. this was also verified by comparing mere vertical infiltration simulation results with the analytical solution of such a system. Results sufficiently close to the analytical solution can be retrieved if the maximum
time step of FEFLOW is limited to less than 0.25 d. This was explained
by the lack of an iterative approach in the module.

Figure 50:

Definition of new IFM function IfmSetCoupledRiverBndNodes().
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To overcome the lack of accuracy in simulating lateral infiltration conditions, a new IFM function IfmSetCoupledRiverBndNodes() has been
implemented in FEFLOW (Figure 50). This function is available in
FEFLOW from version 5.308. This IFM function enables the definition of
a new boundary condition type which has two main parameters; (1)
surface water level (Hsurf [m]) and (2) a parameter representing the
product of the transfer rate in [d-1] and the exchange area in [m²].
This parameter is called PHI [m²/d]. The transfer rate can be defined
at every node by using a predefined reference distribution. This approach has the advantage that all parameters are nodal and an overlay
routine between elements (a transfer rate is normally defined as elemental characteristic in FEFLOW) and nodes doesn’t have to be implemented. The function uses vector data, so that all relevant boundary
nodes can be set at once. Note that there is no difference between outflow and inflow transfer coefficients and also no time dependent transfer rates can be defined. The boundary nodes created with this function
are not visible or symbolized in any way in FEFLOW. They are only
used internally. In case a special boundary type is set by the module,
also a 2nd kind no-flux boundary condition is set in order to have a better identification of those boundaries. Within the Data Viewer of the
main menu of IfmMIKE11 the user is also notified that the boundary
node selected by the cursor is in fact a special boundary condition. Finally, the Data Viewer contains information about the present wetted
perimeter, representative length (s. Figure 51) and the present exchange area of the selected HPoint. This information can also be saved
using the Save Results Dialog (s. Figure 42). All information is always
related to the beginning of the FEFLOW time step.

Figure 51:

Data View information according the special boundary
type.
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The exchange area which has to be defined to calculate the PHI values
at every time step and every relevant node are retrieved by multiplying the wetted perimeter of a FEFLOW boundary condition node and
the length of the branch this node is representing. As said before, a
FEFLOW boundary node is coupled to a single MIKE11 HPoint, but not
every MIKE11 HPoint necessary has a defined cross section. So a preanalyses of the available HPoints and cross sections is necessary to
find the upstream and downstream cross section for each coupled
HPoint. From these analyses both the distances to the two adjacent
cross sections as well as a table describing the wetted perimeter for
each level point within those cross sections is derived. The wetted perimeter for every HPoint at every time step can then easily be derived
from the wetted perimeters at the two adjacent cross sections, using
the water levels at that time step at those two points. The principle is
explained more in detail in the next figure. The wetted perimeter wp of
a single HPoint1,2 is multiplied with the representative length
(½L1+½L2) of the HPoint. L1 and L2 are the distances from the coupled
HPoint to the up- and downstream cross section points. In the figure,
each HPoint has a cross section but it is also supported if this is not the
case. This representative exchange area is then divided by the number
of FEFLOW nodes coupled to the HPoint. To the HPoint1,2 6 nodes are
coupled in the first slice and 6 nodes are coupled in the second slice.
So PHI of the selected node in the figure in the first slice equals
½wp•h (L1+L2)/12. As mentioned before, the transfer rate h is defined by a specific reference distribution, called “Mike11_TRANS”.

Figure 52:

Integration of the wetted perimeter in IfmMIKE11.

The user is free to decide if the river should be represented in just one
or more than one slices, as a line element (even just
in one slice!) or as an infiltration area, or a combination of both. The exchange area is defined by the
module, not by the locations of the boundary conditions. In contrast to regular FEFLOW 3rd kind boundary nodes, even single nodal boundary points can be
used to represent the interaction between the
ground- and surface water. By defining infiltration areas rather than lines, the exchange rates can be divided along more than one nodes, by which the natural situation can be represented in a more realistic
way. By using more nodes (horizontal or vertical) the
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user additionally has the possibility to define different
transfer rates within a single cross section. This can
be useful if, for example, an aquitard is connected to
a part of the river bed. The default module setting assumes that the transfer rates of the first slice are also
valid for all remaining slices, but an option has been
integrated which allows the user to define the nodal
transfer rates in every single slice separately. This option becomes visible in case you choose to couple
MIKE11 with FEFLOW using these special boundary

type (s.

Figure 53).
The new function doesn’t offer an integral option (yet). The difference
between ground- and surface water level is always the driving force for
the resulting exchange rate, even if the groundwater level is below the
river bed. In cases were the groundwater is below the bottom of the
river, the infiltration rates will be overestimated. To overcome this
problem, IfmMIKE11 checks the conditions along the coupled boundary
nodes at the beginning of the FEFLOW time step and in case that the
groundwater level is below the river bed, instead of using the new
function IfmSetCoupledRiverBndNodes, boundary conditions of the 4 th
kind are set (wells). The extraction rates of these boundary conditions
are calculated from the PHI values multiplied with the water depth in
the river at the beginning of the time step.
To use these new functionality in IfmMIKE11 a transfer reference distribution (“Mike11_TRANS”, units in 10-4 d-1, like the elemental
transfer value) should be available and the corresponding checkbox in
the IfmMIKE11 options dialog has to be activated.

Figure 53:

Dialog to activate the special kind boundary conditions
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Using these new kind of boundaries, the integration of tributaries (rivers which are available in the FEFLOW mesh but are not present in the
MIKE11 setup) is no longer supported. Furthermore, the user has to
decide for the complete model which coupling method will be used for
the regular river branches. A mix of regular and the presented new
coupling method is not possible for regular river courses. However, the
combination of the coupling of regular river branches using the new
method and the coupling of polder or foreland areas as discussed in
the next sections as well as the option that deactivates dry HPoints is
supported.
In Section 6.7 an example of the use of these special boundary type is
given. A similar boundary type is also available for mass transport
simulations. This will be discussed in Section 5.6.

Figure 54:

5.2

Entries to save the parameters of the special boundary conditions.

Polder or Catchment Areas
In the previous sections, the use of IfmMIKE11 was restricted to regular branches. This is in most cases also what you want if you run a 1
dimensional surface water model. In case you want to describe interactions between larges areas of surface water and the groundwater, a 2D
surface water model in most cases will give you a better description of
the surface water levels than a 1D model. In our experience however,
these 2D models are still rather time consuming and not very suitable
to couple to a detailed groundwater model, especially if you have to
analyze a number of management alternatives with your model. For
that reason, the module IfmMIKE11 was extended for areal surface
water bodies like polders or catchments, starting from version 2.0.
For this kind of coupling, two additional Reference Distributions have
been defined:


Mike11_catch; with this distribution the location of catchments or
polders can be defined. The nodes which have a value 0 in this
distribution do not belong to a catchment or polder. Nodes which
have a value larger than 0 are coupled to the MIKE11 catchment
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branch with the same ID. A MIKE11 catchment branch is a
branch which has given a name starting with “Catch”, followed by
the ID (for example “Catch139”).


Mike11_DTM; this distribution is used to define the surface level
(m) for all nodes in the 1st slice in the FEFLOW model. It is used
to define whether a boundary node in a catchment or polder
should be active or inactive. If the reference distribution DTM is
not available, then the elevation of the FEFLOW model in the first
slice will be taken.

In the next figure the meaning of the distribution Mike11_Catch is explained.

Figure 55:

Implementation of catchments in FEFLOW distributions

For example, all nodes with the value 139 will be coupled to the branch
‘Catch139’ in the MIKE11 model, in fact, to the first cross section of
that branch. The water level of this cross section will be set to all
FEFLOW nodes with the corresponding value in the catchment reference distribution. Vice versa, the total boundary flux of all nodes with a
certain value in the catchment reference distribution will be set as an
additional boundary to the first cross section of the corresponding
MIKE11 catchment branch. For each FEFLOW node, at each time step it
is checked, whether the node is flooded or not. If the water level in the
first cross section of the coupled MIKE11 catchment branch and the
groundwater level at the FEFLOW node are lower than the surface level
in the DTM distribution at the same FEFLOW node, then the boundary
condition will be inactivated (or not reactivated). If this is not the case,
the boundary condition is set and it receives the actual water level of
the corresponding MIKE11 catchment branch.
The catchment branch of MIKE11 should somehow represent the volume of the polder. This can be achieved by using a GIS-System (for
example the Spatial Analyst of ArcGIS), by which a detailed water level
- volume and also a water level – flooded area relation can be derived
from a digital terrain model (DTM) for each polder. By choosing a representative length for the catchment branch (for example half the
longest available distance in the polder), for each water level a representative width can be calculated. From this water level – width relation, a MIKE11 cross section can easily be derived. This is shown in the
next figure.
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Implementation of water level – flooded area curves
in MIKE11

In this way, it is possible to define several catchments or polders within one FEFLOW model. They can be connected by so-called link channels in MIKE11 or by short regular channels with one or more regulating structures (for example a culvert, s. next figure). In most cases,
you do not want to couple these connecting branches. It was therefore
decided to introduce a number of string sequences, by which the module can detect that these MIKE11 branches will not be coupled. These
sequences are: “LINK”, “WEIR”, “BREACH”, “CULVERT”.

Figure 57:

Example of a number of adjacent catchment branches
in MIKE11, all connected by link channels or culverts

In the main view of the model, no explicit information is given to the
catchments and also no detailed information can be saved according
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the catchments. In fact, they are treated as just an ordinary
patchgroup belonging to a single HPoint. Catchments can however be
detected, because the colour of the nodes belonging to catchment
patchgroup are the reverse of the regular branch patchgroups. Furthermore, in the Data Viewer, nodal information is given to each of the
Reference Distributions.

Figure 58:

Inverse colors and data view

This can be seen in the above figure. All blue and brown diamonds indicate patchgroups belonging to a catchment and all red and green diamonds indicate patchgroups belonging to a regular branch. By using
two colors for each single type of patchpoint, the user is able to distinguish between the different patchgroups. The dark blue lines and diamonds represent the MIKE11 (also catchments) branches and cross
sections.
If the FEFLOW mesh is dense enough and the Reference Distribution
DTM represents the existing surface level elevations, then this catchment and polder modelling gives a good representation of the extent of
the flood and therefore of the intensity of the exchange between the
surface and groundwater during the simulation.
The coupling of polders and catchments can be combined with the special boundary kind coupling, described in the previous section. Within
the polders however these kind of boundary conditions are not needed,
as the wetted perimeter within polders can approximately be described
by the area of the flood. So, even if you decide to use special kind of
boundaries, within the catchments and polders still ordinary 3 rd kind
boundaries will be used.
In case that there is a Reference Distribution “Mike11_Catch” it is automatically assumed by the module that catchments are to be coupled.
If there are no branches available in MIKE11 with a name including
“Catch”, then a corresponding warning will be thrown by the module.
In case that a catchment node is already assigned to regular branch
HPoint, then the catchment has the highest priority and the regular
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river node is neglected. In contrast to regular coupled rivers, to use
the polder coupling routines its not necessary to set boundary conditions within the initial setup of the FEFLOW. The model will automatically take care of all boundary conditions within a polder or catchment.
The module will however, check if there any existing boundaries, even
beneath the 1st slice of a polder area. In that case, a consequent warning will be plotted. Within a coupled polder, all boundary conditions (3rd
or 2nd kind) are only set at the 1st slice of the model.
In Section 6.5 an example of the catchment coupling principle is given.
In Section 5.4 the use of constraints for polders is discussed.

5.3

Floodplains or Foreland Areas
Starting from version 2.0, IfmMIKE11 can be used for areal surface
water bodies like floodplains and forelands. The difference to catchment and polder coupling is the fact that the foreland or floodplain isn’t
represented by a separate branch in MIKE11.For this kind of coupling,
one Reference Distribution has been adapted and a new one has been
defined:
•
Mike11_ignore; •
all nodes with Value = -1 will be regarded as
foreland nodes (s. next figure). They will only be active (3rd kind
boundaries), in case the water level at the coupled HPoint or the
groundwater level at the FEFLOW node is higher than the surface elevation of that FEFLOW node. Otherwise, a 2 nd kind zero flux boundary
condition will be set.
•
Mike11_DTM; this distribution is used to define the surface level
for all nodes in the 1st slice in the FEFLOW model. It is used to define
whether a boundary node in a floodplain or foreland (but also in a
catchment or polder) should be active or inactive. If the reference distribution DTM is not available, then the elevation of the FEFLOW model
in the first slice will be taken.
This means, that the boundary condition at a FEFLOW node which has
a value of -1 in the Reference Distribution Mike11_Ignore, is only active or set if:
•
The water level in the closest MIKE11 HPoint within the main river is higher than the surface level at the location of this node, or,
•
The groundwater level at the location of this node is higher than
the surface level at the same location.
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Foreland coupling using the Reference Distribution
“Mike11_ignore”.

