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Notes:

MIKE SHE

The step-by-step exercises in this book are designed to illustrate the basic
functionality available in the user interface and the basic steps required for integrated
groundwater-surface water modelling. The exercises are not intended to illustrate
best practices in integrated modelling.

Although the MIKE SHE model used in these exercises is based on a real case
study, it has been significantly simplified to make it run quickly. Thus, the parameter
values may not be representative of real world values.

Although the entire exercises will not run in the demo mode, the exercises can be
easily modified so that they will run in the demo mode by reducing the number of
nodes or the simulation length. The necessary changes are noted in the exercises.

As the exercises are performed it is recommended that the reader initially spends
some time familiarising themselves and understanding the figures on each page
before reading the text on that page as this greatly aids in the understanding of the
exercise instructions.

Fully Integrated Exercise - © DHI
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Introduction MI KE

1 Introduction

In the hydrological cycle, water evaporates from the oceans, lakes and rivers, from the
soil and is transpired by plants. This water vapour is transported in the atmosphere and
falls back to the earth as rain and snow. It infiltrates to the groundwater and discharges to
streams and rivers as base flow. It also runs off directly to streams and rivers that flow
back to the ocean. The hydrologic cycle is a closed loop and our interventions do not
remove water; rather they affect the movement and transfer of water within the hydrologic
cycle.

MIKE SHE is an advanced, flexible framework for hydrologic modelling. It includes a full
suite of pre- and post-processing tools, plus a flexible mix of advanced and simple
solution techniques for each of the hydrologic processes. MIKE SHE covers the major
processes in the hydrologic cycle and includes process models for evapotranspiration,
overland flow, unsaturated flow, groundwater flow, and channel flow and their
interactions. Each of these processes can be represented at different levels of spatial
distribution and complexity, according to the goals of the modelling study, the availability
of field data and the modeller’s choices. The MIKE SHE user interface allows the user to
intuitively build the model description based on the user's conceptual model of the
watershed. The model data is specified in a variety of formats independent of the model
domain and grid, including native GIS formats. At run time, the spatial data is mapped
onto the numerical grid, which makes it easy to change the spatial discretisation.

1.1  Hydrologic processes simulated by MIKE SHE

MIKE SHE uses MIKE 11 to simulate channel flow. MIKE 11 includes comprehensive
facilities for modelling complex channel networks, lakes and reservoirs, and river
structures, such as gates, sluices, and weirs. In many highly managed river systems,
accurate representation of the river structures and their operation rules is essential. In a
similar manner, MIKE SHE is also linked to the MOUSE sewer model, which can be used
to simulate the interaction between urban storm water and sanitary sewer net-works and
groundwater. MIKE SHE is applicable at spatial scales ranging from a single soil profile,
for evaluating crop water requirements, to large regions including several river
catchments, such as the 80,000 km2 Senegal Basin. MIKE SHE has proven valuable in
hundreds of research and consultancy projects covering a wide range of climatological
and hydrological regimes.

The need for fully integrated surface and groundwater models, like MIKE SHE, has been
highlighted by several recent independent studies that can be downloaded from the MIKE
SHE web site. These studies compare and contrast available integrated
groundwater/surface water codes. They also show that few codes exist that have been
designed and developed to fully integrate surface water and groundwater. Further, few of
these have been applied outside of the academic community.

1.2  Applications around the world

MIKE SHE has been used in a broad range of applications. It is being used operationally
in many countries around the world by organisations ranging from universities and
research centres to consulting engineers companies. MIKE SHE has been used for the
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analysis, planning and management of a wide range of water resources and
environmental and ecological problems related to surface water and groundwater, such

River basin management and planning

Water supply design, management and optimisation
Irrigation and drainage

Soil and water management

Surface water impact from groundwater withdrawal
Conjunctive use of groundwater and surface water
Wetland management and restoration

Ecological evaluations

Groundwater management

Environmental impact assessments

Aquifer vulnerability mapping

Contamination from waste disposal

Surface water and groundwater quality remediation
Floodplain studies

Impact of land use and climate change

Impact of agriculture (irrigation, drainage, nutrients and pesticides, etc.)

1.3 The MIKE SHE user interface

MIKE SHE’s user interface can be characterised by the need to

Develop a GUI that promotes a logical and intuitive workflow, which is why it includes
A dynamic navigation tree that depends on simple and logical choices

- A conceptual model approach that is translated at run-time into the
mathematical model

- Object oriented “thinking” (geo-objects with attached properties)

- Full, context-sensitive, on-line help

- Customised input/output units to support local needs

Strengthen the calibration and result analysis processes, which is why it includes

- Default HTML outputs (calibration hydrographs, goodness of fit, water balances,
etc.)

- User-defined HTML outputs

- A Result Viewer that integrates 1D, 2D and 3D data for viewing and animation

- Water balance, auto-calibration and parameter estimation tools.

Develop a flexible, unstructured GUI suitable for different modelling approaches,

which is why it includes

- Flexible data format (gridded data, .shp files, etc.) that is easy to update for new
data formats

- Flexible time series module for manipulating time-varying data

- Flexible engine structure that can be easily updated with new numerical engines

The result is a GUI that is flexible enough for the most complex applications imaginable,
yet remains easy-to-use for simple applications.

Fully Integrated Exercise - © DHI
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In addition to the MIKE ZERO Project Explorer, the MIKE SHE document consists of 4
parts:

*  Along the top - the Tool bar and drop-down Menus

*  On the left - the dynamic Data tree and tab control

*  Onthe right - the context sensitive Dialogue area

*  Along the bottom - the Validation area and Mouse-over data area

Tool bar - contains icon short cuts for many MIKE SHE operations that can be accessed
via the Menus. Also, it changes depending on the tools that are currently in use.

Data tree - displays the data items required to run the model as it is currently defined. If
you add or subtract hydrologic processes or change numeric engines, the make-up of the
data tree will change.

Dialogue area - is different for each item in the data tree.

Validation area - displays information on missing data or invalid data items. Any items
displayed here are hot linked to the dialogue in which the error has occurred.

Mouse-over area - displays dynamic coordinate and value information related to the
mouse position in the map area of any of the spatial dialogues.

The expert in WATER ENVIRONMENTS 3
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2 Getting Started Exercise

Overall objective

Learn how to create a MIKE Zero Project and the associated project documents. Use the
Examples Project and save it locally for use

Important learning objectives

After completing this exercise you should be able to
+  Start MIKE SHE
. Install the example file

2.1 Step 1 - Start MIKE SHE

2.1.1 Launch MIKE SHE

»  from the Program menu select MIKE Zero:

ﬂ The Program Files menu looks different depending on your operating system and your
settings. The picture below is the default display for Windows 7 64 bit.

. MIKE by DHI 2014
4% DHI License Administration
<% DHI License Updater
<3 DHI Software Updater
<% Model Warehouse
. DHI Rerncte Simulation
. DHI WaterData
. MIKE Anirnator Plus
. MIKE View
. MIKE Zerc
%5 MIKE Zero
. Documentation
. Release Motes
| Tools
L Irnage Rectifier
=% Launch Simulation Engine
ol MIKE 21 C Grid Generator
=% MIKE to Google Earth

MIKE SHE is part of the MIKE Zero suite of modelling tools, which is a global DHI user
interface for managing and manipulating data files and projects for many of the MIKE
Powered by DHI software products. Thus, when you launch MIKE SHE, you are really
launching MIKE Zero. MIKE Zero then provides the framework from which you can run
MIKE SHE or any other product in the MIKE Zero family.

The expert in WATER ENVIRONMENTS
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Also to notice in this menu is the

DHI License Administration icon — this launches a tool for managing your software
licenses

MIKE View — This is a tool for evaluating the results of MIKE 11
Documentation — This links to a directory of all the installed documentation files

Release notes — Here you can find the latest information on the service packs that have
been installed

MIKE to Google Earth — This tool allows you to map your results onto Google Earth

2.2  Step 2 — The MIKE Zero project

MIKE Zero is more than a set of modelling tools. MIKE Zero is a project management
interface, with a full range of tools for helping you with your modelling project.

2.2.1 The MIKE Zero project window

The MIKE Zero Start Page includes two parts:

1. The Project Overview table lists the projects that you have recently accessed,
along with their creation and last modified dates.

2.  The Project Explorer is a view into the directory with all the files that are associated
with the project.

The MIKE Zero project structure is designed to help you keep control of your project. By
default it appears on the right hand side of the MIKE ZERO interface.

T WE 2o - Tt Page] T
) e Yew findow bep £ix
Dwd e

SOFTWARE FOR

WATER ENVIRONMENTS

Open an st Prosect

s s st ] | Opon Pt | S o

Fully Integrated Exercise - © DHI
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2.2.2 Install the MIKE Zero examples

The versions in the Program Files directory are read-only and provide you with an

ﬂ uncorrupted version of the example files. The Install Examples button copies all of the
example files from the Program Files directory into your chosen directory location for use
in these exercises. If you accidentally corrupt the files, then you can simply re-install the
examples.

*  Click on the Install Examples... button and then select to install all of the MIKE SHE
example files

»  Select your Destination Directory to be the Documents/MIKE Zero Projects
directory

Now you have a local duplicate copy of the Examples Project for use in these exercises.

For all of these exercises, please use the versions found in the Documents
directory just created.

e DN =

Open an Existing Project Examples
Mame: m-[TiS MIKE_ZERO

MIKE SHE Examples

Destination Direckary
Ci\Data\MIKE Zero Projects E]

a4 | Add project files ko recent project lisk

[Install Examples... [ Install ”

Cancel l

The expert in WATER ENVIRONMENTS 7
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2.2.3 Open the default examples project

After you have started MIKE SHE you will navigate to the default location of the installed
MIKE SHE Examples Project.

. Select the _PenProiet | 1 ion below the project list.
. Browse to the folder: \Documents\MIKE Zero Projects\MIKE_SHE
*  Then open the existing project: MIKE SHE Examples.mzp

. The files contained within the MIKE SHE Examples project will now appear in the
Project Explorer

If you have opened this project before, the project will be displayed in the list box. In this
case, open by clicking on the project name.

ﬂ Note: The project opens with all the directories expanded out. So, you might like to close

up some of the directories in the Project Explorer by clicking on the little & icons.
| & Open MIKE Zero Project File
K8 | » Libraries » Documents » MIKE Zero Projects » MIKESHE » -
Organize v Mew folder
& SkyDri - -
® SlyDrive Documents library
= Recent Places MIKE SHE
. Projects (aubnel-stor) -
4 Proposals (aubnel-stor) blams
. CARM-aubnel -stor | External Data
“# Dropbox .. Final Report
. Model
= Libraries .. Project Documents
@ Documents = . Result
J’ Music =3 MIKE SHE Examples.mzp
[&5] Pictures
il SharePoint Projects
B Videos
SR
(& Fe Vi ndow  Help =le|x|
D@ s+l |aew
MIKE SHE Examples 1
External Data
pp— : Final Report
WATER ENVIRONMENTS Mode! Inputs.
3 GISOata
MAPS
Open an Existing Project ;I‘Ek‘i‘mp bad11
Nome [Crested | Modified ~ | Location | W karup disd
MIKE SHE Examples 27/09/2012  Today C:\Program Files (x86)\DHI\2012\MIKE Zero\Examples\MIKE_SHE : ::::‘; ::l‘n
® karp sim11
¥ karupxns1l
& karup0bmp
karup0 bmpw
4 River_network dbf
¥ River_network shp
River_network shx
5 € Tme
® KaupUZS
¥ Kap WEL
® MKE_SHE_vege ETV
® Karup_Example SHE
# Karup_Example_DemoMode SHE
# Karup_Example_DemoMode_Wblwbl
@ Karup_Example_Wblwbl
Install Examples... wewproject | openproect | | pelsteproea | [ © 0 Poocamens
& Tool Setups
MIKE Zero 2012 © Simulation History
el - (Lol AT T
Ready No Tracking Mode | Inom
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2.2.4 Getting help
You are welcome to ask your instructor at any time for help.
However, if you are working on your own, there is an extensive on-line help. The full Help

can be accessed from the top Help... menu. From within the dialogues, context sensitive
help is available by pressing the F1 key.

=T s
o &
e

Pt Cpsorn

Corterts| ndex | Samch | Favedes Start Page

Wodang wih MIKE Zora

Laurch Smustion
& @ MIKE Zers Promct Framewodk WIKE Z&ro wil keep ¥ck of e projects previously used in MIKE Zero. When opening MIKE Zero, 3 s1art page appears ftom which you Can open ohd projects of create new projects. Futhemore you have Te opton to install one of mora of
= () Woking wih a MIKE Zaro Frome: | | | Ihe exampdes applied with the installation in 3 directory of your choice.

£ S

. MIKE Zoro Project MIKE Zeco Project
5 @ Foject Viw
& @ Verscn Cortrol veaface

=3,
MIKE '

End of Getting Started Exercise.
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3 Develop a Fully Integrated MIKE SHE Model

Overall objective

Starting with a simple groundwater model, develop a fully integrated MIKE SHE model.

Important learning objectives

After completing this exercise you should be able to:

. Use point data to interpolated gridded surfaces in MIKE SHE

. Use GIS polygon data and grid data to distribute model parameters spatially

+  Add graphical overlays (bitmaps and shape files) to your model display

. Understand the concepts of Geological Model and Computational Layers

. Understand the properties and attributes that are attached to a Geological Model
. Master the input specifications required for a simple Geological Model

. Understand the properties and attributes that are attached to Computational Layers
. Master the input specifications required for Computational Layers

. Understand the concepts of Setup Data and Processed Data

*  Run the simulation engine and view results using the Result Viewer

*  Add ariver to the model setup

*  Add an unsaturated zone to the groundwater model setup

*  Add an surface water component to the model setup

«  Evapotranspiration, Vegetation and Land use?

+  Complete a water balance of the fully integrated model

3.1 Step 1 - Create a new MIKE SHE setup

The models used in the following exercises are based on the Karup River watershed in
western Denmark. In the following steps you will be creating and adding a new MIKE SHE
model to the Karup River example project thus enabling use of already created files.

Ensure that you have installed the Example files in the previous Getting Started exercise,
and have opened the MIKE SHE examples.mzp project file.

3.1.1 Create a new MIKE SHE document

A MIKE Zero project is a collection of documents. All of the MIKE Powered by DHI
documents can be created from the File\New\File... menu in the top pull-down menu or

[

by clicking on the New File icon, , in the toolbar.
When the New File dialogue appears,

+  select MIKE SHE on the left hand side,

«  select Flow Model (.she) on the right hand side,
«  click OK.

The default MIKE SHE Setup dialogue will now appear and the new .she file will be added
to the project under the Model directory.

The expert in WATER ENVIRONMENTS 11
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The .SHE file contains all the user-specified information required to run MIKE SHE.

ﬂ However, the file does not contain the actual time series and grid data. MIKE SHE only
stores the path names to the other data files for time-series data and grid data. This
greatly improves the flexibility of the user interface for keeping your model up-to-date with
new data and for running calibration and prediction scenarios

Alternatively, you can select any of the listed file types on the right hand side, or even
navigate to one of the other items on the left hand side. For example, you may need to
create a water balance (.wbl) file during calibration, or a new dfs0 time series file, which
you will find under the MIKE Zero list.

=3 New File
Product Types: Documents:
#-[=3 MIKE Zero A
{2 MIKE HYDRO ' ‘ ‘ ' ' ' s
(= MIKE 11 Flow Model Well Editor UZ Soil ET Vegetation Water Balance Simple Shape  MIKE SHE
3 MIKE 21 (.she) (.wel) Propert...  Properties... Calculation... Editor (.shp) Toolbox (.mst)

= MIKE3

{1 MIKE 21/3 Integrated Models
= LITPACK

(= MIKE FLOOD

0

MIKE SHE - a modelling system for integrated groundwater and surface water

OK Cancel

3.1.2 Save the document file

The document file that you just created — in this case the .she document — is unnamed
until you save it.

To save the file:

. First. Click on the Model directory in the Project Explorer (this becomes the default
location for the file to be saved to and ensures that the .she file is located correctly
within the project folder structure )

. Then, use the File\Save menu item, or the Save icon =

. In the Save dialogue,
type in a file name (e.g. SZ1 - this file will be used in the next exercise)

*  Add a Note, if you want

*  Click OK
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3.2

3.21
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Save ==
Save As
Name: SZ1 .she v
Location: C:\data\MIKE Zero Projects\MIKE_SHE\Model |_

Notes:
My first MIKE SHE model
Add to Version Control OK J [ Cancel

Step 2 — Set up the map overlays

The first thing to do in most projects is to define the maps and overlays that you are going
to use in your project.

MIKE SHE allows you to add graphical overlays using bitmaps, ArcView .shp files, etc.
These overlays will appear on all maps shown in the graphical view in the user interface.

Set the display area

The basic display area of the model map view is defined in the top item of the data tree
dialogue under Display:

*  Use your mouse pointer to select Display

. Leave the checkbox checked On

The Display item is located at the top of the data tree to make it easy to add and edit your
background maps. In the Display item, you can add any humber of images to your model
setup, in a variety of formats. The images are carried over to the various editors, so you
can keep a consistent display between the set up editor and, for example, the Grid Editor
and the Results Viewer.

The option ' Default map display based on the Model Domain' means that the map view
will be defined by the size of the model domain that you select in the next section of this
exercise.

However, in some cases you may want the displayed map area should be much larger
than the model domain, in which case you can define the map extents in this dialogue.

You can also import the extents from a shape or dfs2 file.

