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1. Introduction

This document is part of training modules for the Nile Basin Decision Support System
(DSS). These modules are developed for use in classroom training that is given to
Nile Basin countries and as a self-learning training material that will be made

available as part of the DSS helpdesk and knowledgebase.

1.1. Purpose

The purpose of this document is to provide a tutorial on four modeling tools that are
currently liked with NB DSS. The tutorial covers the following modeling tools:

- MIKE HYDRO,

- NAM,

- MIKE 11 and

- MIKE SHE
All the above modeling tools are parts of Mike by DHI, registered trademark of DHI:

Water — Environment — Health.

1.2. Module pre-requisites

The following prerequisites are needed before taking this tutorial:

Software prerequisites: The MIKE by DHI version 2014 has to be installed.

User prerequisites: User is expected to be familiar with the Rainfall-Runoff,

catchment and hydrodynamics modeling basics and concepts.

1.3. Expectations

Upon successful completion of the lessons, exercises and review questions in this
document, you will be familiar with the DHI modeling tools that can be used within the
DSS.

1.4. Conventions

The following conventions are followed in this document:

means a tip for the user
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O

I

4] means important information

1.5. Module data

Files that are needed for  this module are located at the

.\Modelling_Tools_Module\Data folder.

1.6. Links to additional resources

In addition to the information presented in this module, below are links to additional
resources that you can access to obtain further information on the following:
MIKE By DHI products:
= http://www.mikebydhi.com/products
MIKE HYDRO:

= http://www.mikebydhi.com/products/mike-hydro-basin
= MIKE HYDRO help file which can be accessed from MIKE Zero's help

menu.
MIKE 11:

= http://www.mikebydhi.com/products/mike-11

= MIKE 11 help file which can be accessed from MIKE Zero's help menu.
MIKE SHE

= http://www.mikebydhi.com/products/mike-she

= MIKE SHE help file which can be accessed from MIKE Zero's help menu.

1.7. Problem Reporting Instructions

This document will be updated regularly. Therefore, it is highly recommended to

report any spotted problem to helpdesk@nilebasin.org so it can be corrected in future

versions. When reporting the problem, you are kindly requested to provide the
following:

¢ Document title

¢ Document version

o Page number where the problem was spotted

e A description of the problem
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2. Lessons

In this section the following lessons (with exercises) are included:

MIKE HYDRO Tutorial: This lesson introduces you to MIKE Hydro and guides
you through the set-up of a model and simulation of a simple catchment
system.

NAM (Rainfall-Runoff model) Tutorial: This lesson introduces you to NAM and
guides you through the set-up of a model and simulation of a simple Rainfall-
Runoff process.

MIKE 11 Tutorial: This lesson introduces you to MIKE 11 and guides you
through the set-up of a model and simulation of a simple river system.

MIKE SHE Tutorial: This lesson introduces you to MIKE SHE and guides you
through the set-up of a model and simulation of a catchment (rainfall-runoff)

process.

After completing the lessons and exercises in this section you will gain

knowledge on using the DHI modeling tools that are available in the DSS.
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2.1. MIKE HYDRO Tutorial
Introduction

MIKE HYDRO is the Graphical User Interface framework for some of the DHI Water
resources software products. It features a map based and easy-to-use Graphical
User Interface and will, in the coming releases, integrate the DHI Water resources

products into one, common GUI framework.
Short Description of MIKE HYDRO

MIKE HYDRO offers a map based user interface for model building, parameter
definition and results presentation for water resources related applications. MIKE
HYDRO Release 2014 includes the following modules:

e Basin module (MIKE HYDRO Basin)

¢ River module (MIKE HYDRO River)

MIKE HYDRO Basin is the successor of DHI's ‘MIKE BASIN’, former product for
integrated water resources management and planning. It is a model framework for a
large variety of applications concerning allocation, management and planning
aspects of water resources within a river basin. Applications related to the MIKE
HYDRO Basin module include:

¢ Integrated Water Resources Management studies

e Provision of multi-sector solution alternatives to water allocation and water

shortage problems
e Reservoir and hydropower operation optimization
o Exploration of conjunctive use of groundwater and surface water

¢ Irrigation scheme performance improvements

MIKE HYDRO River is a modeling framework for defining and executing one-
dimensional river hydraulics models for a large variety of river related project
applications. Release 2014 of MIKE by DHI is the first release including the MIKE
HYDRO River module. This first release contains a subset of all required features
and options which are available in the current User Interface framework for MIKE 11.
Applications related to the MIKE HYDRO River module include:

¢ Flood analysis and flood alleviation design studies

¢ Real time flood or drought forecasting

o Dam break analysis
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e Optimization of reservoir and gate operations

o Ecology and water quality assessments in rivers and wetlands

o Water quality forecasting

e Sediment transport and long term assessment of river morphology changes

e Wetland restoration studies

This tutorial focuses on the 'Basin' module of MIKE HYDRO.
System Requirements

The recommended minimum system requirements for MIKE HYDRO are:

Operating Fully supported operating systems *

systems Windows 7 Professional Service Pack 1 (32 and 64 bit), Windows 8 Pro (64 bit)
and Windows Server 2008 R2 Standard Service Pack 1 (64 bit). Non-
supported but partially tested operating systems **

Windows XP Professional Service Pack 3 (32 bit), Windows 8 Pro (32 bit) and
Windows Server 2012 Standard (64 bit).

Processor 2.0 GHz Intel Pentium or higher and compatibles, or equivalents
Memory (RAM) 2 GB (or higher)

Hard disk 40 GB (or higher)

Monitor SVGA, resolution 1024x768 in 16 bit colour

Graphics adapter | 64 MB RAM (256 MB RAM or higher recommended), 24 bit true colour
Media DVD drive compatible with dual-layer DVDs is required for installation
File system NTFS

Software .NET Framework 3.5 SP1 and .NET Framework 4.0 (Full Profile)

reguirements

* Fully supported operational systems are systems that have been tested in accordance with MIKE by DHI's Quality
Assurance procedures and where warranty and software maintenance agreement conditions apply.

** Non-supported but partially tested operating systems are systems, which are not officially supported by the MIKE
by DHI software products. These operating systems have only undergone very limited testing for the purpose of
MIKE by DHI software, but the software and key features are likely to work. Installation of MIKE by DHI software on a
non-supported operating system is done so at the user's own risk.

Installation of MIKE HYDRO

Installation of MIKE HYDRO is done as part of the Mike by DHI installation (For

details see the DSS installation training module).
How to start MIKE HYDRO

To start MIKE HYDRO, go to Start -> Programs -> MIKE by DHI 2014 -> MIKE Zero
or search for MIKE by DHI 2014 and select ‘MIKE Zero’. Then you can select the
drop-down menu ‘File’ and then select ‘new’ and select MIKEHYDRO and then follow

the setup wizard (first time use).

Starting MIKE HYDRO without a DHI configured hardware key and valid license files

will cause the program to run in demo mode. If this happens, a message box will
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inform you during program initialization. When running in demo mode, MIKE HYDRO

supplies full access to all editors, computational engines and editing facilities.

However, restrictions apply to the setups that can actually be executed as a model

simulation or when saving the model file.

MIKE HYDRO Interface

The MIKE HYDRO User Interface consists of the following six main components
(See Figure 1):

Tree view which contains three tabs:
= Setup to control of model parameters
= Symbology to control of symbology and labels
= Results to view simulation results
Map view and tabular view which can be used to select and edit model
objects respectively.
Property view which provides another way of displaying and editing the
properties of model parameter groups, including the model objects.
Output window which can display a collection of different windows depending
on the situation. By default, these windows are shown as tabs. The individual
windows are:
= Validation which shows validation status messages and error
messages. Each time a model object is edited, its data is validated and
any errors are shown in this window
» Simulation which shows progress and output from the computational
engine
= Time Series which is automatically shown when plotting either input
and output times series
Ribbon: This is located above the Map view and gives access to graphically
editing the river network. Each model object will have a corresponding set of
tools
Menu bar and tool bar which contains functionality for viewing and working

with your model setup
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Figure 1: MIKE HYDRO com_ponents

MIKE HYDRO model objects

In order to build a model in MIKE HYDRO, you need to use its objects to schematize
your study area. Below is a description of the key MIKE HYDRO model objects that

can be used in schematization.

Catchment

Catchments are primarily included in a model to provide inflow to the River network.
A model may contain any number of Catchments. Catchments may be represented
schematically, or by their delineated boundaries as illustrated in Figure 2. The
primary difference between schematic and delineated catchments in a model setup is
that the catchment surface area is directly derived from the topography used to
delineate the catchment for the delineated ones whereas the surface area may be

specified manually for the schematized catchments.
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Runoff from Catchments can either be user-defined through a predefined runoff time
series file or it can be calculated using one of several Rainfall runoff models available
in MIKE HYDRO (e.g. NAM). Runoff from a Catchment is added to a River network at

Catchment nodes.

Delineated Catchment

schematized Catchment

Figure 2: delineated catchment (left river branch) and schematized catchment (right river branch)

River (links and nodes)
The River network forms the basis of both Basin and River applications of Mike

HYDRO. In the Basin application, the river network is defined as a combination of

iEranch Connection |
o

Figure 3: River network examples for a Basin model.

Reservoirs

The Basin module accommodates multiple multi-purpose Reservoir systems.
Individual Reservoirs can simulate the performance of specified operating policies

using associated operating rule curves. These define the desired storage volumes,
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water levels and releases at any time as a function of current water level, the time of

the year, demand for water, and losses and gains.

Hydropower Plants

The Basin module can perform advanced hydropower simulations for either existing
systems or for evaluation of the feasibility of new developments. A Hydropower plant
extracts water from one or more reservoirs, produces power according to effective
head difference and power efficiencies, and returns water to one or more
downstream locations. It is hence required to initially define at least one Reservoir in
the model to be able to connect and include a hydro power plant within the model
setup (illustrated in Figure 4). Calculation of hydropower can include special options
such as conveyance and head losses as well as tail water level and backwater

effects from cascading reservoirs

Reservoir

. 8 Hydropower Plant

Figure 4: Hydropower plant defined with a single reservoir connection and return flow definition to river
location downstream of reservoir

Water user Nodes
Water users represent water consuming activities withdrawing water from the river or

a reservoir. A model setup may contain any number of Water users of two types;
Irrigation water users and Regular water user (e.g. municipal, industrial and any other

type of Water user).

Water users are connected to the river network through supply flow connections and
return flow connections, where supply flow is being extracted from the supply

connection point and the return flow is the water returned from the water user once
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the final consumption has been calculated. Water user definitions and options for
connections are illustrated in the figure below.

| Regular Water user i

Extraction point

Return flow point

(_ Imigation Water user )

.

Figure 5: Water users connected to the River network through Supply connections and Return flow
connections

Configuring a simple model in MIKE HYDRO

This section describes the steps needed to set up a simple model in the Basin
module.

Create a new model
To create a new model, start MIKE Zero, select ‘File’ then ‘New’ and choose the

MIKE HYDRO model document type from the MIKE HYDRO group.
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=% New File

Product Types: Documents:
B {1 MIKE Zero .

el II/KE HYDRO

3 MIKEN MIKE HYDRO
MIKE 21 Model {.m...

MIKE 3 :

MIKE 21/3 Integrated Models

LITPACK

MIKE FLOOD

MIKE SHE

be6008

|MIKE HYDRO - & physical and conceptual model system for catchments, rivers and floodplains

[ oc ]| cencal |

Figure 6: Create new MIKE HYDRO model

Press the 'OK' button and an empty document will be created and the setup wizard

will automatically open. Press the 'Next' button and move to the next step.
£ New MIKE HYDRO Setup [3m]

MIKE HYDRO Setup Wizard

This wizard helps you create a new MIKE HYDRO setup. You may at any time press
Cancel to revert to default parameters.

Show this wizard the next time | create a new MIKE HYDRO document

To continue, click Next

Define simulation specifications
The setup wizard guides you through the following simulation specifications:
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e Modules
The initial step to be made in a MIKE HYDRO model-file definition is to define
whether the actual project is a Basin model or a River model. This selection is
made in the upper drop down selection box. From this box, choose either

'‘Basin’ or 'River' to activate one of these model types.

Following the selection of "Model type' there are a number of options for
selecting additional features through activation of Model specific modules and

global settings for the specific project (see Figure 7).

<% New MIKE HYDRO Setup

Modules

Model type

[Basi -|

Basin modules

Data Sim.

[#]  [7] Basin simulation

Global parameters

[7] Substract area of irrigation users and reservoirs from catchment area to calculate runoff

| <Back |[ Ne> ]| Cancel | | Hep |

Figure 7: Model type and Module selection page.

The "Modules' section of this page contains two columns of checkboxes.
These can be activated and deactivated by the user depending on the
preferred GUI appearance and requirement for the project simulations. The

checkbox functionality is as follows:
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'Data’ checkboxes:

If the 'Data’ checkbox is enabled, all data related to the specific module or
feature will become visible in the user interface tree view and data may be
edited.

'Sim' checkboxes:
To enable a specific module in the simulation, it is required to activate the

'Sim' checkbox additionally.

For this example, check the data and ‘sim.” boxes for the basin simulation
module which includes the options for calculating a large variety of different
processes and model components taking part in the water consumption and
influencing the water balance with a river basin. Press the 'Next' button and

move to the next step.

o Description: The Description dialog appears (Figure 8) and it includes the
option for supplying a user specified 'Title' and a 'Description' for the
simulation and the project in general. Every simulation should be given a Title
to help in describing the actual simulation performed. The title is also included
as part of the default name for result-files defined by MIKE HYDRO. Give
your model a Title and description and then Press the 'Next' button to move to

the next step.

Page 17



DSS Modeling tools

<3 New MIKE HYDRO Setup (3]

Description

Title:
My Model

Description:

This is @ demo maodsl|

| <Back |[ MNet> || Cancel | [ Heb

Figure 8: Description dialog.

o Coordinate System: The Coordinate System dialog appears (Figure 9). It is
recommended to reference the model setup geographically. A coordinate
system can be selected for the map as well as for the features (e.g.
catchments, branches, and nodes with different types). If two different
coordinate systems are selected, the coordinates of the features are
automatically converted into the selected map coordinate system when
displayed in MIKE HYDRO. However, features are saved in their own
coordinate system in input and result-files. Since this is a demo example,

select 'No projection' and press the 'Next' button and move to the next step.
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<5 New MIKE HYDRO Setup

Coordinate System

Map view coordinate system
@ No projection
(") Map projection: Sphere Mercator {Radius = 6378137)

(") Sphere Mercator (Radius = 6378137) required for Google Map

Sphere Mercator (Radius = 6378137
e |0.00 — [m] Boc: |0.00 | [arcsec]
Scale:
dy: (0000 = [m] Ry: |0:00 =|| [arcsec] 0.00 = [ppm]
dz: |0.00 =i [m] Rz: 0.0 | [arcsec]
| <Back |[ Net> || Cancal || Heb

Figure 9: Coordinate system dialog

e Background Map: The Background Map dialog appears (Figure 10) to select
map that can be used as background for your model. In this case select
'None' and press the 'Next' button and move to the next step.

e Shape File Overlay: The Shape File Overlay dialog appears (Figure 11Figure
10). In order to add a shape file overlay click and browse to select the

shape file. If a projection file (PRJ file) exists, the projection type is
automatically read. Otherwise, a user specified map projection must be
selected. The shape file overlay can only be visible in Map view if the 'Overlay
visible' option is enabled. Features may then be labeled by enabling the
'‘Label features' option and selecting the desired Label field in the overview
grid. Shape files are displayed in Map view following their order in the list of
shape files, i.e. the shape in line 1 is plotted first, then shape 2 on top of
shape 1, then shape 3 on top of shape 1 and 2 etc. It is possible to arrange
the order of the different shape files by selecting a specific shape file and
using the arrows @; to either move the specific shape file up or down in
the list of shape files. Shape file overlays can be deleted using the E] button.
In this case leave the dialog as is and press the 'Next' button and move to the

next step.
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Working Area: The Working Area dialog appears (Figure 12). A working area
may be defined by clicking 'Draw working area as rectangle on the map' and
dragging a rectangle on the map. Once defined, the working area may be
edited (and edits must be saved) but it cannot be deleted (Figure 13). To
show the working area in Map view, enable 'Show working rectangle on map'.
If no working area is defined, the maximum extent of features is used as
default working area. In this case define a suitable working area and save.