By use of this foreland coupling a better representation of the flood extent and its influence on the groundwater can be achieved without using the special type of boundaries mentioned in Section 5.1. It should
however be noticed that it is not checked, if the river in MIKE11 has a
similar width as the width of the activated foreland nodes. A dike between the river and the foreland for example, cannot be considered by
this approach.
The coupling of floodplains or forelands can however be combined with
the special boundary kind coupling. Within the floodplain however
these kind of boundary conditions are not needed, as the wetted perimeter within these kind of areas can approximately be described by
the area of the flood. So, even if you decide to use special kind of
boundaries, within the floodplains and forelands still ordinary 3rd kind
boundaries will be used. This can be useful, if the cross section of the
HPoint coupled to the foreland does not include the foreland it self. If
the foreland is included in the cross section and at the same time special boundaries are used, then the wetted perimeter of the foreland is
already covered by the special boundary and using foreland coupling
would overestimate the exchange area between the ground- and surface water. This can be seen in the next figure. On the left, the area
between Marker 1 and 3 from the MIKE11 cross section includes the
foreland on the left bank. On the right, Marker 1 has been repositioned
in order to exclude this foreland. Consequently, in the right version the
wetted perimeter will be smaller than the in the left version. The foreland can than be estimated by IfmMIKE11 using the foreland principle
described before.
In case that within the Reference Distribution “Mike11_ignore” there
are values equal to -1, then it is automatically assumed by the module
that forelands are to be coupled. In case that a foreland node is assigned to a catchment as well, then the catchment has the highest priority and the foreland node is neglected.
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Example of double foreland representation in case
foreland coupling is combined with special boundary
coupling.

In contrast to regular coupled rivers, to use the floodplain coupling
routines its not necessary to set boundary conditions within the initial
setup of the FEFLOW. The model will automatically take care of all
boundary conditions within a foreland or floodplain. The module will
however, check if there any existing boundaries, even beneath the 1 st
slice of a foreland area. In that case, a consequent warning will be
plotted. Within a coupled foreland, all boundary conditions (3rd or 2nd
kind) are only set at the 1st slice of the model.
In Section 6.5 an example of the foreland coupling principle is given.
In the next section the use of constraints for forelands is discussed.

5.4

Constraints
As discussed in Section 5.1, the nodal exchange rate between the
ground- and surface water can be calculated by q  h (href  hgw ) .
The difference between ground- and surface water level is the driving
force for the resulting exchange rate, even if the groundwater level is
below the river bed. In cases were the groundwater is below the bottom of the river, the infiltration rates will consequently be overestimated. To overcome this problem, in FEFLOW the value of hgw can be limited using constraints. Usually the bottom level of the river is regarded
as the minimum head to calculate the flux and the term (h ref – hgw) can
then be replaced by wdr [m], the water depth in the canal or river. For
each 3rd kind boundary node a limiting minimum value for h gw can be
assigned additionally to the value representing href. Using these constrains, in case of low flow or even dry conditions within the river the
value for (href - hgw) is reduced to zero. The use of constraints automatically causes an additional loop in the numerical process of
FEFLOW. This might result in unacceptable long simulation times, especially if you have to analyze a number of management alternatives
with your model. It was therefore decided not to include the use of
constraints by default or even automatically.
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You could set the constraints along the river nodes manually by yourself. But then you have to know exactly the bottom of the river at the
HPoint assigned to every single boundary node. This information could
be retrieved from the text files which are automatically saved in the directory containing your coupled MIKE11 simulation file, but as this information is already available in IfmMIKE11 after the two network files
have been patched, IfmMIKE11 could as well do the job for you. For
that reason, an additional button has been included in the main menu
of the module. It is positioned directly below the toolbar and is called
“Bcc”. Just hit it and at every regularly coupled river node a constraint
is set with the bottom of the HPoint (Marker 2 in the cross section of
MIKE11) belonging to the FEFLOW node. All existing constraint are automatically overwritten. If you want to delete the constraints after having used this tool, you have to do it with the basic FEFLOW tools.

Figure 61:

Button for automatically setting constraints for regularly river nodes.

The same problem is true in case you are coupling catchments, polders, floodpains or forelands. Also here, by default, the difference between the river water level and the groundwater level determines the
exchange flux. Also for the area coupling the possibility of automatically implementing boundary constraints has been developed. This however is not implemented as a button, but as an option in the properties
dialog (Options). In this case the constraint value being set equals the
surface level defined in the Reference Distribution or, if this value is
not known, the elevation of the 1st slice of each single polder or foreland node.

Figure 62:

Option for automatically setting constraints for polders and forelands.

During the simulation, both kind of active constraints can be identified
in the main module menu by a different colour for the boundary nodes.
Note, that the shown state of the boundary node always represents the
state at the end of the last time step, even if you selected an older
time step.
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Batch mode
FEFLOW is able to run in batch mode using the command line
“Feflow.exe –run abc.fem”. To avoid that warnings or dialogs pop up
during a batch mode simulation using the coupling module IfmMIKE11,
the module was adapted. In case FEFLOW runs in batch mode, the
module oppresses all warnings and assumes that the user wants to
simulate the MIKE11 file which has already been saved in the settings
of the fem-file.

5.6

Mass Transport

5.6.1 Introduction
Starting from version 2.0, IfmMIKE11 is also able to couple mass
transport processes between FEFLOW and MIKE11. The mass transport
coupling is available for MIKE11, starting from version 2009, SP 5.
Both single and multi species processes can be coupled. There are two
basic restrictions to the coupling:


In case of single species, the species to be modelled should be
called ‘solute’ in MIKE11. The reason for this is that the coupling
is based on the names of the species. In case of multi species,
both within FEFLOW and MIKE11 each species should be given a
name, which then can be compared during the coupling. However, in case of a single species modelling, FEFLOW does not allow to give a name to the species. Therefore, the coupling routine has to offer this possibility. It was decided to define the
name ‘solute’ for single species, rather than to introduce a new
string parameter within IfmMIKE11.



All concentration units of MIKE11 should be mg/l. This is also
the unit by which FEFLOW internally calculates the concentrations. As the MIKE11 interface doesn’t provide a method to read
the actual units defined in MIKE11, it was decided to assume
that both MIKE11 and FEFLOW use the unit mg/l.

The numerical solution of the transport equation of MIKE11 (AD simulation) requires, like FEFLOW also, a temporally varying background
flow field. The flow field is the output of the hydrodynamic solver (HD
simulation) and the transport equation solver in MIKE 11 utilizes this
flow field in either a coupled mode (one time step at a time) or in a decoupled mode where the flow field is read from a hydrodynamic result
file. The latter option has especially been implemented in the MIKE11
interface for the coupling to FEFLOW. With respect to the FEFLOW coupling and in contradiction to the MIKE11 – MIKESHE coupling, the hydrodynamics and the transport equations are solved in a coupled mode
i.e. MIKE11 calculates the river flow field and the concentrations within
the same time step. Also for mass transport processes the coupling between FEFLOW and MIKE11 is explicit i.e. FEFLOW completes a time
step and then exchanges values with MIKE11 which in turn takes a
time step. This approach requires that every time a MIKE11 time step
is calculated FEFLOW must pass the following values for each coupling
point:
•

Flow (m³/s)
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Mass flux (g/s) for each chemical species (but only in case there
is inflow to a river HPoint)

In return MIKE11 passes
•

Water level at the HPoints

•

Concentrations (mg/l) for each chemical species at the HPoints

•

Mass flux (g/s) for each chemical species at the HPoints, in case
there is an outflow of a river HPoint

back to FEFLOW.
Mass boundary nodes are generated automatically in FEFLOW at those
locations which also have coupled flow boundary conditions. So no additional reference distributions are needed. It is also not needed to set
mass boundary conditions to the coupled nodes at the beginning of the
simulation.
To avoid overshooting, especially in case of using 4 th kind boundaries,
it is recommended to use lumped mass computing mass matrices
(FEFLOW specific options in the temporal & control data menu in
FEFLOW 5.x and numerical parameters in the problem settings in
FEFLOW 6).
Internally MIKE11 divides the masses fluxes given by the module
IfmMIKE11 at the HPoint to both HPoints and QPoints. In the AD result
files this can be witnessed by the concentrations, which are calculated
both at the HPoints as well as the QPoints. This leads to an additional
problem for the coupling at the ends of the branches as well as the
HPoints which are internally integrated at the locations where tributaries are connected. Apparently, only a part of the mass flux at those
end points is included in the model; the QPoint down- or upstream of
the end point is in fact neglected by the model. The QPoint upstream of
the downstream end also receives a mass flux, which actually should
not be available in the model. To overcome this problem, two possible
options have been considered:
•

Implement an option, that allows a mass flux only at the HPoints

•

Neglect the endpoints for the coupling

The first option was tested but didn’t lead to satisfying results yet. It
was therefore decided to implement only the second option. So for the
mass transport coupling, the end- as well as the connecting points are
disregarded while overlaying the FEFLOW and the MIKE11 network.
The fact that this automatically leads to different results for the flow
simulation, compared to a flow-only simulation, is neglected for the
moment.
5.6.2 Boundary types
The coupling of mass transport processes in IfmMIKE11 is rather
straightforward. During the patching of the MIKE11 and FEFLOW
meshes, it is checked if FEFLOW runs in mass transport mode (Problem
Class). The actual list of species names is then retrieved and compared
with the species of MIKE11. The order of the species names is irrelevant. Only FEFLOW species which are related to the fluid phase are put
into the list of coupled species. It is however possible to include solid
species to your FEFLOW model or additional fluid species, which are
not intended to be coupled. This is also true for MIKE11. If each single
species of the FEFLOW species list can be successfully linked to a
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MIKE11 species, then no more additional steps are needed for the
mass transport coupling. If one or more species could not be linked,
the coupling is cancelled. Before you can retry the species linkage, you
then have to restart FEFLOW. Unfortunately, this problem could not
be solved until the release of the actual version.
IfmMIKE11 offers options related to mass transport modelling, by
which, among others, the type of coupling can be altered. These options can be found by using the quality button within the properties dialog of the main IfmMIKE11 menu (directly below of the options button).
In FEFLOW the boundary conditions for flow and mass transport are
set independently. Like the flow boundaries, also the mass boundaries
can be set in four different types. From these, only the 1st and 4th kind
are useful for the coupling. Furthermore, it is important to know that
FEFLOW can run a mass transport problem applying one of two different formulations of the transport equation; the convective or the divergence form (main menu / options in FEFLOW 5.x or problem settings / transport settings in FEFLOW 6, s. Figure 63). The main difference lies in the convective terms in the transport equations applied to
both forms. The divergence form has a divergence expression
  ( q ) and the convective form involves a more convenient gradient
relationship

q   for the convective term. Both transport equations

are physically equivalent, but they lead to different formulations of
boundary conditions (s. White Papers, Volume 1, Chapter 6).

Figure 63:

Convective and Divergence Form in FEFLOW 6.

In general it can be stated that the convective method ensures a higher degree of stability, especially at outflow boundaries. This form however, is rather unsuitable for using mass boundary conditions of the 4 th
kind in case that there is also a flow boundary condition at the same
node (inflow into the groundwater); the mass transport boundary condition would then assume that the value being set only represents the
dispersive mass flux. The total mass flux will however be enlarged by
the inflow from the flow boundary condition multiplied with the concentration at the node, so that the total mass flux into the model would be
higher than the user could expect from the boundary values being set
at the 4th kind (g/d) mass boundary node. So, if mass boundary nodes
of the 4th kind will be used for the coupling, it is obligatory to use the
divergence form, accepting possibly less stability at outflow boundaries. To ensure stability, the mesh discretization around the boundary
conditions should then be rather dense and well-shaped finite elements
should be used. The main advantage of this method however, is that
the mass balance is guaranteed. The mass flux flowing from the river
to the groundwater and vice versa can be controlled adequately.