The expert in WATER ENVIRONMENTS 13
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[V] Default map display based on the Model Domain
Import comer coordinates from a grid or map file: Import.
Lower Left comer Upper Right comer
X |0 ¥: |0 X: 150000 v: |50000
[meter]
50000
e S o oo
o s e caseeay
35000 ‘ '''''''''''' """"""""""" e
MIKE SHE Flow Model Description ST URRWY | . . AUNUVRY. NN S—
2 i | | |
Foreground 25000 7 J """"""" """"""" """""""
Background § i : :
20000:-f s=72s2snssmesdiesnsesasnsns EE S 29aEREARRRARN Kaszoasnsanses
£ Curment Layer ; ] :
= Simulation specification ‘15000-'1 """"""" r """""""
Model Domain and Grid : : : :
HoD0pS S Sy e G e e Seeial
Topography : : 3
= Climate 5ooo—~ -------------- -------------- -------------
& Saturated Zone I I : :
i ; 0+ T T T T
& Stonng of results 0 10000 20000 30000 40000 50000
Extra Parameters [meter]

3.2.2 Add an image map overlay

In the Foreground dialogue under Display:

. Click on the Add Item icon

Notice that a plus sign (+) appears beside the Foreground item in the data tree. This
indicates that sub-items have been added in the data tree.

The Background and Foreground options refer to the way the overlays are displayed
relative to the input data specified in the other dialogues.
Also, if you have multiple overlays, the order that they are listed defines the order in which

they are displayed. Thus, you don't usually want a bitmap at the top of the list, since it
would hide all of the lower overlays.
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- Simulation specification
----- tadel Domain and Grid
----- Topography

H- Precipitation

[+ Saturated Zone

[+ Staring of results

MIKE SHE Flow Model Descripti

Dizplay

« Background
Current Layer

Eutra Parameters

< | ¥

3.2.3

setup .. Resuls

MIKEE“

Powered by DHI

Overlay File

x|+

Type | Display |
~

1 Imaige:

Define the file and geo-reference the bitmap

Now click on the plus sign beside the Foreground item in the data tree to expand the data
tree. Then click on the sub-item to display the sub-dialogue. In the sub-dialogue:

click on the browse button, EI , and find the file
A\Model Inputs\GIS Data/Karup0.bmp

Define the Area Coordinates of the bitmap

Set the Display style

Minimum X = 822
Minimum Y =-1870
Maximum X = 32845
Maximum Y = 33270

as Blend Colors, which will blend the map colours with any

other displayed colours. This will prevent the bitmap from hiding the model data.

Then navigate back to the Display dialogue, to ensure that the map is being

displayed correctly.

o MIKE SHE Flow Model Descripti
= Display
B o Foreground
i e o Image: kanupO.bmp
« Background
Current Layer

[+ Simulation specification
----- todel Domain and Grid
----- Topoaraphy

[+~ Precipitation

[+~ Saturated Zone

[ Storing of results

Extra Parameters

< | B

Dizplay
Image File:
C:ADatavMIKE Zero Projects\MIKE_SHE\Modef\Madel InputshGIS Databkanpd brp D

Area Coordinates

B3 3
Min coords: 822 [m] 1870 [mn]
- [Import geo reference from file...
Max coords: 32845 [m] 33270 [m]
Image Styles
Display style: Blend colors = | Tranzparent color:
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Since a bitmap image does not contain any geographical information (it is simply a list of
pixel locations and colours), the bitmap must be oriented in space. To do so, you have
provided MIKE SHE with the coordinates of the lower left and upper right corners of the

bitmap.

3.3  Step 3 — Set up the simulation

MIKE SHE includes several simulation modules. The navigation tree in the user interface
depends on your choice of simulation modules.

3.3.1 Select simulation modules

In the Simulation Specification dialogue:

. Make sure that Saturated Flow is checked On

*  Make sure that Finite Difference is selected as the saturated zone Numeric Engine.

- MIKE SHE Flow Model Description
v of Display
+  Simulation specification
o Model Domain and Grid
« Topomraphy
Precipitation
o Saturated Zone
o Staring of results
o of Esira Parameters

sou vt o

Murnenc Enagine

MIKE SHE

Water Mavement [whd)
[] Overland Flow [OL)

Finite Difference

[] Rivers and Lakes [OC)
[] Unzaturated Flow [UZ)

2 Layer UZ

[] Evapotranspiration [ET]
Saturated Flow [S2]

l Finite Difference

[] Include Advection-Dispersion [A0] Waker Cuality

The Simulation Specification dialogue allows you to select, which flow components to
include in your simulation. For example, if you want to include only MIKE 11 and the
exchange to the saturated zone, then you only need to select Rivers and Lakes plus

Saturated Flow.

16
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This dialogue is where you also choose the numeric engine for the different hydrologic
processes.

*  There are three numeric engine options for the unsaturated zone and two each for
both the Overland flow and Saturated Flow.

*  The calculation method for the Evapotranspiration is automatically selected
depending on the Unsaturated Flow option selected.

. The channel flow numerical method is selected in the MIKE 11 Setup.
3.3.2 Set simulation title
In the Simulation Title dialogue:

*  Write any title and description you want

MIKE SHE Flow Model Descripti
+ Dizplay
- & Simulation specification
o Simulation title
o Simulation period
« Time step contral
& 5Z Computational Contre
« Model Domain and Grid
+- & Precipitation
+- x Saturated Zone
+ Storing of results
Eutra Parameters

Sirmulation Title:

Simulation Dezcription:

Setup .. |Proces... Fezults:

3.3.3  Specify simulation period
In the Simulation Period dialogue:

. Specify the Start date and End date
- Start Date: 1 January 1970
- End Date: 31 December 1980

Demo Note: If you are using a Demo version, then the maximum length of simulation is 30
days. In this case you should use a shorter Simulation Period. For example, 1 June 1980
to 1 July 1980.

In this dialogue, you can either type in the dates or select the dates from a drop down
calendar.

Specification of the simulation period at this early stage in the model development is not a
requirement. However, it is convenient because the time-varying input data you specify
later is validated against the simulation period. Thus, when you specify a rainfall time-
series file, a check is made to make sure that the time-series covers the Simulation
Period.
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In most cases, MIKE SHE is run as a transient model. If the model is run in steady-state,
then the steady-state solution also follows this simulation period, by generating a series of
identical steady-state solutions for each specified time step.

The Hot-start section allows you to start the simulation from the end of a previous
simulation.

If your simulation runs too slowly, then you can reduce the length of the simulation
period without affecting the learning objectives.

3.4  Step 4 — Set up the model domain

The model domain and the surface topography are required for all MIKE SHE
components.

The model domain defines the horizontal extent of the model area, as well as the
horizontal discretisation used in the model for overland flow, unsaturated flow and
saturated groundwater flow

3.4.1 Define the model domain

18

In the Model Domain and Grid dialogue:
*  Choose Catchment defined by Shape File

. Using the Browse icon, select the file
\Model Inputs\GIS Data\catchment-meter.shp

. Set the Shape axis units to “meter”.

. Set the grid dimensions to
- Number of cells in the X direction, NX = 65
- Number of cells in the Y direction, NY = 70
- Cell size = 500m
- Rotation = 0
- Origin (X0, Y0) =0, 0
- Map Projection Type = NON-UTM

The MIKE SHE GUI automatically assigns values of 1 to the internal cells and values of 2
to the boundary cells.

When you preprocess the data, the preprocessor calculates the model domain based on
the .shp file and defines the model domain as a dfs2-grid with integer values 1 (internal
point), 2 (boundary point) and zero values for areas outside the model domain. The pre-
processor assigns all of the model parameters based on the dfs2-grid that is calculated
from the polygon that you have specified in this step.
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< MIKE SHE Flow Model Descrph
[+ Display
Smulation specificabon

Topography
Preciptation
Salurated Zone
® Starng of resuls
Extra Parameters

Hom R R

1 | »

Setup ... [Proces.,. | Resuls

MIKEE“
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() Catchment defined by Dfs File

. . - ChData"MIKE Zero Projects\MIKE_SHE'Model\Model Inputs' g
@ Catchment defined by Shape File

Catchment size and orientation

Mix: M Cell Size: FRotation:
B5 0 500 [m] 0 [Deq. Counter clockwise]
Catchment origin and map projection
Wi 0 Map Projection Type:
a [rn] 0 [rn] HOM-UTH -
[meter]

30000 73

(=

ndefined Value

[meter]

If you wish to change the model domain, all you have to do is modify the .shp file and
preprocess the data again. However, be aware that previously specified data must still
cover the new polygon. If it does not, then either a warning will be issued (saying that
some values were automatically interpolated) or an error will be issued (if it can't

interpolate the data)

The Map Projection Type allows you to use any valid map projection. The only restriction
is that whichever projection you chose, you must be consistent with respect to all other
map inputs. You cannot mix, for example, maps from two different UTM zones. The NON-
UTM option implies local coordinates.

3.4.2 Add the .shp polygon to the overlays

In the Foreground dialogue:

. Click on the Add Item icon,

*  Change the Type to Shape

The expert in WATER ENVIRONMENTS
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s MIKE SHE Flow Model Descript. - |
=] Dizplay
El- o Fareground
o Image; kampl.bmp
- o Shape:Inknown
B ackground
Current Layer
[#]-- Simulatioh specifization
todel Domain and Grid
Topography
Precipitation

Saturated Zone
Staring of results

[
Futrs Pararnctars il
« ' ' | o]

Setup Data Results

MIKE SHE

1| %] 2| ¢

Type | Display | Overlay File
1 Image I~ C:A8 Trainingt. .. \Bitmaps\karupd bmp
2 Shape = S Trainingt. .. W315-Datacatchment_meter shp

*  Now, go to the new Shape:Unknown data tree item, and

. Then click on the Browse icon, EI

. In the Open file dialogue, find the file
\Model Inputs\GIS Data\catchment-meter.shp

o+ MIKE SHE Flow Model Descript. « |
B Diizplay

B of Foreground

ol Image: kampl.bmp

Shape: Unknown
Background

Current Layer

- Simulation specification

todel Domain and Grid

Topography

[t~ Precipitation

[ Saturated Zone

[#]-- Storing of results

¥ Display
Shape File: |berm:

r— Parameters for Points

Foint colar: |~ | Faitt style: I Tranzparett j
Faint type: ICi[cle j
—™ | Tiext &nnatation
= Color as point B ackaraund; ITransparent j
= Individuallcolar IvI
i Parameters for Lines and Falvgons
Line calar: |Y| LLire style: ISolid j

Falygot kil style: ITransparent

Lire thickess: ID- 3

= Test Annotation

% Color as line/polpaon Backaround: I Transparent

= [ndividua el |

r~ Units
Units af %- and -arizes

I meter j

e F utrs Paramatars il
| | B

Setup Data Results

3.4.3 Adjust the display parameters for the .shp file

In the Shape: catchment_meter.shp dialogue:

. Choose line-colour

. Increase the line thickness (e.g. 0.5 or 1 mm)

20
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¥ Display
Shape File:
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Now in all of your map dialogues, such as the Model Domain and Grid dialogue, the
model domain should now appear as a polyline on top of the map.

IC:\F‘rogram Files\DHI\MIKEZerotE sampleshMIKE _SHE \ModeliMod |Z| IPDLNUMEEH

r— Parameters for Points

[#- Precipitation

[+ Saturated Zone
- Storing of results
----- Extra Parameters

4 | m
Setup Data Result

" Individual color e |

Foint colar: |'| Foint stle; ITransparent j
Foint lype: ICircIe ﬂ
— | Test Arnotaticr
= Color 5 poirt Backoraund: ITranspalent j
O ndividual color |v|
- MIKE SHE Flow Model Descripti... )
} o s Besenpl i~ Parameters for Lines and Polygons
- o Display
Bl o Foreground . : = . : -
f Image: kaupllbmp Ling color, NN | | Line style: ISDI|EI j
- of Shape: catchment_met Palypgan fill style: ITlanspalent ﬂ
; Background
B 1 Cument Layer Line thickness: ID-3
B~ 1 Simulation specification I Test Annotation
----- Model Domain and Grid ' Color a3 line/polygon Background: ITransparent j
----- Topography

r~ Units
Units of ¥- and v-axizes

I rekar j

3.5 Step 5 - Set up the topography

The surface topography is required for all MIKE SHE components.

The model topography defines the upper bound of the groundwater model as well as the

upper surface of the unsaturated zone model. It is also used as the flow surface for

overland flow.

3.5.1 Define surface topography

In the Topography dialogue:

. Choose Point/Line (.shp) for the Spatial Distribution

. Select the file

\Model Inputs\GIS Data\Topo-processed.shp

. If the map is covered by black dots, click off the ‘Show shape raw data’ checkbox.

This will turn off the shape file data points.

The default interpolation method is Inverse Distance. Change the interpolation method to

Bilinear

a Uniform value
- a Grid file (.dfs2),

I l +  Spatially distributed data, such as topography can be specified using:

The expert in WATER ENVIRONMENTS
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- aPoint/Line (.shp) ArcView or ArcGIS map, or
- an ASCII file with distributed xyz values (Point XYZ (.txt)).

If a .shp file or a xyz-file is used, MIKE SHE will interpolate the data to the mesh defined
in the Model Domain and Grid menu.

Spatial Distribution:

Point/Line [.shp) -

Filename: Attribute:
C:h\data\MIKE Zero Projects\MIKE_SHE\Model\h @ Surface To

Interpolation Method: Search Radius:
Bilinear ~¥| 1000 [m]

Units of Shape Files

Units of X- and Y-axises: Item Unit:
meter V] meter VJ
[meter] Topography

35000 7

30000 -+~

25000 R S [meter]
H Bl ~bove 95
] ; [ s0-9s
20000 - ‘ 1 s8s-s0
] ! ' : ] so-ss
- MIKE SHE Flow Model Description ] 7s-80
- of Di - [ 70-75
E Display 15000 ===~~~ B 6s-70
- of Simulation specification 1 Bl so0-65
- o Model Domain and Grid i : 3 s ; Bl 55-60
- o Topography 10000 [-ha T s {E5E A R . e - ig':g
- Climate 1 i N 3 [ | 40:45
o o Saturated Zone ] : 2 Bl -
v of Storing of results LU Uy B I\ 7 ot . Hl 30-35
[ ] : Bl 2>-30
‘o of Edra Parameters 1 B 50w 25

0] / ey - ; [ undefined Value
- 0 10000 20000 30000
Setup Data Resulis [meter]

Hint: you can always see the Z-value at the cursor position at the bottom of your
Graphical View.

Interpolation method - You can choose between Bilinear, Triangular, Inverse Distance
and Inverse Distance Squared interpolation methods by selecting from the Interpolation
method combo box. The Inverse distance methods are good for scattered data. Bilinear
Interpolation is a good method for interpolating from gridded data and the Triangular
method is good for interpolating from digitised contour lines. You can use the Online Help
to find out more information on the interpolation methods, by clicking F1. At the bottom of
the Help page, are references to Related Items, which will take you to the detailed
descriptions of the interpolation methods.

SURFER - If you want to use interpolation methods not available in MIKE SHE, then you
can use a program such as SURFER by Golden Software. In SURFER, you can save the
interpolated SURFER grid to an XYZ file, and use the bilinear method in MIKE SHE to
reproduce the Surfer interpolation.

ArcGIS Grid - If you have gridded data from ArcGIS, then you can use the Grd2Mike

Tool (New File\MIKE ZERO\MIKE Zero Toolbox\GIS) to convert an ArcGIS Grid to a dfs2
file.
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Product Types: Documents:

I MIKE Zero - - - - y y
[ MIKE HYDRO ' ' ' ' '\‘ '\A
[ MIKE 11 Time Series  Profile Series Data Manager  Grid Series  Plot Composer Result Viewer
= MIKE21 (.dfs0) (.dfs1) (.dfsu,.mes... (.dfs3,.dfs2) (plc (irev)
{31 MIKE3 : : : : - -
-3 MIKE 21/3 Intsgrated Modsls A A
{3 LITPACK \ . . . . y
= MIKE FLOOD | Bathymetries Climate Ecolab Auto EVA Editor Mesh
=) MIKE SHE " (batsf) Chan... {.ecalab) Calibrati... (.eva) Genera...
3
Data
Extraction ...
MIKE Zero Toolbox:

5 Concatenation

[#-&] Exraction

[#-& File Converter

o &aGls

- =% Grd2Mike
= Mike2Grd

2% Mike2Shp

]
i
E
g
E

-5
- & Time Series
=]

=

[

= F =2 3 3= R

Mew Edit Delete Up [own Fun

Other tips:

*  The search radius should be sufficiently large to ensure that each grid gets a value.
For this exercise 1000 m is sufficient. However, the minimum search radius is two
times the cell size. Search radii below this will have no effect. In this data set, the
data density is quite high, and changing the search radius will have no effect.

. In some cases, such as when the grid is very large or the number of data points is
large, then the interpolation can be time consuming. This can be a problem, since the
grid is re-interpolated every time you enter the dialogue, as well as during the pre-
processing step. To make the model more efficient, you can save the interpolation to
a dfs2 file for use directly. To do this, right click on the map view and select save to
dfs2 file.

+  After you have saved the dfs2 file, you can then use it instead of the .shp file. Note
though, that the link to the original .shp data is not lost, but simply hidden from view.
This allows you to return to the original data if you want to change the discretisation
of the dfs2 file, for example, if you change the size and shape of the Model Domain
and Grid.
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3.6  Step 6 — Define groundwater recharge

For an integrated hydrological model, you normally define the distribution of precipitation
and reference evapotranspiration in both time and space. However, in this exercise, you
are building only a groundwater model and thus the “precipitation” is actually
“groundwater recharge”.

3.6.1 Define precipitation rate and temporal distribution
The precipitation is the actual amount of rainfall.
In the Precipitation Rate dialogue:

. For now, choose Uniform Spatial Distribution, which means that the same
precipitation rate will be used all over the model domain.

. Change the temporal distribution from constant to time varying.