Press 'Next' and then 'Finish' to close the wizard.

<% New MIKE HYDRO Setup [

Background map

[ Visible
Background map overday

@ MNone

) Google map
Google map type: | Satelite Image

") Countries/Coastling shape file {Network connection not required)

Map properties

[] Map legend

| <Baock |[ Next » ]| Cancel | | Hep

Figure 10: Background map dialog
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= New MIKE HYDRO Setup ==

Shape file overlay

Title:

File name:

Paoints: | Fc
Fill color: 1 v Outline color — v
Point size: 'r“ _.:_; Outline thickness |1 =
Point style: | v
+ -2 3
<Back || MNet> || Cancel || hHeb |
Figure 11: Shape File Overlay dialog
<5 New MIKE HYDRO Setup =
Working area

[] Show working area rectangle on map
Rectangle for working area

Featurs coordinate system

Lower left comer Upper right comer

X0 Y0 X1 Y1

-36474507 21 15432322 5 -19724411.62 40792280.3
|[ Edit working area rectangle on the map... ]l

. BoE f&d-»\

< Back ][ Nexd > ][ n H Help

Figure 12: Working area dialog

Page 21



DSS Modeling tools

< New MIKE HYDRO Setup

Working area

{”] Show working area rectangle on map
Rectangle for working anea
I Feature coordinate system
Lower left comer Upper right comar
X0 Yo X1 Y1
-36474507.21 154323225 -19724411.62 407322803

Resize

<back |[ Met> ][ Caca | [ hb |

Figure 13: Editing and saving a working area

MIKE HYDRO Setup Wizard Complete

*fou have successfully completed the wizard

To close this wizard, click Finish

Figure 14: Finish the wizard dialog
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Create the River network
After completing the simulation specification, model objects need to be added to the

model. In this case, you will add first the branches of a river network including
associated River nodes and Branch connections. These can be created in three

different ways:

Method 1: Digitizing a River network which is done using the Branches tools (will be

described for this exercise).

Method 2: Importing a River network from either an existing shape file or a MIKE 11
network by selecting 'Import' option in the File drop-down menu as shown in Figure
15.

Import * Metwork from shape file...
Export * Import from MIKE 11 [

Figure 15: Importing a river network

Method 3: Deriving the River network and its Catchments automatically from a Digital
Elevation Model (DEM). In the current version the catchment delineation is only
available for the Basin module. This is done by selecting the 'River tracing and
catchment delineation’ option in the 'Tool' drop down menu in the MIKE Zero menu

bar.

[Tools | Window Help

[Fliver tracing and catchment delineatiu:un..]

Auto generate cross sections...

Additional storage area...
Figure 16: Deriving the River from a DEM.

For the current exercise, you will digitize the river network on the map. For this
example we have only one branch. To digitize a Branch, go to Map view, select the
Branches ribbon and click on the 'Add’ button (Figure 17). Use the left mouse button
and click at each point along the river. To finish the Branch, double-click on the last
point.

To edit an existing branch, click on the "Edit Branch' button and click on the branch to
be edited. All points on the branch are shown with small squares (See Figure 18). To
add a new point click on branch at the location of the new point. To move an existing
point click on the square and drag to the new location. To remove an existing point

double-click on the point.
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Map l Branches I ‘Water users Hydropower plants Reservoirs Catchments

' 4 idm ‘\ & Add i Select
% == d= Type | Regular E\ 2 Move ~ Add/Edit
Select | | Add | EditBranch Cit  Merge Delete = Select -

@ Delste ¥ Delete
Branch 1 | User defined chaina... & | Branch Conn... &

Sel

& Add
B Move

& Delete
Fiver node F]

Figure 17: Branch Ribbon

(]

O
O

Figure 18: An example of a branch in edit mode

Branches may be connected by using the 'Add/Edit Branch Connection' button. In the

Basin module, always digitize Branches and Connections from upstream to

downstream.

Your model should look like Figure 19 in the map view.

Figure 19: River branch
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In the setup tree view, select the Branches and then investigate the properties

window (Figure 20). The river branch was given a name (i.e. Branch 1) which can be

edited, an identifier and starts and end chainage which cannot be edited.

Setup R X || Property
= of Introduction » ||["a Network/Branches
- Simulation specifications i 4 Branch 1
- f Modules Branch Nar Branch 1
- o Description dentifier | E2Z
Simulation period Start Chainz 0
Time step control End 3R72426 46
Computational control paramete Upst
= 1 Map corfigurations

. of Coordinate system

- o Background map
Image ovedays (0)

- of Shape file overay {0)

. f Working area

- & River natwork

- of

- 1 River nodes (0}
Priority nodes (0)

Routing method ()
f— T i o g i

UpStr. Chai
/ Downstr. Nz
Downstr. Ct

Figure 20: Branch properties

Create a Catchment
In this example, the Catchment is a schematic catchment, i.e. the catchment is

represented by a default shape. To create a schematic catchment, select the 'Add’

button under the Catchments ribbon (See Figure 21) in Map view and clicking on the

Branch at the downstream end of a catchment. The mouse cursor changes to a plus

sign when it is on the branch. Here a catchment node will be automatically inserted.

The upstream end of a catchment is given by the next upstream catchment node or

the upstream end of the Branch.

Map

W

Select

Branches Water users
o =
C'L :? b \__f? ql .\*
= el -
Add Move  Delete
imert P

Hydropower plants

Resenvoirs

Figure 21: Catchment Ribbon

Your model should look like Figure 22 in the map view.
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Figure 22: River branch and a catchment

When the catchment has been created, the catchment properties must be specified
in the Catchments Tabular view or the Property view. Therefore you will see a red
cross in the setup window (See Figure 23) and also validations messages (See

Figure 24) to warn you about that.

: b Routing method (0)

EI Catchments

. i Catchment definitions (1)
EI Water users e

H i Water user definitions (1)
Figure 23: Red cross to warn that data is incomplete

Validation

Catchment definitions (1): Catchment 1: Catchment runoff time series: File path is emph

Validation Simulation

Figure 24: Catchment error messages in the "Validation' window

Go to the Tabular view, it should look like Figure 25. Since this catchment is
schematized, you need to input its area. You need also to provide a runoff time
series for it as you are not going to use a rainfall-runoff model in this case. So
uncheck the 'Use catchment shape to calculate area’ option and input an area of 100
Km2. In the 'Runoff time series' box, click the m button then select 'Browse' and
navigate to the ..\Modelling_Tools_Module\Data\MH folder and select the 'Catchment

runoff time series_C1.dfsO' time series.
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Tabular
General
Catchment name: Catchment 1  Identifier: c4

Use catchment shape to calculate area

Area: [1.6037E+06. I
Groundwater model: | None -|
Rainfall-runcff model: | None 1

Funcff time series: i i :]

[] Calibration plot
Load shape

Map | Tabular |

Figure 25: Tabular view for a catchment

Insert a Reservoir

To insert a Reservoir in the model select the 'Add’ button under the Reservoirs ribbon
(See Figure 26) in Map view and click on the desired location of the Reservoir. The
Reservoir must be located on a river Branch. Move the mouse until the cursor
changes to a plus sign - this signals that you found the branch where you can add

the reservoir node.

Map Branches Water users Hydropower plants

LA EER:

|Seled| Add Move Delete Select  Add Edit Delete

Resenvair F] Connection ]

Figure 26: Reservoir Ribbon

Your model should look like Figure 27 Figure 22in the map view.
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Figure 27: Adding a reservoir to the model

Now examine the 'Validation' window. A number of error messages appear in this
window (Figure 28) after inserting the reservoir. They are all related to data that

needs to be completed for it.

Validation

Feservor defintions (T} Reservoir 1 Level area volume table Fie path is ampty
Fiasarvoir defintions (1) Reservoir 1: Charactaristic levels time sanes: File path is empty
Reservor definitions (1} Reservoir 1: Flood control time seres file: Fle path is empty

Validation | Simulation

Figure 28: Error messages in the 'Validation' window.

Select the reservoir in the map view if it is not already selected by clicking on the
'Select' option in the reservoir ribbon and then selecting the reservoir. This highlights
the reservoir node and selects it in the properties pane. Move to the Tabular view to
input the reservoir data (See Figure 29). You need first to select the reservoir type.
There are three types of reservoirs can be modeled and the input requirements will

depend on the reservoir type selected. These types are:

¢ Rule curve reservoirs regard the reservoir as a single physical storage and all
users are drawing water from the same storage. Operating rules for each user
apply to that same storage and the users compete with each other to fulfill
their water demand.

o Allocation pool reservoirs also have physical storage, but the individual users
have been allocated certain storage rights within a zone of water levels. An
accounting procedure keeps track of the actual water storage in individual
pools allocated for water supply users and in a single pool for downstream

minimum flow releases (water quality pool). Thus, a particular water level is
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not uniquely related to a set of volumes in all pools (one can 'shift some
volume from one pool to another without any effect on water level).

o Lakes are specific reservoirs for which no operation rules apply. The outflow
from a lake can be restricted by a spillway relationship. If no such relationship
is given and the water level is at dead zone level (top of dead storage), all
inflow that is not allocated to water users will flow out from the lake

immediately. Lakes may be used to represent wetlands.

.Tabular

General |Opeiations | Users | Remote flow control | Storage demand | Spillways |

Name: Reservoir 1 |dentifier: RE

Branch: Branch 1

Chainage: B713817.65

Reservoir type: Rule curve reservair -

Initial water level: 540

Level area veolume table: D

Characteristic levels: E

Include losses and gains: [

Lesses and gains:

Sediment distribution type: | Type |

: Mame Branch name Chainage

» T oech 1 571381785

Map | Tabular

Figure 29: Tabular view for a reservoir

In this case, the reservoir is a 'Rule curve reservoir'. Now we need to enter a 'Level
area volume curve' for this reservoir. In the 'Level area volume curve' box, click the
[:[] button then select  'Browse' and navigate to  the
.\Modelling_Tools_Module\Data\MH folder and select the 'Level area volume
table_R5.dfs0' time series. Do the same for 'characteristic levels' and select the
'‘Characteristic levels time series_R5.dfs0' time series. Now move to the next page
'‘Operations’ and do the same for 'Flood control level time series' and select the
'Flood control time series file_R5.dfsO' time series. Now go back to the 'General'
page and change the initial water level to 544 m. All validation error messages

should disappear now.

Insert two Water users
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To insert a Water user (regular and/or irrigation) in the model select the 'Add' button
under the Water user ribbon (Figure 30) in Map view and click on the desired location
of the Water user in the map. A Water user can extract water from one or several
Branches and/or Reservoirs. This is done through a supply connection. A Water User
can return unconsumed water to one or more Branches through return flow
connections. A connection can be added by selecting the 'Add' button under the
water user ribbon in the map view by clicking on the starting point of the Connection
and dragging to the desired end point. The digitization of a connection must always
be done in the direction of the flow, i.e. from extraction point to Water user, or from

Water user to return flow point.

Map Branches Water users Hydropower plants Fled

Select || Add Move Delste Select | Add Edit Delete

Water user = Connection ]

Figure 30: Water users ribbon

In this case, the following two water users will be added:
1. Aregular user that extracts water from the catchment node through a
connection link and returns its unconsumed water to the branch.
2. Aregular user that extracts water from the reservoir node through a
connection link and returns its unconsumed water to the branch.

Your model should look like Figure 31 Figure 27Figure 22in the map view.

Figure 31: Adding two water users

Select the water user that extracts water from the catchment in the map view if it is

not already selected by clicking on the 'Select' option in the water users ribbon and
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then selecting the water user. Move to the Tabular view to input its data (See Figure

32). You need first to input the user type. In this case ensure it is a regular user.

Tabular

General | Supply connections I Retum flow mnnedicnsl

Mame: Water User 1 " Identifier: w7
Type: ’ Regular user hd ]

\nater use time series:

Groundwater options: | Mot using groundwater v

Supply Catchment: - %

Groundwater fraction use time series; |

Groundwater absolute use time series:

Name Type Water use time series Groundwater o
[} Water User 1 Regular user Mot using groun|
Water User 2 Regular user Mot using groun
1
Map | Tabular |

Figure 32: Tabular view for a water user

Now we need to enter a 'Water use time series' for this water user. In the 'Water use
time series' box, click the IE] button then select '‘Browse' and navigate to the
.\Modelling_Tools_Module\Data\MH folder and select the 'Water use time
series_W2.dfs0' time series. Now move to the next page 'Supply connections' and
ensure the supply type is 'Call by priority'. Now move to the next page 'Return flow
connections'. In this page, you need to specify the return from this user to the river
branch (See Figure 33).

Tabular

| General | Supply Cnmed‘_iongl Retum flow connections

Identifier mutrg Chainage fli:l{:tumﬂow Hag
» |E5  |Banc.. 4304331.11 ()

Figure 33: Selecting return flow file.
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Click the D] button then select 'Browse' and navigate to
.\Modelling_Tools_Module\Data\MH folder and select the 'Return flow

series_E3.dfs0' time series.

Repeat the same for the second water user node as follows:
o Water user time series is 'Water use time series_W6.dfs0'
o Supply type is 'Call by priority’

e Return flow time series is 'Return flow time series_E7.dfs0'

Insert a Hydropower plant

the

time

To insert a Hydropower plant, select the 'Add' button under the Hydropower plant

ribbon (Figure 34) in Map view and click on the desired location of the Hydropower

plant in the map. The Hydropower plant needs to be connected to a reservoir. Its

return flow connection is added by using the 'Add' Connection button under the

Connection ribbon in Map view.

Map Branches Water uszers Hydropower plants Re

QGG x| ¥ » F

Select | | Add Move  Delste Select | Add Edit Delete

Hydropower plant Y Connection F

[11]

Figure 34: Hydropower plants ribbon

In this case, you need to add a hydropower plant that is connected to the reservoir

and returns its flow to the same point the second water user does. Your model

should look like Figure 35 Figure 27Figure 22in the map view. When drawing the

connections, the cursor changes to a plus sign when over a reach, and changes to a

circle with four edges when over a node (reservoir or hydropower plant).
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¢ v

Figure 35: Adding a hydropower plant.

Select the hydropower plant in the map view if it is not already selected by clicking on
the 'Select' option in the hydropower plant ribbon and then selecting the plant. Move

to the Tabular view to input its data (See Figure 36).

Tabular
Mame: |dentifier:
Hydropower plant 1 H11
Reservair: Branch: Chainage
Resenvair 1 Branch 1 8101E06
Power demand time series: [j
Head approximation: [ Explicit - ]

[] Use minimum releases from reservoir

Tailwater
[] Use Tailwater table [] Use downstream release from reservoir

Has backwater from reservoir below

Tailwater table:

[] Use power efficiency table
Power efficiency table: .
[] Use head loss table

Head loss table:

i | Name Reservoir Branch

Map i Tabular |

Figure 36: Hydropower plant tabular view

Now we need to enter a 'Power demand time series' for this plant. In the 'Power
demand time series' box, click the IEH button then select '‘Browse' and navigate to
the ..\Modelling_Tools_Module\Data\MH folder and select the 'Power demand time
series_H7.dfs0' time series. Then check the 'Use Power efficiency table' box and in
the 'Power efficiency table' box, click the IEH button then select 'Browse' and
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navigate to the ..\Modelling_Tools_Module\Data\MH folder and select the 'Power
efficiency table_H7.dfs0' time series. Then check the 'Use head loss table' box and in
the 'Head loss table' box, click the [:] button then select 'Browse' and navigate to
the .\Modelling_Tools Module\Data\MH folder and select the 'Head loss
table_H7.dfsO' time series.

Now before we move to next step, note that there are still two error messages in the
'Validation' window. These are related to the reservoir as shown in Figure 37. They
have been added after connecting the water user and the hydropower to the
reservoir. The two messages mean that you need to add operating rules for
supplying water to the individual users. This is done by specifying at least one
reduction level & fraction rule for each user. A reduction level is a time series

containing reservoir reduction water levels and their corresponding reduction factors.