74

IfmMIKE11: Coupling FEFLOW to MIKE11

Mass boundary nodes of the 1st kind (boundary values are defined as
concentrations) on the other hand are ideal to use with the convergence form. The model would be more stable and the resulting parameters of the MIKE11 time step can be transferred directly to the
FEFLOW model (both concentrations). This would however automatically mean that the finite element volume represented by a mass boundary node of the 1st kind would get the same concentration as the concentration at the coupled HPoint of the river. The original groundwater
concentration within this volume would be neglected and a discrepancy
in the mass balance automatically is generated. Furthermore, the difference in the concentration between two adjacent time steps multiplied with the mass porosity of the element is automatically assumed
to flow over the boundary condition. Finally, a dispersive flux is generated by the concentration gradient and this flux will also be assigned to
the boundary flux. These errors can be reduced by assuring that the
elements around the mass boundary nodes of the 1st kind are small,
preferably smaller than the volume which flows into the element during
a single time step, but nevertheless this remains difficult to control.
Summarized, both mass boundary conditions of the 1st and of the 4th
kind have advantages and disadvantages and it was therefore decided
to implement this choice as an option in IfmMIKE11. If mass boundary
conditions of the 4th kind are used, only the divergence form will be
supported and if mass boundary conditions of the 1st kind are used,
both forms can be used.
The quality options dialog is shown in the next figure. So, for example
in case the convective form is active within the present FEFLOW model,
the option to use 4th kind boundaries is not supported. The option
“Max. |Exchange Rate|” in this dialog gives the possibility to limit the
exchanged mass flux between MIKE11 and FEFLOW and vice versa.
This can be useful at the beginning of a simulation, in case the initial
concentration of MIKE11 and FEFLOW do not fit well or in case of high
dynamics and relatively long time steps.
In the dialog, also a 3rd option for the boundary type is visible. This
special kind of boundary is similar to the special boundary for flow
conditions (s. Section 5.1). It was especially implemented to combine
the advantages of the two other boundary kind options.

Figure 64:

Quality options dialog

The implementation of the new IFM function IfmSetCoupledMassTransBndNodes(), which gives access to these special boundary nodes, is
given in Figure 64. This function is available in FEFLOW from version
5.308.
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Figure 65:

Definition of new IFM function IfmSetCoupledMassTransBndNodes().

This IFM function enables the definition of a new boundary condition
type which has two main parameters; (1) surface water reference concentration (cref [mg/l]) and (2) a parameter representing the product of
the mass transfer rate in [m/d] and the exchange area in [m²]. This
parameter is called PHI [m³/d].
In Chapter 6.8 of the FEFLOW White Papers, Volume 1, it is explained,
that a 3rd kind mass boundary node in the convective form gives the
same results as a 2nd mass boundary node in the divergence form, if a
suitable set of parameters has been defined. This principle can also be
followed for the special boundary (which is in fact nothing else than a
3rd kind mass boundary condition with a nodal transfer value and a
representative exchange area). Using suitable parameters, the result
of a special boundary in the convective form will give the same results
as a 4th kind boundary in the divergence form. The value of a 4 th kind
boundary (g/d) for inflow into the groundwater can be calculated by
multiplying the fluid flux with the concentration in the river. Using this
fluid flux (m³/d) for PHI (also m³/d) and setting the river concentration
as cref (mg/l) for the special boundary in the convective form, an
equivalent boundary condition will be defined. The practical consequence is that input mass flux boundary conditions can also easily
simulated by using the standard convective form without resorting to
the more complex divergence form of transport equation. For more detailed information, please refer to Chapter 6.8 of the White Papers,
Volume 1.
So by defining the nodal fluid flux from the nodal boundary budget
(which is available during the simulation) as PHI and the river concentration as cref, a defined mass flux will be generated into the model.
Furthermore, it is guaranteed that the concentration of the FEFLOW
nodes beneath the river eventually will approximate the concentration
of the river. This is not necessary the case using 4 th kind boundary
nodes in the divergence form. From the previous notes, it should be
clear that this special boundary type can only be applied in the convective form. Selecting this kind of mass boundary in the options dialog in case a divergence form is chosen is therefore not possible.
As said before, this boundary type combines the advantages of the
convective form and the advantages of a defined mass flux into the
groundwater. It therefore provides the easiest way to couple MIKE11
and FEFLOW also for mass transport processes. The outflow instabilities of a 4th kind boundary will not occur and it is therefore strongly
recommended to use the special kind of boundary for the mass
transport coupling. Nevertheless, also the other options mentioned
before will be available.
5.6.3 Implementation and use of IFM call-backs
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During the coupling it is continuously checked if there is water flowing
from the river to the groundwater or vice versa. If at a single coupled
node the flow direction at the end of the FEFLOW flow simulation time
step is pointing towards the river, then the mass boundary condition at
that node should be deleted. In fact, internally a zero flux 2nd kind
boundary will be set. As the coupling routine will automatically assure
that there is a flow boundary condition at the same node, FEFLOW will
take out water from the groundwater with the same concentration as
the concentration at that node. The mass flux can be retrieved by the
budget operator, also accessible with an IFM module and also available
for mass transport quantities. This mass flux is then forwarded to the
coupled MIKE11 HPoint.
If at a single coupled node the flow direction at the end of the FEFLOW
flow simulation time step is pointing towards the groundwater, a mass
boundary condition (1st or 4th kind) should be set in FEFLOW. In case of
a 1st kind mass boundary node, the concentration of the previous
MIKE11 time step is directly set in FEFLOW and in case of a 4 th kind
mass boundary node this concentration is multiplied with the discharge
rate calculated from the flow simulation (budget). In this case, no
mass boundary condition in MIKE11 is needed. The water which flows
out of the river will have the same concentration as the river itself. After this, the FEFLOW mass simulation can be started with the new
mass boundary conditions. This basic principle is shown in the next figure.

Figure 66:

Ideal steps for the combined flow and mass coupling
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During the implementation of this concept it was found, that, although
the flow simulation has been finished, the budget calculated in
PostFlowSimulation() or PreMassSimulation() is not necessarily the final budget that will be calculated in PostTimeStep(). This can be explained by the fact that in some cases, the Heat or Mass Simulation is
influencing the Flow Simulation, for example in case of density dependent modelling. This is the reason that FEFLOW internally will not
finalize the budget before PostTimeStep(). It is therefore strongly
recommended not to use IFM flow budget methods in call-backs like
PostFlowSimulation() or PreMassSimulation().
This automatically means that the concept proposed in Figure 66 cannot be implemented completely. Because the budget components are
not ready in PostFlowSimulation(), also the direction of flow as well as
the boundary flux at every coupled node cannot be analysed or calculated within that call-back. Until this problem will be solved, it was decided to use the direction of flow as well as the nodal boundary budget
from the budget in PostTimeStep() of the previous time step. This direction of flow defines if a mass boundary has to be set in FEFLOW or
MIKE11 and which mass flux has to be transferred from MIKE11 to
FEFLOW or vice versa. This adapted concept is shown in detail in Figure 67.

Figure 67:

Adapted concept for mass coupling

The pink waves in the middle of the figure indicate that FEFLOW is
running the Mass Simulation here. From the figure it can be seen, that

IfmMIKE11: Coupling FEFLOW to MIKE11

78

a certain mass error is inherent to this adapted concept, but only for
an inflow into the groundwater. For an inflow into the river, all budgets
are calculated during the actual time step and the mass flux calculated
by FEFLOW in PostTimeStep() is set directly to MIKE11. In that case
there is no mass balance error.
Let us now analyze the situation where water is flowing out of the river
into the groundwater. In PreMassSimulation() IfmMIKE11 sets the
mass boundaries in FEFLOW according the fluid fluxes and also the river concentrations of the previous time step. Let us consider the use of
4th or special kind of boundaries. The mass flux set to the boundary
condition (a combination of PHI and cref in case of special boundaries)
will also be calculated by the mass boundary budget in PostTimestep().
Small discrepancies in case of using special boundaries can occur
though. These are mostly caused by large differences between the river and groundwater concentration and will be eliminated after a certain
simulation period. The fluid flux nodal budget however will be different
due to the conditions of the actual time step. This actual budget however is used to set the actual outflow fluid flux boundary to the coupled
HPoint of MIKE11 (left side of PostTimeStep() in the figure). Even if the
concentration will stay constant during the actual time step of MIKE11,
the mass flux flowing out of the river calculated by MIKE11 at the end
of PostTimeStep() will therefore automatically be different from the
mass flux set to the FEFLOW boundaries in PreMassSimulation(). It can
also occur that the direction of flow is changing from the previous to
the actual time step. Fortunately, FEFLOW accepts inflowing mass fluxes, even if the fluid flux is directed towards the river. Until the problem
of the incomplete fluid flux budget in FEFLOW has been solved, this
mass balance error cannot be avoided. Under relatively stationary conditions however, the magnitude of this mass error will be acceptable.
Let us now assume that the groundwater is in stationary condition and
the fluid flux keeps constant during the complete simulation. The mass
error discussed before will then reduce to zero. But then it gets also
clear, that a second kind of mass error is introduced by the lack of iterative coupling. In PreMassSimulation() a FEFLOW boundary is set,
which, in case of a 4th or special kind boundary, is based on the river
concentration at the beginning of the time step. The resulting mass
flux calculated in PostTimestep() is therefore also related to this concentration. But during the MIKE11 simulation in PostTimestep() the
river concentration could be changing, which automatically would result in a different mass outflow flux in MIKE11. This error is observed
during the simulation and in case 4th kind boundaries are used, the difference is considered in the next time steps while setting the FEFLOW
boundary values. This mass balance correction can be activated in the
Quality Options dialog in case you are using 4th kind boundaries. For
special boundaries it was not yet implemented (see Figure 64).
5.6.4 Visualisation of Mass Transport Data
In the next figure the main menu of IfmMIKE11 is shown during a multi-species coupled simulation. Compared to a flow-only coupling there
a two main changes:


In the Main View, a combo box has been added in which, like in
FEFLOW 5.x, the actual species to be analyzed, has to be selected.
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In the Data View, in case you selected a HPoint, new lines have
been added to describe the time dependent mass transport parameters of the selected species in the combo box:
Concentr. MIKE11: Concentration at end of the selected
time step in selected HPoint in MIKE11.
Concentr. FEFLOW: Concentration at end of the selected
time step at the 1st slice in FEFLOW at the location of the
selected HPoint.
Mass flux MIKE11: Mass flux into MIKE11 at end of the
selected time step in selected HPoint in MIKE11.
Mass flux FEFLOW: Mass flux out of FEFLOW at end of
the selected time step cumulated at selected HPoint.
Cum. Err. Neg. Q: Cumulative Mass Balance Error (“Mass
flux MIKE11” – “Mass flux FEFLOW”) for all time steps
until the selected time step for all negative mass fluxes
“Mass flux MIKE11” at selected HPoint. This is the error
which is tried to be corrected by using 4 th kind boundaries and the Balance Correction option. Only negative
mass fluxes are considered in order to avoid correcting
rounding errors.
Mass flux M TOT: Mass flux into MIKE11 at end of the
selected time step in all coupled HPoints in MIKE11.
Mass flux F TOT: Mass flux out of FEFLOW at end of the
selected time step cumulated for all coupled HPoints.
Cum. Err. Neg. Q TOT: Cumulative Mass Balance Error
(“Mass flux MIKE11” – “Mass flux FEFLOW”) for all time
steps until the selected time step for all negative mass
fluxes “Mass flux MIKE11” in all coupled HPoints.

Figure 68:

Visualisation of Mass Transport Data
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In the Save Results Dialog, these items are also available. This is
shown in the next figure. For all mass transport related items, automatically all species are saved separately. The total Mass Flux includes
also the value for “Cum. Err. Neg. Q TOT” (s. above). The item from
the data view “Cum. Err. Neg. Q” can not be saved separately. Also
here, all values are related to the end of the selected time step.

Figure 69:

Saving Mass Transport Results
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6

Examples

6.1

Demo1 – Basic Coupling
This example gives an introduction in handling the IfmMIKE11 module
in combination with the two necessary programs FEFLOW and MIKE11.
It also shows some of the features and capabilities of the programs
and the most important steps which are necessary to set up a coupled
model. Before starting the exercise FEFLOW, MIKE 11 and IfmMIKE11
should be installed. To be able to use the examples on Windows7, this
directory is not placed in the IfmMIKE11 installation directory, but in a
new directory called “WASY IFmMIKE11 2.0” in your CommonAppDataFolder. In most cases, this directory is located at “C:\Documents and
Settings\All Users\Application Data”.