. Click on the ‘z' button to open the file browser

. Scroll through the list and pick the file Precipitation.dfsO that has the green check
mark beside it

. Keep the default Item “Precipitation station 1” and click OK

DFS File & Item Selection

Files
Name Path Modified
MlKE_ SHE Flaw Madel Description * W PotentialEvap.dfs0 .\Model\Model Inputs\Time 16-12-2013 19:00:34
:: S_ISD‘TP_ et * W flow.dfs0 .WModel\Model Inputs\GIS D... 16-12-2013 19:00:32
Y M'm: CI"‘I';” specl 'Tjagn_f; > W Temperature_6894.d... .\Model\Model Inputs\Time 16-12-2013 19:00:34
odel Llomain and L % W exd.dfs0 .\WModel\Model Inputs\Time 16-12-2013 19:00:34

o Topography
= Climate

Met Rainfall Fraction
o Saturated Zore

v W Precipitation2.dfs0
W karup.dfso

3 W HeadObservations.dfs0

.\WModel\Model Inputs\GIS D...
Wodel\Model Inputs\MIKE11

BB Precoitotion dfso | \Wodel\vodel InputsiTme

.\Model\Model Inputs\GIS D...

16-12-2013 19:00:32
16-12-2013 19:00:32

16-12-2013 19:00:34

16-12-2013 19:00:32

o Staring of results
o Extra Parameters

Items

Name Item
Any ltem Type Precipitation station 1 -

" Gelup Data [Process.. | Resulls Help ] ( oK ] [ Cancel ]

green check beside the file name indicates that the file contents match the data

I l This file browser lists of all of the files in your project that are the correct file type. The
requirements — for example, the correct time period and units type. If you are in doubt,

you can click on the button will show you the data requirements.

In this case, you are using spatially uniform recharge data. The precipitation file contains
data from several rain gauges. The particular rain gauge to use is selected under the Item
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in the browse dialogue. In this case, you are using only the data from Precipitation station
1.

Precipitation is specified the same way data is collected from rain gauges. It can be input

as mean-step accumulated values (e.g. average rainfall per day in units of mm/day) or, as
step accumulated values (e.g. measured rainfall in a tipping bucket rain gauge in units of

mm since the last measurement).

Spatial Distiibution: T emporal Distribution
Uniform v Time vaing (dfsD)  ~

Time Series File
C:\datawMIKE Zero Projects\MIKE_SHE \WModehM odel InputshTime'Precipit:

[mm/day] Itemname: Precipitation station 1

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

3.6.2 Define net rainfall fraction

The Net Rainfall Fraction is the fraction of the precipitation that reaches the groundwater
table.

In the Net Rainfall Fraction dialogue:

«  Choose Uniform, which indicates that the same precipitation rate is used all over the
model domain.

. Specify Value = 0.2, which indicates that only 20% of the rainfall reaches the
groundwater table.
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MIKE SHE

MIKE SHE Flow Model Desciiption
4. of Digplay
4 o Simulation specification

o Model Domain and Giid

« Topography
= of Climate

4 o Precipitstion R ate

#- of Saturated Zone
+- o Stoiing of results
o Exutra Parameters

Spatial Diztribution:
IUnifnrm ﬂ

Yalue
joz

| Setup Data |Frocess Results

Normally, the amount of precipitation that reaches the groundwater table is only a small
fraction of the total amount of precipitation — usually between 5 and 25%. The majority
either runs off to surface water, or is returned to the atmosphere as evapotranspiration.
Both of these processes are very dynamic and the actual fraction that reaches the
groundwater table will vary both spatially and temporally.

When these processes are not simulated, then the Net Rainfall Fraction is used to reduce
the actual precipitation to compensate for these processes. The Net Rainfall Fraction is a
very important calibration parameter in groundwater modelling.

In the Karup catchment, the soils are very sandy, and well drained. So, there is little runoff
as overland flow. In the Integrated exercise, we can use the water balance tool to find the
calculated average net rainfall fraction and compare it to this value.

3.7 Step 7 — Geological model

Before defining your computational layers you must input a geological model, which is
defined as part of the saturated zone.

A geological model may be defined as a combination of layers and lenses. Once the
geological model is defined you may choose computational layers that are either identical
to the geological layers or you may choose different computational layers. If the
computational layers differ from the geological layers MIKE SHE’s pre-processor will
transfer the hydraulic properties of the geological model to the computational mesh.

3.7.1 Saturated zone model specification

26

In the Saturated Zone dialogue:

. Select Include subsurface drainage, which implies that water that flows to the drains
is removed from the model. Water flows into the drains, whenever the groundwater
table is above the drain level.

. Make sure that the Include pumping wells is not selected, which says that there are
no groundwater pumping wells in the model.
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+  Select Assign parameters via geological layers.

------- MIKE SHE Flow Maodel Descript
- of Displap
- of Simulation specification
----- ¥ Model Domain and Grid
----- & Topography
- of Precipitation
v of Geological Lapers
- of Geological Lenses
- of Computational Layers

-
== )

el
52}

[ Include pumping wells

- o Drainage IV Include subsurface drainage
- of Staring of results
..... o Exhra Parameters Hydrogeologic parameter distribution

(% Assign parameters via geological layers

(" Azzign parameters via geological units within layers

L« | B
Setup .. Resufs

The geology data can be assigned using both Geological layers and Geological Units. If

ﬂ you chose the geological layers approach then the hydraulic properties are assigned as
spatially distributed within the layer. If you use gridded data or point data, the hydraulic
properties are smoothly interpolated to the model grid.

If you chose the geological units approach, then you must specify a distribution of
geological units for each geological layer, for example, by a polygon file. In this case, all
of the model cells in each polygon are assigned a value for each of the hydraulic
properties. The geologic units method is often specified when you use the AUTOCAL
program for parameter estimation and automatic calibration. In this case, the parameters
for each polygon can be estimated automatically and the model sensitivity for each
parameter calculated.

3.7.2 Define the number of geologic layers
In the Geological Layers dialogue:

*  Rename the existing default layer name to Aquifer.

I l By default there is already one layer in the model. Additional layers can be added by
clicking on the Add Item icon, _J deleted by clicking on the Delete Item icon, _l or
moved up and down by clicking on one of the Move Item icons, J_] )
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3.7.3
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- MIE SHE Flow Model Descrip

- o Display

- o Simulation specification

----- + Model Domain and Grid

----- ¢ Topogushy Geological Layers

- & Precipitation

- o Satuated Zone ~ Geological layers

B- \f Geological Layers

- & Aquifer 3:9":| | | |
o Lower Level 2l Rk R

i o Horizontal Hyd Hame

e o Wertical Huydral 1 Acuiter

- o Specific Yield

e Storage Coeffi

----- « Geological Lenses

- & Computational Lavers

- & Drainage

- o Storing of results

----- o Extra Parameters

Kl | ]
Setup .. |Proce.. | Resuftz I

Increasing the number of saturated zone model layers allows you to better represent
vertical flow and exchange between geologic layers. A fine vertical discretisation may also
be required for solute transport simulations.

MIKE SHE allows you to have any number of layers in the saturated zone. Most models,
however, have less than 10 model layers. The more model layers you have the higher the
computational effort and the more memory that is needed. If you need more layers, it is
always better to start with a few layers and do the initial calibration. Then add layers as
necessary, while ensuring that the model remains stable and computational effort remains
reasonable.

Define layer bottom (lower level)
In the Lower Level dialogue for Aquifer:

. Select Point/Line (.shp) in the Spatial Distribution combo box

. Using the file browse button, EI select the file
A\Model Inputs\GIS Datallayerl.shp

. Use the Bilinear interpolation method, and

. Use a Search Radius of 1000m
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------- MIKE SHE Flow Model Descrip
- of Display
- & Simulation specification
----- « Model Domain and Grid
----- o Topography
M- o Precipitation
B o Saturated Zone
El- o Geological Layers
E| o Aquifer
b of | Lower Level
- f Horizontal Hyd
- of Wertical Hydral
- of Specific Tield
Lo of Storage Coeffi
----- o Geological Lenses
- o Computational Layers
#- & Drainage
(- & Staring of results
----- o Extra Parameters

4] | -+
Sefup .. Fezult:

MIKE?\ﬂ
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Spatial Distribution:
Point/Line [.shp) v Walues relative to ground

Filename:

Attribute:

C:Adata\MIKE Zero Projects\MIKE_SHE\Model [, | Layerl

Interpolation Method: Search Radius: Show grid data
1000 [m] Show shape raw data
Units of Shape Files
Units of X- and Y-axises: Item Unit:
meter . meter v ]
Imaten Lower Level
35000

30000 -+

25000

20000

15000

10000

5000

[meter]

Bl ss--8
I Below 56

[ undefined Value

Each of the Geological layers includes one item in the data tree for each of the properties.
Additional layers will add additional sets of items to the data tree.

The expert in WATER ENVIRONMENTS

29



MIK@

Powered by DHI

3.7.4  Assign hydraulic properties

MIKE SHE

The remaining hydraulic properties are listed under the Lower Level item. For each item:

Select Uniform under the Spatial distribution combo box and specify the following

values:

- Horizontal hydraulic conductivity = 0.00052 [m/s]
- Vertical Hydraulic Conductivity = 9.3e-5 [m/s]

- Specific Yield = 0.2 [-]

- Specific Storage = 0.0001 [1/m]

- MIKE SHE Flaw Model Descripti...
- of Display
M- of  Simulation specification
----- « Model Domain and Grid
----- & Topography
E- & Precipitation
2 o Saturated Zone
B of Geological Lavers
B of Aquifer
o of Lower Level

- f Horizontal Hydraulic
— f Wertical Hydraulic C
-~ of Specific Yield

i o Storage Coeffici...
----- o Geological Lenses
- of Computational Layers
- o Drainage
- & Storing of results
----- o Extra Parameters

d | *

Seup Data s

3.7.5 Assign drainage option

In the Drainage dialogue:

Spatial Digtnbution:
ILInifnrm j

Yalue
| 0.00052 [ms]

Select Drainage not routed, but removed from model.

- o Storing of results

- MIKE SHE Flow Model Descri
- o Display
H- o Simulation specification

- o Geological Lavers
G- of Aguier

o Geological Lenses

; o Computational Layers
5 o Drainage

b o Level

e o Time Constant

----- o Model Domain and Grid
----- o Topography
- o Precipitation
= & Saturated Zone
E.

----- o Extra Parameters

30

Drainage Option

" Dirainage routed downhill bazed on adjacent drain levels
" Drainage routing based on grid codes
" Distributed drainage options

&+ Dirainage niot rouked, but rermoved frarn rmodek
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In a fully integrated model the drainage water is part of the water balance and, normally

ﬂ you would want to route the drainage water to the river. However, in this example, you
don't have a river specified so there is no place to send the water too. Thus, the water that
flows to the drains will be removed from the model, but the amount of water flowing to the
drains can still be evaluated in the water balance.

Water flows into the drains, whenever the groundwater table is above the drain level.

The method specified here is the same method as used in MODFLOW. That is, the drains
act as head-dependent-flux boundaries but only as a water-sink.

3.7.6 Define drain levels
In the Drainage Level dialogue:

»  Select Uniform under Spatial Distribution
. Use the value : -0.5 [m] (Note negative sign)

*  Check on “Values relative to ground”

g_isl:"f'i’_ _ Spatial Digtribution:
imulation specification .
tModel Domain and Grid IUmform j W

i
i
i
- of Topagraphy alue
i
o

Frecipitation I_D_E
Saturated Zane

Geological Layers

- & Aguiter
Geological Lenzes
Computational Layers
Drainage

o wf Timne Constant
F- o Storing of results
-~ wf Entra Parameters

| | v

Setup._.. |Proce . Fezults

The Values relative to ground tells MIKE SHE that you have drains located 0.5 meter
below ground surface in the entire model domain.

If the groundwater table is higher than the drainage level drain flow will be produced and
removed from the model.

3.7.7 Define drain time constants
In the Time Constant dialogue:

*  Select Uniform under Spatial Distribution

. Use the value = 5.6e-7 [1/s]
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3.8

3.8.1
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MIKE SHE

- MIKE SHE Flow Model Descn
Display

Simulation specification
todel Domain and Grid
Topography

Precipitation

Saturated Zone

Spatial Distribution:
I L niform - I

Yalue
|5.6e-007

[#zec]

Geological Lavers
o Aquifer

Geological Lenzes
Computational Layers
Drainage
oo Lewvel

RARER

Time Constank
B Storing of results
----- o Extra Parameters

The drain time constant can be thought of as an empirical factor that accounts for the time
it takes for the water to drain. For example, in the case of agricultural drains, the time
constant could be affected by drain spacing, drain diameter, clogging, etc.

In the case of natural drainage, the time constant is affected by the distribution of
drainage ditches and channels.

A value closer to 1 implies that the water drains more quickly and the drain acts more like
a constant head boundary, when the water table is above the drain level. Whereas, a
value closer to O implies that the water drains more slowly. A value of 0 turns off the
drainage.

An Extra Parameter option is available for time varying drains.

Step 8 — Define Attributes of Computational Layers

The computational layers are defined independently of the geological layers. While the
Geological Layers have geological attributes, the Computational Layers include
computational attributes such as initial conditions and boundary conditions. The
properties of the geological layers are mapped and interpolated to the computational
layers during the model preprocessing.

Although, MIKE SHE allows you to define Computational Layers independent of your
Geological Layers, in this exercise computational and geological layers will be identical.

Define computational layers

In the Computational Layers dialogue:

. Select Defined by geological layers as the Type of Numerical Vertical Discretization

*  Use Minimum layer thickness = 0.5 [m]
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------- MIKE SHE Flow Model Descript...
- of Display

B~ o Simulation specification

----- « Model Domain and Grid

----- & Topography

- & Precipitation

(= -/ Saturated Zone
= o Aquifer

""" o Geclogical Lenses Type of Numerical Vertical Discretization Bottom Elevation Correction

'e:;u'lf:irtial Fotential H. ® Defmesity geologcal iyets Minimum layer thickness

s Duter Boundary C (7 Explicit definition of lower levels 0.5 [m]
Lo Intemal Boundary
- # Drainage

B~ & Shoring of results

----- o Extra Parameters

_' I I ] Name

Setup ... eSS 1 Aquifer

The Minimum layer thickness is used to keep layers from crossing or completely pinching
out, which would cause numerical difficulties.

3.8.2 Initial conditions
In the Initial Potential Head dialogue:

*  Select Grid file (.dfs2) under Spatial Distribution

. Using the file browse button, lz‘ select the file
\Model Inputs\Mapsl\init-head-500.dfs2

Spatial Distribution
IGnd file: [.dfs2] 'I [~ Walues relative to ground

Filename: Aftribute:

C:\Program Files\DHINMIKEZerohEvamplestMIEE ... IImitiaIPotanliaIHee Edit | Create. |

¥ Show grid data

[meter] Initial Potential Head

35000

------- MIKE SHE Flove Model Descript...

- f Display 3 3
- o Simulation specification 300007 7’ L. I
----- o Model Domain and Grid ‘
- of Topography 25000 . 3 ]
-« Precipitation c :
E- o Saturated Zone
B o Geological Layers s0000 4 -- I ~bove 72
M- o Aaquifer ] g;
----- o Geological Lenses ; 64
B of Computational Layers 15000 - gg
B of Aquifer 52
+ Initial Potential H. 13
o Outer Boundary C 10000 -7 sy 33
i of Intemal Boundary 36
- o Drainage gg
- of Shoring of results R A 24
----- o Exhra Parameters ] Elelovx-ffg

[ Undefined value

o 5 . g
_‘ I I ﬂ 0 10600 20600 30600

Setup ... Resufs [meter]
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MIKE SHE

You are using an initial head from a previous model run, which gives you a good starting
point. In a real model, you might initially start from a value such as 3 m below the
topography. However, such a value will require a “run in time”, as the model may take
several months to equilibrate.

An alternative is to run the model as a steady-state simulation and then use the steady-
state solution as an initial condition. However, the steady state solution still might not be a
reasonable starting point depending on how steady the groundwater table is.

3.8.3 Edit the LaylL.dfs2 grid

34

. Click on the Edit button, , next to the defined dfs2 file. This will open the dfs2
file in the Grid Editor, which allows you to view and edit the dfs2 file.

*  Look at some of the editing options and close the grid editor without saving.

5 VIKE Zero - int-head-500] e
® file Edt View Tools DataOvery Window Help elx
DEd Bléerrijqa== o/~ M- wWes9| s/ ed Pt s v

7 T I | | O R | — LS
cbewels st
P cbowelssp
1 T T T T T i coewels 3
precptason d¢

Tt —F——+—F———F—— " srecptaonsbn

Initial Potential Head

Ig]!lg'm

J ‘;Ir-.

srecptaion sbx

¥ crecptmnsp
precotaton shx
crecplaion bt

B Procpesien2 sl
e

ikl

3

P SelectionS00m s
weams &f

P meensio
mosre o
sreanetd
sposrecened tf

W ipogrocessed sho

T

spacing 500 me
01:01:2000 10:00.00, Teme step: 0, Layer 0

P Fonlre2ds2

Qi W W A A R

7}.*%:@» Sierop. | Brie.. | Proa.. | Buo

Ready = x=1229516) y = 38295181 Select Mede

Demo Note: in Demo mode, you will not be able to save any changes to the dfs2 file

MIKE SHE includes sophisticated tools for managing gridded data as well as time series
data. The grid editor can also manage a combination of both time series and gridded data
- that is a time series of grids. This is very useful for time varying distributed parameters,
such as precipitation that is interpolated from rain gauge data, or distributed recharge
calculated by third party programs such as DaisyGIS.

The grid editor is a split window that can be dragged sideways to make the map smaller

or larger. The table of values on the right side reflects highlighted grid shown on the left-

hand map.

Ranges of values can be searched for, selected and changed using the select and
o B m P

unselect tools, , plus the Tools/Set Value... dialogue.
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Important Note

The grid editor is a generic grid tool for all DHI Software, and was originally developed for
the Marine programs MIKE 21 and MIKE 3. However, this often leads to confusion in the
node and layer numbering because MIKE 21 and MIKE 3 use a different numbering
system.

Node numbering: In the Grid Editor (and in MIKE 21 and MIKE 3) the nodes are
numbered starting in the lower left from (0,0), whereas in MIKE SHE the nodes are
numbered starting in the lower left from (1,1).

Layer numbering: In the Grid Editor (and in MIKE 21 and MIKE 3) the layers are
numbered starting at the bottom from 0, whereas in MIKE SHE the layers are numbered
starting at the top from 1.