Validation

Reservair defintions (1): Reservoir 1: E6: Mumber of reduction levels cannot be 0 for users connected to a nule curve resenvoir. Add at least one reduction level for this water user,
Reservair definitions {1): Reservair 1: E&: Number of reduction levels cannot be 0 for users connected to a nule curve reservoir. Add at least one reduction level for this water user.

Validation | Simulation

Figure 37: Reservoir validation messages

When the reservoir water level falls below Reduction level 1 for a specific user, the
actual extraction is calculated as the water demand times the specified Reduction
factor 1. If the reservoir water level falls below Reduction level 2, a more drastic
Reduction factor 2 is applied, and so on. Each user has its own set of reduction
levels and corresponding reduction fractions and can have as many sets as required.
Figure 37 illustrates how different Reduction levels and factors can apply to different
water users. In the figure, a low priority user (e.g. industrial production) is getting its
demand reduced earlier and more drastically, than a high priority water user (e.g.
public water supply). Priorities are supplied as input properties of the users

connected to the same reservoir (1 is the highest).
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Low priovity  High priority

Flood Control Level e aRat

100%

=1100% ==

Minimum Operation level

Figure 38: An example of reduction levels and reduction fractions for two users

In the current exercise, specify the same reduction level for both users. To do this,

select the reservoir as done in Insert a Reservoir section and open its tabular data

window. Move to the 'Users' page (See Figure 39). Click in the box under the 'No. of
Reduction levels' title and change the number to 1. Following that a new line will
appear to allow you to add a reduction level time series (Figure 40). Click the | . |
button then select '‘Browse' and navigate to the ..\Modelling_Tools_Module\Data\MH
folder and select the "Water supply fraction time series_E6.dfs0' time series. Repeat
the same steps to add a reduction level time series for the hydropower plant. Now,
you have completed configuring the model. From the 'File' menu click 'Save' to save

the model.
K ITEIhIJlEIr
| General | COperations | Users | Remote flow control | Storage demand | Spillways |
Mame |dentifier Priority ool owners... Hasflow loss  Fl
3 Water Us... EG |
Hydropo... EB8 [}
Figure 39: Changing the number of reduction levels
K || Tabular 2
|Germd|OpaM|Uwsﬂmeﬁw dunwiw - __‘
MName Identéier Prionty Mo. of Redu... Poolowners.. Hasflowlioss Fowlossti.. Hasflowea.. Flow capaci... |
» 4 Water Us_ E6 1 1 ] = |
Reduction level and fraction file !
+ I ] -
Hydropo... E% 2 0 B 0 1

Figure 40: Adding a reduction level and fraction time series
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As noted, You can connect multiple Water users, Hydropower plants to a Reservoir.
By default, connections are given a priority according to the sequence in which they
are digitized. The priority can be changed in the priority column (See Figure 40).

Number 1 has first priority; number 2 has second priority, and so forth.

Validate the setup

The initial validation status of the model setup is indicated in the Setup tree view. If a
green tick mark is displayed on the tree node, the group of setup parameters is valid
(See Figure 41). In case of errors, a red cross is displayed in the tree node and an

error message is displayed in the Validation window.

Setup B x Setup 1 x
- o Introduction o Introduction
=] Simulation specifications = 11 Simulation specifications
- of Modules - o Modules
» Description o Description
Simulation period - 7 Simulation period
Time step control Time step control
Computational control parameters - 1 Computational control parameters
= o Map corfigurations 2~ o Map configurations
+ Coordinate system - o Coordinate system
.. of Background map - # Background map
Image overays (0} Image overays (0}
o Shape file overlay (0) - o Shape file overay (0)
v of Working area o Working area
- of River network S of Fliver network
o of Branches (1) - o Branches (1)
River nodes (4) River nodes (4)
Priority nodes (1) - 1 Priority nodes (1)
Routing method (0} Routing method (0)
- o Catchments B of Catchments
L of Catchmert definitions (1) i '~ of Catchment defintions (1)
- of Water users - of Water users
o Water user definitions (2) { of Water user defiritions {2)
Imigation data =) Imigation data
Imigation method (0} Imigation method {0}
Crops {0} Crops (0)
Soil and runoff (0} 1 Soil and runoff {0}
= Reservairs = aBesenois
i of Reservorr defintions (1)
= Hydropower Hydromwe
o Hydropower plart definitions (1) # Hydropower plant definitions (1)

= Result specifications = 1 Result specfications
E Storing of resutts E Storing of results
Setup | Symbology  Result | Setup | Symbology  Result

Figure 41: Setup window with tick marks - All green (Left) and an error (Right)

In addition to this and before running the model, it is recommended to run an
extended validation of the model setup. This is done by selecting 'Extended
validation' in the 'Run' menu. Any validation issues will be shown in the 'Validation'

window. In the current exercise, you should receive the message shown in Figure 42.
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Running a simulation

Before running a simulation, you need to check the simulation period and the
simulation time step. These can be checked from the 'Setup’ window. Select the
'‘Simulation period' under the 'Simulation specifications' as shown in Figure 43. In the

'Properties’ window, the simulation start and end appear. In this case leave the

Validation

Extended validation succeeded without emors or wamings.

Validation Simulation

default values.

Figure 42: Successful extended validation

#5 MIKE Zero - [Mymodel.mhydro - Medified]
® File Edit View PRun Tools Window Help

DSs| ‘28 &2 N

| Setup B X || Propery
- o Introduction » ||| 4 Simulation period
i of Simulation specifications i_ | Simulation start 1980-01-01 00:00:00
P b o Modules Simulation end  1580-07-01 00:00:00

o Time step control
# Computational control paramete|
Map configurations |

" G el T A e e |

m

To check the simulation time step, select the "Time step control' under the 'Simulation
specifications' as shown in Figure 44. In the 'Properties’ window, the simulation time

step length and units appear. In this case leave the default values.

Figure 43: Setting the simulation period
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Setup e x Property

e~ o Introduction [ " -'I:imstepmin;l

\_f Simulation specifications || =
o Modules : Time step length 1
----- ¥ Description ‘_,,.-H"” Time Step Unit  Days

Stochastic analys False

----- Si ion per Time step sub mu 1
J o Time step control / |

o Computational control paramete

Figure 44: Setting the s rﬁulation time step

To execute the model engine, select 'Simulation’ in the 'Run’ menu. Outputs from the
computational engine (i.e. status and error messages) are shown in the Simulation

window (See Figure 45).

Simulation =1

Intializng imgation nodes =
Intializing hydropewer nod

Iniializing reservoir nodes
Intislizing reaches

| Tinitializing reaches wo

Validation | Simulation

Figure 45: Simulation status window

Viewing the results

When the simulation has been run, the results may be viewed in the Time series
window. To add an output time series to the window, navigate to the relevant model
parameter group in Results tree view, right click on the relevant object in the Property
view and select the time series to be added to a new/current plot in the Time series
window. Therefore, to show the hydropower generated at the hydropower plant follow
the above steps as shown in Figure 46. Results are then shown in the time series
window (Figure 47). Objects can also be selected in the map view and the context

(right-click) menu will list all outputs for an object allowing plotting in a similar way.

Result ? || Property B X || Map
= of BiverBasin_ Simulation 1 Nodes / Simulation 1 e S ANG -
MN4{Catchment 1)

E3CNES

: NS(Branch 1, 4304931.1° Branches Water users Hirg
i of Catchments

Map
N10{Branch 1, 8101097 ¢ 1z
Wi water User 1) “' v y : ‘
Wa(\water User 2) nd N

Select Delete Select Ag

G i i e e i

H11|Generated power  » | Add to new plot —

39

Add to current plot

Item Type
> Power deficit
Figure 46: Viewing a time series output.

Power
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Time Series
TSPlat-1
[=- RiverBasin_Simulation 1 H1liGenerated B 8 T

it Time : sttt L 6 t [

- H11IGenerated power (FiverBasin_Simulation 1) ﬁverBaslqjlmulat\o . |_‘

Y 111580 1200 g 2 ||

2 | 1/2138012:00... | 8 \

3 | 1/3/1980 12-00: | 8 i - 2/29/1980 4/29/1980 6/28/198

Figure 47: Time series window showing generated hydropower time series

Further help

For further MIKE HYDRO help, you are encouraged to use the help which is
accessible by either pressing the 'F1' button on the keyboard or from the 'Help' menu

then select 'Help topics'. For additional help, ...

Review Questions

1. Describe the MIKE HYDRO modeling system.
2. List some common applications of MIKE HYDRO Basin module.

Page 39



DSS Modeling tools

Answers

1. MIKE HYDRO offers a map based user interface for intuitive model building,
parameter definition and results presentation for water resources related
applications. MIKE HYDRO Release 2014 includes the following modules:

e Basin module (MIKE HYDRO Basin)
¢ River module (MIKE HYDRO River)

MIKE HYDRO Basin is the successor of DHI's former product for integrated
water resources management and planning 'MIKE BASIN'. It is a model
framework for a large variety of applications concerning allocation,

management and planning aspects of water resources within a river basin.

2. Applications related to the MIKE HYDRO Basin module include:
¢ Integrated Water Resources Management studies
e Provision of multi-sector solution alternatives to water allocation and
water shortage problems
e Reservoir and hydropower operation optimization
o  Exploration of conjunctive use of groundwater and surface water

e Irrigation scheme performance improvements
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2.2. NAM (Rainfall-Runoff model) Tutorial
Introduction

NAM is a Danish acronym for ‘Nedbgr-Afstramings-Model' which means
'Precipitation-Runoff-Model'. NAM is a rainfall-runoff module of MIKE HYDRO and
MIKE 11 river modeling systems. It can be applied independently or used to calculate
the runoff generated in one or more contributing catchments that generate lateral

inflows to a river network.

Short Description of NAM

The NAM model is a deterministic, lumped (catchment is looked upon as a single unit
with average values of parameters) and conceptual Rainfall-runoff model. It can
present the processes that take place in the surface zone storage (Overland flow),
root zone storage (Interflow) and the ground water storage (Base flow) as illustrated

in Figure 48.

d

% / RAINFALL

EVAPORATION

RECHARGE
OVERLAND FLOW

BASEFLOW

Figure 48: Rainfall-runoff processes

In addition, it contains provision to deal with snow melt and Irrigation schemes.
Applications related to the NAM include:

¢ Runoff forecasts

e Extension of runoff series

o Estimate effects of Climate Change, for instance on stream flow
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This tutorial focuses on using the NAM module of MIKE HYDRO.
System Requirements

The recommended minimum system requirements for NAM are:

Operating Fully supported operating systems *

systems Windows 7 Professional Service Pack 1 (32 and 64 bit), Windows 8 Pro (64 bit)
and Windows Server 2008 R2 Standard Service Pack 1 (64 bit). Non-
supported but partially tested operating systems **

Windows XP Professional Service Pack 3 (32 bit), Windows 8 Pro (32 bit) and
Windows Server 2012 Standard (64 bit).

Processor 2.0 GHz Intel Pentium or higher and compatibles, or equivalents
Memory (RAM) 2 GB (or higher)

Hard disk 40 GB (or higher)

Monitor SVGA, resolution 1024x768 in 16 bit colour

Graphics adapter | 64 MB RAM (256 MB RAM or higher recommended), 24 bit true colour
Media DVD drive compatible with dual-layer DVDs is required for installation
File system NTFS

Software .NET Framework 3.5 SP1 and .NET Framework 4.0 (Full Profile)

reguirements

* Fully supported operational systems are systems that have been tested in accordance with MIKE by DHI's Quality
Assurance procedures and where warranty and software maintenance agreement conditions apply.

** Non-supported but partially tested operating systems are systems, which are not officially supported by the MIKE
by DHI software products. These operating systems have only undergone very limited testing for the purpose of
MIKE by DHI software, but the software and key features are likely to work. Installation of MIKE by DHI software on a
non-supported operating system is done so at the user's own risk.

Installation of NAM

Installation of NAM is done as part of the Mike by DHI installation (For details see the

DSS installation training module). It is not a stand-alone module.

How to start NAM

To start NAM go to Start -> Programs -> MIKE by DHI 2014 -> MIKE Zero or search
for MIKE by DHI 2014 and select ‘MIKE Zero'. Then you can start MIKE HYDRO as
described in how to start MIKE HYDRO section. NAM is a rainfall-runoff module
within MIKE HYDRO

Starting MIKE HYDRO without a DHI configured hardware key and valid license files
will cause the program to run in demo mode. If this happens, a message box will
inform you during program initialization. When running in demo mode, MIKE HYDRO
supplies full access to all editors, computational engines and editing facilities.
However, restrictions apply to the setups that can actually be executed as a model

simulation.

NAM module EXERCISE — ATBARA BASIN

Page 42



DSS Modeling tools

In this tutorial, a flow gauge in the Atbara river basin is used to help in building a

lumped model of three catchments in the basin as shown in Figure 49.

Hav: g Catrhment 3

Catchment 2 ¢

Catrhment 1 i"'

' o
Figure 49: Atbara basin catchments and flow gauge

Configuring a NAM model in MIKE HYDRO

This section describes the steps needed to set up a NAM model for the above Atbara

catchments.

Create a NAM model
To create a NAM model, start MIKE Zero and choose the MIKE HYDRO model

document type from the MIKE HYDRO group. Follow the same steps as done in

create a new model section but with the following changes:

e Switch off the basin module and switch on the Rainfall Runoff module for data

and Sim.

e Give the model a title such as 'TA_NAM_Model'

o Keep the defaults for the coordinate system, background map and shape

overlay

¢ In the working area, zoom in to the Atbara basin region and draw a working

area rectangle. An example is given below in Figure 50.
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[Ecitwu‘ltingaearec‘laﬂemﬂ‘errm...

Figure 50: Working area for the NAM model example

Following the above steps, insert a river branch and catchment as done in the Create

the River network and Create a Catchment sections under Mike Hydro within the

working area as shown in Figure 51.

Figure 51: NAM model with a river branch and a catchment

Now the point at the catchment outlet represents the flow gauge point and the
catchment represents the three catchments lumped into one.

Defining the catchment parameters
Select the catchments and move into its tabular view. In the 'General' window,

uncheck the 'Use catchment shape to calculate area' option and input an area of
45608 Km2. This is the area of the three catchments. In the 'Rainfall-Runoff model'
box select 'NAM' so the NAM model is used to calculate the run off. Tick also the
'Calibration plot' option so you can specify observation data which can be plotted
against simulation data. General data should look like Figure 52 after you finish.
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General | Rainfallfunoff

Catchment name: Catchment 1 Id

[7] Use catchment shape to calculate area

Area: 45608
Groundwater model: | None - |
Rainfall-runoff model: | NAM =

Runoff time series: El:rladre.l'l\h.’-‘:.l'\';l-.mh;_.-dm - Result ﬁilés.'-\ﬁé}nf-éﬂhunu:lf.'le_éi.ml._llat.inn 1 .u:h;sﬂ-f
Calibration plot
Load shape

Figure 52: General catchment data

Next step is to specify the rainfall, evaporation and observed flow data of the
catchments. This is done in the 'Rainfall-runoff' tab and then 'Time series' tab as
shown in Figure 53.

Tabular

General Rainfallrunoff -

| Surface-rootzone | Groundwater | Snow mekt | Imigation | Initial condtions | Autocalibration | Seasonal varation IITI

| T imm b Doiedoll £

Figure 53: Adding time series data to a catchment

In the 'Time series' window, you will input the following time series from the
".\Modelling_Tools_Module\Data\NAM' folder:

e For Rainfall, select 'Rainfall.dfsQ'.

e For Evaporation, select 'PET.dfs0'".

e For Observed flow, select ' Embamadre Discharge.dfs0'".
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Calibration parameters and methods

There are a number of parameters that you can calibrate to improve your NAM
model. These parameters are:

¢ Maximum water content in surface storage (Umax).