6.1.1 Model Scenario
The example model is based on the FEFLOW tutorial model (see
FEFLOW Installation Guide & Demonstration Exercise) but includes
some changes in geometry, model parameters and boundary conditions. The hydraulic conditions are controlled by a river system consisting of two separate branches. Under normal conditions this river system acts as the receiving stream: the groundwater flows in the river.
Based on a long-lasting intensive rainfall event in the north of the
model area, the discharges increase and the corresponding water levels rise. Eventually the water level of the river gets higher than the
groundwater table and water infiltrates from the river into the groundwater. After the flooding the water table will decrease and finally the
initial state is reached. Figure 70 shows the model domain including
boundary conditions in slice 1.

Figure 70:

Demonstration files, model scenario
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6.1.2 FEFLOW Model
The FEFLOW input model saved in a *.fem file has been set up. It is
not described in detail in this manual. However, it is possible to load
the fem file from the IfmMIKE11 installation directory. The file can also
be loaded in FEFLOW demo mode. As said before, the IfmMIKE11 tutorial model is based on the FEFLOW example model which is described
in FEFLOW Installation Guide & Demonstration Exercise. In contrast to this FEFLOW tutorial some of the parameters have been
changed. These changes are described in the list below.


Elevation slice 1 [ m]: these data (Elevation_points_sl1.shp)
can be imported from the IfmMIKE11 Examples directory
..\Examples\Gis\ (typically located in C:\Documents and Settings\All Users\Application Data\WASY IfmMIKE11 2.0).



Initial heads in slice 1-4 have been adapted. These initial values
can be loaded: ..\Demo4\Feflow\Import+Export\Ini_head.trp



Conductivity layer 1 [10-4 m/s]: uniform 2.5



Conductivity layer 2 [10-4 m/s]: uniform 0.1



Conductivity layer 3 [10-4 m/]: uniform 1



In flow on top [10-4 m/d]: uniform 15



First kind boundary on the left and right hand side: linear interpolation between 40 m (north) and 30 m (south)



Third kind boundary condition: coupled river system in the middle
of the model. The river courses can be imported from the
IfmMIKE11
installation
directory
(Examples\Gis\Coupled_river.shp)



Transfer rate [10-4 1/d]: uniform Out = 50000 and In = 40000
(for all slices)

6.1.3 MIKE11 Model
The basis of the MIKE11 surface model is represented by different files
which are handled by one simulation file (*.sim), see also Chapter 2.3.
Following four file are used in addition to the simulation file.


Network file



Cross section file



Boundary data file including time series file



Hydrodynamic condition file

In this chapter the most important steps to set up the applied surface
water model are described. Additionally, the original MIKE11 documentation could be useful (..\DHI\2011\MIKE Zero\Manuals\MIKE_11).
If you are not interested to set up a model from scratch, you can take
a look at the files defined in the simulation file which is saved in the
IfmMIKE11
examples
directory
(Examples\Demo1\Mike11\
Demo1.sim).
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Network file

Figure 71:

Demo1, creating a new MIKE11 network file

Area coordinates in the network file define the area extent of the network. Define a new network file with File|New (Figure 71) and insert
the following coordinates (Figure 72):

Figure 72:

Demo1, defining the MIKE11 network extent

MIKE11 shows the extent in a new network window. To construct the
network or to get an overview over the model domain or parts of
them, it is useful to use background maps. Load the river network from
the IfmMIKE11 examples directory (Examples\Gis\Coupled_river.shp)
by using LAYER|Add/Remove (Figure 73). The same file can be used to
construct the network by using Network|Generate Branches from shp
files. As a result, MIKE11 will show two different branches in the network window (Figure 74).

Figure 73:

Demo1, using background maps in MIKE11
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Figure 74:

Demo1, setup of the MIKE11 Network

At the beginning, the branches are disconnected and no cross sections
or structures are integrated in the model. Use the connection tool from
the tool bar to connect Branch 1 with Branch 2 (Figure 75).

Figure 75:

Demo1, connecting branches in the network file

Apart from connecting two branches, the tools are useful to disconnect
these branches, adapt the geometry or to insert or delete nodes from
the network.
The network file provides the geometrical basis for the surface water
model (points and branches, including connections and chainages) as
well as the hydraulic structures in the system (for example weirs). By
default MIKE11 assigns the chainages in the direction of digitizing the
branch points (the starting point gets “zero” meter). The chainage increases automatically up to the final point of the branch.
In MIKE11 a “positive” flow is defined in direction of a low to a high
chainage. In our river system the “zero” chainage of a branch is located at the downstream end of the river. Therefore, for this tutorial you
have to change the direction of flow from positive to negative by using
View|Tabular View|Network (Figure 76).
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Figure 76:

Demo1, tabular view of the network

Among the definition of flow the tabular view allows you to define the
maximum distance between two neighbouring calculation points
(HPoints). For this tutorial, you have to define a Maximum distance of
250 m for each branch in order to be able to use the demo mode of
MIKE11 as well as the demo mode of IfmMIKE11.

Cross Section file
The cross section editor manages all cross section information like profile, location and process data.

Figure 77:

Demo1, creating a new MIKE11 croos-section file

Create a new cross section file File|New (Figure 77).
Load the provided cross sections from the IfmMIKE11 examples directory
(Examples\Demo1\Mike11\Cross_sections.txt)
by
using
File|import|Raw data & Recompute. The preview on the right hand side
shows the actual cross section including the most important marks
(right and left bank and bottom).
Along Branch 1 seven and along Branch 2 three cross sections are defined. Notice that a cross section is obligatory at the beginning and at
the end of a single branch.
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The bottom point (mark 2) decreases from 38.5 m in the north to 26 m
in the south (downstream end) of Branch 1.
The bottom of Branch 2 is defined by 32 m at the junction to Branch 1
(downstream end) and 35.2 m to the upstream end of the branch.

Boundary file
The boundary editor is used to specify the boundary conditions in the
MIKE11 model. A boundary must be set on each free end of the river
system. A “zero” flow boundary is possible. Create a new boundary file
File|New|Boundary Condition and define a constant inflow flux boundary of 0.5 m³/s at the upstream end of Branch 2 (chainage
1462.519477). Define all free ends of the boundaries as Open (column
Boundary Description). The upstream ends of the branches are Inflow
(Boundary Types) boundaries. The river mouth boundary of Branch 1
(downstream end) is a water level (Figure 78).

Figure 78:

Demo1, MIKE11 boundary file (upper boundary of
Branch 2)

At the upstream end of Branch 1 a time dependent boundary condition
will be set. Time varying functions are defined in “time series files”
(*.dsf0).
The example time series covers a time range from 01.01.2000 and
26.01.2000 (Examples\Demo1\Mike11\TSdemo1.dfs0). The discharge
(Item In1) is increased from 0 m³/s to a maximum of 100 m³/s at day
13 (Figure 79).
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Figure 79:

Demo1, MIKE11 timeseries file

Define this time varying function file (item In1) as an inflow boundary
condition for Branch 1 at chainage 4918.6999267 (Figure 80). Use the
same approach for the downstream end of Branch 1 and define the
dsf0 item water as time varying water level for chainage 0.

Figure 80:

Demo1, MIKE11 boundary file (upper boundary of
Branch 1)

HD Parameter File
The hydrodynamic editor is used for supplementary settings like output
parameters, initial conditions, numerical settings or specifications for
the bed resistance.
Open a new HD parameter file by using File|New|HD Parameter File
and define a uniform bed resistance of 20 (Bed Resist.). The option
Initial is used for defining initial water levels along the river courses
(Figure 81). A well chosen initial state of the system avoids numerical
oscillations. Use following tested initials for Branch 1 and Branch 2:
Branch 1: Origin (Chainage 4918): 43 m
River mouth Branch 2 (Chainage 2417m): 37 m
River mouth (Chainage 0): 33 m
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Branch 2: Origin (Chainage 1461): 39 m
River mouth (Chainage 0): 37 m

Figure 81:

Demo1, MIKE11 HD file

Simulation
Finally, the simulation settings will be defined. Create a new simulation
file File|New|Simulation, click Simulation (Figure 82) and set a fix time
step from 0.5 minutes (only used for the uncoupled surface model. The
MIKE11 time step in a coupled model will be controlled completely by
IfmMIKE11). The simulation starts on 01.01.2000 and ends on
26.01.2000. For this tutorial, switch the type of the initial conditions to
parameter file (only then the initial conditions set in the HD file will be
regarded by MIKE11). Click Input and enter all four files which you
created in the previous pages. Test the correctness of your system by
clicking Start|Start.

Figure 82:

Demo1, MIKE11 simulation file
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The simulation should run without warnings and error messages in
MIKE11.
6.1.4 Coupled Simulation IfmMIKE11
Open FEFLOW and define the IfmMIKE11 module by using
IFM|Configure. As a result following dialog will appear (Figure 83).
Within this dialog, press the Add Module button. In FEFLOW 6 press
the register plug-in button in the Plug-ins panel.

Figure 83:

Demo1, defining the IfmMIKE11 module in FEFLOW

In the next Dialog (Figure 84), select the module library which is located in the IfmMIKE11 installation directory (Module\IfmMIKE11.dll). The
module is now defined (Figure 85).

Figure 84:

Demo1, selecting the module in FEFLOW
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Figure 85:

Demo1, successful definition of IfmMIKE11

After defining the module IfmMIKE11, load the demo1.fem from the
IfmMIKE11 examples directory (Examples\Demo1\Feflow\Femdata).
This fem-file corresponds to the one described in Chapter 6.1.
Normally, by using Edit|Edit problem attributes|IFM modules in
FEFLOW 5.x or the attach button in FEFLOW 6 (Figure 86) a defined
IFM module can be integrated in the present FEFLOW problem. If you
create a new FEFLOW problem, this step is obligatory for IfmMIKE11 as
well. For this tutorial however, the module IfmMIKE11 is already defined in the FEM file. Integrating the module is therefore not needed
for the tutorial.
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Figure 86:
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Demo1, integrating the IfmMIKE11 module in the actual FEFLOW problem

The module settings of IfmMIKE11 can be altered by clicking the module button in the left lower corner of the FEFLOW 5.x work window
(Figure 86) or by a right mouse click on IfmMIKE11 in the FEFLOW 6
Plug-ins panel and than choose “edit..”. A detailed description of all
dialogs of the module can be found in Chapter 4.5. Here basically the
functions needed for this tutorial will be discussed.
In the first module dialog which appears after entering the module section (Figure 87), the MIKE11 simulation file has to be defined. For this
tutorial, already a simulation file has been defined. Because IfmMIKE11
works with relative directories, the simulation file is automatically
found on your computer. Within the dialog you can therefore select the
current file. If you want to use the file you created yourself in Chapter
6.1.3, you can also select a new file.
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Figure 87:

Demo1, selecting the MIKE11 simulation file

Besides the simulation file, most other module settings are saved in
the FEFLOW fem file. This is also true for the MIKE11 simulation period
defined in the module (Figure 1). The next dialog which appears therefore already shows you the right simulation time settings for MIKE11.
You only have to press the OK button.

Figure 88:

Demo1, defining the MIKE11 simulation period

The IfmMIKE11 main window pops up after you entered the simulation
period. The interface allows you to check cross sections, initial conditions and provides powerful tools to visualize the interaction between
MIKE11 and FEFLOW.
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Figure 89:

Demo1, main dialog of IfmMIKE11

The View window shows the model area including FEFLOW boundary
conditions, patch groups (a group of FEFLOW boundary nodes which
are coupled (patched) to a single MIKE11 calculation point (HPoint)),
MIKE11 cross sections, MIKE11 digit points and MIKE11 HPoints. A
Cross Section is displayed if the curser moves over a cross section
point in the View window. Automatically, the ground and surface water
levels are displayed. The Data Viewer lists all information about the
point which is activated by the cursor in the View window. The vertical
Toolbar provides graphical and navigation tools for a better visualisation of points or sub areas. Following tools are available:

Lens: Zoom in the model by clicking the left mouse button and
defining the corresponding area. Zoom out by clicking the right mouse
button.

