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Visual MODFLOW with MIKE 11 Tutorial

Introduction
This tutorial demonstrates Visual MODFLOW’s capability to run MIKE 11 
concurrently when running a model to account for surface water leakage from a river or 
stream network. MIKE 11 is integrated into Visual MODFLOW through the use of 
OpenMI technology. You will first run the model using only the MODFLOW 2000 
engine, and then a second time with both MODFLOW 2000 and MIKE 11 to observe 
differences in the outputs.

Background

About OpenMI
OpenMI stands for Open Modeling Interface and Environment. It aims to deliver a 
standardized way to link water related computational models (and other data sources) 
that run parallel.

Models can help to predict the likely outcome of following particular policies and can 
be used to explore best options, but no single model can adequately represent every 
aspect of the catchment environment. A method is therefore needed to link and unify 
the models and tools available, in order that the interactions between processes can be 
understood. HarmonIT aims to provide this ability. The project, which involves water 
and IT experts from 14 European organizations, is developing an interface that will 
allow new and existing models to interact with each other, with sources of data such as 
databases and instruments and tools for the display or analysis of data. OpenMI is thus 
the deliverable of the project. (i.e. the interface specification and the implementation in 
the OpenMI environment). 

For more details, please see: http://www.openmi.org/

About MIKE 11
DHI's MIKE 11 software package is a versatile and modular engineering tool for 
modeling conditions in rivers, lakes/reservoirs, irrigation canals and other inland water 
systems. MIKE 11 computes unsteady water levels and flow in rivers and estuaries 
using an implicit, one-dimensional, finite-difference formulation. It is designed for:

• flood risk analysis and mapping 
• design of flood alleviation systems 
• real-time flood forecasting 
• real-time water quality forecasting and pollutant tracking 
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• hydraulic analysis/design of structures including bridges 
• drainage and irrigation studies 
• optimization of river and reservoir operations 
• dam break analysis 
• water quality issues 
• integrated groundwater and surface water analysis 

For more details on MIKE 11, see: http://www.dhisoftware.com/mike11/

Note: Visual MODFLOW currently supports the basic river network/channel modeling 
capabilities of MIKE 11.

How it Works
MIKE 11 is integrated into Visual MODFLOW as a new boundary condition: Surface 
Leakage Boundary (SLB). The SLB package is a modified version of the FHB (Flow 
and head boundary) condition. The main difference between the FHB and the SLB, is 
that the SLB package does not require upfront memory allocation for the flow cells 
(thus being able to take into account dynamic changes in the set of leakage cells during 
surface flooding) and the SLB package can apply the leakage to different MODFLOW 
layers.

At the beginning of every groundwater time step, MIKE 11 asks MODFLOW for the 
most recent groundwater level. At the same time MODFLOW asks MIKE 11 for the 
expected amount of infiltration (leakage) for the current groundwater time step. MIKE 
11 then calculates the river flows forward over the period of the groundwater time step 
and calculates the infiltration to or from the groundwater based on the groundwater 
level in the previous groundwater time step. MIKE 11 then passes this accumulated 
infiltration to MODFLOW, which then calculates a new groundwater level based on the 
net infiltration.

Sample Applications
The combined Visual MODFLOW + MIKE 11 engines can be used to assess many 
engineering problems where groundwater and surface water flow are impacted by one 
another, including:

• the impact of groundwater extractions on surface water low flows
• the impact of storm events on bank infiltration rates and travel times to drinking 

water wells

Requirements
In order to complete this tutorial, the following requirements must be met:

• A license of Visual MODFLOW Pro version or greater
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• A license of MIKE11 v2005, with Service Pack 4 or greater. If you do not have 
a license of MIKE 11, the Demo version may be used. If you use the Demo 
version, please be aware of the following MIKE 11 Demo Limitations:

• 50 grid points
• 3 river branches
• 1 hydraulic structure
• 1Q/h boundary
• 1 NAM catchment
• 10 cross sections
• 3 time series items, each containing a max of 50 time steps
• Maximum simulation time allowed is 4 weeks

• The tutorial also assumes that the user is familiar with the MIKE 11 (MIKE 
ZERO) modeling environment, and the Visual MODFLOW modeling 
environment.

Terms and Notations
For the purposes of this tutorial, the following terms and notations will be used:

Type: - type in the given word or value
Select:- click the left mouse button where indicated

- press the <Tab> key
↵ - press the <Enter> key

- click the left mouse button where indicated
- double-click the left mouse button where indicated

The bold faced type indicates menu or window items to click on or values to type in.

[...] - denotes a button to click on, either in a window, or in the side or bottom menu 
bars.

Opening the Visual MODFLOW Model

Getting Started
On your Windows desktop, you will see an icon for Visual MODFLOW.

 Visual MODFLOW to start the program

The Benchmark model has already been built for you; to open this model, 

File / Open from the top menu bar.

Browse to the C:\My Documents\Visual MODFLOW\Tutorial\MIKE11\Box folder, 
and locate the Benchmark.VMF file. 
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Select this file, and 

[Open]

You will now briefly examine the Visual MODFLOW model.

Input from the top menu bar

This will load the input window of Visual MODFLOW.

Background on the Box Model
The model is a simple 1-layer box 21x21, with100m-cells, with a straight river running 
down the middle. The model runs for 1 day.

The MIKE 11 model is set up to have a constant water level of 45 m and a bed slope of 
0.5 m across the model.