The dfs2 file format includes geographic and cell-size information. The dfs2 file format is
part of the larger dfs file format system developed by DHI. This includes:

«  dfs0 files for time series data (e.g. rainfall data at a rain gauge),

«  dfsl data, which is not used in MIKE SHE, but used for time series of lines (e.g. the
shape of a coast line)

. dfs2 data for time series of 2D grids (e.g. topography or gridded precipitation),

«  dfs3 data for time series of 3D grids (e.g. MIKE SHE groundwater head results).

3.8.4 Outer boundary conditions
The Outer Boundary is defined by the row of cells on the outside of the model domain.
The outer boundary is defined by the Model domain and grid file, as all points with a code
value of 2 (boundary point).

In the Outer Boundary dialogue:

«  Press the Add Item Icon, =
. Select Zero Flux as the boundary Type

This now gives you a no-flow boundary condition along the entire outside of the model. If
the entire outer boundary is a no flow boundary, then this step is actually unnecessary
because by default the outer boundary is no flow.

This is realistic in terms of a watershed boundary, but is not really very realistic in this
case, because you are not going to specify a river boundary now. In this model, you are
basically specifying the river outflow via drainage, in the sense that wherever the water
table approaches the ground surface, water will be removed from the model.
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Boundary segments specified clockwize: )‘I x |
Segment T From X FromY To X Te Y
name L coordinate | coordinate | coordinate | coordinate
il Zero-Flux 12327 .59 32873.56 12327.59 32873.56

------- MIKE SHE Flow Model Descript...
Bl of Display Imeter] Outer Boundary Conditions
- o Simulation specification 35000 :
----- o Model Domain and Grid
----- o Topography 30000
- o Precipitation
B & Satuated Zone
O of Geological Layers

B o Aguifer i
----- o Geological Lenses 20000 - -
= of Computational Layers
B o Aguifer

i of Initial Potential H.

R Cluiter Boundany ©
i of Intemal Boundary

15000

10000 7 Boundary type

- o Drainage ] :rua:iam
- o Storing of results 5000 I Fixed Head
- Zero-Flux
----- o Extra Parameters B Undetined boundany points
Inner point
4 I | ﬂ 0 Undefined Value

- [1}

Setup ... Resus

The outside of the model can be divided into boundary sections, by clicking on the Add
Item icon again.

Then click on the Add Point icon, | @ | and click on the map to define the location of the
boundary point. The boundaries are specified clockwise around the model starting at the
first point in the table.

The outer boundary conditions are defined independent of the model grid. Thus, if you
change your model grid the boundaries will be interpolated automatically to the new grid
based on the nearest boundary cells to the point locations. If you change the shape or
extent of the grid, you should check that your boundaries have not moved unexpectedly.

Internal boundary conditions Internal boundaries are used to specify such things as
lakes and reservoirs that are not included in MIKE 11. In this case you could specify a
constant head or a general head boundary for the lake.

Internal boundaries are distinguished from outer boundaries because on the outside of
the model, you can specify flux and gradient boundaries.
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3.9 Step 9 — Pre-process the data
You have now specified all the input required for the model, including

*  Selecting the model components

*  Specifying the model domain and grid

«  Specifying the surface topography

«  Specifying the net recharge (precipitation and net rainfall factor)

«  Specifying the geological model (Geological layers), including the hydraulic
properties.

«  Specifying the computational layers, including initial conditions and boundary
conditions.

Up to this point, all of the input data has been specified independent of the numeric
model. You have specified only the characteristics of the numeric model that will be run.
Before actually running the model you must run the pre-processor. The pre-processor
extracts all of the spatial data that you have included and applies it to the numerical model
that you have defined in the Model Domain and Grid and the Computational Layers. The
pre-processor writes all input data to a binary Flow-Input-File (fif — file) which is then read
by the simulation engine when running the simulation.

3.9.1 Run the preprocessor

Click on the A icon to start the pre-processor.

& MIKE Zero - [SHEPar2]

® Fle Edit View Refresh Run Window Help
D@ s me| & e ||| rrum u

The preprocessor will start the MIKE Zero Launch utility, which is allows you to set the
process priority for the simulation.

*  Click OK

If you are starting a very long simulation, then you can also set up MIKE Zero to alert you
when the simulation is finished.

Launch settings |

Launch |Purpose I

r— Simulation

Maotification on End of Simulation

™| Yim E-mail | =]
vz swms | =l
CPU Prioriky | e =

Refresh rake | 200 milliseconds

QK I Cancel Help
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3.9.2 Viewing the preprocessed data
After successfully running the Preprocessor,

. Click on the Processed Data Tab located at the bottom of the Navigation Tree.

*  Then, click on the items in the data tree and explore the processed data.

MIKE SHE Flow Model Description
B of Processed data
= # Processed data
o Model domain and grid

M S oo
«f Preciptation rate
o Net Rainfall Fraction File name:

o Infilration Fraction
B of Saturated Zone

«f Boundary condtions [meter]

o Lowerlevel 35000

«f Depthto bottom

o Layerthickness

«f Horizontal conductivity

«f Vertical conductivity

C:\DataMIKE Zero Projects\MIKE_SHE\Result\Karup_Example_DemoMode, SHE - Result Files\Karup_Example_DemoMode_PreProcessed,DFS2

30000 |-~ HEREE,

« Drain to Depr. & Bound..

o Transmissivity 25000 P EARST N RIRRERE. |
o Specific yield : (|
o Specific storage 20000 1- %
o Initial potertial head 1
& o {Drainage; =
 Drain Level 15000 g---mmmomees =

o Drain Depth [

# Drain Constart 10000 F-=------ea-s [
-]

[ |

[ ]

]

5000 -

f t f
0 10000 20000 30000

Sep Daia Processed Data [meter]

The pre-processor creates a .fif file that contains the cell values etc. that will be used in

ﬂ the simulation. The processed data has been interpolated to the computational mesh,
exactly as the simulation engine will read it. However, the fif file is a binary format
optimised for use by the numerical engine.

The fif-file embeds all geometric data. Temporal data (time-series data) are not contained
in the fif-file, but are read directly from the source data files during the simulation.

To view the pre-processed data, a parallel set of dfs2 and dfs3 files are also created so
that the standard MIKE Zero tools can be used to view the data.

It is the dfs data that is shown in the data tree and listed in the file name text box. Clicking
on the View button opens the Grid Editor with the current pre-processed data file loaded —
with all the current overlays.

If you want to edit values in the Grid Editor and use the edited values in your simulation,
then you need to save the file to a new name after making the changes. Then specify the
modified dfs file in the Setup data tree.

Spend some time moving around in the Processed Data and make sure you understand
the input data and the relation between Setup Data and Processed Data.
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3.10 Step 10 — Redefine the horizontal grid resolution

A very powerful feature of MIKE SHE is that you can change the horizontal grid without
redefining your model parameters. Thus, you can perform sensitivity analysis of your
model grid and grid resolution in a way that is impossible with other modelling user
interfaces.

ﬂ Demo Note: the demo version is restricted to a maximum of 70x70 cells, so you will
not be able to pre-process or run the model with the refined grid.

3.10.1 Change horizontal grid resolution
In the Model Domain and Grid dialogue of the Setup tab:

. Double the number of grid cells in the X and Y directions
«  NX=130
«  NY =140

*  Change the Cell Size to 250 m

. L‘TKS : Si';i Flow Model Descript : E::Z:EZ:: :Z::Zj Eﬁ g:;leﬁle C:ADatMIKE Zera Projects\MIKE_SHE MModel\Model Inputs E]
- o Simulation specification
""" ¥ Model Damain and Grid Catchment size and orientation
""" of Topography M MY Cell Size: Fiatation:
B o Precipitation 130 140 250 [m] ] [Deq. Counter clockwise]
M- o Saturated Zone
- o Storing of results
----- « Extra Parameters Catchment origin and map projection
4 I I ﬂ w0 0 M ap Projection Type:
— ] [m] 0 [ra] MNOMN-UTH -

3.10.2 Run the preprocessor

. Click on the e icon to start the pre-processor.

& MIKE Zero - [SHEPar2]

@® Fie Edt View Refresh Run Window Help
IRE IR 4 AL
—_— g pe——

»  Verify in the pre-processor tab that all of the input data has been converted to a
250m grid
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3.10.3 Change the cell size to 400 meter cells
In the Model Domain and Grid dialogue:
. Change the number of grid cells in the X and Y directions
« NX=100
. NY =100
. Change the Cell Size to 400 m

*  Run the preprocessor

....... MIKE_ SHE Flow Model Descript © Catchment def?ned bw Dfs File  CADataWMIKE Zero Projects\MIKE_SHE Modelsh odel Inputs® E
- o Display @ Catchment defined by Shape File
- o Simulation specification
"""  Model Domain and Grid Catchment size and arientation
----- o Topography M W Cell Size: R atation:
- o Precipitation 100 100 400 [m] 0 [Deg. Counter clockwize]
- o Saturated Zone
- o Storing of results
----- o Extra Parameters Catchment origin and map projection
‘ I I ﬂ ><DD: [ i Map Projection Type:
1= ml 0 [m] NOM-UTH -

Beiup . Resuls

There are some constraints when using dfs2 files with different grid spacing or
orientations.

l l If the grids are coincident and

+ the datais real data (e.g. topography) the finer grid will be interpolated to the coarser
grid using the bilinear interpolation to the centre node.

. the data is integer data, the integer values will be assigned based on a global
population distribution. For example, if 50% of your land area is forest, then 50% of
your cells will be assigned the integer code for forest.

If the grids are not coincident and

. the data is real data, then the grids will be interpolated in the same way as
distributed XYZ and .shp data.

*  The data is integer data, then an error will be generated because the model cannot
interpolate integer data.
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3.10.4 Change the cell size back to 500 meter cells
In the Model Domain and Grid dialogue:

*  Change the number of grid cells in the X and Y directions
*  NX=65
« NY=70

*  Change the Cell Size to 500 m

"""" MIKE SHE Flow Model Descript] () Catchment defined by DIsFile 0\ iKE Zarg Projects\MIKE_SHEWModelModel Inputs ()
- of Dizplay (@) Catchment defined by Shape File
- o Simulation specification

----- « Model Domain and Grid Catchment size and orisntation

----- o Topography M M Cell Size: Raotatior:
- & Precipitation £5 70 500 [m] i} [Deg, Caunter clockwize]
M- o Saturated Zone
- o Storting of results

_____ o Ewxtra Parameters Catchment ongin and map projection

X0 W Map Projection Tupe:

] | Bl © m o [l NONUTH .

3.10.5 Save your MIKE SHE document

DNG write some TEXT here!
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MIKE SHE

3.11 Step 11 — Specifying Outputs and Calibration Targets

The Detailed Time Series Output allows time Series plots of simulated data at specific
locations to be automatically generated during a simulation. It also allows simulated
output to be compared to observed output and calculates a number of statistics for model

error.

Output is generated in HTML format and can be incorporated into web pages to document

calibration progress.

3.11.1 Storing of results

. Click on Storing of Water balance data

-

------- MIKE SHE Flow Maodel Descript

- of Dizplay

- o Simulation specification

----- & Model Domain and Grid

----- o Topography

- o Precipitation

H- o Saturated Zone

= o Storing of results
----- o Detailed timeseriss out..
i of Detailed M11 timeseries
L of Girid series output

----- o Ewutra Parameters

[l
Lk

Set the Storing interval for grid series output to a daily frequency (24 hours) for
Prec(ipitation), SZ-heads and SZ-fluxes

‘whater Movement Output
Storing of ‘Water balance [ Staring of input data for Wi simulation
[ Staring of Hot start data Q) BT S i e Gl
Store all flow data
Only store Hot start data at the end of zimulation

1

Storing interval for grid series output

5Z-Heads:
[hrg] 24

SZ-Fluses:
thrs) 24 fhrs]

Prec
120 24

The Water balance items are used during the post-processing of the results to calculate
water exchanges between the various components

The Hot start data is used for starting transient simulations from the end of a previous
simulation. This allows you to modify things such as land use over time, or to do scenario
analysis from the same starting scenario.

Gridded output is stored as dfs2 (2D grid time-series files) or dfs3 (3D grid time-series
files). If output data is stored too frequently, you may get very large and unwieldy result
files. Thus, before running the simulation you should consider how often you need to save

the data.

42
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3.11.2 Define detailed time series output items

+  Select the Detailed timeseries output

. Use the Add item icon, to add 4 items to the list

. For each item,
- Set the name
- Select head elevation in saturated zone under Data Type
- Define the X, Y coordinates from the table below:

Name X-coordinate Y-coordinate
Obs 5 24103 8419

Obs 35 13800 17607

Obs 37 17508 20887

Obs 65 8866 25549

+  Define the Depth =5

. Make sure Incl. Obs. Data is not selected

Minirmum output time step: 0.5 [hrs]
Incl.
N
Name Data type oot | X Y | Depth Obs.
Data
1 Obs 5 head elevation in saturated zon Fi 24103 2419 5 [l
2 Obs 35 head elevation in saturated zon Fi 13800 | 17607 5 l
3 Obs 37 head elevation in saturated zon 7 17508 | 20887 5 [
4 Obs 65 head elevation in saturated zon F 8866 | 25549 5 _@ [

------- MIKE SHE Flow Model Descript [meter]

- o Display 35000
- & Simulation specification
----- # Model Diomain and Grid 30000
----- # Topography
- & Precipitation 25000
H- o Saturated Zone
B & Storing of results 20000 7~
- of Detailed timeseries out.. ]
oo Detailed M11 timessries 15000
o of Girid series output ]
----- # Extra Parameters 10000 7
5000
4| | m 0 e
Sofup F— 0 10000 20000 ?rggtueoﬂ

ﬂ The X and Y location can be selected on the map using the € putton.

Observation data will be added in a later exercise.

You are also welcome to add any other points and data items you like.
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3.11.3 Grid outputs

44

MIKE SHE

In the Grid series output dialogue many items will already be selected if you have turned
on the storing of Water Balance data.

. Some gridded items of interest are not connected to the of water balance data. By
clicking on the check box, turn on
depth to phreatic surface (negative).

Gridded output is stored as dfs2 (2D grid time-series files) or dfs3 (3D grid time-series
files). If all output items were saved, you may get very large result files. Thus, before
running the simulation you should consider which output items you need.

The groundwater flow direction output is required so that you can plot flow vectors on the

plots.

------- MIKE SHE Flow Model Descript
= o Display

H- & Simulation specification

----- # Model Domain and Grid

----- « Topography

#- o Precipitation

- o Saturated Zone

I & Storing of results

few of  Detalled timeseries out...
# Detailed M11 timeseres
Sl Cirid serics output

Enable tem Required for Filename
1 rd precipitation rate WWater Balance SZ1-DHISZ1 -DHI_ET_AlCels dfs2
2 rd depth of overland water WWater Balance SZ21-DHISZ1 -DHI_overland dfs2
3 r averland water elevation SI1-DHISIA -DHI_overland dis2
4 v infitration to UZ (negative) Water Balance SI1-DHNSE -DHI_2DUZE _ANCels ofs2
S W exchange between UL and S (pos.up) VWater Balance SI1-DHMSZA-DHI_2DUZE_ANCels ofs2
£ - depth to phreatic surface (negstive) SZ1-DHNSZ1-DHI_2DSZ dis2
7 rd head elevation in sstursted zone WWater Balance SZ1-DHNSZ1 -DHI_3DSZ dis3
8 rd seepage flow ST -averland Water Balance SI1-DHISTA -DHI_2DS Z floww dts2
9 W seepage flow overland - SZ (negative) VWater Balance SI1-DHMSZA -DHI_2DS Eflove ofs2
10 W 30 UZ recharge to S (negative) VWater Balance SI1-DHMSZA -DHI_3DS Eflowve ofs3
11 rd groundsater flow in x-direction WWater Balance SZ1-DHNSZA -DHI_3DS Zflowy dis3
12 v groundiwater flow in y-cirection Water Balance SZ1-DHNS I -DHI_3DS Zflowy dts3
13 rd groundwwater flow in z-direction Water Balance SI1-DHISTA -DHI_3DSZ floww dts3
14 nl ST head elevation stored with SZ flowes SI1-DHMSZA -DHI_3DS Eflowve ofs3
15 W groundywater extraction Vyater Balance SZ1-DHNSZA -DHI_3DS Zfloww dfs3
16 rd SZ drainage flovw from point WWater Balance SZ1-DHNSZA -DHI_3DS Zflowy dis3
17 rd ST flowy to general head boundaty Water Balance SI1-DHISTA -DHI_3DSZ floww dts3
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3.12 Step 12 — Run the Simulation

Before running the model, you need to go back to the Setup menu to make a few changes
to the simulation specifications, including simulation period, time-steps and storing of
results.

3.12.1 Specify the time step parameters
In the Time step control dialogue:
»  Specify Initial time step = 24 hrs
*  Specify Max allow SZ time step = 24 hrs
. Max infiltration amount per time step = 10

Leave the rest of the parameters at their default values

— Time Steps

Initial time: step |24— [hir=]
flaw allowwed DL tme step |2— [tir]
[diaw allowed LUE time step |2— [tir=]
i ax allowed 52 ime step |24— [hrs]

........ MIKE SHE Flow Madsl Descrpt| | Increment of reduced time step length
o Display
- o Simulation specification Inerement rate [0-1] 0.05

o Simulation title
o Simulation period

 Time step contral — Parameters for Precipitation-dependent time step control
oo of 57 Computational Contral

""" + Model Domain and Grid I ax precipitation depth per time step I'I 1] (]

----- o Tapography

- o Precipitation I & infiltration amount per time step |1EI [rnirn]

- o Saturated Zone

E- of Staring of results Ihput precipitation rate requiring its ID_-I [rarihr]

----- o Extra Parameters own lime: step

Kl | 3]
so o

The max infiltration amount and the max precipitation depth per time step are used to
improve the numeric stability of the solution when there is ponded water on the ground
surface.