Pan: Moving of the View window without zooming.

Cursor: Standard mode. Activating and viewing of cross sections,
HPoints, etc. In case another mode is active, the cursor mode can be
reached by clicking the active mode a second time.

Folding rule: measurement tool to obtain the distance between
at least two points in the model.
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Between the tools Lens, Pan, Cursor and Folding rule can be switched
by using the middle mouse button in the View window.

Full View: show the whole MIKE11 network extent.

Symbol colour: defines the colours in the View window as the
Cross Section viewer.

Symbol Type: defines the symbols in the View window as the
Cross Section viewer.

Symbol size: defines the symbol sizes in the View window as
well as the Cross Section viewer.

Figure 90:

Demo1, IfmMIKE11 properties dialog

The settings for time step control, handling dry HPoints and defining
error norms can be defined in the Properties Simulation menu
(Figure 90). This dialog can be opened by clicking the properties button in the main GUI. The maximum time step should be relative small
to avoid oscillations in MIKE11. The option Exclude Dry HPoints (see
Chapter 4.3) replaces the FEFLOW third kind boundary nodes by a flux
condition (equal zero) if the water depth in the river is smaller than
Wmin and the groundwater level is below the bottom point of the river
(at the HPoint patched to the FEFLOW boundary node). The HPoint is
reactivated if the water depth in the river gets higher than Wmin or the
groundwater level gets above the bottom point of the river. Most of the
options in this dialog are saved in the FEM file. For this tutorial you do
not have to make any changes, the neccesary settings are already
defined.
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After checking the properties and the geometrical settings click Okay,
leave the module GUI and leave the problem editor by clicking Exit to
master in FEFLOW 5.x. In FEFLOW 6 there is no such thing as a master
menu, so here you can stay where you are. Enter the FEFLOW simulator by clicking Run|Start Simulator in FEFLOW 5.x or press the
button in the simulation toolbar in FEFLOW 6. Before starting (in
FEFLOW 6 press the
button before you press
), you could define
the coupled output file by editing the module and clicking the Save results button in the IfmMIKE11 main window (in the FEFLOW Simulator
this button replaces the former properties button). The save results dialog is shown in Figure 91. This menu can be opened during the simulation using escape in FEFLOW 5.x or pressing the
button in the simulation toolbar in FEFLOW 6 and then edit the module.

Figure 91:

Demo1, IfmMIKE11 save results dialog (general)

The dialog is classified in General, Range, Items and Format. In
General (Figure 91) the time steps to be saved and the name of the
result file is defined. Copy a list of time steps into the white field if you
do not want to save all time steps. The OK button will only be enabled,
if all necessary settings have been made.
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Figure 92:

Demo1, IfmMIKE11 save results dialog (range)

In Range (Figure 92) all HPoints in the model are displayed in List of
points at the right hand side of the dialog. If an HPoint is selected
(double click or ‘<<’ button) it will be moved to the left list (Selected)
and removed from the total list. If you want to save all HPoints Selected All can be activated. All pumping stations (reference distribution in
FEFLOW, see Chapter 4.3) are selected and moved to the left by clicking the red marked button (In this example no pumping stations are
available. In Chapter 6.2 however, this option can be used).

Figure 93:

Demo1, IfmMIKE11 save results dialog (items)

In Items the parameters which have to be saved can be selected. The
possible export items can be divided in Constant data (such as the coordinates and the banks of the river), Dynamic data (like fluxes from
FEFLOW and water levels from MIKE11) and Overall Data (balances
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and exports the sum of all fluxes in all HPoints). The items are exported in a ASCII text file during or after finishing the simulation. For more
information about this dialog see Chapter 4.5.4.
After the definition of Items click Okay, leave the menu and start the
simulation using (Re–) Run Simulation in FEFLOW 5.x or press the
button in FEFLOW 6.

Figure 94:

Results demo1, groundwater flows towards the rivers

At the beginning of the simulation (day 0 to 5), the river is a typically
receiving stream which accumulates and discharges the groundwater
(Figure 94). The black velocity-arrows in FEFLOW show the direction in
which the groundwater flows along the river (towards the river). By using the Esc button in FEFLOW 5.x or the
button in FEFLOW 6, the
simulation can be (temporarily) interrupted. FEFLOW stops the simulation and the results from the actual time step can be analysed. By
pressing the module button IfmMIKE11 (or “Edit” in FEFLOW 6) also
the results of IfmMIKE11 can be analysed. Here, all time steps calculated so far can be displayed (Figure 95).
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Figure 95:
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Results demo1, module interface in FEFLOW Simulator

During the second part of the simulation (day 6-18), the discharges into the upstream part of Branch 1 start to increase. Consequently, the
water levels of the river get higher than the groundwater levels around
the river course. The black arrows from FEFLOW start to point in the
opposite direction and surface water is infiltrating into the groundwater
(Figure 96).
In the final part of the simulation the flood wave of the river abates,
the groundwater flows into the river again and the complete system
returns to the initial conditions.
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Figure 96:

Results demo1, surface water infiltrates in the
groundwater

Figure 97 shows the budget of the complete process of simulation. The
budget curve from FEFLOW and the saved curve from the module
(save results, Item Q FEFLOW) must be identical for all points and time
steps. The figure shows that this is true for the sum of all coupled
points within the model. The blue marked parts mark a flux from aquifer into the river and the pink marked parts indicate reverse conditions. You can reproduce this curve by saving the IfmMIKE11 results
and open the saved fmr-file in a text-editor and use these data (Item
QFEF) in a spreadsheet program, like Excel.

Figure 97:

Results demo1, calculated FEFLOW and Module discharges
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Demo 2 – Pumping Station
The system is similar to Demo 1 but the branches have been disconnected. At the upstream end of Branch 1 a constant inflow (1.5 m³/s)
has been defined. The time varying water level at the end of Branch 1
was also replaced by a constant water level (28.3 m). Branch 2 has a
“zero” flux inflow (similar to Demo1) and will discharge only groundwater. The initial water level along Branch 2 was adapted in order to have
the same water levels at the beginning of simulation and at the end of
the simulation (Examples\Demo2\Mike11\HDPar2.HD11). In that way,
balance calculations can be made without storage effects in Branch 2.
Open
the
demo2
directory
and
load
demo2.fem
(Examples\Demo2\Feflow\Femdata). Within this file all necessary MIKE11
files are pre-defined.
The coupled model shows a lowland area situation. The water from
Branch 2 must be pumped in the regional receiving stream Branch 1.
The pumping station is situated on the mouth of Branch 2 and pumps
the incoming water in the neighbouring point of Branch 1. A water level boundary was defined on the end of Branch 2 which is constant at
34 m. Because the initial groundwater levels do not represent stationary conditions, the amount of groundwater (represented by the pumping rate Q_out in Figure 98) varies during the simulation. Eventually
however, a stationary state will be reached and Q_out will be constant.
This however takes longer than 25 days. Note, that in this example
Q_out is used where in the new version of IfmMIKE11 QMIKE11 (Data
View or Save Results Dialog) is meant. In the previous version, for this
parameter the name Q_out was used (s. Table 1). Also for the item
QLand another name has been implemented in the actual version (Q
MIKE11 Overland).
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Figure 98:

Results demo2, pumping amount at downstream end
of Branch 2
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Figure 99:

Demo2, model overview

The reference distribution Mike11_PS_from indicates the model pump
location (Pump ID is 1) in FEFLOW (see Chapter 4.3). The water transfer is handled by the IFM module and the complete incoming discharge
at the pump is transferred to a point which is indicated by the reference distribution Mike11_PS_to (also ID 1). The reference distributions
are already saved in the FEFLOW problem file.
Figure 100 shows the cumulative discharges at the outflow point of
Branch 2 (Q_Out from IfmMIKE11 and MIKE11 Discharge from MIKE
View) and the cumulative discharges at the pumping water injection
point in Branch 1 (QLand at chainage 2416.48). Also the cumulative
FEFLOW fluxes along Branch 2 (FEFLOW Observation Point Group),
which can be balanced by using the observation point group function,
are displayed. Observation Point Group 1 is available in the fem-file.
The different time step handling of Q_Out and QLand causes differences between both budget groups (red arrow). The assigned amount
of water in QLand was calculated in the previous time step (Q_Out at
the downstream end of Branch 2). This value is set as an additional
boundary condition in MIKE11 at the injection HPoint only at the actual
time step (see Chapter 4.3). Consequently, the curves Q_Out and
Qland are displaced at one time step.
In order to get a correct balance, in this figure, the discharge calculated with MIKE View at the downstream End of Branch 2 was increased
with the groundwater Inflow at the most downstream HPoint of Branch
2 calculated by FEFLOW (see Chapter 6.4).
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Figure 100:

Results demo2, accumulated FEFLOW and MIKE11
fluxes

Small differences between FEFLOW Obs. Point Group 1 along Branch 2
and Q_Out in Branch 2, chainage 0.00 are due to storage effects in
surface water body. They only occur at the beginning of the simulation.
The differences disappear if steady state conditions are reached (see
the blue and brown lines in Figure 101). The orange line again shows
that the pumped water will only be transferred to the injection point at
the next time step. It can also be seen, that it is the volume within one
FEFLOW time step that is transferred, not the discharge. In Figure 102
this is explained more in detail.
In that figure at time 0.52 d it can be seen that the volume during one
Time step (dT) is pumped from Q_Out to QLand in the next time step
(0.69 d). The corresponding blue and orange symbols have the same
value of ca. 9350 m³. The discharges saved by the save results dialog
of IfmMIKE11 however are different: Qout at 0.52 d amount ca. 0.88
and Qland at 0.69 d amounts ca. 0.63 m³/s. This is caused by a varying time step length of FEFLOW. To avoid mass balance errors,
IfmMIKE11 multiplies the value of Q_out with the factor ∆T0/∆T1 (see
figure). At time step 1.39 d ∆T0 and ∆T1 are equal (∆Tmax of 0.25d has
been reached) and consequently the red symbol at T0 and the green
symbol at T1 have the same value.
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6.3

Figure 101:

Results demo2, volumes within a single FEFLOW time
step

Figure 102:

Results demo2, Transferring Q_out to QLand

Demo 3 - Tributary
Besides the coupling of MIKE11 branches there is an effective method
to couple a boundary section of FEFLOW with a single coupled junction
(HPoint) of MIKE11. The tributary boundary section is not considered
and modelled in MIKE11 (see ..\Demo3\Mike11\Network.nwk11). The
ground-water inflow to the whole tributary however, can be transferred
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into the main branch and the water level in the HPoint can be transferred to the complete tributary. The approach is efficient especially for
small branches with rare data basis (no MIKE11 cross sections).

Figure 103:

Demo3, overview

Figure 103 shows the model setup of demo Example 3. The basic coupling of tributaries is shown in Figure 104 (case 1). Here, the water
level at the HPoint closest to the tributary junction is set to all FEFLOW
nodes belonging to the tributary (no slope). A second option is shown
in Figure 105 (case 2). Here a constant slope will be calculated from
the initial conditions set by the user in FEFLOW and this constant slope
will be applied to all time steps. The difference between both cases is
made in the reference distribution Mike11_trib: For case 1, a value of
3 has to be set for the complete tributary but the junction (value 2)
and for case 2 this value has to be 4.

Figure 104:

Demo3, tributary coupling with constant water level
(case 1)
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Figure 105:

Demo3, tributary coupling with constant slope (case
2)

This example (Examples\Demo3\Femdata\Demo3.fem) uses a value of
4 (case 2) in the reference distribution Mike11_trib (see Figure 106).
In the reference distribution Mike11_ignore the complete tributary has
the value (ID) 2. The hydraulic conditions are controlled by Branch 1.
In Figure 107 the curves 2, 3 and 4 show the discharges from FEFLOW
(Q FEFLOW observation point group 1 and 2, which contains the whole
tributary (Obs. point group 1) and the base flow at the junction itself
(chainage 2416.48 in Branch 1, Obs. Point group 2). The first curve
shows the added water amount in the junction point (QFEF from the
IfmMIKE11 Save Results Dialog at chainage 2416.48 at Branch 1).
QFEF at the junction point (chainage 2416.48) contains components
from the tributary boundary and from the base flow on Branch 1 and
should be equal to the sum of the discharges at observation point
group 1 (tributary boundary) and group 2 (which contains the boundary nodes patched to the HPoint at the junction (chainage 2416.48 at
Branch 1)). In Figure 108 the locations of both observation point
groups are shown.