¢ Maximum water content in root zone storage (Lmax)

e Overland flow runoff coefficient (CQOF)

e Time constant for interflow (CKIF)

e Time constant 1 for routing overland flow (CK1)

e Time constant 2 for routing overland flow (CK2)

¢ Root zone threshold value for overland flow (TOF)

¢ Root zone threshold value for interflow (TIF)

¢ Root zone threshold value for groundwater recharge (TG)

e Time constant for routing baseflow (CKBF)

o Lower baseflow, recharge to lower reservoir (Cglow)

e Time constant for routing lower baseflow (Cklow).
For a description of each one of those parameters please use the MIKE HYDRO

help.

MIKE HYDRO offers two calibration methods which are manual and automatic
calibration. In manual calibration, you manually change the parameter values until
you reach a good calibration. In automatic calibration, you specify upper and lower
bounds of a parameter, its initial value and the number of calibration runs. You need
also to specify at least one objective function to use to achieve good calibration. The
objective functions in MIKE HYDRO are:

o Overall water balance. This defines the agreement between the average
simulated and observed catchment runoff overall volume error.

e Overall root mean squared error. This defines the overall agreement of the
shape of the simulated hydrograph with the observed one.

o Peak flow RMSE. This defines the agreement of simulated and observed
peak flows events. If this measure is selected, the minimum river discharge
value above which the flow is defined as peak flow has to be specified in the
Peak flow box.

o Low flow RMSE. This defines the agreement of simulated and observed low

flows events. If this measure is selected, the maximum river discharge value
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above which the flow is defined as peak flow has to be specified in the Low

flow box.

In this example, you will run with automatic calibration. To do this, go to the
'Rainfall-runoff' and then 'Autocalibration' as shown in Figure 54.

[ Gene || Ranfalunoff |

| Surface-rootzone I Groundwater | Snow melt I Imgation I Initizl conditions |~ Autocalibration | Seasonal varation I Time seres

Figure 54: Selecting automatic calibration

Ensure that 'Include autocalibration' is checked as shown in Figure 55. Leave the rest

of the default values.

Tabular
General Rairfall-unoff
[ —— [ | |
| Surface-rootzone | Groundwater | Snow melt Jﬂ@_l_lﬂﬂa{.mﬂdﬂlnﬂil | | Feasonal variation | Time series
Include autocalibration =
Calibration parameters Objective function
| Parameter Fit Initial Value Lower Bound Upper Bound Overall water balance
» 11.06733570... 10 20 [] Overall root mean square error

' Lmax 101.1880298... | 100 300 [7] Peak flow RMSE Peak flow > |0
| | -
CQoF |0.608379422... |01 1 [F] Low flow RMSE Low flow< |0 3
CKIF 203.6245048... |200 1000
CK1.2 24.41643505.. |10 50 Maximun number of evaluation 2000
|CK2 Vv 10 10 50 T
| Initial number of days excluded 0
TOF 0.052017520... |0 0.59%
TIF |0.004604623.. |0 0.5% |3
TG 0.006076423.. |0 0.5%
!CKBF 3081.507518 1000 4000

& | 5 |n a - %

Figure 55: Enabling the automatic calibration option
Running a simulation

Before running a simulation, make the following changes to the simulation period
(See running a simulation section for information):

e The simulation starts on 01/06/1967

e The simulation ends on 31/12/1976.

Following that, validate and run your simulation as done in validate the setup and

running a simulation sections.

Viewing the results

Further help
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For further help on NAM, you are encouraged to use the MIKE HYDRO help which is
accessible by either pressing the 'F1' button on the keyboard or from the 'Help' menu

then select 'Help topics'.

Review Questions

1. Describe the NAM module in MIKE HYDRO.
2. List some common applications of NAM module in MIKE HYDRO.
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Answers

1. The NAM model is a deterministic, lumped (catchment is looked upon as a
single unit with average values of parameters) and conceptual Rainfall-runoff
model. It can present the processes that take place in the surface zone
storage, root zone storage and the ground water storage. In addition, it
contains provision to deal with snow melt and Irrigation schemes.

2. Applications related to the NAM include:

e  Runoff forecasts
e  Extension of runoff series and data-quality assurance

o  Effects of Climate Change
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2.3. MIKE 11 Tutorial
Introduction

The release of MIKE 11, back in 1997, started a new era for the most widely applied
dynamic modeling tool for rivers and channels. MIKE 11 is part of the new generation
of DHI software based on the MIKE Zero concept, comprising a fully Windows
integrated Graphical User Interface, which conforms to the evolving standards for
Windows based software with the well-known and well-tested computational core of
the MIKE 11.

Short Description of MIKE 11

MIKE 11 is a professional engineering software package for the simulation of flows,
water quality and sediment transport in estuaries, rivers, irrigation systems, channels
and other water bodies. It is a one-dimensional modeling tool for the detailed
analysis, design, management and operation of both simple and complex river and
channel systems. With its flexibility, speed and user friendly environment, MIKE 11
provides a complete and effective design environment for engineering, water

resources, water quality management and planning applications.

The Hydrodynamic (HD) module is the core of the MIKE 11 modeling system and
forms the basis for most modules including Flood Forecasting, Advection-Dispersion,
Water Quality and sediment transport modules. The MIKE 11 HD module solves the
vertically integrated equations for the conservation of mass and momentum, i.e. the

Saint Venant equations.

Typical applications of MIKE 11 HD module include:
¢ Flood forecasting and reservoir operation
¢ Simulation of flood control measures
e Operation of irrigation and surface drainage systems
o Design of channel systems

o Tidal and storm surge studies in rivers and estuaries

The primary feature of the MIKE 11 modeling system is the integrated modular
structure with a variety of add-on modules each simulating phenomenon related to

river systems.
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In addition to the HD module described above, MIKE 11 includes add-on modules
for:

¢ Hydrology (rainfall-runoff)

e Advection-Dispersion

e Models for various aspects of Water Quality

e Sediment transport

This tutorial focuses on the HD module of MIKE 11.
System Requirements

The recommended minimum system requirements for MIKE 11 are:

Operating Fully supported operating systems *

systems Windows 7 Professional Service Pack 1 (32 and 64 bit), Windows 8 Pro (64 bit)
and Windows Server 2008 R2 Standard Service Pack 1 (64 bit). Non-
supported but partially tested operating systems **

Windows XP Professional Service Pack 3 (32 bit), Windows 8 Pro (32 bit) and
Windows Server 2012 Standard (64 bit).

Processor 2.0 GHz Intel Pentium or higher and compatibles, or equivalents
Memory (RAM) 2 GB (or higher)

Hard disk 40 GB (or higher)

Monitor SVGA, resolution 1024x768 in 16 bit colour

Graphics adapter | 64 MB RAM (256 MB RAM or higher recommended), 24 bit true colour
Media DVD drive compatible with dual-layer DVDs is required for installation
File system NTFS

Software .NET Framework 3.5 SP1 and .NET Framework 4.0 (Full Profile)

requirements

* Fully supported operational systems are systems that have been tested in accordance with MIKE by DHI's Quality
Assurance procedures and where warranty and software maintenance agreement conditions apply.

** Non-supported but partially tested operating systems are systems, which are not officially supported by the MIKE
by DHI software products. These operating systems have only undergone very limited testing for the purpose of
MIKE by DHI software, but the software and key features are likely to work. Installation of MIKE by DHI software on a
non-supported operating system is done so at the user's own risk.

Installation of MIKE 11

Installation of MIKE 11 is done as part of the Mike by DHI installation (For details see

the DSS installation training module).

How to start MIKE 11

To start MIKE 11, go to Start -> Programs -> MIKE by DHI 2014 -> MIKE Zero or
search for MIKE by DHI 2014 and select ‘MIKE Zero’. Then you can select the drop-
down menu ‘File’ and then select ‘new’ and select MIKE 11 and then follow the setup

wizard (first time use). See MIKE 11 Files for details.
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Starting MIKE 11 without a DHI configured hardware key and valid license files will
cause the program to run in demo mode. If this happens, a message box will inform
you during program initialization. When running in demo mode, MIKE 11 supplies full
access to all editors, computational engines and editing facilities. However,

restrictions apply to the setups that can actually be executed as a model simulation.
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Working with the MIKE 11 User Interface

The current interface of MIKE 11, which is within MIKE ZERO, is different from MIKE
HYDRO that was described in MIKE HYDRO Interface Section. When a MIKE 11
model file is opened in MIKE ZERO, a window similar to the one shown in Figure 56
appears. The Window has a number of elements such as menu and tool bars and
buttons to perform a number of tasks such as creating, opening or deleting a project.
It also has a window where recently opened projects can be quickly accessed. It also
has a window where the model (or project) files are listed and it is called the 'Project
Explorer'. This is where the files and folders that exist physically within the project

folder are listed. Below the 'Project Explorer', a number of other tabs exist. These

are:
o File explorer where model related files are shown
e Tools explorer where tools that are within MIKE ZERO can be accessed
o Map explorer where a list project map related files are displayed (e.g. GIS
layers)
5 MIKE Zero - [Start Page] [E=H =R )
(&1 File View Window Help B EE
DEd| BB &2
: [Project Explorer |
'.@ i;"_=‘|-Demo
SOFTWARE FOR I3 Result
WATER ENVIRONMENTS P CAL-DEMO dfsD
|| CALI-HD.RES™
® calihd1l
Open an Existing Project P calinwkil
= ® calismil
Name Created Modified P calins1l
Demo 12{13/2014 12/16/2013 @ CALIZBNDT1
Vida 12{13/2014 Today 'y Tool Setups

A Simulation History

Recently opened projects Project explorer

1 | i | L
New Project | | Open Project | | Delete Project |
Data and folder tabs |\
> (&P . | ..
Ready x=T7725.5125 y = 12486.333 Se

Figure 56: MIKE Zero Interface

MIKE 11 File types
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MIKE 11 includes multiple editors each operating on different types of data. Data from

these editors must be saved in separate editor files. The default MIKE 11 file

extensions are listed below showing their corresponding editor.

MIKE 11 Editor

Result files

MIKE 11 Files

Network editor
Cross-section editor
Boundary editor
Time series files
HD parameter file
AD parameter file
WQ parameter file
ST parameter file
FF parameter file
Rainfall Runoff parameter file
Simulation editor

File Extension

* NWK11
* XNS11
* BND11
* DFSO
* HD11
* AD11
*WQ11
*ST11

* FF11

* RR11
* SIM11
* RES11

To create a new MIKE 11 simulation file, select 'File' from the MIKE ZERO main menu

bar and choose 'New' and 'File..." to open the ‘New' dialog (alternatively press Ctrl+N)

as shown in Figure 57.

=% Mew File
Product Types: Documents:
E-=1 MIKE Zero ~ =
55 MIKE HYDRO . ‘ ‘ | |
i J MIKE 11 1 Simulation:| River Network Cross Sections ;':!
= MIKE 21 3 (.sim11) {.rwk11) {.xns11)
L0 MIKE3
51 MIKE 21/3 Integrated Mo, —
o Liteack e e e
-1 _MIKE FILOGD ik Boundary RR HD
| i} Conditi... Paramet... Paramet... >
| Simulation
K ] [ Cancel

Figure 57: ‘New File’ dialog for creating a new MIKE 11 simulation file

Select the 'Mikel1l' node on the left and then 'Simulation (.sim11)' file type on the

right and click OK. Following this, the simulation editor will be opened.
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You can create other MIKE 11 files following the steps carried out to create a
simulation file by selecting the type of file you wish to create and press the OK button.

Following that, the specific editor of the created file will be opened (Figure 55).

To open an existing editor file, select 'File' from the MIKE ZERO main menu bar and
choose 'Open' and 'File...' to show the ‘Open file’ dialog (alternatively press Ctrl+0O).
Activate the file type combo box by clicking the arrow button in the ‘All Files (*.*)’ field

and select the type of file you wish to open, see Figure 58.

B2 MIKE Zero - [Start Page] o= =] ” %
[ File View Window Help : 2B8bC AaBbCr
= IKE 11 Simulation Files (*.sim11) -
8 Open MIKE Zero Files KE 11 River Network Files (.nwhd1)
o 2 [Cross Sections (*xns11)
ey ‘ » D55 » MyDocuments » MIKE Zero Projects » MIKE11 » Demo » - |49| Boundary Conditions (*.bnel1)
MIKE 11 RR Parameters(*.rl1)
Organize + New folder MIKE 11 HD Parameters (*.hd11)
= = IKE11 AD Parameters (*.adll)
& Foiaiics MName Date modified Type MKE 11 ST Parameters (*.st11)
s = IKELL FF Parameters (* ff11)
B Desktop . Result 12/20/2004 1131 .. File folder IKE11 Correlation Analysis and Gap Filling Parameters (.cgf]
& Downloads @ calihdll M MIKE Zero{MIKE 11 Batch Simulation (*.bs11)
. : T 7o, THVErEtraTTEr Bestgme-tREBITY
¥ Recent Places W calinwkdl MIKE 2212 ne11 ECO Lab (~.ecolabll) | 4
® calisimll IMIKE Zerc Data Assimilation (*.dall)
4 Libraries L P caliansli MR o MIRE 21, How Mokl [ani21)
= 3 _ MIKEZ1 Flow Model FM (*.m21fm)
5| Documents @ CALLR bndll MIKE Zero| pIke 21 Spectral Waves FM [*.sw)
o Music P CAU-DEMO.dfs0 MIKE Zero MIKE 21 Bousinessq Waves (*.bw)
- .. MIKE 21 Elliptic Mild-Slope Waves (*.ems) E
[&=] Pictures <[ CALEHD 1] RESLLFile \ ke 21 parabolic Mild-Slope Waves (~.pms)
B8 videos || CALI-HD_HOT.RESI1 RES11 File MIKE 21 Non-Cohesive Sediments (*.5t2)
Demo.his HIIS File MIKE 21C Flow models (".m2lc)
. - ) i} MIKE 21 Toolbox (*.21t)
1% Computer 5 Demo.mzp 12/20/201411:50 ... MIKE Zero \iKE 3 Flow Model (*.m3)
(= SYSTEM_DRV (&) || Demo.tool.favorites 411:50 ...  FAVORITE/MIKE 3 Flow Model FM (*.m3fm) |
E: A i MIKE 3 Toolbox (*.3t)
& : 2/20/20 50 X
&, Windows7_05 (C) || Demoutip L2/20/20141150 . TXPFile | \mee 57 2 Coualed Madel FM (nfrm)
5= NBI (\\wboxsnv) (E: MIKE 21/3 Qil Spill (*.noil}
G nbi (Whoxsvr) (Z « MIKE 21/3 Particle Tracking (*.npt)
. LITPACK (*.lit) =
File name: ~ [AilFiles 9 -]
Open |+ Cancel

Figure 58: Open dialog including file MIKE 11 file types selection combo box

After selection of the file, the corresponding editor will be automatically opened with
the content of the selected editor file. The content of the loaded data file can now be
modified. Upon termination of an input editing session, the editor file is saved by
selecting 'File' then 'Save' from the main menu bar. You are automatically prompted
to specify an editor filename if the file is newly created otherwise it is saved under its

name if it is not new.

It is essential that all input files are saved with the correct extension before a
simulation is performed. (Example: saving a Network editor file with the name ‘TEST’,
you should specify ‘TEST.NWK11'’ to ensure, that all files holds the right extension as

this is a must in order for the simulation part of MIKE 11 to work properly.
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MIKE 11 Editors
MIKE 11 comprises a number of different editors in which data can be added and

edited independently of each other. In this section, a description of those editors is

given.

The Simulation Editor

In MIKE 11, there is no direct linkage exists between its different editors as they are
opened individually. Thus, it will not be possible to, for example, view the locations of
cross-sections specified in the cross-section file in the network editor (Plan plot) if
these editors are opened individually. The integration and exchange of information
between each of the individual data editors is achieved by using the MIKE 11

Simulation editor (See Figure 59).