ﬂ If the maximum values are exceeded, then the time step will be automatically decreased
until this limit is reached.

If you encounter small time steps during rainfall events, you can sometimes speed up the
simulation by increasing these values. Look in the log files (information text files, which
are created during the simulation) to see if the time step is being automatically reduced
because of these criteria.
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3.12.2 Simulation control

MIKE SHE

In the SZ Computational Control Parameter dialogue:

Choose Preconditioned Conjugate Gradient, Transient (default)

ﬂ The default values for the simulation convergence parameters are normally suitable and
in most cases need not be changed.

- MIKE SHE Flow Model Descript...
- of Display
- o Simulation specification

- of Simulation title

- of Simulation period

o o Time step control

e of 52 Coarmputational Contral
o Model Domain and Grid

o Topography

- o Precipitation
- Saturated Zone
-« Storing of results

o Ewhia Parameters

| 2

Setup .. [Pocess | Resus

3.12.3 Run the simulation

Solver Type

@ Preconditioned Conjugate Gradient, Transient
() Preconditioned Conjugate Gradient, Steady State

() Successive Overrelakation Package (SOR)

Iteration Contral

bd ainnurn no. of ikerations 50
b aximurn head change per iteration 0.005 [m]
b &ximurn residual erar [mdd) 0.0005

Sink de-activation in diying cellz

Saturated thickness threshald 005 [m]

Advanced Settings
Gradual drain-activation [Fecommended]

Horizantal Conductance averaging between iterations [Flecommended)

Under-relaxation

@ No underrelaxation [Fecommended)
() Under-relaxzation with dynamic calculation of factor
() Under-relazation with constant factor  [0.01-0.99)  |0.93

t awimurn exchange from river during one time step

tdax. fraction of H-point volume na

Click on the L icon to re-run the pre-processor and then on the Water Movement wH

icon to run the simulation

& MIKE Zero - [SHEPar2]

® Fie Edt View Refresh Run Window Help
|[o@@| s @@ 2w um|u|
—_—_ - s r———————mm—
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3.13 Step 13 — View the Results

Upon successful execution of the model you’re now ready to view the results.

The Results Viewer allows you to view and animate results from all DHI dfs file types.
This first exercise will guide you through only the most basic functionality of the Result

Viewer.

3.13.1 Locate the detailed time series output results

After successfully running the model,

*  Click on the Results Tab located at the bottom of the Navigation Tree.

Refiesh

MIKE SHE Flow Model Description
2 o Simulation Results
+ Mike SHE Detailed Time Ser...
o Gridded Data Results Viewer
o Mike 11 Detailed Time Series
= Post-Processing
Run Statistics

First

First smulation

Pltro 1.0bs 3 head elevaionin satuated zone

Plot no. 2,005 35, head elevation in saturated zine

Bhtng 3 Obs 37 head slevation insatwated 20z
4 ni

Plot mumber 1

Obs 3, head elevaton m saturated zone

Obs i) —

845y
\

= M
815 . . H

T T T : T T frmerng T T
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

The MIKE SHE Detailed Time Series output dialogue, under Simulation Results, lists the
Detailed Time Series results you have chosen to store during the MIKE SHE simulation.

If you have specified more than 5 items for detailed time series output, then you will only
see a page of links on the main Detailed time series page. The links will direct you to
separate .html files with 5 graphs in each.

The expert in WATER ENVIRONMENTS
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3.13.2 Display the gridded results

48

. Now select the Gridded Data Results Viewer

MIKE SHE

. Check on the Add XY flow vectors for the head elevation in the saturated zone plot

. Finally, click on the View Result... button to view the simulation results in the Results

viewer tool.

MIKE SHE Flow Model Description

Layer no. for Groundwater items

2 o Simulation Results

o Mike SHE Detailed Time Ser...

J1

+ Gridded Data Results Viewer tem Ad:e'!;‘;?:w Filename
+f Mike 11 Detailed Time Series 1 precipitation rate o ‘Vigwy result.. | \Program Files DHMKE ZeroExamplest
= Post-Processing 2 cepth of overland water Yiewe result... | S Program Files'DHWHKEZeroExamplest
Run Statistics 3 infitration ta UZ (negative) [ ‘igwy result.. | CProgram Files\DHIMIKE ZeroiExamplest
4 exchange between UZ and SZ (pos.up) ul Yiewe result... | S Program Files'DHWHKEZeroExamplest
El depth to phrestic surface (negative) il Yiew result. . | CProgram Files'\DHIMWMKEZerolExamplest
6 head elevstion in sstursted zone ul Yiewy result. . | S Program Files'DHWKEZeroExamplest
7 seepage floww SZ -overland il Yiewe result. . | C:Program Files'DHIMKEZerolExamplesh,
& seepage flow overland - S (necative) ol Wigny resut C:Program Files'\DHMWIKEZeroExamplest
a groundhwster floee in x-direction l Yiewe result.. | C:Program Files'DHIMKEZerolExamplesh
10 |arounchater flovy in y-direction ol Wigny resut C:Program Files'\DHMWIKEZeroExamplest
A1 |aroundyeater flov in z-divection C Yiewe result.. | C:Program Files'DHIMKEZerolExamplesh
< m e 12 |SZ drainage flovy from point C Wiewy resuft C:Program Files'DHWHKEZero Examplest
SetwpDatz | P | | ol

The Results Viewer dialogue lists the results you have chosen to store in the MIKE SHE

results files.

The XY flow vectors check box adds velocity flow vectors calculated for each cell.

The Layer no for groundwater items is used to select the numerical layer number in

groundwater models with multiple numerical layers.
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3.13.3 View the results in the results viewer
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Note that the velocity vectors will not appear in the initial time step, but rather appear first

in the second time step.

(m] depth to phreatic surface (negative)
34000 7
32000
30000 7
28000
26000
24000 7
22000
20000 7
18000 7
16000
—
14000 062
depth to phreatic surface
(negative) [m]
Bl so- 75
B 25- 50
B o00- 25
[ ] 25- 0o
= 50- 25
80004 75- 50
B -100- 75
6000 B -12.5--10.0
-15.0--125
-175--15.0
4000 3 -20.0--175
-225--20.0
-25.0--225
2000 275--250
Il 00--275
0 Below -30.0
Undefined Value
[m]
34000
32000 7
30000
28000 7
26000 7
24000 7
22000
20000
18000
16000
—_—
14000 002
depth to phreatic surface
5 (negative) [m]
12000
Bl so0- 75
25- 50
10000 00- 25
25- 00
50- 25
8000 7 75- 50
-100- 7.5
B -125--10.0
e -15.0--125
-17.5--15.0
4000 7 200--175
Bl >25--200
2000 Bl 2s0--225
E 275-250
-30.0--27.5
0 B Geow -30.0
] Value
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3.14 Step 14 — Add Geological Lenses

3.14.1 Add the geological lenses

50

Click on the Add Item icon,

to add a lens.

Change the Name of the lens to “Clay”

"""" MIKE SHE Flow Model Description
B o Simulation specification

----- # Model Domain and Grid

----- « Topography

- o Precipitation

- & Saturated Zone

e o Geological Layers

- of Geolayerl

- o Geological Lenses

B of Clay

i o Horizontal Extent
o Upper Level

o Lower Level

o Horizortal Hydraulic Cor
o Wertical Hydraulic Condw
o Specific Yield

- of Storage Cosfficient
- «f Computational Layers

- o Drainage

B o Storing of results

[#- Overlays

2l |

el
[+

el
[+

Setup Data IPmcessedDah Results I

MIKE SHE

The geological model defined up to now is a 1-layer system of homogenous sand. In this
step you will add a clay lens within the sandy aquifer.

Go back to the Setup Data and in the Geological Lenses dialogue

— Geological Layers

o] x|+ #]

Hame

1 Clay
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3.14.2 Define horizontal extent of the lens

In the Horizontal Extent dialogue

*  Select Grid file (.dfs2) files for Spatial Distribution

. Use the Browse button to select the file
\Model Inputs\Maps\lense3.dfs2

Spatial Distribution:
Girid file (.dfs2) v

"""" MIKE SHE Flow Model Description
- of Simulation specification

----- o Model Domain and Grid

----- o Topography

- o Precipitation

B o Saturated Zone

B of Geological Layers

- o Geolayerl
Geological Lenses

2 of Clay

i of Horizontal E stent
o Upper Level

o Lower Level

o Specific Yield

o Storage Coefficient
- o Computational Lapers

- of Drainage

B of Storing of results

[ Overlays

2l |

« Horizontal Hydraulic Coru
o Wertical Hydraulic Condu

Setup Data IPmcessedDah Results I

All the lenses will be assigned the same hydraulic properties. If you want to assign
different hydraulic properties to different lenses, then you need to add additional lenses

(see the step above)

Filename:

C:Adata\MIKE Zero Projects\MIKE_SHE\Model frr] |Lense3

Attribute:

Show grid data

MIKEE“
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[meter]
35000

30000 7

20000 7
15000 4
10000 4

5000 7

25000 7 7

e—

. : ; e 2N

IKAST!
T

0

T T T T T
5000 10000 15000 20000 25000 30000
[meter]

Lenses can also be assigned using polygon shp files.
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3.14.3 Define the top of the lens

52

In the Upper Level dialogue

Use the Browse button to select the file

\Model Inputs\Maps\lense3U.dfs2

"""" MIKE SHE Flow Model Description
B o Simulation specification

----- # Model Domain and Grid

----- « Topoaraphy

- o Precipitation

- & Saturated Zone

e o Geological Layers

Bl o Geolayerl

2 o Geological Lenses

B of Clay

o Hotizortal Extent

o Huorizontal Hydraulic Cor
o Wertical Hydraulic Condw
o Specific Yield

o Storage Coefficient

M- o Computational Layers

- o Drainage

B o Storing of results

[+ Overlayz

2l |

Setup Data IPmcessedDaﬁ Resutts I

Spatial Distribution:
Grid file [.dfs2) v | [[]Values relative to ground

Filename:

C:\data\MIKE Zero Projects\MIKE_SHE \Model\ m Lense3l

Select Grid file (.dfs2) files for Spatial Distribution

MIKE SHE

Attribute:

[¥] Show grid data

[meter]
35000

30000

25000

20000

15000

10000

5000

5000

10000

15000

6-12
0- 6
I seov 0

[ undefined Value

20000 25000 30000
[meter]
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3.14.4 Define the bottom of the lens
In the Lower Level dialogue

*  Select Grid file (.dfs2) files for Spatial Distribution

. Use the Browse button to select the file
\Model Inputs\Maps\lense3L.dfs2

Spatial Distribution:
Grid file [.dfs2) v | [7]Values relative to ground

Filename: Attribute:

C:\data‘MIKE Zero Projects\MIKE_SHE \Madel\k Lense3l

Show grid data

[meter]
35000

"""" MIKE SHE Flow Model Description
- of Simulation specification

----- o Model Domain and Grid

----- o Topography

- of Precipitation 25000
B o Saturated Zone

B of Geological Layers
- o Geolayerl
Geological Lenses

30000

20000

Il ~bove 75
o Horizorital E stent B -7
o Upper Level ] es-70
15000
o Lower Level % gg 7 22
« Horizontal Hydraulic Coru 0= s . P
o Wertical Hydraulic Condu B 45-50
o Specific Yield 10000 Bl <-4
- of Storage Coefficient = gg " ;g
- of Computational Layers B -
- o Drainage Bl 20-2
M- o Sharing of rezults 5000 Bl 5-20
[ Overlays - 1g - :g
I Beov: S
5 | | ﬂ 0 |:| Undefined Value
0 5000 10000 15000 20000 25000 30000

Sefup Data IPmcessedData Result I [meter]
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MIKE SHE

3.14.5 Define hydraulic properties for the lens

For each hydraulic property of the lens use a Uniform Spatial distribution with the
following values:

Horizontal Hydraulic Conductivity : 1e-006 [m/s]
Vertical Hydraulic Conductivity: 1e-007 [m/s]

Specific Yield : 0.2 [-]

Storage Coefficient : 0.0001 [1/m]

<

_Semnan Processed Data Resuliz

MIKE SHE Flow Model Description

Display
Simulation specification
Model Domain and Grid
Topography
Climate
Saturated Zone
Geological Layers
o Geological Lenses
B of Clay
o Horizontal Extent
o Upper Level
o Lower Level
¥
o Vertical Hydraulic Condu
o Speciiic Yield
o Storage Coefficient
Computational Layers
Storing of results
Extra Parameters

[ | +

Spatial Distibution:

Unifarm

Walue

|1 e-006 [ms]

3.14.6 Evaluate the pre-processed data

54

x

Run the preprocessor and explore the preprocessed data.

Lenses are treated as separate geologic layers in the cells where they are located. Thus,
the pre-processor reads the lens geometry (area, top, bottom) and attributes (hydraulic
properties) and interpolates the lens information into the hydraulic properties of the
numerical layer. You will see the effect of the lens by looking at the hydraulic properties of
the layer in the Pre-processed data tab.
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3.15 Step 15 — Advanced use of the Results Viewer
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This step demonstrates some of the advanced features of the Result Viewer that have not

been discussed previously.

3.15.1 Locate the Results

=

After looking at the Detailed Time Series Output,

»  click on the Gridded Data Results Viewer item in the Results navigation tree.

1

Layer no. for Groundwater items

- MIKE SHE Flow Model Description

o Smulation Resutts

- o Mike SHE Detalled Time Series
o Gridded Data Results Viewer

. o of Mike 11 Detailed Time Series
Post-Processing

Seiup Data Processed Data Results

Item Ad:e::;?:w Filename
1 precipitation rate ol “Wiew resuft CProgram Files'DHIMIKEZ erofExampleshIKE_t
2 depth of overland water ol wiewy regult... | CProgram Files\DHIWMIKE Zero\ExamplesiMIKE_
3 infitration to UZ (negative) nl Wiewy regult... | CProgram Files DHNWIKE ZeroiExamplesibikE_{
4 exchange between UZ and SZ (pos.up) nl Wiew result... | CProgram Files\DHNWIKE Zer ExamplesihkE_
El depth to phrestic surface (negstive) Hl Wiew result... | CProgram Files\DHNWIKE ZeroExamplesiMIKE_
B head elevation in sstursted zone = |%iew resutt... | | CProgram Files\DHIMIKEZer oExammplesMIKE_
7 seapage flow SI -overland il iew resutt. . | CProgram Files'DHMIKE Zero'ExamplesiMIKE _{
g flowy overland - SZ (negative) 'l iew result. . | CProgram Files\DHWIKE Zer o ExamplesiMIKE
a groundweater flov in x-direction ol iew result... | CProgram Files DHWIKE Zer o ExamplesiMIKE
A0 Jarounchwater flove in y-direction ol “Wiew resuft CProgram Files'DHIMIKEZ erofExampleshIKE_t
11 groundwater flow in z-direction ol wiewy regult... | CProgram Files\DHIWMIKE Zero\ExamplesiMIKE_
12  |SZ drainage flow from point ol wiewy regult... | CProgram Files\DHIWMIKE Zero\ExamplesiMIKE_

The Results Viewer dialogue lists the results you have chosen to store in the MIKE SHE
results file. In this exercise, you chose to store the precipitation (groundwater recharge),
depth to phreatic surface, groundwater head, and the groundwater flow in the x-, y- and z-

directions.

3.15.2 View the results in the results viewer

. Click on the View Results, M‘ button for the item head elevation in

saturated zone.

head elevation in saturated zone REV

16000 4
14000 <
12000
mrm-f
8000
snnné
4000
2000 <

ol

[ 5000 10000
DE/D1/EO 00:00.00, Time step D af 30
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3.15.3 Time series plot at a point

56

MIKE SHE

. Press the Time Series button | on the Results Viewer tool bar

. Click once inside the map area and then while holding down the Ctrl-key, click on
each additional point where you want time series output. Each selected locations is
marked with a yellow x.

. Double click on the last point. (if you only want one point then simple double click
without holding down the Ctrl-key)

. Check Display and press OK to display the time series.

Itemns |

i~ Item Owervies

£

em name

head elevstion in seturated zone (31, 41, 1)

ZProgram FilesiDHI

head elewation in ssturated zone (26, 43, 1)

C:\Program FilesDHI

head elewation in ssturated zone (26, 42, 1)

C:\Program FilesDHI

NEEEE
<<= |E

head elevstion in saturated zone (31, 35, 1)

C:\Program FilesDHI

head elevstion in saturated zone (31, 35, 1)

Z:\Program FilesiDHI

x|

Co ]

Cancel |

Apply

| Help

Export to a dfsO file
. Right-click in the time series plot.

. Select Export... in the pop-up window.

*  Check Export and press OK.

. Enter an appropriate file name for the dfsO file and press Save.

Zoam In

Zoom Cuk
Presious Zoom
Ilexk Zaonm
Pan

Refresh

{Shift)

v Grid

Copy ko Clipbo
Save ko Mekafi

Save ko Bitmap. ..

Faont...

atd
e,

Properties. ..
Expatt...

o000 o000 000
1960-06-03 05-08 0613

o000 000 oooo
0618 0523 0528

The j,k coordinates listed at the bottom of the Results Viewer go from 0 to (nx-1) and 0 to
(ny-1) in the j and k directions, respectively.

Note that the time series time steps are equal to the storing time steps. The Detailed
timeseries output option within the Setup Data allows you to save the output at every time

step.
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3.15.4 Extract a profile of water levels

. Press the button F on the Results Viewer tool bar to extract a profile from the
simulate output item displayed

»  Click in the area of interest to select the points along the profile line. Double click on
the last point of the profile to terminate the profile line. The profile line is indicated
with a thick green line.

Check 3D head elevation in saturated zone and press OK.