Figure 106:

Demo3, reference distribution Mike11_trib
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Figure 107:

Results demo3, tributary discharge and QFEF at junction

Figure 108:

Demo3, locations of Observation Point Groups

107

IfmMIKE11: Coupling FEFLOW to MIKE11

6.4

Demo 4 – River falling dry
In this scenario parts of a branch can fall dry. In these parts no
interaction between the ground and surface water will take place. Open
the example directory (Examples\Demo4\Feflow\Femdata), load
demo4.fem, open the IfmMIKE11 GUI and enter the properties dialog.
Take a look at the General Settings. In this FEFLOW file already the
option “exclude dry cells” has been set and saved (Figure 109). For
this example a minimum depth of 10 cm was defined. If the water
depth in a single HPoint is smaller than 10 cm and no inflow takes
place from the groundwater, all boundary nodes patched to this HPoint
will be inactivated.
Following parameters has been changed in the example 4 in contrast
to demo1:

FEFLOW


Initial heads in slice 1-4 have been lowered in order to be sure
that no groundwater is flowing into the rivers. These initial
values
can
be
loaded:
..\Demo4\Feflow\Import+Export\Ini_head.trp



All 1. kind boundaries on the right and left hand side have been
lowered for the same reason (linear interpolation between 34 m
(north end) and 24 m (south end)



Transfer rates in slice 1-4 (Transfer In = 200*10-4 1/d; Transfer
Out = 300*10-4 1/d) have been lowered to avoid numerical
oscillations.



Maximum time step (0.05 d) has been lowered in order to be
able to see the changes in the model more smoothly.

Figure 109:

Demo4, properties dialog
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MIKE11


Slope of the river system (..\Demo4\Mike11\XSec4.xns11)



Initial head of the river (..\Demo4\Mike11\HDPar4.HD11)



In the “Default Values” of the same HD-File the value Delh has
been set to 0.01 m. This value influences the minimum water
depth in MIKE11 at the beginning of the simulation. In order to
have a (almost) dry river already at the first time step the
default value of 0.1 m had to be reduced.

The principle is shown in Figure 110. Parts of Branch 1 and 2 fall dry
during the simulation. The Cauchy boundary (3rd kind) is then replaced
by a Neumann boundary (2nd kind) with a flux equal to zero. The dry
parts of the boundary are inactivated and a water transfer between
FEFLOW and MIKE11 does not take place.

Figure 110:

Demo4, boundary switch in dry cells

In Figure 111 the total simulation is shown in 4 stages. Branch 1 and 2
are set dry by the initial conditions of MIKE11. Additionally, the
groundwater levels at the beginning of the simulation were set low
enough to prevent an inflow from the groundwater into the rivers.
Therefore, at the first time step of FEFLOW all boundary nodes of the
3rd kind are replaced by a 2nd kind boundary (flux = zero).
After four days Branch 1 is flooded, the water levels rise and the upstream boundary nodes are re-activated (2nd kind boundary nodes are
replaced with 3rd kind boundary nodes). After 6 days both rivers are
completely re-activated. At day 7 the inflow at the upstream part of
Branch 1 stops and the rivers slowly fall dry again. At day 15 also the
groundwater is low enough to prevent an inflow into the rivers and the
complete river is inactive.
In Figure 112 at day 5 the water depth as well as the lateral Inflow
along Branch 1 is shown. These data can be displayed by MIKE View.
You first have to load the DEMO4.RES11 file (in case you finished the
simulation successfully, this file can be found in the MIKE11 directory
of Demo4). After that, you have to add (File\Add) the
DEMO4HDAdd.RES11 file (same directory). This file has to be defined
in the MIKE11 HD-file (Add. Output). Here you can select several items
which will be saved additionally to the water levels at the HPoints and
the discharges at the Qpoints, which are saved automatically by the
‘normal’ res11-file. Notice, that the lateral inflow in MIKE View is called
“lateral inflow SHE Baseflow”. The Interface library of MIKE11
(m11dll.dll) originally was developed for the DHI Software MikeSHE.
FEFLOW uses the same interface and therefore some of the descriptions are referring to MikeSHE, even if it is FEFLOW that has been coupled.
The Figure shows that at day 5 only in the upstream end of Branch 1
(until 2000 m) there is a lateral inflow into the branch. From the figure
it can be seen that lateral inflow only then occurs if the water depth is
higher than the defined 10 cm.
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Time st age: 0 days

Time st age: 4 days

Time st age: 6 days

Figure 111:

Time st age: 15 days

Results demo4, different time stages in FEFLOW and
MIKE11
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Figure 112:

6.5

Results demo4, water depth (m) and lateral inflow
(m³/s)

Demo 5 – Polder Areas and Forelands or Floodplains
This example cannot be loaded in MIKE11 demo mode. In the demo
mode of MIKE11 only one structure is allowed and for this polder modelling, at least two structures are needed. This example shows in one
fem file both the simulation of polder areas and the simulation of forelands. In the demo5.fem file available in the IfmMIKE11 examples directory three pre-defined reference distributions already have been
prepared to simulate this. These reference distributions are
“Mike11_ignore”, “Mike11_catch” and “Mike11_DTM”. The content of
these reference distributions is shown in the next figure. In
“Mike11_catch”, the polder area number and its location have been defined by the nodes with value 200. In “Mike11_ignore” the foreland has
been defined by a value -1. The water level (surface or groundwater
level) at which the boundary is activated or deactivated is defined by
each single nodal value in “Mike11_DTM”. For the polder area, the surface level ranges from 38 till 43 m. In the IfmMIKE11 GIS directory
two point shapefiles have been provided, which include all nodes for
the foreland (“foreland.shp”) as well as the polder (“catch200.shp”).
The MIKE11 file in the MIKE11 directory for this example has a branch
called “CATCH200”. This branch is automatically regarded as the
branch that represents the polder area (Name “CATCHxxx”). In Figure
113 the setup of MIKE11 is explained a little more in detail. Branch
CATCH200 is connected to the main river by two structures; an inlet
and an outlet structure. The outlet structure enables a fast emptying of
the polder at the end of the flood. The cross section of this branch is
shown at the left bottom of the figure and approximately represents
the values of the DTM within the polder area. The figure in fact shows
the result of the patching in IfmMIKE11. Both the patchpoints within
the foreland as well as in the polder area can be detected. The patchpoints within the foreland belong to 3 different HPoints of the regular
branch, that’s why a part of those patchpoints is coloured orange and
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two parts are coloured blue. The patchpoints belonging to “CATCH200”
have a different colour (light blue).

Figure 113:

Demo5, overview of the used reference distributions

Figure 114:

Demo5, overview of the coupled polder and foreland
areas

The figure also shows that the location of the branch CATCH200 is irrelevant for the coupling. The patching is only performed in accordance
with the name.
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The inlet structure of the polder is in fact a link channel and it has a
minimum level of 42 m. So, if the water level in the connected HPoint
of the regular branch is below 42 m, the polder will not be flooded. The
outlet structure is a culvert which only can discharge water from the
direction of the polder towards the regular branch (only in case the
polder level is higher than the river level). The upstream inflow boundary time series are comparable with example 1. At the beginning only
a small discharge is flowing into the river system and no flooding of the
polder or foreland system does take place. After 4 days the inflow into
Branch1 starts to increase until a maximum of 100 m³/s is reached after 12 days. From there, the discharge is continuously decreasing until,
after 20 days of simulation, a minimum discharge of 0.15 m³/s is
reached. The inflow into Branch2 stays constant during the whole
simulation period (0.25 m³/s).
Within the fem file already 3 observation point groups have been defined: group 1 includes all regular boundary nodes along Branch1 and
Branch2, group 2 includes all boundary nodes at the first slice within
the polder area and group 3 includes all boundary nodes in the first
slice within the foreland. Furthermore, a number of nodal observation
points are included. The results after 30 days of simulation are shown
within the next two figures.
In Figure 115, the flooding process of the polder is visualized. After 7
days of simulation, the water level in front of the bund which prevents
the polder from being flooded all the time, the water reaches a level of
42 m. From there, the branch Catch200 (green curve) is receiving water and the infiltration into the groundwater starts. A maximum discharge into the polder of 30 m³/s results with a small delay into a
maximum infiltration rate of ca. 10 m³/s. At day 14, the discharge into
the polder is reduced to zero and the polder starts to dewater by use of
the culvert mentioned before. A small part of the water which was infiltrated into the groundwater is derived by the surface water within the
polder (positive part of the blue discharge curve). The maximum surface water level within the polder amounts almost 44.5 m, but the
maximum groundwater level never reaches more than 43.5 m (blue
water level curve).
In Figure 116 the flooding process of the foreland is shown. The minimum DTM level within the foreland is about 37 m. If the water at the
coupled HPoint in MIKE11 reaches this level, the first boundary nodes
within the foreland will be activated. This is after ca. 5.5 days of simulation. Note that the flood originates from the upstream end of Branch1
and that the flood along Branch2 is a pure backwater effect of the flood
in Branch1. Due to the infiltration within the Foreland (with a maximum of ca. 0.25 m³/s) the discharge along Branch2 decreases and
even reaches negative values. From this it can be see, that most of the
water that infiltrates within the foreland, originates from Branch1. Like
in the polder example, also here the groundwater level shows a clear
delay compared with the surface water levels. After ca. 17 days of
simulation, the infiltration stops and the groundwater starts to dewater
into the coupled HPoints again. After almost 23 days the groundwater
level is below the lowest point of the foreland elevation and consequently all boundary nodes are inactive.
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Figure 115:

Results demo5, water level and fluid flux of polder area

Figure 116:

Results demo5, water level and fluid flux of foreland
area
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During the simulation the amount of active boundary nodes within the
polder or foreland area is continuously changing. As an example, for 7
time steps the active (black) and inactive (pink) boundary conditions
within the polder are shown in Figure 117. At the beginning all coupled
polder nodes are inactive. Starting from day 7 more and more boundaries get active and receive the actual water level of the coupled HPoint
at branch CATCH200 at every FEFLOW time step. At day 12.3 all
boundary nodes are active. This is also the time of the maximum infiltration in Figure 115. After day 15 the water level in the polder has
significantly decreased and at some places is lower than the nodal elevation of the polder. Consequently, some boundaries are inactive
again. This process continues until all boundary nodes are inactive at
about 30 days of simulation. Note that the process of deactivating the
boundary nodes is a rather slow process.

Figure 117:

6.6

Results demo5, different stages during the flooding of
the polder

Demo 6 – Constraints
This exercise uses the same file as example 5. It is saved as demo6 in
your examples directory. Note, that the settings for the constraints are
not yet stored in the demo6.fem file available in the FEFLOW directory.
Load this fem file and hit the “IfmMIKE11” button at the bottom left of
your FEFLOW5.x window or press “Edit” in the IfmMIKE11 context
menu of the plug-ins panel in FEFLOW 6. Select the current MIKE11
sim11 file and after the patching was successful, hit the “Bcc” button in
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the IfmMIKE11 main window (Figure 118) and set the regular river
boundary constraints.

Figure 118:

Demo6, button for automatically setting constraints
for regularly river nodes

Also check the polder constraints checkbox in the properties/options
dialog. After that, leave the main IfmMIKE11 menu with “OK”.

Figure 119:

Demo6, button for automatically setting constraints
for regularly river nodes

Please, take a look at the constraints being set to the regular branches
in the FEFLOW Flow data / Flow Boundaries Menu (press the –button
besides the 3rd kind boundaries). These constraints limit the minimum
value for hgw in the 3rd kind boundary equation q  h (href  hgw ) for
every regular river boundary node to the bottom of the coupled HPoint.
The constraints for the polder and the foreland areas are set during the
simulation, so these constraints are not visible yet. The nodal constraint values set for the polders and the foreland nodes during the
simulation are the same as the nodal values in the reference distribution “Mike11_ignore”.