£ MIKE Zero - [cali.sim11]
® File Edit View Window Help

DEH| L2087
| Models |m Simulation I Results I Start |

Input Files
Network znts\MIKE Zero Projects\MIKE_11\Demo\CALINWK11 [] [ Edi...
Cross-sections 1ents\MIKE Zero Projects\MIKE_11\Dema \CALIXNS 11 ) E|
Boundary data rits\MIKE Zero Projects\MIKE_11\Demeo \CALIZEND11 ] E|
RR Parameters = E|
HD Parameters ments*MIKE Zero Projects\MIKE_11'Demo’CALLHD11 [) | Edi...
AD Parameters =] E|
ECOLab Param. ) | Edt..
ST Parameters =) E|
FF Parameters (&= E|
DA Parameters (=) @
lce Parameters [ E|
HD Resutts | (=)
RR Resutts =

Figure 59: The Simulation Editor

The Simulation Editor serves two purposes:

e It contains simulation and computation control parameters and is used to start
the simulation.

e It provides a linkage between the graphical view of the network editor and the
other MIKE 11 editors. Editing of cross-sections could be a typical example,

where cross-sections can be selected from the graphical view in order to
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open the cross-sections for editing in the cross-section editor. The linkage
requires a file name to be specified for each of the editors. File names are

specified on the Input Property Page of the simulation editor.

Once the editor filenames are specified on the Input page, the information from each
of the editors is automatically linked. You will be able to display and access all data
from the individual editors (such as cross-sectional data, boundary conditions and
different types of parameter file information) on the graphical view of the river

network editor.

Using the Simulation Editor

The Simulation Editor combines all information necessary for MIKE 11 to perform a
simulation. This information comprises type of model to run, name and location of
input data files, simulation period, time step etc. and name of result files. It contains

the following 5 property pages in which data must be specified:

Models property page (Figure 60): To select the models (HD, AD, ST, WQ etc.) to be

included by ticking the checkbox for the specific simulation model, additionally, you
must select the simulation mode (Unsteady or Quasi steady simulation). If an
encroachment simulation is to be made the encroachment checkbox must be

checked.

Models | jnput | Simulation | Resutts | Statt |

Models

[¥] Hydrodynamic [ Encroachment
[] Advection-Dispersion

[ Sediment transport
[ ECOLab

[ Rainfall-Runcff

[7] Aood Forecast

[] Data assimilation

[(lce
Simulation Mode

@ Unsteady
7 Quasi steady

Figure 60: Models property page

Page 57



DSS Modeling tools

Input property page (Figure 61): To specify the location of input files to be used in the

simulation. The type of input files necessary for the simulation is identified by the
colour of the edit fields. If the field is white the field can be edited and a file must be
selected. If the field is grey (‘dimmed’) it is a non-editable field and the specific input
file is not required for the simulation. One exception though, is the edit field; ‘RR
Results (*.RR11) which is used to specify an input file from the Rainfall Runoff
simulation only. If you do not require any runoff input from a Rainfall Runoff
simulation, this field should just be left blank. Input files can be located in any
directory on the disk. Use the .| button to browse a specific input file in a file
selection box; however, keeping them in one directory structure makes it easier for
transferring the model from a machine to another and for quick selection. If a filename
has been specified in a filename field, you can use the i' button to open the file

in its corresponding editor.

J_Mudels i_h'lli"-ft !Simulatiun I Results | Start |

Input Files

Network (]
Cross-gections WMIKE Zero PI‘DjECtS"-.M|KE_'I.T\L"Ida"'-.WDAE!B-'I NS [
Boundary data s\MIKE Zero Projects"MIKE_11%Wida"\VIDASE-3.BND11 [] @
RR Parameters ]
HD Parameters  ts\MIKE Zero Projects\MIKE_11\Vida\VIDA%6-2 HD11 []
AD Parameters D @
ECOLab Param. =
ST Parameters ]
FF Parameters E]
DA Parameters &) E|
lce Parameters ] @
HD Results ]

RR Results E]

Figure 61: Input property page

Simulation property page(Figure 62): In the Simulation property page, information on

the simulation period, time step and type of initial condition must be specified.
Further the user can select if a fixed time step, a tabulated time step or an adaptive

time step should be used.
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Simulation Perod

Time step type Time step  Unit
[Fn-:ed time: step v] 15 Min. -
Simulation Start Simulation End
Period: 104151990 Apphy Default
ST time step multiplier 1 RR time step multiplier 1

Initial Conditions
Addto  Hotstart

Type of condition Hotstart filename file Date and Time:
HD: | Hotstart »| CAUseshDSSWDocur [o) [ 9/1/1990
AD: | Parameter Fils ) 14141950 12:00:00 PM
ST.  |Parameter File ]

RR: | Parameter File (]

Figure 62: Simulation property page

There are two ways of specifying the simulation period:

o Specify manually the simulation start and end time respectively.

e Press the | apply Defaultl button to let MIKE 11 automatically determine the
minimum and maximum date and hour where all time series (defined in the
boundary file) have common periods. The date and hour for start and end
time respectively are then automatically inserted in the field. If no common
period exists for the time series defined in the boundary files, nothing happens

and the value in the Start and End date fields are not modified.

After specifying the simulation period, the simulation time step must be defined.

Specify a value for the time step and select the unit (days, hour, min, sec).

The Time Step multiplier for Rainfall Runoff (RR) and Sediment Transport (ST)
modules can also be specified in case one of these models is selected. The Time
step multipliers are used to adjust the time step applied for these models. E.g. in ST-
simulations it will often be necessary to run the Hydrodynamic model using a much
smaller time step than required in the ST model. That is, the time step used in the
RR and/or ST model is therefore the multiplier-value multiplied the simulation time
step. Finally, specify the type of initial condition to use. These can be:

o Steady State: MIKE 11 calculates automatically a steady state profile for the

entire model,
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o Hotstart: Initial conditions are read from results of previous simulation (define a

result-file)

o Parameter File: Initial conditions are read from Input Parameter file (e.g. HD

Parameter file).

Results property page(Figure 63): To specify the filename for results from the

simulation. Storing frequency can be used to decrease the size of result-files by
reducing the number of time steps saved. (e.g. Storing frequency specified as 10

means that results are saved in the result-file for every 10 time-steps only).

| Models I nput | Simulatinnj Results |_STart_|
Results
Filename Storing Frequency |nit:
HD: ida\VIDASE-3 RES 11| ST Tmestsp -
AD: ] |1 Time step
5T G | Time step
RR: [ |1 Time step

Figure 63: Results property page

Start property page (Figure 64): In the Start property page you will find two validation

groups. One group informing on the status of the simulation (are all input files
required for the simulation specified? do the time series files used for boundary
conditions have a common period — and is the simulation period within this period?).
If a problem exists, a red light symbol is displayed in the validation group and it will
not be possible to start the simulation. If all input files are satisfactory, a green light

symbol is displayed and pressing the Start button starts the simulation.

All information specified in the Simulation editor are saved in a Simulation editor file
(*.sim11). The siml1 file is — as most of the other editor files in MIKE 11 — an ASCII
text-file. It is therefore possible to view the content of these input files in any word

processing program (e.g. Notepad).
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| Models | Input | Simulation | Hesuhsi Start
Walidation status

& Fun Parameters
& HD parameters

iy
vallaat

MIKE 11 Classic
MIKE 1D

[41]

Walidation messages

Figure 64: Start property page

The Network Editor
The Network editor is a very central unit in the MIKE 11 Graphical User Interface.

From the graphical view (the plan plot) of the network editor, it is possible to display
information from all other data editors in MIKE 11. The Network editor consists of two
views, a tabular view, where the river network data are presented in tables, and a
graphical view, where graphical editing of the river network can be performed as well

as data from other editors can be accessed.

The main functions of the network editor are to:
¢ Provide editing facilities for data defining the river network, such as
- Digitization of points and connection of river branches,
- Definition of weirs, culverts and other hydraulic structures,
- Definition of catchments connecting the river model to a rainfall run-off

model.

¢ Provide an overview of all data included in the river model simulation which is
provided via the possibility of presenting items from the different data editors
on graphical view (e.g. location of cross sections or structures). The different

items can be presented using symbols and lines of different color and size.
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The tabular and the graphical view of the Network editor are shown in Figure 65.

[ MIKEZero - calinwid 1 =T
File Edit View Network Loyers Settings Window Help
DEE| ‘BB &P
P calinwkl12 - Modified o lF=- ] || ® colinwkil - Modified [===]
D;?Mi:wm Defintions Attibutes Untitied
Ports (43) XCoordrate Y-Coordiate franch caLl Chanzge 0 &
g 250 40500 Chainage Type [User Defined ] 0009 Bl
- Stuctures
Routing
& Runoff/groundwater nks Overview Q\%}H
£ poeis X Coord. Y Coord. Branch Chainage Type Chainage - 35000 ;L*
1 2500 40500 | CALL User Defined 0 e, ocaL
2 3300 39200 | CALI User Defined 6290 EL‘@\Q‘
3 5400 38300 | CALI User Defined 15730 s
4 6800 37500 | CALI User Defined 22580 >4
5 8200 35400 | CALI User Defined 32210 S
5 8800 35000 | CALI User Defined 35220 L 4
7 10100 33900 | CALL User Defined 720 25000 B S
g 11300 32900 | CALL User Defined 51160 <
9 13500 33100 | CALl User Defined 55070 I
10 15200 33100 | CALL User Defined 62640 K
1 17200 32000 | CAL User Defined 72640 20000
2 19100 31400 | CALI User Defined 80980
3 19800 30800 | CALI User Defined 85050
4 21200 30100 | CALT User Defined 00750
1 20300 27900 | CALL User Defined 100970 000 i
16 20100 5500 | CALT User Defined 108080 EE'
7 20100 5500 | OLD_CALL __|User Defined 0 o
18 20300 24600 | OLD_CALI _|User Defined 1200 15560, %
1 20600 3000 | OLD_CALL __|User Defined 10400 =
0 20200 1500 | OLD_CALI _|User Defined 16800 -
o 20300 20400 | OLD_CALI __|User Defined 22000 %
2 21000 18600 | OLD_CALI __|User Defined 2200 5000 A
3 21100 17100 | OLD_CALI __|User Defined 35200 i "%—‘ Lo
5000 10000 15000 20000

Figure 65: Network editor, Tabular and Graphical view

The Cross-section Editor
In MIKE 11, River cross-section data comprises two data sets, the raw and the

processed data. The raw data (See Figure 66) describes the physical shape of a
cross-section using (x, z) co-ordinates, typically obtained from a river bed survey. The
processed data (See Figure 67) is calculated from the raw data and contains
corresponding values for level, cross-section area, flow width, hydraulic/resistance
radius. The processed data table is used in the computational module. Each cross
section in MIKE 11 is uniquely identified by the following:

¢ River name: String of any length.

e Topo ID: String of any length. (topographical identification)

¢ Chainage: Real number showing the cross section distance from the most

upstream point of a branch.
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Figure 66: Cross-Section Editor, Raw Data View
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Figure 67: Cross-Section Editor - Processed Data View.

The Boundary Editors

Boundary conditions in MIKE 11 are defined using the 'Boundary Editors' which

comprise the 'Time series editor' and the 'Boundary editor'. Both

necessary to activate in order to specify a MIKE 11 boundary condition.

editors are

A boundary condition is defined by the combined use of time series data prepared in

the ' Time Series editor' and specifications made on locations of boundary points and

boundary types in the '‘Boundary editor".
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Time series editor
The appearance of the Time series editor differs if you create a new (blank) time

series compared to opening an existing file.

Creating a new time series requires specification of properties for the time series file.
Therefore, the File Properties dialog is therefore opened in this case. If you are
opening an existing file, the data are immediately presented in the Time series data

dialog where data can be viewed and edited both in a graphic and a tabular view.

File Properties dialog

To open a Time series File , select 'File' from the MIKE ZERO main menu bar and
choose 'New' and 'File...' then select the 'MIKE ZERO' node and then 'Time Series

(.dfs0)" icon as shown in then click 'OK' (See Figure 68).

<3 Mew File
. Product Types: Documents:
3 [ MIKE Zero - £
= WIKE AYDRO ] ' ‘ (1
:l MIKE 11 A Profile Series  Data Manager 13 l
I MIKE 21 = (.dfs1) (.dfsu,.mes... =3
I MIKE 3
£ MIKE 21/3 Integrated Mo, — [ [ 1
I LITPACK ' sl
== MIKF FI Q0D i Grid Series  Plot Composer Result Viewer
1 | I k (.dfs3,.dfs2) {.plc) (.rev) .
Time Series

[ Ok, J | Cancel

Figure 68: Creating a new time series

Following that, the 'New Time Series' Dialog appears, select 'Blank Time Series' and
click 'OK' (See Figure 69). This brings the 'File properties’' dialog where you define

the time series properties (See Figure 70).

The Time series file has an extension 'dsf0' and it can have more than one time

series.
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Mew Time Series
B Bk Time Seres|
i [ From Ascii File
- Templates..
OK Cancel
Figure 69: New Time Series Dialog
File Properties @
General Information
0K
Title: Untitled]
Hods Information Help
Huds Type lEuuidistant Calendar fuis v]
Start Time: 12/20/2014 2:05:15 FM
Time Step: 0 [days]

00:00:10  [hourminsec]
0.000 fraction of sec]

No. of Timesteps: 10 Hods Units: | undefined

ltem Information

Name Type
1 Untitled Undefined undefinec
4 g 118 | 3
e e [ e

Figure 70: Time Series Editor, File properties dialog

Time Series data dialog
To view exiting 'dfsQ' files, the time series data dialog is used (See Figure 71). It

consists of two views, a tabular view and a graphical view.

The Tabular view presents the time series data in tabular form allowing data entry. In
the Graphical view, data can also be edited graphically by selecting one of the editing

modes; 'Select, Move, Insert or Delete available from the context (right-click) menu.
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Figure 71: Time series editor; Time series data dialog

Boundary editor
The boundary editor dialog is where boundary conditions are specified for

hydrodynamic,

advection-dispersion/water

quality

and

calculations. The boundary editor is shown in Figure 72.

sediment

transport

® File Edit View Tools Window Help

D +B@B & 78

N S

Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID | Boundary ID
Open | Inflow CALI 0 0
2 [Open Water Level OCAI | wois| 0
3 Open Water Level NEW_CALI 113901 0
‘\ Boundary Data
|[V]Include HD calculation
[ JInclude AD boundaries
Data Type | TS Type File / Value TS Info
1 Discharge: | TS Fil CALI-DEMO.DFS0  [..)Edit] DISCHA
—_—

Figure 72: Boundary editor

The definition of a Boundary condition requires the following actions to be performed

in the order as listed:
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o Specify the boundary description (e.g. open, point source) and type (e.qg.
water level, Inflow). These can be selected from a drop down menu by
pressing the arrow at right side of the field.

o Specify location which is defined by the river name (again from a drop down
box) and the chainage which is typed.

o Once the above is defined, the data associated with this boundary needs to be

defined. This done in the time series box at the bottom of the '‘Boundary edior'

The Parameter File Editors
The MIKE 11 parameter file editors are comprised of the Hydrodynamic, Advection-

Dispersion, Water Quality, Sediment Transport and Rainfall Runoff editors. The
Parameter editors contain information on variables related to the selected type of
computation, e.g. the HD Parameter Editor contains information on the bed

resistance as a significant variable for the hydraulic computations.

All parameter editors are designed as dialogs containing a number of property pages
in which specific data can be entered. Clicking the corresponding ‘tab’ in the editor
dialog will activate a property page. In this Tutorial, we will focus on the HD

parameter editor.

HD parameter editor
To run a hydrodynamic computation it is required to create a HD Parameter file. The

HD parameter editor offers a possibility of specifying user-defined values for a number
of variables used during the hydrodynamic computation. The HD parameter editor is

shown in Figure 73. It has the following tabs:

Initial: Where you specify the initial conditions

Wind: where you include Wind shear stress in the HD calculation if you wish. it is
required that a time variable boundary condition for Wind Field are included in the
simulation. The Wind Field boundary condition consists of specifications for Wind

direction (towards North) and the Wind velocity.

Bed Resistance: Where bed resistance must be specified in this page.

Bed Resistance Toolbox: Where you a possibility to make the program calculate the

bed resistance as a function of the hydraulic parameters during the computation by

applying a Bed Resistance Equation.
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Wave Approx: Where you specify if wave approximation should be used in the
computation (e.g. Kinematic, Diffusive or one of two fully dynamic wave

approximations).