@ MIKE Zero - [head elevation in saturated zone.REV]

L Fe E Vew Projects Window Hep

oz s re @ew||aaas 8@z rrunfu|m = <[osenmi o hp@xe oe s
im] head elevation in saturated zone.REV
34000 1

3

33000

+ /Hetfrup

=
Profile lkem S election
— Item Overvie
Display ltem name File name | Hem type Unit Glb n
1 ol 30 Yertical Conductivity E:'\ProjectsiTr |MShe mis 1]
2 [ 30 Storage Coefficient E:'\ProjectsiTr |MShe 1im 1]
51 l 30 Specific Yield E:'\ProjectsiTr |MShe 0] 1]
4 ol 30 Horizontal Conductivity, *-dir.  |E:'ProjectsiTr (MShe mis 1]
5 ol 30 Hotizontal Conductivity, X-dir. E:'\Projectz\Tr |MShe mis a
[ [ 3D head elevation in ssturated zone E:ProjectsiTr \MShe meter 158065
7 ol 30 Caloulstion layers E:'\ProjectsiTr |MShe meter o
«| | i
v Draw W17 items
QK. I Cancel | Apply | Help |
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3.15.5 Display the computational grid on profile.
In the Projects pull-down menu choose

. Active View Settings -> Profile...

On the Graphical Items tab of the dialogue that appears, under Calculation layers,

*  check Draw Calculation layer and select Draw as grid to show the computational grid
or Draw as lines to show the upper and lower surface.

. Press OK to view the selection

X
Symbols and Fonts  Graphical ltems | Tabuar tems | User defined indicators |
ES———————————— x|+ \
ﬁz—MlKF Zero - [head elevation in saturated zone.REV:2] |Defautt Ham| Actual nam [ Details | Line width | Line style | Line color |Interpolatio| bi:
1 30 head el a Solict Typel
J Fie Edt Vew | Projects Window Hep e el | F——— B oo _Imwet @
‘Dﬁn|}%%‘l Add Fles to Project.. | & /||| 2 Bﬂwn|mq‘”|«n'_4
A - e
mi Active Vie Horzontal...
Work Area... fie
< | i
- Display of dynamic items Special graphical item
& frimation ¥ Draw 11 profile Calculation layers N
Vi I Di o I Draw Caleulation layers
 Masimum ' Draw as grid
H : : : : ; ¥ Fill water, © Draw as lines
o 1 i 1 i s = ||
T e = |

& MIKE Zero - [head elevation in saturated zone.REV:2] _olx|

L Fie Edt View Projects Window Help _ =] %]
DE@| L@t we||aae oF|| 2w u|um|n K <o ema (s ke
[m] 01/15/70 00:00:00 (m]
] : : i : : i [ Graphical Items
: ~MTT “E‘// i 3D head elevaticn in satu
40 - - _i___.,_ - a0 — Layer 1
] amiinmi r M11 Items
e H = M11 cross section
20j T 20
o] - o
] i a\|1/endn"
-20; -------- drmmmemsesmse oo premmeneeees jrmmmemeenees Armrmmrmeeseedeenees ;-20
—
o 2000 4000 6000 2000 10000 12000 14000
[m]
Ready [j=57, k=1, value=29.3855 4
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3.15.6 Modify visible overlays and display the finite difference mesh in result viewer

First, return to the horizontal view of head elevation in saturated zone, by either closing
the cross-section view or switching via the Window pull-down menu

In the Projects pull-down menu choose
«  Active View Settings -> Horizontal ...

5\. MIKE Zero - [head elevation in saturated zone.REV]

. File Edt View | Projects Window Help
|[D@@| % %1 AddFestoproject.. k> @& |[5]]| & | ppoun | un |

Active View Settings Horzontal...

Work Area... zone.F
Video ’ 1

In the dialogue that appears,

*  Single click on the Grid file item SZA_3DSZ.dfs3 to view the available display
options.

Under the Miscellaneous items,
. check Element Mesh.

. Press OK to execute changes.

MIKEE“

Result Data Properties L EJ
= o Result Data Styles I(;olors'
¥ Gnd file: C:\Data\Doct
¥ Grid file: C\Data\Docume ~2D Grid Styles
¥ Image file: C\Data\Docur a o Apply to all Data Sets I
¥ Shape file: C\Data\Docut g
Vector file: C\Data\Docur Contour type -
¥ Vectorfile: C\Data\Docur laox contour LI IDraw box contour without divide l]
~Isolines r
[~ Draw isolines [v" Element mesh [ Color legend
[~ Orawlabei [ Outline grid
¥ Smacthiedae
- Rtem/Layer
Ttem Ihead elevation in saturated zone _V_l
Slice type: ILayer slicing _v_l
Layer |1 From1to1
Kl | b
0K I Cancel Apply Help
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MIKE SHE

3.16 Step 16 Create a Water Balance

The water balance utility in MIKE SHE is a vital part of the results analysis.

3.16.1 Create a new water balance document

60

4

«  Click on the New document icon, , or the File/New/File menu
*  Select MIKE SHE and then the Water Balance Calculation (.wbl) document
*  Click OK

. In the Project Explorer select the directory where you want to save the document

*  Then give the file a name (e.g. SZWaterbalance) and click on the Save icon, =
x|
Froduct Types: Documents:

B0 MIKE Z
= MIKE HeYrI;RO . ' ' ' . ‘
= MIKE 11 Flow Model  well Editor UZ Sail ET Vegetation &l Simple Shape
3 MIKE 21 (.she) (wel) Properti...  Properties (... Editor {.shp)
= MIKE 3
1= MIKE 21/3 Integrated Models A
5 LITPACK )
£ MIKE FLOOD j| MIESHE
3 MIKE SHE | Toalbo...
‘Water Balance Calculation
coen

2

In MIKE SHE, water balances are calculated by the water balance utility. This is run
separately after the simulation. Creating a water balance involves 3 steps:

1. Extract the water balance data from the MIKE SHE output files
2. Create specific water balances from the extracted data
3. Evaluate the water balance output

Save As
Name: s2waterbalance| whl -
Location:  Cr\DatalMIKE Zero Projects\MIKE_SHE\Result (]
Motes:
.
Add to Yersion Control [ Ok J [ Cancel
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3.16.2 Extract the water balance data

*  Use the browse button and find the .sheres file from your simulation in your Result
directory

b=

. Run the water balance extraction by clicking on the Extraction icon, or by
selecting the drop down window Run and clicking on Extraction. If the extraction icon
does not appear at all, most likely the Run toolbar is not activated. Select the drop
down window View, Toolbars and select the Run toolbar (last entry).

ﬂ »  Check to make sure that the Extraction ran successfully, by looking for “Normal
termination” in the message window

® SZWaterbalance.wbl [E=n|EoR===

o (Bwacion

W ater movement simulation

Flow rezult catalogue file: C:hDatatMIKE Zero Projects\MIKE_SHE \Resulth521 5k E]
Type of extraction
Area Type: Catchment -

Resolution Type: Area -

Sub-catchment grid eodes

Difsz2

Gross files

Pre-name of gross files: Use default filename

CAData\MIKE Zero Projects\MIKE_SHEYResulth521 she - Result Files\521_1_1 ||

Extraction |Postpr. Fesult

Hormal termination

100 % 45 seconds
Yalidation  # Simulation l/r

MIKE SHE saves the results in many different files. The results are grouped by process
(e.g. OL, UZ, SZ) and by output type (i.e. 2D or 3D). The extraction process reads all of
the various output files and builds a set of water balance files. These files can be
efficiently read by the water balance utility.

The .sheres file is an ASCII catalogue of all the output files associated with the simulation.

The type of extraction is important, as it defines what subsequent water balances can be
calculated.

*  Area Type — Choosing subcatchment allows you to create water balances for sub-
areas in the model domain. Otherwise, the water balance is for the entire model
area.

. Resolution type — By default the water balance is for the entire catchment or sub-
catchment. The Single-cell option allows you to create maps of some of the water
balance items.
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3.16.3 Create water balance items

62

. In the Postprocessin

the new item icon,

MIKE SHE

g tab, add two post processing items to the table by clicking on

. Change the name of the two items, so that you can distinguish them from one

another

You can set up any number of water balance calculations for a single water balance
extraction. Since these are all stored in the water balance document (.wbl file), you can
re-run the water balance extraction and processing after each simulation.

The water balances are defined in a water balance .config file, which is located in the
program installation directory (C:\Program Files (x86)\DHI\2016\bin).

If you want to create customised water balances, then you can edit the configuration file.

This process is described in the MIKE SHE User Guide.

o

® sZWaterbalancewhl - Modified =[]
= ® Postprocessings
x Towd waterbaorco .. | | [HEOUDOCERSINGR
®  Time vaming water balan...
Usze defaul Config file
C:4Program Files (+8EINDHIY2011 4binMShe_wibl_Config pfs G
Postprocessing name Comment
1 Total water balance graphic
2 Time warying water halance
i m | »
Exracion  Post proce... < m | *
-
Normal termination
1002 45 seconds
|| | | | r\ ‘walidation }‘\'Simulatinn /
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3.16.4 Define a Chart water balance

«  Select Chart output: Total water balance from the list of available Water balance
types.

. Define a file name for the output file

. Run the water balance by clicking on the water balance icon run selected

&=

postprocessing,

| ® szwaterbalance.wbl [E=5 [Eo8| )

=~ ® Postprocessings

® Time varying water balan...

‘wiater balance

‘wiater balance type: [Chart output: Total water balance ~

Description:  Chart output: General water balance of the entire madel (depth-
integrated)

Output period
[¥] Use default period 1970/02/01 00:00 = |Z| 1970/07/31 00.00 = |Z|

Output Timeseries 5pecifications

Llze default autput time step 240 Accumnulated

Laper Dutput Specifications

Al layers 0
Sub-Catchment Selection Single-Cell Lacation
0 ] ]
Output File
Tat il Tokaha/B.t [:]

4| 1 r

Exdraction  Pozt proce .

Normal termination

100 % 45 seconds
Walidation  # Simulation lf

ﬂ The Chart output creates a graphic illustrating the water balance items (see next step).
The output is sent to an ASCII .txt file, and the graphic is generated automatically by a
utility that reads txt file.

By default, the water balance is summed for the entire simulation period. However, you
can easily change the water balance period, for example, to create seasonal water
balances, or to remove the initialisation period.

If you defined the extraction on a sub-catchment basis, then you can select from the
available sub-catchments in this dialogue.
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3.16.5 View the water balance output

*  On the Result tab, select the sub-item for the Chart output

. Click on the Open button beside the file path to create and open the water balance
graphic

Total Error
[

Precipitation
k|

a

Snow-Storage change
———

! Canopy-Storage changga

OL-Storage change

.

7

[}
-_

Drain SZBoundary

—_—
7

Note: your numbers may be different

The water balance graphic includes all of the non-zero water balance items in the current
simulation (except for storage changes, which are always plotted).

In the graphic to the right, we can see that there was 31 mm of net precipitation during the
simulation. That is the Total precipitation times the Net rainfall fraction.

All of this infiltrated to the groundwater system, where 17mm was lost to drainage and the
groundwater storage increased by 14mm.

Note that the water balance items are all normalised to units of mm, which allows for easy
comparison between the different components. If you want to convert depths of mm to
volumes, you need to multiply the depth by the internal model area. That is, the total
model area minus the area of the outer boundary cells. If you load the pre-processed data
into the Grid Editor, select the Model and Domain item. Then, you can use the statistics
function in the Grid Editor to find out the number of internal versus external cells.

Note that the sum of the water balance terms in the graphic do not add to zero. This is
because some of the signs have been removed (e.g. Precipitation and ET have the same
sign, but opposite inflow/outflow directions). In the water balance calculation, Inflows are
negative and Outflows and Storage increases are positive. Thus, in the graphic to the
right, the water balance is:

*  Storage change [+14] + Drain flow [+17] — Infiltration [-31] = 0
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3.16.6 Define a time varying water balance

*  Return to the Post-processing tab and select the second water balance item
+  Select Total water balance from the list of available water balance types

. Leave the Output type as Accumulated

«  Select the Output file type as a Time series file

. Input a filename with the .dfsO extension and click on the browse button to specify
the location where the file should be saved

ﬂ *  Run the water balance by clicking on the run water balance icon, b
| ® sZWaterbalancewbl - Modified == (]
= o Postprocessings
¢ Tod vt oo || [ NMEMAINGNIGTER BAIANGE
o Time varying water balan...
| Water halance
‘w/ater balance type: [Total waterbalance ~

Description:  General water balance of the entire model setup

Output period
Use default period 1970/02/01 0000 = |E| 1970/07/31 0000 = |E|
I Output Timeseries Specifications
Type:

i Use default autput time step 240 Accurnulated -
i
b Layer Output Specifications
! Al layers 0

Sub-Catchment Selection Single-Cell Location
' 0 0 0

Output File

Tvpe | Time series file | Dfe0file: sulhSZ1 she - Result FileshaceT otahw/'B.dfsD E

4 (L1 2

Extraction  Post proce.__.

Normal termination

18 seconds

Yalidation A Simulation I.Ir

If you chose the Table format for the Output file, then the output will be in a tab-delimited
ASCII file that you can open in Excel.

In this exercise we have chosen an Accumulated water balance. This sums the water
balance over the simulation period.

The alternative is to define an incremental water balance, which outputs the water
balance time series at each saved time step.
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3.16.7 View the water balance output

MIKE SHE

On the Result tab, select the sub-item for the time series output, Time varying water
balance

Click on the Open button beside the file path to create and open the water balance
dfso file

r

‘ accTotalWE. dfs0

Accumulated water balance : TOTAL

15

1=<Precip [millimeter] B
T-e-Canopy Stor. Thange [m|IT|§"ﬁ'efér]"' 7
{=Evapotrans [millimeter]

1~0L Stor Ghange [millimetef]
1++0L Bou.Outfiow [millimeter]
| -0L-=Ext.Sinks [millimeter]
O+ RiverMOUSE {iHimeatert ------- -~
]-subsur Stor Change [millineter)
u %Shfb's'ﬂ FBL DLW [rillimete |
1-+SubSurt-=Ext. Sinks [miIIim'gter]
:--Pumping [millirneter]

-5 4 ! -
1~+Drain-=Ext River [millimete]
]+<Drain Outflow [millimeter] |
-10 TwBaseftowtor riveﬂn’r_itlimefei’rr """"""
1-=Baseflaw from river [millimEter]
R e SRR RRIEREREE
R ERRRSREEEEEEEISEE EAgone oo
R e N
1 booooeeeaa
oo:00 no:oo
15980-06-01 06-21

(=& =S

Time 1:Precip [mi| 2:Canopy 5t| 3:Evapotran| &:Snow 5t
1 0L/06/1980 00:00:00 1] 1] 0
1 LL/06/1950 00:00:00 -3.17754 0 0
2 21/06/1980 00:00:00 -18.4221 1 i
3 01/07/1980 00:00:00 -3L104 i 0

n

ﬂ The water balance time series file includes all of the available water balance items. In the
current water balance almost all of the items are zero.

The cumulative water balance sums the items over all of the stored time steps. Thus, the
total precipitation to the right is 31.104 mm, which is the same as the 31mm in the graphic
total water balance above.

Note, though, that the sign of the precipitation is negative in the time series file. Generally,
all the items in one time period will sum to zero. There are exceptions, though, that are
described in detail in the Water Balance documentation.

One important thing to remember is that the water balance is only an output of the saved
time steps. Thus, the dynamics between the saved time steps are lost.
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3.17 Step 17 — Add the River Module

You will now add a river to the groundwater model that you created in the SZ1 exercise.
In this exercise, you will use an existing MIKE 11 river setup.

3.17.1 Select simulation modules
In the Simulation specification dialogue

*  Check Rivers and Lakes (OC) On

Your model now has a Rivers and Lakes branch in the Data Tree.

r— Mumeric Engine

|MIKE SHE =l

W ater Movement W)
[ Owerland Flaw [0OL)

- IFinite Difference 'I
------- MIKE SHE Flow Model Descript

- o Display ¥ Rivers and Lakes [OC)

- of Simulation specification
-----  Model Domain and Grid I Unsatuated Flow (2]

----- « Topography |2 Layer UZ "I

Frecipitation

""" o Fiivers and Lakes ™ Evapotranspiration (ET)
- o Saturated Zone

v
- of Storing of results B etz a2

----- o Ewutra Parameters IFiniteDifference 'I

[l
)

Il
L

[l
==

F..1F
s iy}

[™ Include Advection-Dispersion (40 W ater Dualiy

< | M
Setup .. Resuls

3.17.2 Add the River Module
In the Rivers and Lakes Dialogue

. Use the browse button to select the existing sim11 file
A\Model Inputs\MIKE 11\karup.sim11

Edit... . . .
. Press the —I button to enter the MIKE 11 simulation editor

The expert in WATER ENVIRONMENTS 67



MIK@

Powered by DHI

il

il

il

¥

------- MIKE SHE Flow Model Descript

q- of Displap
q- o Simulation specification

----- & Model Domain and Grid
----- o Topography

- Precipitation

----- « PRivers and Lakes

q- of Satwated Zone
q- of Storing of results

----- o Extra Parameters

MIKE SHE

River Simulation File [* zim11]
|Zeru:u'\E:-:amples'\MIKE_SHE'\MndeI\ModeIInputs\MIKEH'\klarup.sim'l'l | Edi... |

Inundation Areas
™ Flood Codes
[ Bathymetry

3.17.3 Explore the MIKE 11 simulation document

68

The sim11 file contains a complete river model setup. You are not going to build a river
model as part of this exercise.

The Simulation editor includes five tabs:

o

5.

The Models tab allows you to select the model components.

The Input tab allows you define the links to the model input files. A typical MIKE 11
model for MIKE SHE requires the following documents:

- river network (nwk11),

- cross-sections (xns1l),

- boundary conditions (bnd11), and

- hydrodynamic parameters (HD11).