Figure 120:

Demo6, defining constraints in FEFLOW 5.x
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Now, the simulation can be started. In FEFLOW 5.x you might as well
want to load the results of the unconstraint simulation of example 5.
Please load the heads_demo5.pow and fluidflux_demo5.pow from your
demo5/results directory in the heads and the fluid flux diagrams (only
FEFLOW 5.x; use the properties button in the context menu of the diagrams) before you start the simulation.
During the simulation the fluid flux diagram will show similar values as
shown in the next Figure. During the first days of the flood wave, the
infiltration rates using constraints are significantly smaller than the infiltration rates without the use of constraints. This is especially clear for
the polder infiltration (Observation Point Group 2). Due to this reduced
infiltration the groundwater levels will not increase as strongly as they
do without using constraints. This eventually leads to higher infiltration
rates at the final stage of the flooding for the simulation with constraints. The total amount of infiltration will therefore not differ significantly between the two simulations.

Figure 121:

6.7

Results demo6, influence of constraints on the calculated fluid flux

Demo7 – Special Boundary Conditions, flow-only
This exercise uses the same file as example 5, except for the fact that
a new reference distribution called “Mike11_Trans” has been included
in the fem file demo7.fem. The values within this reference distribution
are homogeneously set to 2000 d-1, which is the same value as the elemental material transfer rate in demo5.fem (s. reference data / nodal
reference distribution). Furthermore, the option “use special boundary
type..” was checked in this fem file (properties/options from the main
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IfmMIKE11 window). You can just start enter the simulator and start
the simulation in FEFLOW 5.x or start the simulation directly in
FEFLOW 6, but you might as well want to include the fluid flux results
of observation point group 1 (regular branches) from example 5 within
the fluid flux diagram (this pow file is saved in the FEFLOW results directory for example 5).
If you press esc in FEFLOW 5.x or select pause in FEFLOW 6 after a few
time steps have been calculated, you will see that at the downstream
end of Branch1, both 2nd and 4th kind boundaries are available (update
the boundaries in FEFLOW 6 or go to the problem editor without leaving the simulator in FEFLOW 5.x). All boundary nodes which are visible
as 2nd kind boundaries (zero flux) are represented by special kind of
boundaries (s. Section 5.1). During the simulation, these nodes retrieve an exchange area between the groundwater and the river, a
nodal transfer value and a river water level. Similar to a 3 rd kind
boundary and using the ifm function which controls these kind of
boundaries FEFLOW is able to calculate the groundwater level at the
boundary as well as the boundary fluid flux. Like with 3 rd kind boundary types this fluid flux is calculated with Q  h A(href  hgw ) , in which A
represents the nodal exchange area.

Figure 122:

Demo7, visualisation of special boundaries in
IfmMIKE11

As said before, for 3rd kind boundaries hgw can be limited to the river
bed using constraints. This unfortunately is not supported using the
special boundary type. So, if hgw drops below the river bed, the thriving
force which determines Q will still be href - hgw. To avoid this, in case
the groundwater level drops below the river bed, a 4 th kind boundary is
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set instead of the special boundary type. The value for this boundary is
calculated from the nodal exchange area, multiplied with the nodal
transfer value, multiplied with the water depth at the beginning of
the FEFLOW time step. The error which is caused by the fact that the
groundwater level could reach a level above of the river bed at the end
of the time step is neglected. These 2nd and 4th kind boundaries are also available in the IfmMIKE11 main view (s. Figure 123).
Now the simulation can be continued. Please stop the simulation after
about 5.8 days and you will see, that most of the boundaries are now
of the 2nd kind, which means that the groundwater level is almost everywhere above of the river bed.

Figure 123:

Demo7, explanation of the calculation of the exchange
area

Once more, continue the simulation until day 20.9 and open the
IfmMIKE11 main menu. Use the context menu for the zoom button to
zoom to Branch1, chainage 3750.0 m. This cross section is just upstream of the diversion towards the polder area. Use the arrow pointer
(again click the zoom button or switch cursors by using one or more
middle mouse clicks). Select the HPoint at 3750.0 m and you will get a
similar view as the one shown in Figure 123. In the Data View, 3 entries show the actual exchange area, the actual wetted perimeter and
the representative length for this node. The meaning of the latter two
parameters is explained in the figure. The representative length is
therefore equal to 0.5 * (3952.022 - 3607.364) = 172.329 m. The
wetted perimeter is defined by the arrow shown in the cross section
view at the bottom left of the figure. Note, that in case that the
groundwater level is higher than the surface water level this arrow
reaches until a level exactly between the groundwater and the river
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water level (0.5*( href + hgw)). In that case the length of the arrow is
5.122 m. Multiplying the wetted perimeter with the representative
length gives us an exchange area of ca. 882 m². This value multiplied
with the nodal transfer rate (0.2 d-1) gives us together with the
MIKE11 water level at the beginning of the time step (37.313 m) the
two parameters which are necessary to use the special boundary ifm
function IfmSetCoupledRiverBndNodes (s. Figure 50 in Section 5.1).
Note, that in case the groundwater level is below the river water level,
the wetted perimeter is calculated only according the river water level.
After the simulation has finished, the Fluid Flux diagram in FEFLOW 5.x
could show a similar view as is shown in the next figure. Due to the
correct representation of the exchange area using the special boundaries type the exchange rate of all coupled regular river boundary nodes
(Observation point group 1) is much higher than the same fluid flux
using regular 3rd kind boundary nodes. The exchange area defined by
the stratigraphy of the mesh (this area is defined by the difference between the elevation of the first two slices, and according the defined
phreatic top slice, does not change during the simulation) is much
smaller than the area which is derived from the wetted perimeter using
the cross sections of MIKE11. Consequently, the fluid flux using special
boundary conditions is higher. The reason that the infiltration into the
river (negative values in Figure 124) at the end of the simulation is
lower in case of special boundary conditions is exactly the same: the
low river water level at the end of the simulation result in a smaller exchange area than the (constant) exchange area based of the slice elevations using 3rd kind boundary conditions.

Figure 124:

6.8

Results demo7, influence of special boundaries on the
fluid flux

Benchmark 1 – Infiltration out of a rectangular and triangular river
cross section
For benchmarking the coupling, a simple system has been modelled,
representing an initially full rectangular canal with no other in or outflow than the discharge Q0 to or from the connected groundwater. In
MIKE11 this was realised by integrating a constantly-closed control
structure just upstream of the downstream boundary condition. The
upstream boundary condition inflow was set to zero. The conservation
of mass equation for this canal can then be written as follows:
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href
Q
 o
t
Ar
In which t represents time [d], href the river level and Ar the cross section area of the canal [m2].
In this example it was assumed that the groundwater is initially way
below the bottom of the canal and that even after the canal has been
drained completely, the groundwater still has no direct contact to the
surface water.
In case that the canal is rectangular, the time Te [d] to empty the canal from a water depth wdr1 to a depth wdr2 can be found relatively
easy by substituting Q0 in the above equation by Qo  h Aex (href  hgw ) ,
in which Aex represents the exchange area between the ground- and
surface water and href –hgw can be replaced by wdr, the water depth in
the river (constraint). Taking into account that the width of the canal
(Br [m]) is water level independent and the infiltration takes place
along the complete wetted perimeter of the canal (bottom and lateral
infiltration), Te can be calculated by:
wdr 2

 B (ln( wd r )  ln( Brh  2h wd r )) 
Te    r

Brh

 wdr1

In case that the canal is triangular with a constant slope of the banks
1/ [-], the solution of Te can be expressed in a slightly more convenient way:
wdr 2




Te   
ln( wd r )
 h 1   2 
 wd
r1

Both types of canal cross sections are available in the Benchmark1
setup in your examples directory. In the next figure, an example of the
two cross sections for the benchmark setup is shown.

Figure 125:

Benchmark1, setup of the benchmarks examples to
analyse the influence of different cross sections
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In the next figure a comparison is shown between the analytical solutions and the simulated results of this first benchmark. In the figure
both the exchange discharges between the river and the groundwater
and the water depth in the river are included. The figure contains the
results for the rectangular as well as the triangular cross sections. The
initial water depth of the river in both models is 10 m, the river width
of the rectangular cross section is 25 m and the slope of the bank of
the triangular cross section amounts 1:2. The transfer coefficient for
both models is equal to 0.1 d-1 (this equals a value of 1000 m-4/s in the
nodal reference distribution Mike11_TRANS). The length of the river is
500 m and the maximum allowed time step of FEFLOW is 0.05 d. The
initial global head in FEFLOW amounts 20 m, where as the bottom of
the river is uniformly at 40 m. These settings can be checked in the
setup in the benchmark directory. The analogue curves of the above
equations can be provided by creating a simple spreadsheet, using different values for wdr2 and a constant initial value of 10 m for wdr1.
These curves can then be compared with the water level for a single
HPoint (preferably in the middle of the coupled branch) and the total
exchange discharge within the model, both saved from the IfmMIKE11
save results dialog. You could also evaluate the fluid flux of Observation Point Group 1 in the fellow models. Both the exchange discharges
and the water depths fit perfectly to the analytical solutions, for both
cross sections.

Figure 126:

Results benchmark1, comparison between the analytical solutions and simulated results for a rectangular
as well as a triangular river cross section using a
maximum FEFLOW time step of 0.05 d

It was also tested that the simulated results do not depend on the
stratigraphical settings in FEFLOW; the results are identical using a
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phreatic or a free & movable top slice and also the use of integral
boundary conditions shows no effect. You can check this yourself.
Due to the shape of the cross sections, the water depth declines slower
in case of the triangular cross section. At a water depth of 10 m, the
wetted perimeters of both cross sections are almost identical (44.7
against 45 m). In case of a water depth of 5 m, the wetted perimeter
of the rectangular channel (35 m) is clearly larger than the one of the
triangular channel (22.4 m). Consequently, the exchange rates are also higher for the rectangular shape at a water depth of 5 m. In the figure also the exchange rates for a free & movable top layer using integral boundary conditions and the regular coupling method are included. It is clearly distinguishable that the coupling using the special
boundary conditions shows far better results.
It has to be noted however, that due to the low ground water table, in
this benchmark example in fact no new boundary conditions were
used; at all time steps and all boundary nodes a boundary condition of
the 4th kind with exchange rates calculated according the actual wetted
perimeter were set. Unfortunately, there is no other way to simulate
constraint conditions without using 3rd kind boundary conditions. This
has been explained already in one of the previous sections. An example showing the boundary conditions during the simulation in FEFLOW
6 is given in the next figure. The figure shows the 4th kind boundaries
as well as the heads across the model (rectangular cross sections). It
can be seen that the maximum head is about 25.5 m, which is clearly
below the river bed.

Figure 127:

Results benchmark1, visualization of Heads during the
simulation of Benchmark1

These benchmarks can be loaded from the directory Benchmark1. In
the FEFLOW/fem directory there are two fem files, one for each cross
section type. In the MIKE11 directory there are 2 directories; one for
the triangle cross sections and one for the rectangular cross sections.
Note, that these examples cannot be simulated in demo mode.