Default Values: Where it is possible to alter the value for a number of parameters
connected to the hydrodynamic computations. Parameters should not be altered,
unless you are familiar with the effect on the results. A more detailed explanation of
the various parameters is given in the MIKE 11 On-line help system and MIKE 11

Technical Reference manual.

&5 MIKE Zero - [cali.hdL1] =
@ File Edit View Grid Window Help |=||& ] =
DEMEl BB 22K &8

| Flood Plain Resist. | User Def. Marks | Encroachment | Heat Balance | Stratfication | Time Series Qutput | Maps | Groundwater Leakage |

| iisl | Wing | BedResit. | Bed Resist. Toobox | Wave Approx | Defaut Values | Guasi Steady | Reach Lengths | Add. Ouput | ||

Approach Resistance Formula
@ Uriform Section
Manning (M) -

~1 Tripple zone

J1210dx3 palold 5]

Global Values

Resistance Number: 30

Local Values

River Name Chainage Resistance
1 | CALL 0.000000 |  25.000000
2 | CAl 108080.000000 |  35.000000
3 | OLD_CALI 0.000000 |  45,000000
4 | OLD_CAL 56350000000 | 67.500000
5 | OLD_CAL 95075.000000 |  67.500000
6 | NEW_CALL 0.000000 | 35.000000
7 | NEW_CALL 62934.000000 | 55.000000
8 | NEW_CALL 75934.000000 | 55000000
9 | NEW_CALL 112901.000000 | 60000000
Ready 10/2/1989 6:21:02 PM 503.243 Se

Figure 73: HD Parameter Editor

Quasi Steady: Where a number of Quasi-Steady Control parameters connected with
the Quasi steady computations are entered in this page. Detailed description can be

found in the MIKE 11 On-line Help and MIKE 11 Technical Reference manual.

Reach Lengths: This can only be used in connection with Quasi Steady simulations.

Detailed description can be found in the MIKE 11 On-line Help and MIKE 11 User

manual.

Add. Output: Where additional output can be produced upon request by the user. This
extra facility is available as a supplement to the hydrodynamic default result file. The

additional output is stored in a file with a similar name as the HD result-file name.
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Only difference is that an additional string ‘HDADD’ is added to the filename of the
HD result-file name. Example: if the HD result filename is ‘HDRES1.RES11’, the
name of the additional output file would be; ‘HDRES1HDADD.RES11’

Flood Plain Resistance: Normally, the resistance numbers on flood plains are included

through editing the relative resistance factors in the Cross-section editor, Raw data
specifications. Hence, it is possible to reduce the effective flow area as a function of
the water level. Another possibility of changing flood plain resistance numbers is to

edit the Resistance Factor in the Processed Data in the cross-section editor.

However, if the modeling task does not require a water level dependent resistance on

flood plains, an overall Flood Plain Resistance number can be specified in this page.

User Def. Marks: The User Defined Markers page offers you a possibility to define

items in the modeling area, which you would like to present on a longitudinal profile
(e.g. gauging stations, bridges etc.). Markers can be defined as single points at a
specific chainage or as a marker with a certain length between two chainages in the

same river stretch.

Encroachment: The Encroachment module of Mike 11 can be used to make analysis
of the effect on making encroachment on floodplains. The necessary information is
specified on this property page. Details can be found in the MIKE 11 On-line Help and
MIKE 11 User manual.

Heat Balance: It is possible to include detailed descriptions of the heat exchange
between the water and the atmosphere in Mike 11. The necessary data must be
entered here. Details can be found in the MIKE 11 On-line Help and MIKE 11 User

manual.

Stratification: When one or more of the branches in the Mikell set up have been
selected as ‘Stratified’ the data necessary to run the stratified model must be entered
here. Details can be found in the MIKE 11 On-line Help and MIKE 11 User manual.

Time Series output: Were extra time series output files are generated during the

simulation. This output is in addition to the regular and the additional output file. Time
series output can be saved in .dfsO or ASCII files. Time series output files are
typically requested instead of manually extracting time series data in selected grid

points from the regular and the additional output files after the simulation has been
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completed. This is often useful for automatic or manual calibration or when running

many simulations.

Maps: Where you may produce two dimensional maps based on the one dimensional
simulations. The maps are made as rectangular grids and constructed through
interpolation in space of the grid point results. Thus the maps constructed in this way
should be viewed as a two dimensional interpretation of results from a one -

dimensional model.

Groundwater leakage: The Groundwater Leakage page defines leakage coefficients
such that an additional loss of water from the river (to the groundwater) can be

included in the simulation.
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Configuring a simple model in MIKE 11

In this tutorial, you will be guided through the set-up of a simple river network, cross-
sections, boundary conditions, HD parameters and simulation parameters as well as

presentation of simulation results.

Network Editor — Basic functions
The aim of this exercise is to introduce the basic functions of the network editor, i.e.

how a system of branchesis defined and connected.

Start MIKE Zero to bring up the MIKE Zero start screen. The MIKE 11 river network
file is created here using the 'File' menu and selecting New from the menu (See the
MIKE 11 Files section for details). A MIKE 11 river network screen is created with
default area co-ordinates. The size and position of both the MIKE 11 window and the
river network window may be changed to allow easier viewing of river branches

defined later in this tutorial.

Defining a branch
Defining and editing a river network is mainly undertaken using the river network

toolbar. More details on the functionality of each of the buttons can be found in the
MIKE 11 On-line Help.

| & ?@"?+|E wm o eE R g{@{gf@|%*&

Figure 74: River Network toolbar

To define the branch shown below in Figure 75, select the |3ﬁ| button in the toolbar
and define the branch by clicking the left mouse button once at the position of each
river point. Start at the upstream end of the river branch (which is assumed here, to
be in the upper part of the window). The last point in the branch should be defined by

a double click.
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Figure 75: Plan plot, one digitized branch

Chainage in points

Once a branch is defined the chainage of each point is calculated automatically based
on the distance between the digitized points. The default chainage of the first point in
a branch is zero. The calculated chainages may not be optimal and the user may wish
to set the chainage manually. This can be done in two ways:

e Right click at the point for which the chainage is to be changed and a Pop-Up
Menu will be displayed as shown in Figure 76. When selecting the item Point
Properties in the Pop-Up Menu the following dialog will show up (See Figure
77). You can then set the chainage manually by setting the chainage type to
User Defined and then entering the desired chainage value. When clicking the
OK button the chainages in all remaining points within the river branch will be

recalculated accordingly.
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Figure 77: Point properties dialog

2) Select the Tabular View in the 'View' menu and change to the Points page of the

tabular view as shown in Figure 78. This page contains information about each point

and allows the user to change the chainage type and value. The graphical and tabular

views are linked such that the highlighted points in the each of the views are always

the same.

In the above river system the chainage type should be set to user defined for the first

and last points of the river branch with the chainage assumed to be 2 and 100000,

respectively.
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Figure 78: Graphical and Tabular view, Network editor

To control the appearance of the graphical view, the Network Settings dialog shown

in Figure 79 can be used. This dialog is activated by selecting the Network in the

'Settings' menu. The left hand side of the page presents the graphical object

possible to present on the graphical view organized in a tree structure. Each object in

the tree-view has an entry for defining individual settings for points, lines, labels etc.

Open settings for editing a specific object by opening the tree-view and highlight the

object you wish to edit. Selecting an object allows for changes in the right hand side

of the dialog. The 'Display' tick-box determinates whether the specific object will be

presented in the Graphical view (in case the object is present in the network file

presently edited). Additionally, it is possible to switch on or off the display of all items

in an entire branch of the tree-view (Network, Boundary, Hydro Dynamic Parameters,

etc) by using the right mouse button on a branch.
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Figure 79: Network settings dialog

Defining and connecting additional branches

The ‘jﬁl tool can be used to create the points and branch in one operation.

Alternatively the points can be defined in one operation and the branch in another by
using the ﬁl tool followed by one of the tools M or El
In Figure 80, eight points in a tributary have been digitized using the ﬁl tool. Note

that the points appear in the list of points in the tabular view, but there is yet no

information on which branch the points belongs to.
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Figure 80: One branch defined, second branch digitized

To connect the eight points the tool M or EI can be used (start at the left most
point; drag the mouse with left button)) and when the connection is done the screen
should look similar to Figure 81.

Note that the branch information is now available in the list of points in the tabular
view. The chainage type should be set to user defined in the first and last point and

the chainages set to 12000 and 27000, respectively.

Before connecting the two branches each should be given identification nhames. This
is done on the branch page of the tabular view where the river names are changed to
Main and Trib as shown Figure 82. For both rivers the Topo ID should be set to
1997.

To connect the tributary to the main river, the ﬁl button should be used. Point at the
downstream end of the tributary and while clicking and holding the left mouse button
move the cursor to the point on the main branch you wish to connect and then
release the mouse button. The connection is indicated by a line as shown in Figure
83.
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Figure 81: Two branches defined with user-defined chainages in up- and downstream points
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Figure 82: River Names defined as ‘Main’ and “Trib’
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Figure 83: Connection of river branches

The contents of the network editor should now be saved by selecting the Save item in

the 'File' menu.

Cross-section Editor
The aim of this section is to show how cross-sections are created and then to

establish links between the network editor, the cross-section editor and other editors.

In the simulation editor file names for both the network and cross-section files are
required, and to do so an empty cross-section file needs to be created and saved
(‘File’ > ‘New' -> ‘Cross-section’). This is done as shown in the MIKE 11 Files

section. Similarly an empty simulation file has to be also created and saved.

The simulation file is loaded and on the Input page of the simulation file editor the
name of the network file and the empty cross-section file is specified using the L]
button (See Figure 59) under the 'Network and 'Cross Section' boxes respectively.
The network file can now be accessed using the Edit button on the simulation file

menu.

Cross-sections are required to be inserted at upstream and downstream end of both
branches. This is done using the Pup-Up Menu. Point at the upstream end of the
Main branch and click at the right mouse button and select 'Insert’, 'Network' and

'‘Cross-section' as shown in Figure 84.
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Figure 84: Using the Right mouse pop-up menu to insert new cross-section

The cross-section editor will appear and the data for the cross-section can be entered
as shown in Figure 85. The name of the branch and the chainage will be

automatically transferred to the cross-section editor.
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Figure 85: Cross-section editor, raw data editor
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Once the raw data has been entered the button 'View Processed Data' should be
pressed to display the processed data tables (See Figure 86). The processed data

will be calculated when the 'Recompute’ button is pressed.
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Figure 86: Cross-section editor, Processed data editor

Identical cross-sections should now be inserted at the downstream end of Main

branch and at both ends of Trib branches.

The cross-section file can be now saved and closed.

Boundary and Time Series Editor
The aim of this section is to create time series and boundary conditions.

The boundary condition at the upstream ends is zero discharge and at the
downstream end the water level varies between 5 and 6 meters. First the file
containing the variation in time of the water level and the discharge must be defined
and to do so a new time series file is created from as described in the Boundary

Editors section. The properties for the file should be entered as in Figure 87.
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Figure 87: Time series ‘File Properties’ dialog

The format of the start time follows the standard windows format, which might be
different from the above in Figure 87, depending on the configuration of your PC .
Once the OK button is pressed the time variation of the water level can be entered as

Figure 88. The discharge values are to be kept as zeroes.

The content of the time series editor should be saved and closed using the File menu.
An empty boundary file must now be created (See the MIKE 11 Files section for
details). The name of the file should be specified on the Input page of the simulation

editor.

The location and type of boundaries can now be specified through the network editor
where the Pop-Up Menu is used to insert the boundary at the downstream end of
Main. The boundary editor now pops up and the location of the boundary is

automatically transferred as shown in Figure 89.
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Figure 88: Time series editor, two items included in time series file
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Figure 89: Boundary editor, defining downstream boundary condition

The time series file must be specified using the Browse button and afterwards the
correct item can be selected in the time series file. This is done using the Items

button, which starts the item selector as in Figure 90.
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Figure 90: Time series, Item selector dialog.

In a similar manner the discharge boundaries at the upstream of both Main and Trib
must be inserted and the correct file and item has to be selected. The boundary

editor should now have content as in Figure 91.
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Figure 91: Boundary conditions.
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The content of the boundary editor can now be saved and the editor closed using the

'File' menu.

HD Parameter Editor
The final data required to run a simulation is the HD parameters, and to define those

a HD Parameter File is created through the 'File' menu (See the MIKE 11 Files
section for details). The only parameters to be changed from the default values are
initial conditions. This is specified on the left most page of the HD Parameter file as

shown in Figure 92. The initial water level should be 5 meters and initial flow is O

ms/s.
¢, HDPar1.HD11 o ] |
Default Y alues I [uasi Steady I Reach Lengths I Add. Dutput I Flood Plain B esist.
Uzer Def, Marks I Encroachment I Heat Balance I Stratification
Initial | Wind I Bed Resist. I Bed Rezist. Toolbox I Wave Approx

 Initial conditionz

— Global Values

wfater Level |5 0 wiater Level
Dizcharge: ID " “wiater Depth

— Local Yalues

River Hame | Chainage | Initial h Initial &
1 1 o}

Figure 92: HD Parameter file, Initial conditions

The contents of the file should be saved and the name of the file should be specified

on the input page of the simulation editor.
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Running a Simulation

In order to run the simulation the pages of the simulation editor must be set-up as

shown in the following figures.

3551 sim11 Eﬁ

Models ;Input | simulation | Resuls | Start |

 Models
¥ Hydrodynamic [ Encroachment
[T Advection-Dispersion
I Sedment transpart Wl model: Inteqgration method:
I~ “water quality jeoooo -] |RKGC [

™ Rainfall-Funaff
™ Flaod Forecast

= Simulation Mode

| Unsteady
' Quasi steady (55 default __‘j’__j

Figure 93: Simulation editor, Models selection page
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Figure 94: Simulation editor, selection of input files for simulation
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Figure 95: Simulation period, time step and initial condition selection for simulation
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Figure 96: Specify the result-file name
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® Vidad6-3.sim11
| Models | Input | Simulation | Resuts | Start

Validation status

@ Fun Parameters
& HD parameters

Validate

MIKE 11 Classic
MIKE 1D

Validation messages

Figure 97: Ready to start the simulation — press the ‘MIKE 11 Classic’ button

The simulation will start and in the bottom pane the progress of the simulation as
shown in Figure 98.

0.1355 (5760) .
1.1573 (57600

b g 03016 (2880)
Retrieving data (VIDAS6-3_resid) E 664857 (785
ile (VIDASE-3.resld) : 0.0120 (72) -
2014-12-31 02:36:44: Similetion dome E

100 % 1990-03-30 00:00:00 Initialize (52 kb) 254319 0 seconds " 4

Figure 98: Simulation progress dialog

Weiting

Once the simulation is complete the results of the simulation can be inspected using
MIKE View.
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Viewing MIKE 11 results

The MIKE View program is used to view the results of MIKE 11 . MIKE View offers a
variety of functions and features for viewing and analyzing simulation results
produced by the MIKE 11 system. The main presentation features comprise:

e Color plan plot of the river network

e Longitudinal profiles

o Time series plot (Several events can be presented on the same plot).

¢ Animation of water level in cross-sections

¢ Results from several result-files can be included for comparison.

e Plot of Q-h relations

¢ Animation of user-specified result items (plan plot, longitudinal profiles and

time series).
e Zoom facility in all windows
e Scanned images of background maps can be loaded

e Hard copy of all plots

A copy of the results file used in this section can be found at
.\Modelling_Tools_Module\Data\MIKE11. It is called ' VIDA96-3.res11'.

What Are We Going to View
The river network related to the result file consists of the following elements:

e 10 River branches including one main river and several tributaries feeding the
main stream,

o 8 hydraulic structures of which 7 are regular broad-crested weirs and one is a
controllable structure with a movable gate controlled by the water-level

conditions in a gauging point upstream of the movable gate.

We are going to examine the details of the network layout throughout the exercise.