» karup.sim11 _I— _ID il
Models Input |S\mu|aﬁon | Results | Start |
~Input Files
Network Irolects\MIKE_SHE\ModEI\ModEI Inputs\MIKE1 T \karup.nwk11 _I Edit.
Cross-sections I‘ro1ects\MIKE_SHE\ModeI\ModeI Inputs\MIKET 1\karup.xns11 _I Edit...
Boundary data |rolects\MIKE_SHE\ModeI\ModeI Inputs\MIKE1T\karup.bnd11 _| Edit...
RR Parameters I _I Edit..
HD Parameters |‘ro]ects\MIKE_SHE\ModeI\ModeI Inputs\MIKE 1 1'karup.HD 11 _| Edit.
AD Parameters I _I Edit.
ECOLabParam | | Edi
ST Parameters I _| Edit.
FF Parameters I _I Edit
DA Parameters I _I _IEdrt
lce Parameters I _l Edit
HD Results | ]
RR Results | =]
0% | f = m
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6. The Simulation tab allows you to set the time step and simulation length. However,
the simulation length is over-ridden by MIKE SHE.

MIKEE“

Powered by DHI

7. The Results tab allows you to set the output file name and storing frequency for the
output. In dynamic simulations the time step for MIKE 11 can be quite small, so it is

often necessary to reduce the storing frequency, otherwise the files may become

very large.

8. The Start tab allows you to see if there are any data input errors in your setup and
start the simulation when you are ready.

3.17.4 Change the results directory

The current results directory should be changed to the Results directory.

AResult\MIKE 11\Karup.res1l

*  Use the browse button on the Results tab to change the Result directory and add the

MIKE 11 directory if necessary

. Save your changes.

» karup.sim11 - Modified

Muda\sl Input |Simu\atmn Results |Star1 |

Results
Filename Storing Frequency Unit:
HD [EResuticarRUPRESTT | [24 [Timestep =]
AD I _I |1 ITime step LI
ST: I _I |1 ITlme step LI
RR: | Ll [Timestep ~]

=loix|

02

L2
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3.17.5 Explore the branch network

On the Input tab of the Simulation editor

Edi...
. Press the —II button on the Network line.

Untitled

34000

32000 1"

_JhuLfvhq:ywsgﬂ
g
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4000

2000
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o ] L/
LI e e B e e

75 s IN—
5000 10000 15000 20000 25000 30000 35000

o

The warning message that appears, is simply telling you that any overlays in the MIKE 11
file will be overwritten by the overlays from MIKE SHE.

All information in MIKE11 can be accessed and modified from the network editor. You are

now in the Network Editor, which is the core editor of MIKE 11. From here, you can build
and modify your river model.
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3.17.6 Routing branches
Switch to the Network Tabular View, by either

*  Selecting View from the top menu and then Tabular View... or

. Using the Ctrl+t keyboard shortcut while being in the graphical view

. In the Network > Branches Dialogue, note that the Branch Type for all branches are
set to Kinematic Routing

i~ Definitions
Branch Mame Topo D Upsti. Ch, Downstr.Ch.  Flow Direction taximum d=  Branch Type
IEoldlng cle Imodel clos: IEI |?2EIU IPosltlve j |5UUU Kinematic Fouting j
7 Connections Edit Lirk: Chianinel Farameters. . |

Branch Mame Chainage

Upstream I I
Downstream IKarup Rive |1 1700

— Owerviey — Overview
= Metwark. -
b P Name Topo ID Upstr. Ch. ° 8 A Branch Type
- Foirts (213] b | "B | pirection | h i
“Br{~=ches [10] 1 Bording creek |model cross |0 7200 Positive 5000 Kinematic Routing
Shucturés 2 Karup River  [model cross |00 52000 Positive S000 kinematic Routing
Routi &l Haderup Rive [model cross |00 14200 Fositive 5000 Kinematic Routing
outing ) 4 Feldborg cree [model cross |00 100 Positive S000 Kinematic Routing
Runoff/groundwater links 5 hauge cresk [model cross |0 12100 Positive 5000 Kinematic Routing
""" Grid paints
4| | i

ﬂ A regular branch will calculate the water level based on the Saint-Venant equation
(Kinematic, Diffusion or Dynamic Wave formulations). For detailed simulations, you would
generally use regular branches.

However, often it is convenient to use simpler routing formulations, where the water in the
river is moved down the river — without actually calculating the water levels. Water levels
are calculated afterwards knowing the flow rate in the cross-section and back-calculating
a water level.

The main advantage of the routing methods is their speed. They require less data, they
are numerically stable and you can use very long time steps if you want.

The downside is that the calculated water levels are less precise and hydrodynamic
effects are ignored. Water levels are simply calculated based on the amount of water in
the river in the current time step.

You may also combine different approaches, for instance by using simple routing

techniques on the upstream, steep branches and the dynamic wave approaches on the
downstream low-gradient branches.
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3.17.7 Routing settings

In the Routing > Kinematic Routing Method dialogue you do not need to specify anything.
If no specifications are made, the model will:

. Calculate water levels using the Manning Equation assuming that the energy slope
equals the bed slope derived from cross-sections (Manning humbers are specified in
the HD11 file default is M=30 [m*?/s], n=1/M).

. Use the No-Discharge Transformation option, which implies that inflows are summed
along the branch and transferred to the downstream end of the branch in the same
time-step. This is the same as a full pipe with a unit of water entering one end and
pushing a unit out the far end.

*  Another discharge computation option is the Muskingum methods. It dampens the
peak flows as they travel downstream, which is necessary when the travel time in the
river is much longer than the time step. For example, in large river networks, it may
take several days or longer for a flood wave to travel from the source to the river

mouth.
i~ Location - UserDefined [HHFelation
River Mame Chainage D
Bording creek. 7140 model cross
- Athributes
Campute elevation by Compute discharge by
tdanning resistance method j IND discharge transformation j
= M uskingum Houting F.
f ¥
1} 1}
i~ Overvie
River Name| Chainage D Compute el| Compute di K =
1 Bording cr 7190 model cross  [Manning ¢ Mo dischar [0 0
2 Karup 51930 model cross  [Manning r Mo dischar [0 0
3 Haderup R [14190 model cross  [Manning r Mo dischar |0 0
— Dyeriew 4 Hauge Cre (12090 model cross  [Manning r MNo dischar [0 0
..... Netwark 5 Feldborg 3090 model cross |Manning e |No dischar |0 0
- Shructures
outing
Channel Routing (0]
Flood contral O and G rate (0)
Flood contral H-Q 4 HY curve.
Flood control by orifice ()
Diversions [0
Jnematic routing method (5]
unoff/groundwater links
----- Grid pointz

You may include additional routing points at different locations along a branch, but this will
not be covered in this course.

In this exercise, you are using the simplest option, where no routing is used. Thus,
whatever water flows into the branch network at the boundaries or as lateral inflow, will be
transferred downstream in the same time-step.

MIKE SHE keeps track of and conserves mass and does not allow water to infiltrate from
the river to the groundwater if the river is empty.
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3.17.8 MIKE SHE — MIKE 11 coupling
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In this dialogue, you specify which MIKE 11 branches will be coupled to MIKE SHE. You
may choose to include some of the MIKE 11 branches or all of them, or even just part of a

The coupling specification includes the definition of the river-aquifer exchange, including
the river bed leakage coefficient. The river leakage can also depend on the hydraulic
conductivity of the aquifer material when the MIKE SHE cell size is much bigger than the

river width.

By default, exchange between MIKE SHE and MIKE 11 is only one-way. Overland
surface water will flow into MIKE 11, but water will not flow back onto the ground surface if
the river floods. However, there are two options for flooding.

=)

+  Cells can be defined by flood codes, where they will be flooded if the elevation of the
cell is below the water level in the nearest H-point.

«  Alternatively, you can allow overbank spilling. In this case, the river will discharge the
water onto the ground surface based on a weir formula.

i~ Lozation

Bording creek.
Upstieam Chainage a
Downstream Chainage | 7200

i~ River-aquifer exchange

Eranch name

—Weir data for averland-river exchange
[Select weir option in MIKE SHE]

‘weir coefficient |1 838
Head exponent |1.5

Minimum upstream height above bank, for full vweir width IEI_T
I~ Allow overbank spiling

I imimun Fove area for overbank spiling |1

Conductance IAqulfel +Bed j

I1E-DD5

Leakage Coef.

~ Owerview

----- Metwork
- Structures
----- FRiouting

- MIKE SHE links (5]

[ Grid points

3.17.9 View cross-sections

Fiunaff/ groundwater links

i Rainfall-runaff links [0]

Include all Branches |

i~ Inundation options by Flood Code

Flaod Area Option IWI
Flood Codz I

Bed Topogiaphy Im
IUsa River data 'I

Bed Leaskage

r— Owerview of MIKE SHE Coupling Reaches

BNr:p:: Ehla-lifl.age Ehgifl.age Conductance Leg::ge Flood Area |Flood Code | Bed 1
1 Biording cr o 7200 Aquifer + Bed 1E-005 o flooding Lse Gri
Z Karup 0 SZ000 Aquifer + Bed 1E-005 Mo flooding Use ri
3 Haderup R |0 14200 Aquifer + Bed 1E-005 Mo Floading Use Gri
4 Feldborg o 3100 Aquifer + Bed 1E-005 Mo flooding Lse Gri
5 hauge cre 0 12100 Aquifer + Bed 1E-005 Mo flooding Use Gri

In the Network Editor (Graphical View) at each of the red markers on the river, a cross-

section has been defined.

. Move the cursor to a red marker and right click

*  Choose Edit from the pop-up menu

. Choose Cross Section at: ..., and

*  Click OK.
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Paink Properties. ..

Insert

»

MIKE SHE

Point152 [17968.9, 12552.1] at: 217689

Branch K.arp River 0 - 52000
Crozs Section at: Karup River, model cross, 21768 (]

Delete. ..

Zoaom In

Zoarm Cuk
Previous Zoom
Mext Zoom
Pan

Refresh

(Shift)

Cancel Help

o

v arid

This will take you to the Cross-section Editor. Look at a couple of cross-sections.

Alternatively, you can open the cross-section file directly from the Simulation Editor

(.xns11).

Note:

Cross-sections are identified by a Branch ID and a TOPO ID

Cross-section data are relative to the specified Datum value.

210 x]
P Fe B0t Vew ComSecons Sedngs Wndow Hep e %)
Dl ‘Bl ST GCase H
— Tepa Chanage p— Datum - 00000
jrerr— [ressei crzan = | =TT ] .
Saction Typs Fiaden Tygs D H
[Open ] [Fsmtancs Fasen =] Tl .
eera— [e—— [To—— il |
I Aoty X W I Apgly [ Cowete Section k| 'I |
™ f f | wesiotomos Al |I
pgn | I sogpe | I 11 |
wnzaloh |
= il 1 L
BranchID | = aefl-| |
| |
E—rl.'?_l'_l x | z | W] Zome | I 12
Boring: W EEE T Cross- odl -
s cinad 2| 05001000 1000 |momal . E | | .
e o ae=—=— section Data - I
Fsl ek E] 0009 -1.039 LWLM’N | I
H”wgr: 6 | oias|-poon] poo |mowa 824 1 | "
v i Criak 7 | oo -poo0] pooo |momsl i | |
“ Mangp Feves 8| 0500 1000 1o || Nowal 3 | |
- m;i‘_ [3 | 1000 2000 3000 |mormal o | |
e e | 1 / od
N0 | |
TS D e | |
500 00 | | 'l
F00.00 | |
s | |
e TOPOID \ .
BI00E 00 erad Ii |
. ' | . |
Sl Pt o [on] e B ELBER H h
et ey < ——==4 Ghainage Values { :
‘|\| [ (¥ ."- oF
| Crivia wectios 4 dith e o
X = L0297 v = 670085 Seeit -

Cross-section points are editable in the table and graphical area by selecting the
points in the plot and using the Move Points option (right click).
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. The Marker values 1 and 3 in the table define the extent of the cross-section to be
used in the simulation.

Close the Cross-Section Editor and return to the Network editor, without saving any
changes.

3.17.10 View the boundary conditions

By default, the boundary nodes are shown on the network with blue markers at 90
degrees to the cross-section markers.

»  Right click on the boundary marker

*  Chose Edit in the pop-up menu, and select the Boundary item

Point167 [24737.4,1371.9) at: 0
Branch Bording creek 0 - 7200

Cross Section at: Bording creek. model cross, O [
B oundam [HD at: Bording creek 0

{Julianghy

W=

ok I Cancel | Help |

This will open the boundary editor with the current boundary point highlighted.

Alternatively, you can open the boundary file directly from the Simulation Editor
(.bnd11).Now take a quick look at the boundary specifications in MIKE 11.

All the upstream ends (Chainage = 0) are defined as Inflow boundaries with zero inflow.
The downstream mouth of the river is defined as a water level boundary.

+  Close the Boundary Editor and return to the Network Editor, without saving any
changes.

. Close the Network Editor, without saving any changes.

. Close the Simulation Editor.
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_lolx]

Boundary Description)| Boundary Type | Branch Name | Chainage | Chainage | Gate ID | Boundary ID
Open Inflow Karup River 0 0

2 apen Water Level Karup River 52000 ]

3 Open Inflow Bording creek 0 0

4 Open Inflow Haderup River 0 0

5 Open Inflow hauge creek 0 0

6 Open Inflow feldborg creek 0 0

|»

wlinclude HD calculation
[Include AD boundaries

Data Type| TS Type File / Value TS Info
1 Discharge: |TS Fle  karup.dfs0 ...|Ed'rt q=0

e

3.18 Step 18 — Add the Overland Flow Module

3.18.1 Select simulation modules
In the Simulation Specification dialogue

*  Check Overland Flow (OL) On

Your model now has an Overland Flow branch in the data tree.

— Mumeric Engine

------- MIKE SHE Flow Model Descript
& of Display |MIKE SHE =
- Simulation zp ticin
----- « Model Domain and Grid
----- o Topography

- \‘: Frecipitation ¥ Overland Flow (OL)

----- Land U

_____ o H?:EIS ::d Lakes IFinite Difference VI
- .f ?E:-ia::n'i:r!;mumber ¥ Rivers and Lakes [OC)
# Detention Storage I™ Unsaturated Flaw (UZ]

b of Initial \*ater Depth |2La_l,JerUZ vl

- o Saturated Zone
- o Storing of results
----- o Ewutra Parameters

—Water Movement ()

™ Evapaotranspiration [ET)
v Saturated Flow [S5Z2)

IFinite Difference 'I

1 | W

Setup .. Fesilts [ Include Advection-Dispersion (0] W ater Quality
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3.18.2 Define infiltration fraction

Normally, the amount of infiltration is determined by the infiltration rate of the top layer of
the soil. When you add the overland flow module without specifying the unsaturated zone
module, then a new parameter Infiltration Fraction is added under Precipitation.

The Infiltration Fraction is used to specify the fraction of the rainfall that is infiltrated
versus the fraction that is available for ponding.

The default value is 1 with a Uniform Spatial Distribution, which means that all of the
rainfall is infiltrated and there will be no ponding.

- MIKE SHE Flow Model Descript
- o Display
m- o Simulation specification
o Model Domain and Grid
. of  Topagraphy
- o Precipitation
e ol Precipitation R ate
o Net Rainfall Fraction
# Irfiltration Fraction
o of Land Use
- o Overland Flow Spatial Distribution:
[ f Saturated Zone IU i j
M- o Storing of results niarm

o Ewtra Parameters \-"ii|ue
]

Note This item will disappear when you add the unsaturated zone later in this exercise.

3.18.3 Specify the overland flow parameters
In the Overland Flow dialogue (in the MIKE SHE GUI), specify

. Manning’s M equal to 0 [ml’3/s]
. Detention storage equal to 0 [mm], and

. Initial water depth equal to O [m].

- MIKE SHE Flow Model Descript
oo Dizplay

- o Simulation specification
o Model Domain and Grid

. o Topography

- f Precipitation

oo Land Use

- Overland Flow X L

i of | Manning Number S patial Distribution;

o Detention Storage IUnifDrm j
o Initialwater Depth
- f Saturated Zone

- o Storing of results
o Extra Parameters

Walue
i [rm™143)42]

1] |
Setup ... Resuls
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MIKE SHE

The Karup catchment is quite sandy, and in this simulation there are no serious storm
events. Thus, in reality, overland flow is insignificant for this simulation.

However, the overland flow module is required whenever the channel flow component is
included. You can run overland flow without the channel flow component but not the
opposite.

So, if you do not want to include overland flow you can globally disable overland flow by
specifying a Manning's M =0 [m1/3/s]. Setting the Manning’s M to zero locally is
sometimes a useful way of speeding up the simulation by turning off the overland flow
calculation in areas of permanently ponded water, such as small reservoirs. However, a
Manning’s M of zero will prevent any overland flow from entering the cell.

In this simulation, if you keep a non-zero Manning’s M, the overland flow component will

require the model to run with smaller time-steps (5-60 minutes) which will slow down the
computation significantly.
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3.19 Step 19 — Run the Model

3.19.1 Define time steps
In the Time step control dialogue:

. Define time step control parameters as shown in the dialogue to the right.

MIKE SHE uses different time-steps for the different hydrologic processes. Normally, the
ﬂ Overland flow time-step is the smallest and the Groundwater time-step the largest. The
MIKE 11 time step is controlled in MIKE11.

The overland flow time-step is large in this simulation because you have disabled the
overland flow simulation by setting the Manning’s M to zero. To simulate overland flow
you would typically need a time step on the order of 5-60 minutes, and possibly less than
this if you are using the explicit solver and overbank spilling to simulate flooding.

The Max precipitation depth per time step is used to reduce the time step during heavy
rainfall events.

The Max infiltration amount per time step is used to reduce the time step when water is
ponded on the surface, for example, during a flood.

These two parameters are only important if the unsaturated zone model is included. You
should set these to high values, so that the simulation time step is not reduced.