6.9

Benchmark 2 – Hunt’s example: Infiltration caused by a pumping well
It was also intended to provide a benchmark in which the groundwater
level is initially above or reaches a level during the simulation which is
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above of the bottom of the canal. In that way, also the two way interaction between the surface and groundwater could have been analyzed. Unfortunately, such an example could not be found, despite of
intensive literature research. Most of the publications provide stationary solutions or transient solutions for rivers which fully penetrate the
aquifer. An example which comes close to the intended system is provided by Bruce Hunt (1999). He derived a solution, which also takes
into account the situation in which a river only penetrates partially into
the aquifer system, the river has a semi pervious sediment layer and
the river is not necessary located at the boundary of the model. The
system Hunt describes gives a instationary solution for a phreatic aquifer system in which a well extracts groundwater and this extraction
causes inflow from the river into the groundwater. The system he describes as well as the IfmMIKE11 model which was set up to represent
this system are shown in Figure 128.
Hunt presents a solution for the drawdown of the groundwater, both in
space and in time, as well as a solution for the discharges from the river into the groundwater. The equations he provides for these two solutions are given below for the drawdown  (x, y, t) [m] and the ratio
between the infiltration and the extraction rate ΔQ/Qw:

Q
 ( x, y , t )  w
4T
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where  [m/d] is a constant of proportionality between the seepage
flow rate per unit distance (in the y direction) through the streambed
and the difference between river and groundwater levels at x = 0 (location of the river). W is the known Theis well function and S [-]
stands for the porosity and T [m²/d] for the transmissivity of the aquifer.
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Benchmark2, the problem considered by Hunt (1999)
and the benchmark setup in IfmMIKE11

Unfortunately, also Hunt assumes that the water level in the river does
not change in time or as a result of the infiltration into the groundwater. Therefore, the MIKE11 model had to be build in a way that the river water level would not or hardly change as a result of the infiltration.
For that purpose a rather wide (200 m) and very smooth river bed (K st
= 80 m1/3/s) has been defined. Furthermore, a constant upstream inflow rate of 2 m³/s and a weir level of approximately 10 m at the
downstream end of the coupled region ensured that the water level in
the river along the FEFLOW model was infiltration rate independent as
well as constant along the river itself. The coupled set-up is shown in
the above figure.
MIKESHE has been verified using this Hunt benchmark as well. For that
verification  in the above equations was set equal to 1*10-5 m/s. With
a 200 m wide rectangular channel with a constant water depth of 2 m
(the river bed was set at 8 m) an identical value for  can be achieved
using a global transfer coefficient equal to 42.353 * 10 -4 d-1. This was
implemented within the model by the nodal reference distribution
“Mike11_TRANS”. With furthermore a porosity of 0.2, a transmissivity
of 0.001 m²/s (in the 3D FEFLOW model a global conductivity of 1*10-4
m/s was set), a distance l between river and well of 100 m and an extraction rate Qw equal to 10 000 m³/a, exactly the same conditions
could be tested with IfmMIKE11. In the next two figures both the
simulation results for the infiltration rate along the coupled river (Fluid
Flux Observation Point Group 1) as well as the drawdown along the line
Y = 0 (observation points 1-13 or Segment Nr. 1) and Y = 49.18 m
(Segment Nr. 2) at day 23 of the simulation are shown. Within the figures also the analytical solutions presented by Hunt are included. The
values have been calculated using a software tool which is available at
http://www.civil.canterbury.ac.nz/staff/bhunt.shtml, the website of
Hunt (s. also for more information about his publications). The analytical solutions and the IfmMIKE11 results are nearly identical.
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Figure 129:

Results benchmark2, comparison between the analytically solved and simulated total infiltration rates (observation point group 1) in time along the coupled
river branch

Figure 130:

Results benchmark2, comparison between the analytically solved and simulated drawdown along Y = 0
(segment 1) and Y = 49.18 m (segment 2) at day 23
of the simulation

Finally, the drawdown in time has been analysed at two points, both
halfway river (X = 50) and extraction well, but with different Y coordinates (0 –Observation Point 4- and 49.18 m –Observation Point 14-).
Also this comparison showed that the analytical solutions and the
simulated results with IfmMIKE11 match excellent (Figure 131). Finally, it was also successfully verified that the infiltration rates shown in
Figure 129 are also distracted from the MIKE11 model and that despite
this additional outflow the river water depth upstream of the implemented weir remains constant at 2 m during the complete simulation.
This benchmark showed therefore that the new IFM function IfmSetCoupledRiverBndNodes()
was
successfully
implemented
in
IfmMIKE11.
This benchmark can be loaded from the directory Benchmark2. Running the benchmark in FEFLOW 6, at the end of the simulation your
screen could show the scene shown in Figure 132.
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Figure 131:

Results benchmark2, comparison between the analytically solved and simulated drawdown in time at the
observation points 4 (50, 0) and 14 (50, 49.18)

Figure 132:

Results benchmark2, screen shot of the simulation of
benchmark 2 with FEFLOW 6

6.10 Demo8 – Mass Transport
In this example, the mass transport equation used will be of the convective form. Due to the problems related to the instable outflow condition using the divergence form, a stable example using this form
could not be created. In Section 5.6 it was already mentioned that
preferably the convective form should be used for the mass transport
coupling. Furthermore, it was chosen not the use the standard no upwind (Galerkin FEM) method. Instead the Least-square upwinding
method was selected for this example. Finally, a lumped mass computing mass matrix was selected in the specific options. You might as
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well use the no upwind and the consistent mass method though. The
examples shown in this section are based on a single species coupling.
The same principle can however be followed for a multi species
transport simulation. Note, that the upstream and downstream Hpoints
of the MIKE11 model are not coupled to the FEFLOW boundary nodes.
The reason for this has been explained in Section 5.6. Due to the
length of the simulation, these examples cannot be simulated in demo
mode.
6.10.1 Outflow conditions
This example is based on Benchmark 2 (Section 6.8). The model was
however switched to confined and for the fluid flux boundaries, regular
3rd kind boundaries were used. In MIKE11 the weir at the downstream
part of the model was removed and a species “solute” (mandatory for
single species coupling) was introduced. The global initial concentration
of this species was set to 20 mg/l. The upstream boundary condition
varies in concentration between 20 and 10 mg/l (open transport
boundary). The fluid inflow is constant at 0.25 m³/s. The downstream
mass boundary is an open concentration boundary and the water level
decreases in steps from 11.25 to 10.5 m. The varying boundary conditions are listed in Table 8.
Table 8:

Datum
1-Jan
31-Jan
1-Feb
27-Feb
4-Mar
31-Mar
1-Apr
28-Apr
4-May
31-May
1-Jun
28-Jun
4-Jul
31-Jul
1-Aug
31-Aug
1-Sep

Demo8, varying boundary conditions of outflowing example
Inflow Concentration
(mg/l)

Downstream Water
Level (m)

20
20
10
10
20
20
10
10
20
20
10
10
20
20
10
10
10

11.25
11.25
11.25
11.25
11
11
11
11
10.75
10.75
10.75
10.75
10.5
10.5
10.5
10.5
10.5

In FEFLOW, the right and left boundary were defined as a 1 st kind
boundaries with a water level of 9.1 m. The initial concentration was
set to 15 mg/l. No mass boundary conditions are set in the setup of
the FEFLOW model. They are handled automatically by the IfmMIKE11
module. The longitudinal and transverse dispersivity coefficients are
globally set to 2.5 and 0.25 m respectively. In MIKE11 a dispersion
factor of 1 m²/s was used for the whole river.
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In this simulation special mass boundaries will be use. The maximum
exchange rate was set so high, that this will not influence the simulation.
Due to the infiltration from the river both the heads as well as the concentrations start to increase immediately. After 0.2 days a steady state
flow situation is reached and the fluid flux of observation point group 1
is stable at 0.169 m³/s (until the next drop of the water level boundary
in MIKE11). From this a mass flux into the model of approx. 291.6
kg/d (20 mg/l * 0.169 m³/s) would be expected. During the time that
the groundwater concentration at the boundary conditions didn’t reach
the reference concentration of the river water, both the convective
mass and the diffusive mass flux have non-zero values. During this period the total mass flux calculated by FEFLOW using these special
boundaries slightly differs from the mass flux out of the river, calculated by MIKE11 (which only takes into account the convective mass
flux). From day 10, at which the concentration in the groundwater
along the river is nearly identical to 20 mg/l, the mass flux calculated
by FEFLOW is reduced to the convective part and is approx. the same
as the mass flux calculated by MIKE11. Until that day a total mass error of ca. 17 kg could be observed. You can check this yourself by hitting the esc-button in FEFLOW 5.x during the simulation and opening
the IfmMIKE11 main menu at any time during the simulation. The Item
“Cum. Err. neg. Q TOT:” in the IfmMIKE11 Data Viewer at day 10.33
will show you a total mass error of about 17 kg.

Figure 133:

Results demo8, spreading of infiltrated mass towards
the groundwater model boundary

This mass error does not increase until the concentration in the river
drops to 10 mg/l (day 30). The concentration in FEFLOW drops less
fast and consequently a diffusive mass flux is introduced at the boundary, which causes an additional mass error (with an opposite sign
though). Due to the open transport type set at the upstream boundary
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of MIKE11 also the concentration in MIKE11 doesn’t instantly drop to
10 mg/l either. At day 52 the outflow mass flux from MIKE11 is again
almost identical to the inflow mass flux into FEFLOW.
From day 58, the concentration in MIKE11 starts to increase to a value
of 20 mg/l again and at the same time the water level is lowered from
11.25 to 11.0 m. At day 64 the whole river has a constant level of 11.0
m (due to the low discharges in the river there is hardly any gradient
between the up- and downstream end). At day 72 the mass balance
error is reduced to a minimum.
This process is repeated several times. In every loop of 2 months the
water level at the downstream boundary of MIKE11 is constant and after 1 month the concentration is decreased from 20 to 10 mg/l. Consequently, a number of bands with low and high concentrations are flowing towards the outer boundaries of the FEFLOW model. These bands
are subject to a dispersion effect, by which both the amplitude and the
width of the band is changed. This can be analyzed by taking a look at
the observation points available every 100 m between the river and
the right FEFLOW boundary (Figure 133). In the Figure also the concentration at the middle of the river in MIKE11 is shown.

Figure 134:

Results demo8, comparison between the mass outflow flux out of MIKE11 and the mass inflow flux into
FEFLOW

In Figure 134 the total mass flux out of MIKE11 as well as the inflow
into FEFLOW is shown. Due to the varying concentrations and water
levels there is a difference between both curves. The difference however is relatively small. In case 1 st kind boundaries would be used instead of the special boundary conditions this difference would be bigger and as some tests showed the simulation would be less stable as
well. You can test this yourself by changing the boundary type option
in the quality options dialog of IfmMIKE11. The special mass transport
boundaries therefore offer a good compromise between the advances
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of a stable convective mass equation form and the perfect mass balance of the divergence form. The divergence form, as said before, is
in most cases not practical as it requires a very dense and well shaped
element mesh. Furthermore, the concentrations could reach a level
which is higher than the concentrations within the river in the example
shown here. By using the special boundary type instead, eventually the
groundwater concentration will reach the concentration of the river.

Figure 135:

Results demo8, visualisation of mass bands in
FEFLOW 6

In the above Figure the concentration distribution at the end of the 244
days of simulation is shown (FEFLOW 6). The bands of low and high
concentrations are clearly distinguishable and so is the dispersion effect.
This example can be simulated using the masstransport_outflow.fem
file from the IfmMIKe11 directory examples\demo8\feflow\femdata.
The simulation will take longer than the other examples. About 20
minutes of simulation will be required for this example.
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6.10.2 Inflow conditions
The final state of the FEFLOW model from the previous section (outflow) was used for the initial state in this section. Furthermore, the water level boundary at the outer 1st kind boundaries was changed to
11.5 m (used to be 9.1 m). Also 1st kind mass boundaries with a decreasing concentration towards 8 mg/l (time serie) have been placed
along these two boundaries to guarantee a certain mass inflow over
the model borders. The dispersion coefficients were divided by a factor
2.5. Finally, the settings of the MIKE11 model were changed. Instead
of a dropping downstream water table, now a constant water table was
defined (10.5 m). Also the inflow discharge was reduced to 0.05 m³/s
and the inflow concentration was set to a constant value of 10 mg/l.
This example therefore shows, in some way, the reverse conditions of
the previous simulation.
Under river inflow conditions FEFLOW is the only component which calculates the mass flux (under outflow conditions using the convective
form both MIKE11 and FEFLOW have their own calculations). The calculated inflow mass flux is directly forwarded to MIKE11. Hence, the
mass balance error is automatically non-existent. Looking at the results, you will however still find a small mass error in some of the
HPoints. This error is caused by the fact, that the river during the initial
phase of the simulation still infiltrates water into the groundwater. After approx. 0.01 days the direction of flow is pointing towards the river
and the mass error is stable.
The next figure shows the mass flux into the river (observation point
group 1) as well as the calculated mass flux at the downstream end of
the river minus the mass flux entering the boundary at the upstream
boundary (a constant inflow of 0.5 g/s). This latter component is
named “Nett Mass Flux at downstream end of MIKE11” in the figure.
Additionally, the cumulative mass for both components is shown. The
figure shows that the mass balance is correct. The figure also shows
that two of the four bands shown in Figure 135 have left the model
during this inflow simulation. A small delay between the two mass flux
components can also be observed. This is due to the fact that the mass
in MIKE11 still has to be transported to the downstream end of the
model the moment it enters at the coupled HPoints.
This example can be simulated using the masstransport_inflow.fem file
from the IfmMIKE11 directory examples\demo8\feflow\femdata. Also
the MIKE11 data are stored in a separate directory.
Although in these examples the in- and outflow conditions are separated, the combination of both conditions is of course possible.
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Figure 136:
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Results demo8, comparison between the mass flux at
the downstream end of MIKE11 and the mass flux out
of FEFLOW