Loading Results
Start MIKE View by choosing ‘MIKE View' in the ‘MIKE by DHI 2014’ program group

as shown in Figure 99. At start-up, MIKE View opens the File Open view. This facility
makes it possible to navigate through the accessible drives, and you can easily find

the data directory with your result file.
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. MIKE by DHI 2014
'Ea DHI License Administration
=3 DHI License Updater
=3 DHI Software Updater
DHI Rermnote Simulation
. DHI WaterData
MIKE Animator Plus
, MIKE View
=% MIKE View Language Switcher
& MIKE View Release Note

MIKE View User Guide
&5 MIKE View

MTKF Fern i i
Figure 99: MIKE View start icon

Examine the possible choices of result file types by clicking on the file types field (See
Figure 100). Select the ‘MIKE 11 DFS Files (*.Resl1l)’ option, i.e. the MIKE 11
Result file. Select the ‘VIDA96-3.Res1l’ file from the
.\Modelling_Tools_Module\Data\MIKE11 folder.

MOUSE RunOff files (*.crf)

MIKE 11 files (*.rrf)

— MIKE 1D - files (*.resld)

MIKE 11 DFS - files (*.res11)

MIKE MET binary files (*.res)
MIKE HAPMER. results files (*.all)

Figure 100: MIKE View file types

The 'Data Load Selection' appears (Figure 101) to give you a chance to discard the
unnecessary data types or irrelevant simulation periods, or to reduce the time
resolution of the displayed data. You simply switch ON or OFF certain data types,
redefine the time interval for loading, and select the appropriate step-loading factor. In
this case, the result file is fairly small, and you should simply confirm the default
selection by clicking on the <OK> button. After a short while, the file is loaded and

MIKE View opens two new windows
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File Mame VIDA9S-3.res1l [ oK ]
FirstTime Steptoload | 9/1/199012:00:00AM 2] [ cancel |
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[#]Water Level
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Don't ask me again

Figure 101: The Data Load Selection dialog.

Exploring the MIKE View Screen
MIKE View has opened two windows (See Figure 102): 'Horizontal Plan window' and

Plan 'Overview window"

B QEAAGAGED S &S ML el e B B+ — 2R
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e gt "
i Filk | rd
7000.0 ; i
i £ E
50000 g i 4
ity i TP il
oy T . Y

Mgt
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;

Ready 34545.80, 1141443

Figure 102: MIKE View Screen

The Horizontal Plan window displays the layout of the river network. If you select the
Horizontal Plan window it becomes the active window, and the Horizontal Plan

toolbar appears under the main menu. When you move the cursor within the
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Horizontal Plan window, the co-ordinates of the current position are displayed in the

status bar, located in the bottom left corner.

The Overview Plan window contains an outline of the network Horizontal Plan. It
makes it easier to see where in the network you are while zooming. Try to arrange
the size and position of the MIKE View windows, until you get them in a desired

layout.

Zooming
The zoom function is available in all of the MIKE View graphical presentation

windows. It is activated by choosing the various zoom tools in the toolbar, or by
selecting 'Zoom In', 'Zoom Out, 'Zoom Previous' or 'Zoom to Full Extent' in the pop-

up (right click) menu.

If you choose ‘Zoom In’ the cursor changes to a magnifying glass symbol. Move it to
the location on the plan plot, which should be one of the corners of the zoomed-in
frame. Then press the mouse button and drag the cursor across the Horizontal Plan.
The cursor has again changed shape, and the zoom frame rectangle indicates the
area, which will be included into the zoomed Horizontal Plan window. Continue the
dragging until you are satisfied with the area included. Release the mouse button,
and the displayed part of the network Horizontal Plan reduces to the framed area

only.

The scroll bars of the Horizontal Plan window make it possible to ‘pan’ the zoomed
frame over the network area. Also, you can drag the zoom frame rectangle in the
Overview window over the network area to the desired position.

If you would like to see the whole network again, use <Zoom Out> or <Zoom to Full
Extent>

Viewing Results

Selecting result variable and plot type
Open the he Horizontal Plan Options dialog (Figure 103) by clicking on the button

in the toolbar, or by activating the Horizontal Plan local menu (press the right mouse

button, while in the window).
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Options

| Background Files | Graduated Symbaols | Legend I Labels
Plan Type | Symbols and Fonts ! Axes

File [viDAZE3.res11 -

Draw As
" Standard
(@ Bottom Levels

0 Top Levels

I Max Depth

| |Wwater Level > | Grid Points

Plat Type

@) Animation
) Minimurm
(7 Maximum

() Average

[¥] Show Heading

[ QK ] I Cancel | | Help

Figure 103: Horizontal Plan Options dialog

Under the 'Plan Type' tab select one of the result variables (e.g. water levels). Finally,
you select a mode for the presentation. The results may be viewed as animation, as
minimum results, as maximum results or as average results. If you select a nimation,
then the selected variable will be displayed dynamically, as a replay of the simulation

through time. In this case, choose animation.

When you are finished click <OK>. MIKE View now displays the water levels in the

Horizontal Plan, corresponding to the start time of the simulation.

Note the date and time indicator in the upper part of the Horizontal Plan (the ‘Clock’).
The|: = H 1l W B l buttons in the toolbar have been also activated.

Animation in the horizontal plan

If you click on the > button, the animation will start. You may notice that the time

elapses in the ‘Clock’, and that the colors on the plan plot are changing, following the

water level dynamics.

Try the other animation functions: Pause (@), Stop ( | , Step Forward ( 4 )

and Step Backward (@). The functionality is the same as controlling a tape

recorder.
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Flooding and depth
MIKE 11 computes absolute water levels. However, it may be of particular interest to

see where flooding occurs in the system. MIKE View can compute the flooding as a

new variable, which you can view as any other result variable.

In the Main menu choose 'Tools', 'Compute’, and then 'Flood'. As soon as you click
with the mouse, the flooding is computed for the whole system, and added on the list

of the available variables (in the Options View).

Go back to the Horizontal Plan window and select ‘Flood’ in links under 'Options’ of
menu. Change the plan type to ‘Maximum’ and click OK. Your Horizontal Plan now
displays the upper envelope of the flooding, which occurred during the simulated
event. You can also view the dynamics of the flooding, simply by switching to the plot

type ‘Animation’ and pressing the ‘run’ tool.

Additionally, the actual water depth of a certain location can be of interest. Compute
also depth in the system. Show these variables as ‘Max’ and as ‘Animation’ as in see
Figure 104.
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Figure 104: Maximum Depth for the simulated event.
Exporting the horizontal plan
You will often be in a situation, where you want to include some of the MIKE View
graphs into your report. Start it, and open your report document (or create a new one

for the case).
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Return back to MIKE View, adjust the Horizontal Plan to fit your needs in the report,

and activate the local menu. Simply click & | button on the toolbar. Apparently,

nothing happens, but actually, the content of your Horizontal Plan has been copied to
the Windows Clipboard.

Switch again to the word processor, position the cursor at the desired location, and
activate the standard 'Paste' function. The MIKE View plot is pasted into your
document as a graphical image, which opens the possibilities for resizing and editing.

This facility works for any graphical window in MIKE View.

Viewing Results in a Longitudinal Profile
The Horizontal Plan is the working area where items may be selected for all the other

presentation modes: longitudinal profile, time series, Q-H relations and Cross-section

animations.

Selecting a longitudinal profile
Let's assume that we want to have a look at the longitudinal profile of the main stream

starting from upstream point and down to the boundary point where the river has its

connection with the sea.

Click on the Longitudinal Profile button in the toolbar |§| and point with the cursor in
the vicinity of the upstream point of VIDAA-OVR (ch 108 m). When the cursor
changes to an arrow, it means that you can start the selection of the longitudinal

profile.

Click on the branch, and the VIDAA-OVR branch changes color to green. Continue
the selection by clicking at each branch (or in the direction) along the desired path.
MIKE View paints your selections bold green. When you arrive to the last branch,
MIKE View recognizes the end of the path and proposes that the selection is closed
(See Figure 105).
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Question 3

Igl Close profile selection and draw profile?

_____________________________________

Figure 105: Selection of the branch for a longitudinal profile

Confirm and choose the type of variable, which you would like to show in the
longitudinal profile. The default selection is ‘Water Levels’ which is shown in Figure
106.

[¥] Profile Plot - VIDADE-3.res11 =S 5

et Water Level - 1-9-1990 00:00:00

VIDAAMEL 1250 .0 | | VIDAA-OVR 4822 - 108 : : ; J
-3.0 + t T 4 - t T t T t + t

00 S000 10000 15000 20000 25000 30000 35000 40000 4S00.0 50000 SS00.0  500G.O
]

Figure 106: Longitudinal profile

If you have selected a wrong branch, ‘deselect’ the last selected branch by
clicking on the mouse button and pressing the Shift key at the same time (or simply

press Backspace).

Animating a longitudinal profile
At first, resize and reposition the Longitudinal Profile window, until you are satisfied

with the appearance. You can also, as in the Horizontal Plan, zoom-in, zoom-out and

control various display options by opening the Options View from the local menu.

The animation is started in exactly the same way as in the Horizontal Plan: Just click
on the Ei button in the toolbar.
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Viewing Time Series

Time series graphs are usually the most relevant graphs for the system analyses.
MIKE View allows you to see any of the existing time series from the loaded result
files, to view them in combination with the measured data, and to create time series

graphs with all possible time series combinations.

Selecting a time series

Let’s assume that the water level is of our primary interest. Click the 3 button; in the
toolbar and select ‘Water Level' as the variable. Select the RES11 file (in case you
have multiple files added to the current project), and either point the cursor to a point
in the horizontal plan or press the ‘List’ button to select the Time series location from

a table.

The cursor changes to an arrow if you are pointing at a point where the data type you
have selected (i.e. Water level) is available. After clicking with the mouse, MIKE View
opens a window with a graph showing the Water level for the actual point as shown in
Figure 107.

[?:] Tirme Series Water Level E"E‘@

(m] Time Series Water Level
7 i IR e e e A

......... I e e e L s e e e e e e e
1-8-1880 11-8-1880 21-5-1980 1-10-1880

4 P

Figure 107: Time series window

Try also to select a Time Series from the Time Series List selection window.

Similarly, as in the longitudinal profile window, you can control the appearance of this
window in many ways with the right mouse pop-up menu. Try to open the ‘TS

Settings...” under ‘Options’ in the pop-up menu where, you can change the

thickness, colors and other settings for appearance of individual series.
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Adding items to a time series graph

You add other time series graph of the same data type as you wish (e.g. Water
Level). Additionally, you can add data of a different data type to the same windows
with maximum 2 different data types allowed within a Time Series window. These
may come from the same result file, from some other loaded result file or from a

separate DFSO-file.

In this case, you will view the water level in a specific point versus the discharge time

series from an external DFSO-file at the same point.

Press the Time Series tool button, select ‘Water Level’ and press the List button. In
the list of calculation points go down to the point ‘VIDAA-OVR 4822.00' and select
this point by ticking the check box in the first column. Press the ‘Draw Graph’ button
to draw the Time Series in a new Windows. After this, open the pop-up menu and
choose <External TS>, in order to open the External Time Series View. Click on the
<Load DFS0> bhutton and Ilocate the file; M4234-Q.DFSO under the
.\Modelling_Tools_Module\Data\MIKE11 folder. Select the file can then be used for

comparison with the simulated series.

External Time Series
Cancel
Paste

Load Text File
Load Database
Load DFS0

Rename
s

Info

se second Y -axis v] [ Delete |

Figure 108: The External Time Series window.

In order to get the time series displayed in the graph, you should select it by clicking

with the mouse on the time series identifier. Before confirming your selection with
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<OK>, select ‘Use second y-axis’ from the list. This will cause the Water level and the

discharge to be shown on different y-axis (See Figure 109).

[E'-fl Time Series Water Level EI

fm} Time Series Water Level 0
1.4

13
12—-
1.1:
1.0—-
U.B—-
D.B;

Figure 109: Adding Time series
Review Questions

1- List some common applications of the HD module of MIKE 11.
2- MIKE 11 results are viewed in MIKE zero?
. True

. False
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Answers

1. Typical applications of MIKE 11 HD module include:
¢ Flood forecasting and reservoir operation

¢ Simulation of flood control measures

e Operation of irrigation and surface drainage systems
o Design of channel systems

o Tidal and storm surge studies in rivers and estuaries
2. False (In MIKE View).
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2.4. MIKE SHE Tutorial
Introduction

MIKE SHE delivers truly integrated modeling of groundwater, surface water, recharge
and evapotranspiration. It includes all the important processes of the hydrological

cycle for projects require a fully integrated model.

Short Description of MIKE SHE

MIKE SHE is a modeling framework, including a range of numerical methods for
each hydrological process. It has an advanced, conceptual, model independent
user interface with full water balance accounting for all hydrological processes.

The hydrological processes and numerical methods can be combined, depending
on the requirements of your application and the availability of data. All numerical
engines in MIKE SHE are parallelized to make efficient use of available multi-

core resources. MIKE SHE simulates the following processes:

OVERLAND FLOW
MIKE SHE includes both a simple overland flow method for rainfall-runoff

modeling and a simplified 2D finite difference method for detailed runoff and flood
modeling. It can simulate detailed flooding based on fine scale topography in a

coarser numerical grid, as well as detailed two-way exchange with rivers.

RIVER FLOW
Channel flow can be simulated using full, 1D hydrodynamics, including operation

of hydraulic structures, such as gates, pumps and weirs. For larger networks, a

faster and less data intensive flow routing method is also available.

UNSATURATED ZONE FLOW
Vertical unsaturated flow can be simulated using a 1D, finite difference multilayer

method or a two-layer root zone model based on water balance calculations in

the unsaturated zone.

EVAPOTRANSPIRATION
Rainfall and evapotranspiration are the largest parts of the water balance. In

MIKE SHE, vegetation based actual evapotranspiration is calculated from

interception, soil, ponded water, the root zone and groundwater.
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SNOW
In cold climates, MIKE SHE converts elevation corrected precipitation to wet and dry

snow storage. Snow can be converted to surface water using the temperature,

radiation, and rain-on-snow parameters.

The following are typical applications for which MIKE SHE is often used:
¢ Conjunctive use and management of surface water and groundwater
¢ lIrrigation and drought management
o Wetland management and restoration
e Environmental river flows
e Floodplain management
o Groundwater induced flooding
e Land use and climate change impacts on groundwater and surface water
¢ Nutrient fate and management

¢ Integrated mine water management
System Requirements

The recommended minimum system requirements for MIKE SHE are:

Operating Fully supported operating systems *

systems Windows 7 Professional Service Pack 1 (32 and 64 bit), Windows 8 Pro (64 bit)
and Windows Server 2008 R2 Standard Service Pack 1 (64 bit). Non-
supported but partially tested operating systems **

Windows XP Professional Service Pack 3 (32 bit), Windows 8 Pro (32 bit) and
Windows Server 2012 Standard (64 bit).

Processor 2.0 GHz Intel Pentium or higher and compatibles, or equivalents
Memory (RAM) 2 GB (or higher)

Hard disk 40 GB (or higher)

Monitor SVGA, resolution 1024x768 in 16 bit colour

Graphics adapter | 64 MB RAM (256 MB RAM or higher recommended), 24 bit true colour
Media DVD drive compatible with dual-layer DVDs is required for installation
File system NTFS

Software .NET Framework 3.5 SP1 and .NET Framework 4.0 (Full Profile)

requirements

* Fully supported operational systems are systems that have been tested in accordance with MIKE by DHI's Quality
Assurance procedures and where warranty and software maintenance agreement conditions apply.

** Non-supported but partially tested operating systems are systems, which are not officially supported by the MIKE
by DHI software products. These operating systems have only undergone very limited testing for the purpose of
MIKE by DHI software, but the software and key features are likely to work. Installation of MIKE by DHI software on a
non-supported operating system is done so at the user's own risk.

Installation of MIKE SHE

Installation of MIKE SHE is done as part of Mike by DHlinstallation (For details see

the DSS installation module).

How to start MIKE SHE
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To start MIKE SHE, go to Start -> Programs -> MIKE by DHI 2014 -> MIKE Zero or
search for MIKE by DHI 2014 and select ‘MIKE Zero'. Then you can select MIKE
SHE from within the MIKE Zero Shell.