The MIKESHE and Visual MODFLOW models are set up to have initial head of 44.5m

The default conductivity (Kx, Ky, Kz) for this model is 0.001 m/s 

The MODFLOW grid is arranged as follows:

21 Rows x 21 Columns X 1 Layer, 100m cells

Extents:

X: 0, 2100 m

Y: 0, 2100 m

Z: 0, 45 m

There is a MODFLOW River boundary running down the middle of the model. To see 
this, 

Boundaries / River from the top menu bar

Edit / Group from the side menu bar, and click once anywhere on the 
MODFLOW River boundary. The following dialog will appear.
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Review the input parameters, then click OK.

Run MODFLOW 2000
You will now run the model with only the MODFLOW 2000 River boundary. 
Afterwards you will run the model again with MIKE 11 to observe the impact of the 
MIKE 11 simulation on the model output.

File / Main Menu from the top menu bar

[No] to save changes to the boundary

Run from the main menu bar

Run a second time from main menu bar

Ensure that MODFLOW 2000 is selected

Translate & Run

The MODFLOW 2000 numeric engine will then run. This should take approximately 
30 seconds, depending on system resources.

When this is complete,

Close button.

Viewing Model Output
To load the Visual MODFLOW output, 

Output from the main menu bar

The Visual MODFLOW output window will load as shown below:
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Mass Balance
Maps / Zone Budget from the main menu bar

Mass Balance button from the side tool bar

Last Time button at the top of the window, and the following dialog will 
appear.
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You can see the river leakage at the end of the simulation is 65,340 m3.

Take a moment to review the model inputs and outputs, for different categories.

[Close]

You will now re-run the model using the MIKE 11 River.

File / Main Menu from the main menu bar

Define Link to MIKE 11 Model
You will now run the model again, but with MIKE 11 and MODFLOW 2000 engines to 
observe the difference in results when MIKE 11 accounts for surface water leakage 
from the river network in the model domain.

De-activate MODFLOW 2000 River
In order to see the effects of the MIKE 11 River boundary, you must first “turn-off” the 
MODFLOW 2000 River boundary. To do this,

Input from the main menu bar

Boundaries / River from the top menu bar

Edit / Group from the side menu bar, and click once anywhere on the 
MODFLOW River boundary. The following dialog will appear.
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Active box, to remove this check box, effectively making this boundary 
condition Non-Active.

[OK]

Next, remove this river from the Overlay control

[F-9]

BC(F)-River, and remove the check box

[OK]

Import MIKE 11 River Network
Boundaries / Import MIKE 11 River Network from the top menu bar

Locate and select the square.omi file which can be found in the Visual MODFLOW 
installation directory under C:\My Documents\Visual 
MODFLOW\tutorials\MIKE11\Box\Supp_files\

[Open]

The MIKE 11 river network will now appear in the overlay as a new .SHP file, and the 
link to the MIKE 11 model will be defined, and shown below. 
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You are now ready to define the MIKE 11 Run settings.

MODFLOW 2000 & MIKE 11 Coupled Simulation

Define Surface Water Leakage (MIKE 11) Run Settings
File / Main Menu from the top menu bar

[Yes] to save changes to the boundary condition data.

Run from the main menu bar
MODFLOW 2000 / Surface Water Leakage from the top menu bar

The MIKE 11 Run Settings dialogue will now appear. 
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In this dialogue you will select the proper settings to run MIKE 11 with Visual 
MODFLOW.

Link to MIKE11 Model checkbox to enable the Visual MODFLOW/ MIKE 
11 Model link
[Synchronize] to synchronize the start and end times of the Visual 
MODFLOW model with the MIKE 11 model. 
[Yes] in the warning message dialog that appears. The dialog should now 

appear similar to the one shown below.

OK when finsished to close the MIKE 11 Run Settings dialogue
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Run MODFLOW 2000 & MIKE 11 Coupled Simulation
Run from the main menu bar

Translate & Run

The MODFLOW 2000 numeric engines will then run. This should take approximately 
30 seconds, depending on system resources.

The MODFLOW + MIKE 11 simulation will be complete, when you see a blue check 
mark beside the nodes in the engines tree, as shown below.

File / Exit from the main menu bar of the VMEngines window, to close this 
window. You are new ready to view the output.

Viewing Visual MODFLOW Output
To load the Visual MODFLOW output, 

Output from the main menu bar

The output window displaying the Head Equipotentials, will appear similar to the 
figure shown below.



12 Visual MODFLOW with MIKE 11 Tutorial

Mass Balance
After running MODFLOW + MIKE 11, a new term “Surface Water Leakage” will be 
added to the .LST file, and as a result, displayed in the Mass Balance Report.

Maps / Zone Budget from the main menu bar

Mass Balance button from the side tool

Last Time button at the top of the window, and the following dialogue will 
appear.



Summary 13

You can see, the effects of the MIKE 11 boundary appear under “Surface Leakage - 
IN”; the amount at the end of the simulation is approximately 64,540 m3.

By comparison, the river leakage from the MODFLOW River was 65,340 m3.

Difference ~800 m3

Take a moment to review the model inputs and outputs, for different categories.

[Close]

File / Main Menu from the main menu bar

This concludes the tutorial exercise.

Summary
By comparison, MSHE runs with MIKE 11 and generates a baseflow from the river to 
the groundwater of ~76,000 m3 over the day. In principle these should be the same as 
the Visual MODFLOW simulation. The difference seems related to numerical 
discrepancies. For example, the water level in M11 fluctuates slightly and the initial 
flux of water from MSHE seems higher than the initial flux in MODFLOW. 
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