Starting MIKE SHE without a DHI configured hardware key and valid license files will
cause the program to run in demo mode. If this happens, a message box will inform
you during program initialization. When running in demo mode, MIKE SHE supplies
full access to all editors, computational engines and editing facilities. However,

restrictions apply to the setups that can actually be executed as a model simulation.
The MIKE SHE User Interface

The MIKE SHE user interface is organized by task. In every model application you
must:

e Set up the model,

¢ Process the data

¢ Run the model, and view the results.
The above three tasks are carried until you obtain the results that you want from the
model. When you create or open a MIKE SHE model, you will find yourself in the
Setup Tab of the MIKE SHE user interface (See Figure 110).

& MIKE Zero - [EXL.shel
@ File Edit View Refresh Run Window Help

=y = LR G EN||£|PPwn|ug
WIKE SHE Flow Model Descrption
= E—
[ o Foreground _
d Eavaiad (7] Ditault map display based on the Mods Domain
Curred [ zyer Import comer coordinates fiom a grid or map file: mpart,
[ 1 Smulstion spscfication
o Model Domain and Gid Lower Left cormer Upps Right cormer
of Topogrephy s (85700 - [395800 w 208700 v. (1035800
Climate
Land Use
o Rivers and Lakes [meter]
il of Ovstand Flow
Saturated Zone 1080000

@ of Storing of resuits
Extra Parameters

1060000 4
1040000 -

1020000

1000000 4

t T
100000 150000 200000

meter]
Setup Data |ProcessedDaa | Resuls ! !

Warning :Simulation specification: Fully 3 grid-based groundwater s not licensed. The simulation will run in demo mode.

([« »[+/]\ validation / Smulaton } MIKE 11 Execution Log

Figure 110: MIKE SHE user interface

The Setup section is divided into three sections, the data tree, a context sensitive

pane and a validation area.
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The data tree is dynamic and changes with how you set up your model. It provides

an overview of all of the relevant data in your model. The data tree is organized

vertically, in the sense that if you work your way down the tree, by the time you come

to the bottom you are ready to run your model. The following sections are included in

the tree:

Display - display of map overlays

Simulation Specification - control and selection of water movement engines
Water Quality Simulation Specification - control and selection of water quality
engines

Species - specification of species for water quality simulations

Water Quality Sorption and Decay

Model Domain and Grid - definition of model extent and grid

Subcatchments - definition of catchment boundaries for lumped parameter
water movement engines

Topography - specification of land surface elevation

Climate - specification and extent of climate measurements, such as
precipitation and evapotranspiration

Land Use - specification of vegetation and irrigation

Rivers and Lakes - link to MIKE 11 channel flow model

Overland Flow - specification of 2D overland sheet flow parameters for both
water movement and water quality

Unsaturated Zone - specification of 1D unsaturated zone columns
Groundwater table for lower UZ boundary - specification of static lower
boundary condition for unsaturated flow, if saturated zone not included
Saturated Zone - specification of 3D saturated zone parameters for both
water movement and water quality

Sources - location and extent of solute sources for water quality simulation
Storing of Results - output selection for calibration time series and gridded
data

Extra Parameters - extra input data for model options not yet available in the

data tree

The context sensitive pane on the right allows you to input the required data

associated with your current location in the data tree. The dialogues vary with the

type of data, which can be any combination of static and dynamic data, as well as
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spatial and non-spatial data. In the case of spatial and time varying data, the actual
data is not input to the GUI. Rather, a file name must be specified and the link to the
file is stored in the GUI. Furthermore, the distribution of the data in time and space
need not correspond between the various entries. For example, rainfall data may be
entered as hourly values and pumping rates as weekly values, while the model may

be run with daily time steps.

The validation area at the bottom of the dialogue provides you with immediate

feedback on the validity of the data that you have input.
Setting up a MIKE SHE simulation

In this section, you will setup a simple MIKE SHE simulation. Data for this simulation
can be found at ..\Modelling_Tools_Module\Data\MIKESHE folder.

you will create a MIKE SHE setup from scratch and include an overland flow model.
The required specifications include:
o Definition of the model domain and grid which will be used as the
computational mesh
o Definition of surface topography and roughness
o Definition of simulation parameters such as time-step and numerical control
parameters.

¢ Specification of rainfall.

Create a new MIKE SHE setup file (.SHE).

o Start MIKE Zero and create a new MIKE SHE file (.SHE).
o File -> New -> File -> MIKE SHE -> Flow Model as in Figure 111.

[Eer R ==
Product Types: Documents: D
b @[ MIKE Zero -
=5 MIKE 11 i i |
) MIKE21 TEEEE]  wellEditr UZ Sl 3
31 MIKE 3 {.she) {wel) Propert... T
=1 MIKE 21/3 Integrated Models
o ® & W
=3 MIKE FLOCD
(== MIKE SHE ET Vegetation Water Balance Simple Shape
Properties ... Calculation ... Editor (.shp) >
Flow Mode!
CK. Cancel

Figure 111: Creating a new MIKE SHE flow model
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Simulation Specifications
In the MIKE SHE explorer, browse to 'Simulation specification' and include only

Overland flow in the simulation and use the 'Finite difference’ solver (See Figure

112).
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D — .

o

S H| A

® File Edit View Refresh Run  Window Help
=l v g ‘ PP I-lr1| wq |

&
=]

-
w
B

A

++ MIKE SHE Flow Model Description

Display
Simulation specification
Simulation title
Simulation period
Time step cortral
OL Computational Control Parar

- ® Model Domain and Grid

Topography
Climate
Overand Flow
Storing of results
Bdra Parameters

. | (3

Setup Data |Processsd | Resus

Figure 112: Simulation specifications
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Simulation title: you may specify a simulation title and a short description of the

setup. This is however not required.

Simulation period (Figure 113):

Start date : 1st January 2000
End date: 30th March 2000

You can change these settings at any time. It is however required that all time

varying data (e.qg. rainfall) is available within the simulation period. We will come back

to “Time step control” and “OL Computational Control Parameters” later in the

exercise.
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”Ifigure 113: Simulation period
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Define Model Domain and grid
In the MIKE SHE explorer, click the “Model domain and Grid” node (Figure 114).

e Select “Catchment defined by shape file”
e Browse to ..\Modelling_Tools_Module\Data\MIKESHE\gis\Catchment folder
and select the file “VaiparBasinBound _UTM.shp” (here the item is not

important. Select e.g. ID) and click OK then click OK again to accept the units

(i.e. meters).
MIKE SHE Flow Model Descrintion -
& o Owly [ModelDomainandGria
& o Smulation specfication )
o ) Catchment defined by Dfs Fle ¢ 400D ING EMERCISESWMIKE SHE 5TUDIDWAIRF =)
o Topography & Catchment defined by Shape Fie
Cimate Creste..

Land Use Catchment size: and orientation

o Rivers and Lakes

& X MY Cell Size Fotation:
@ o Overland Flow e
g el T 240 160 500 ml 0 [Deg. Caunter clockwise]
- f Storing of results
Extra Parameters
Catchment crigin and rmap projection
D) 0, Map Projection Type: 3
83700 [ml 395800 [m]  UTM-44 -

[meter]

1050000

1000000 m _al
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= i
Seiup Data |Processed D= | Resuis Unsiz] il

Figure 114: Defining model domain

I

.
[_1 undefined Value

Change the grid resolution
The equidistant grid defined here will be used by MIKE SHE in the numerical
solution (computational mesh)

o Define the mesh as shown in Figure 115.

Catchment size and arientation
RES KNS Cell Size: Riotation:
240 1a0 500 [m] i} [Deg. Counter clockwize]

Catchment onigin and map projection
wi Y Map Projection Type:
29700 [m] 995300 [m] UThd-24 -

Figure 115: Defining the grid resolution

Include spatial overlays
In the MIKE SHE explorer, click the 'Display' node. Use 'default map display based

on the model domain' (See Figure 116) as follows:

e Select the 'Foreground' Node'

¢ Insert a new row with type 'shape’' using the
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e Then click the “shape:Unknown” node in the explorer, by expanding the
‘Foreground’ node (See Figure 117).

e Browse to .\Modelling_Tools Module\Data\MIKESHE\gis\Catchment and
select the file 'VaiparBasinBound UTM.shp'. Before pressing OK pick

'‘Basin_Name' from the item list.

¢ In a similar manner Insert a new row with type 'shape’ using the button
but this time select 'River' and add a MIKE11 network file to the display. Use
the  'Vaippar river -  simplified.nwk1l" file located in the
.\Modelling_Tools_Module\Data\AMIKESHE\MIKE11\Network folder. In the list
of overlays select “River” and then “user defined” and browse to the above
file.

o Go back to the “Display node” to see the overlays. You may try to change the
appearance of the spatial overlays (e.g. colours, lines). It could look
something like Figure 118.

o These overlays will be displayed on all map displays in MIKE SHE.

Drefault map dizplay bazed on the Model Domain

Import comer coordinates from a grid or map fils; Import...
Lawer Left comer Upper Right comer
¥ |83700 Y: | 995800 | 209700 ;| 1085800

Figure 116: Defining map display
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Figure 117: Adding a shape file
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Figure 118: Map display with a catchment and river network
Save the MIKE SHE setup
e File -> Save As
o Browse to the ..\Modelling_Tools_Module\Data\AMIKESHE folder.
o Name the file “EX1” (the suffix .SHE) will be added automatically.
The full MIKE SHE setup is saved in a .SHE document.

Define Surface topography

When defining elevation data (such as surface topography), MIKE SHE allows the
user to specify a uniform value (e.g. 10 m) which will be used throughout the model
domain or — which you would typically want — distributed values supporting different

file formats (dfs2, shp, and txt). In this exercise we will use a dfs2 file (Figure 119).

e Browse to the “Topography” node

o Select “Grid file (.dfs2)”
Browse and select the file ' vaipardem_no_gaps.dfs2' from the
.\Training_HowTos\Modelling_Tools_Module\Data\MIKESHE\maps\DEM
folder.

Spatial Distribution:
[!_I_nifnrm v}

Unifarm
Gnid file: [ dfs2]
Point/Line [.zhp)
Faint #vE]. tat]

]

Figure 119: Selecting the dfs2 option for topography

Define climate data

o Select the ‘climate’ node and then 'Precipitation rate' (See Figure 120)
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e Use uniform spatial distribution

e Use timevarying (dfs0) for temporal distribution.

o Select a rainfall time-series by browsing to the
.\Modelling_Tools_Module\Data\MIKESHE\timeseries\Climate  folder and
selecting 'VaiparRF.dfsO'. The file contains multiple rainfall time-series.
Select the item named 'Ettayapuram’

o Leave the “net rainfall factor” at 1.0 which means that all rainfall is applied
directly on the ground surface (the net rainfall factor is simply multiplied on

the rainfall rate).
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= Simulation specfication
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R Time: Series File:

OL Computationial Cortrol Paramet
i e shis\D ssklopsMIKE SHE StudiohvaippartTimeseriss
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o Topography
=} Climate [millimeter]
o
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Edra Parameters
120 ----oomm s
opfeessessassss

Figure 120: Climate data options

Define Overland Flow Parameters
e Browse to the 'Overland Flow' node (See Figure 121)

o Define uniform manning number =5
o Detention storage = 0

o Initial water depth =0

[ ] vaippar_River_2D_Overland_Flow (as in exercise) - Modified

MIKE SHE Flow Mode! Description
5 o Dy [Manning Number

- o Simulation specification Spatial Dishibulion:
- o Simulstion tile
o of Simulation period
« Time step control “alug o
- o OL Computational Cortrol Paramet... Bl [m™(173]/5]
o Model Domain and Grid
o Topography
@=- of Climate
- o Overand Flow
-
i of Detention Storage
- of Initial Water Depth
- of Storing of results
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Figure 121: Overland flow parameters

Storing of Results
e Browse to 'Storing of Results'

o Disable 'Storing of Water balance'
o Define storage time-step for 'Overland flow' and “Precipitation” data to 24

hours as in Figure 122.

Page 109



DSS Modeling tools

® EX1 - Modified
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Figure 122: Storing result options (partial screenshot)
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e Select 'Grid series outputs' node and Select (check) “Precipitation rate” and

“Depth of overland water” as in Figure 123
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Figure 123: Grid series output

Run the Pre-processor (PP)
MIKE SHE'’s engine is divided in two separate components, a Pre-processor (PP)

and a Water Movement simulation engine (WM).

The pre-processor (PP) reads all input data from the .SHE file and prepare all input
data so they are available in the defined model grid. Whenever the setup is changed

the PP has to be executed before a water movement simulation can be executed.

e Save the setup by pressing the button in the toolbar.

¢ Run the pre-processor by pressing the | PP| button in the toolbar (click OK to

dismiss the 'Launch Settings' dialog and then simulation starts.

Inspect Pre-processed data
o Click the 'Processed data' tab (See Figure 124)

o Browse the 'Processed data' tree and inspect the processed data.
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e The explorer gives you a quick view on the pre-processed data

o Try selecting the 'surface topography' and then click the 'View button' (See
Figure 125)

e This brings you to a 2D editor which gives you a more detailed view if needed
(and which can be used for editing 2D data).

o Experiment with the 2D editor:

o Select different items from the pull-down menu (right side of the tool-strip)

e Double click in the map (What do you notice?).

® Ex1 - Modified

MIKE SHE Flow Model Description
B Processed data

Mode! domain and grid
Surface topography
&3] Climate
[E3] Owerdand Flow
Groundwater Table

|

Figure 124: Processed data tab
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Figure 125: Surface topography processed data

Computational Control
¢ Browse to OL Computational control under the setup page (See Figure 126)

e Select the Explicit solver

o Define settings as illustrated to the below

Page 111



DSS Modeling tools

[ MIKE Zero - [EX1 - Modified —
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Figure 126: Setting the computational control parameters

Run the water movement simulation
e Press the IE' button

¢ Watch the 'Simulation' tab in the lower pane.

Inspect Results
o Press the “Results” tab (See Figure 127)

o Press “View result” — start with precipitation
5 MIKE Zero - [EXL - Modited] T T ——

® @ File Edit View Refresh Run Window Help

D= M| & 23’5=ﬁ\§?k?\}c\Ppwn|mqi

[~ MIKE SHE Flow Modsl Description

Mike SHE Detailed Time Series

o [Gidded Data Results Viewer Layer no. for Groundwater items
Mike 11 Detaled Time Series 1
- 1 Post-Processing

Add ‘

ttem XY-flow

vectors

1 itation rate 5] View resut

2| depth of overland water (=] [iew resuit._|
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Figure 127: Results tab

Result Viewing
e Press the “Results” tab. This will start a Result Viewer

e Push the “play” button in the top toolbar (See Figure 128).

o Select the “Time series” button (See Figure 129).

o Double click on a location on the map (What do you notice).

o Do the same for overland flow (close the result viewer and press “View” on

overland depth).

fmuﬁq[i]-ﬁ\;'?nm

tation rate Play Forward |

Figure 128: Play button
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Itﬁtﬁt@—’ | &

Lo
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Figure 129: Time series button

File structure
When running MIKE SHE PP a new folder is created under the folder where the

.SHE document is placed. The folder will get the same name as the .SHE document
appended with “- Result Files”. In this “case EX1.she - Result Files”. The folder also
contains the pre-proessed data. All gridded data are stored in a dfs2 document and

may be inspected. Input parameters and other data types are stored in the pfs file.

Review Questions

1. List some common applications of the of MIKE SHE.
2. MIKE 11 results are viewed in MIKE View?
. True

. False
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Answers

1. The following are typical applications for which MIKE SHE is often used:
¢ Conjunctive use and management of surface water and groundwater
e lIrrigation and drought management
¢ Wetland management and restoration
e Environmental river flows
o Floodplain management
o Groundwater induced flooding
¢ Land use and climate change impacts on groundwater and surface water
¢ Nutrient fate and management
¢ Integrated mine water management

2. False (In Mike Zero)
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3. References

- Nile Basin Decision Support System help file (DSS Ver. 2.0)

- Nile Basin Decision Support training material (developed in 2013 and 2014)
- DHI training material for the Nile Basin Decision Support (developed in 2012)
- MIKE 11 short introduction tutorial by DHI (developed in 2003)
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