- MIKE SHE Flow Model Descript

; — Time Steps
- & Display P
=

.- o Simulation specification Initial time step |4 [hrg]
o Sirnulation title :
o Simulation period M ax allowed OL time step |1 2 [hrs]
i Iiax allowed LUE time step |1 & [krz]
o 0L Computational Contn
# 5Z Computational Contn Max allowed 527 time step |24 [hrz]

----- # Model Diomain and Grid
----- « Topography

- o Precipitation — Increment of reduced time ztep length
----- # Land Use
..... « Bivers and Lakes Increment rate [0-1] 0.05

- o Overand Flow

- o Saturated Zone L .
- o Storing of results - Parameters for Precipitation-dependent bme step contral

""" o Exira Parameters M ax precipitation depth per time step IEEI [
b ax infiltration amount per lime step IED [mm]

Input precipitation rate requiring its 0.1 [rrirndhr]
own bime ztep

[l
)

.15
i iyl

a | *

Selup ... |Proces. . Rezults I
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3.19.2 Overland flow parameters

80

Make sure that you are using

for calculating overland flow.

the Successive Overrelaxation (SOR) solver, and

the Manning equation

MIKE SHE

If you want to calculate flooding, then the explicit solver is recommended. However, the
time step constraints on the explicit solver are much more restrictive.

. « Simulation specification

- f Precipitation

M- o Overland Flow
H- o Saturated Zone
- & Staring of results

MIKE SHE Flow Model Descript
o Display

- o Simulation fitle

- & Simulation period

- o Time step contral

- o 0L Computational Contn
# 52 Computational Contn
& Model Domain and Grid

o Topography

& Land Use
o Rivers and Lakes

o Ewutra Parameters

Solver Type and Solver-specific Parameters
@ Successive Ovenelasation (SOR]
M awimurn number of iterations:
b aximum head change per iteration:
M aimurn residual erraor:

Under-relaxation factor: [0.01 - 1.0]

200

0.0001 [m]
0.00071 [m#d]
03

() Explicit [Recommended when overbank spilling is allowed)

ne

Subedivide owerland flow cells for multi-cell OL method

Common stability parameters

Threshold water depth for overland flows;

Threshold gradient for applying
lows-gradient fow reduction:

Overland-River exchange calculation

2

0.0a01 [m]

0.0001

(@ Manning equation [uzing OL flow b anning numbers]

e formula; [Weir data specified in MIKE 117]

01
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3.19.3 Run the Preprocessor

*  Click on the L icon to start the pre-processor, which will start the MIKE Zero
Launch utility.

& MIKE Zero - [SHEPar2]

® Ffle Edt View Refresh Run Window Help
|os@| s me(ze || u|

Launch settings x|

Launch I Purpose I

— Simulation

Mokification on End of Simulation

I via E-mail | =]
=iz sz | =]
CPU Priority e

Refresh rate | 200 milliseconds

Ok, I Cancel Help

*  Click OK

3.19.4 View the river link setup

In the Processed Data Tab the most recent pre-processed file is automatically loaded
»  Click on the Load button read in the Processed Data

Go to the River Links Item in the data tree to view the pre-processed river links:

. View the location of the river links in the computational mesh.

ﬂ The MIKE 11 network is interpolated to the cell boundaries of the model grid. The
interpolated river locations are called river links.
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MIKE SHE

File name;

CiiDocuments and SettingstvrwareiMy Documents\MIKE Zero ProjectsiMIKE_SHE}Resultikarup_Example_DemoMode, SHE - Result Files\karup

[retet]
35000

Surface topography

30000 3

ZE000 Ja a R SRR SR B - - -« -

- MIKE SHE Flow Model Description 20000 -~
=] \f Processed data
= o Processed data

- o Model domain and grid 15000 5
-~ o Surface topography
- o Climate
= o Rivers and Lakes 10000 F-5a-nmr e e
! ----- o River Links .

; o of Bank minus Ground
o Overland Flow 5000
- of Saturated Zone

- -
0 10000 20000 30000

Setup .. Proces... [meter]

3.20 Step 20 — View the Results

You will now view some of the outputs of this exercise using the Result Viewer. It is
always a good idea to run and evaluate your model as you are setting it up. Otherwise,
there is a danger that you when you are finished setting up a big model, you will have a
lot errors that are difficult to track down.

3.20.1 View groundwater level results

82

In the Result Viewer dialogue:

. Look at whatever outputs you may find interesting, such as the SZ Exchange with
river and the SZ drainage flow from point?

. Is the model predicting any significant drain flow? Why or why not? What is
happening to the drain water in this exercise?

. Can you view river results?

. Do the results make sense so far?
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You will now make the simulation a bit more realistic by adding distributed rainfall data.

3.21.1 Define rainfall stations

=

In the Precipitation Rate dialogue:

»  Choose Spatial Distribution = Station based

*  Choose Data Type = Grid Codes (.dfs2)

° Press

and pick the file:

\Model Inputs\Maps\Precipitation.dfs2

MIKE SHE Flow Model Description
= of Display
+ Foreground
+ Backgiound
o Curent Layer
o Simulation specification
¥ Model Domain and Grid
o Topography
= Climate
I8 Frecipit
Met Rainfall Fraction
Infiltration Fraction
¥ LandUse
o Rivers and Lakes
o Overland Flow
¥ Saturated Zone
o Storing of results
o Estra Parameters

ation Fate

R

] Setup Data |Process. Results

Spatial Distribution:  Data Type:
Station based [v] Girid codes [ dfsZ) [vl

Station Based Distribution File:
C:\Documents and Settings'wmwareihy DocumentsiMIKE Zero Projectshi E

The rainfall will be spatially distributed using a dfs2-grid file with integer codes that are
linked to a specified rainfall time-series.

[meter]

Precipitation
35000

30000

25000

20000

15000

10000

5000

0 10000

20000 30000

[meter]

1
[ Unefined value

You are now using a dfs2-grid code file to distribute rainfall time-series data. Each code
(area) now needs to be associated with a rainfall time-series. The grid file contains 9

different codes (1-9). The value of the code is not important and may be any number.
Each area (defined by a code) just needs to be associated with a rainfall time-series.

Station areas may also be assigned using .shp file polygons.
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3.21.2 Associate the station areas with time-series data

MIKE SHE

The navigation tree now allocates space for 9 rainfall stations. Initially the station name is
derived from the Grid code value. You may change the station name if you want.

You now need to link a rainfall time-series to each station (code).

. Set the Temporal Distribution to Time varying (.dfs0).

. Click the browse button and select the precipitation file

Precipitation.dfsO

« At the bottom of the file selection dialogue, under Items, select the appropriate
precipitation station from the combo box list or type it in (e.g. Precipitation station 3).

. Press Ok.

The Item name appears on the top right of each graph.

Precipitation Station [D:
[Gtation 3

Time Series File:

IC:\Program FileshDHINMIKEZerohE vamplesiMIKE_SHE\MaodelMode ... | Edit... Create... |

Grid code walue:

Temporal Distribution:

ITime warying [.dfz0) j

[ o Display
@~ o Simulation specification

------- MIKE SHE Flows Model Descript.

[mm/day]

ttemnatme: Precipitation station 3

Lookin: | | Time

= e o

[~] 7vpe

¥ Model Domain and Grid

84

----- o Topography
B o Precipitation
B o Precipitation Fate
----- o Gridcode =1
----- o [Girid code =2

----- o Grdcode=4
----- o Gridcode=5
----- o [Grid code = B
----- o Grdeode=7
----- o Gridcode =8
----- o [Grid code =9
----- o MetRainfall Fraction
----- o Irfiltration Fraction
----- o Land se

----- o Rivers and Lakes

- of Overland Flow

- o Saturated Zone

- o Staring of results

----- o Extra Parameters

L« | ¥
Sefup ... Fesults:

Repeat this for each grid code (station).

g Name =
» W exd.dfso
P PotentialEvap.dfs0

[j W Precipitation. dfso

Temperature_6894.dfs0

Recent Places

Desktop

Libraries

A

Computer

File name:

Files oftype

TimeSeries.Document
TimeSeries.Document
TimeSeries.Document
TimeSeries.Document

|Prec\pnaunn dfs0

[Time Series Files (~.dfs0)

Selectltem |Penud\nh.| ltem Info. |Conswa\m5\nfc |

Title.

File Type:

[D\Projects\Tal

P rojectiA

[Non Equidistant Time Axis

[ Precipitation station 4
| Precipitation station 5
| Precipitation station &
| Precipitation station 7
| Precipitation station 8

Cancel
OK
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3.22 Step 22 — Modify the Subsurface Drains

In the SZ1 exercise, subsurface drains were included 0.5 meter below ground surface
throughout the model domain. Thus, whenever the water table goes above the drainage
level, water will drain from the saturated zone. In the SZ1 exercise, this drainage was
exported from the model domain. You will now change the drainage setup so that
drainage water is routed to the river instead.

3.22.1 Modify the subsurface drain reference system

»  Choose Drainage routed downhill based on adjacent drain levels

. Leave the Level and Time Constant the same as in the SZ1 exercise.

- MIKE SHE Flow Model Descript,

- o Display

- o Simulation specification

----- « Model Domain and Grid

----- & Topography

- o Precipitation

----- o Land Use

----- o PRivers and Lakes

- of Owerland Flow

B Satuated Zone

o [Geological Lavers

@ o Geological Lenses

« Computational Lapers
Drainage

b of Level

T |
- & Staring of results
----- o Extra Parameters Drainage Optian

T
i Ryl

frul
I

frul
I

% Drainage routed downhill based on adjacent drain lesels
" Drainage routing based on grid codes
" Distributed drainage options

" Drainage not routed, but removed from maded
«| | ¥ :

ﬂ Drainage routing can be a very complex process. Simply removing the water from the
model is the simplest drainage option. However, in most situations, drainage actually
discharges to the river system.

In fact this is a very powerful feature of MIKE SHE.
The simplest routing method for the drainage is to route it downhill based on the drain
levels. The drainage will enter the river whenever it intersects a river link. However, this

can lead to ponding in local depressions in flat terrains.

More complicated is the second option Drainage routing based on grid codes, where the
drainage is routed downhill but only from certain cells.

The Distributed drainage options allow you to route drainage to specific MIKE 11 nodes or
MIKE Urban sewer manholes.
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3.23 Step 23 — Add Land Use

3.23.1 Add the evapotranspiration and unsaturated flow modules

. Check Unsaturated Flow (UZ) on (Richards Equation)
. Check Evapotranspiration (ET) on

The Land Use, Evapotranspiration, and Unsaturated Flow sections are added to the data
tree.

------- MIKE SHE Flow Model Description

[ o Display r— Mumeric Engine

- atict

----- odel Domain and Grid IMlKE SHE ﬂ
----- «f Topography

- Precipitation

- of Land Lse ~ Water Movement (W]

- o Evapobianspiration

v
----- o FRivers and Lakes V' Dverland Flow (OL)

- of Overland Flow IFinite Difference 'l

F|

i of Unsaturated Flow

- o Satursted Zone ¥ Rivers and Lakes (0C)
H|

o Storing of resuls v Unsaturated Flow (UZ)

----- o Exbra Parameters
IHichards equation 'l

T

[ Saturated Flow (527

IFinite Difference 'l

[ Include Advection-Dispersion (0] W ater Qualiy

seupboa o
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3.23.2 Define vegetation map (field map)
In the Vegetation dialogue:

. Use Station based Spatial distribution
+  Specify Grid Codes (dfs2) as the Data Type

. Use the browse button to select the file
\Model Inputs\MAPS\Landuse.dfs2

ﬂ The map now displays your vegetation distribution. The map (dfs2 file) contains 4 different
integer codes that define 4 different areas. You now need to define the vegetation types
and growth function which are associated with the 4 different areas.

Spatial Data Type:

Station based Grid codes [.dfs2) v |ET parameters ...

Station Based Distribution File:
C:ADatatMIKE Zero Projects\MIKE_SHE \Model\Model Inputs\MAPS .. |

[meter]
35000

30000 -~

25000

------- MIKE SHE Flow Madel Description ]
\f DiSD|a_l,l 20000 -
- of Simulation specification 1
----- o Model Domain and Grid
----- o Topoaraphy 1
- of Precipitation 15000
- of Land Use ]
H- of Wegetation
- of Evapotranspiration
----- o Rivers and Lakes
- of Overland Flow
o Unsaturated Flow ]
- o Saturated Zone 5000
- o Storing of results 1
----- o Extra Parameters

-
(it o}

[T}
]

]
(k)

10000

e == =]
i d ik Rt )

= 0 10000 20000 30000

) (D eSS [meter]
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3.23.3 Define vegetation types for each vegetation area

Each of the 4 different vegetation areas in the vegetation map appears as a sub-item in
the data tree.

. Select the Grid code = 1 item
. Change the ID to Grass Crops

. Set the Temporal Distribution to Vegetation property file

*  Use the new items icon, to add 13 lines in the Crop Development table.

. For each line in the Crop Development table
- Use the browse button to select the vegetation property file (database file):
\Model Inputs\MIKE_SHE_vege.ETV
- From the pull-down Veg type combo box pick Grass1
- Set the Start date to 1. Jan. 1969

. Repeat the above steps for each line in the Crop Development table, with a start date
of 1970, 1971, ..., 1981.

. For the remaining three vegetation types, set the Temporal Distribution to Constant

. Use the following values for the remaining items:
- Grid code = 2: Forest, LAl (Leaf Area Index) = 6, RD (Root Depth) = 800 [mm]
- Grid code = 3, Shrubs, LAl = 2, RD = 440 [mm]
- Grid code = 4, Wetlands, LAl = 4, RD =500 [mm]

"""" MIKE SHE Flow Model Descrip ID: Giid Code Walue:  Temporal Distrbution:

Grass Crops 1 |Vegetation property file »
£} Dizplay
- o Simulation specification CiopDevaiocmont

. . Hame Start date Vegetation property file
----- o Model Domain and Grid i < 57011869 000000 [C SDHIINE ZeroEca | [Eat
2 [ormsst 5-01-1570,000000 T

""" o Topogiephy xj ST et
M- o Precipitation —_— = === =
- # Land Uss B & Voot =] o2 o~ o — LAl {mlimeter]

El- o “egetation
o Grass Crops
- of Forest

- Shrubs
Lo o wellands
- o Evapolranzpiration
« Pivers and Lakes
- o Owerland Flow
- of Unsaturated Flow
M- o Saturated Zone
- o Storing of results
----- o Extra Parameters

AWV -

1963 1970 1971 1972 1973 1974 1975 1976 1977 1978 1973 1880 1981

[meter]

Landuse
as000

30000

25000

20000 -4

R e

10000

000

0

eiup Resuls
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3.24 Step 24 — Add Reference Evapotranspiration

MIKE SHE calculates actual evapotranspiration based on the evapotranspiration rate, the
vegetation properties, and the soil moisture.

3.24.1 Define evapotranspiration data
In the Reference Evapotranspiration dialogue:
. Use Uniform spatial distribution
. Use Time-varying (.dfs0) Data Type

. Use the browse button to select the file
\Model Inputs\Time\PotentialEvap.dfsO

[Reference Evapotranspiration
Spatial Dats Type:
IUmFDrm =l ITime warying [ disD) = |
Time Series Fils: DE;[EI
EZera\Examples\MIKE_SHE\MaodelModel nputshTime\PotentialE vap.dfsd ... Ed...
[mmJday] ftemname: Pot. Evap.

MIKE SHE Flow Model Description
= Dizplay
#- of Foreground
+ Background
= Current Layer
= Simulation specification
o Model Domain and Grid
o Topoaraphy
= o Climate
+- o Precipitation Fate
+f Reference Evapotranspiration
+-of LandUse
o PRivers and Lakes
o Overland Flow
Unzaturated Flow
o Saturated Zone
o Storing of results
o Detailed timeseries output
o Detailed M11 timeseries output
o Grid series output
o Extra Parameters

1] E-E

1870 ! 1971 ! 1972 ‘ 1973 ! 1974 l 1975 1976 ! 1977 ‘ 1978 l 1979 ‘ 1980

_Setup ... |Process.. Results

ﬂ Reference evapotranspiration can be specified in the same manner as precipitation, this
is as constant or time-varying values and as uniform or spatially distributed values.
As you’re using Uniform distribution type, this evapotranspiration rate will be used
throughout the model domain.
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3.25 Step 25 — Build the Unsaturated Zone Model

MIKE SHE

The unsaturated zone model calculates recharge to the groundwater model and is closely
linked to the actual evapotranspiration, as the roots remove water from the unsaturated
zone. Soil physical properties are stored in a soil-database. The link between soil-type
distribution maps and soils in the soil-database are established similarly to the link
between vegetation-distribution maps and vegetation types.

3.25.1 Calculation column classification

90

In the Unsaturated Flow dialogue:

Choose Calculated in all grid points for the column classification type

-

[ - -

Setup Data  |Processed Data Results

MIKE SHE Flow Model Description
Dizplay
Simulation specification
Model Damain and Grid
Topography
Climate
Land Lse
Rivers and Lakes
Overland Flow
Unszaturated Flaw
Saturated Zone
Staring of results
Exira Parameters

Calculation Column Classification Tupe
(1 1: Automatic
() 2: Specified calculation points
@ 3 Calculated in all grid points

(71 4 Partial automatic [combination of 1 and 2)

M acropore Flow
@ Mone
() Simple by-pazs fow

() Full rnacropare flow [Richards and Gravity only)
Time Step Contral
Idax MP Infiltration per time step 1

Man MP-Matrix Node exchangs per time step 05

b MP-Matrix Column exchange per time step |2

Uze Green and Ampt model for infiltration

Initial Conditions
@ Equilibriurn pressure profils
() Specified matrix patertial

() Specified water content

]
mm

.

MIKE SHE allows you to lump calculation profiles together rather than calculating
unsaturated zone flows in each single profile. This can be done to speed up the
computational time, which was very useful in the past when computational resources
were limited.

However, the lumped (Automatic) classification is usually not suitable. For example, it is
not allowed if overland flow or flooding is an important feature or if irrigation or water

quality is to be simulated.

In most models it is probably best to avoid UZ classification.

Demo Note: the demo version is restricted to a maximum of 155 UZ computational
cells. So, if you are running this exercise without a valid license, then you should
select the Automatic classification type.
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3.25.2 Define the soil profile distribution map
In the Soil Profile Definitions dialogue:

. Use Distributed for the Spatial Distribution
. Use Grid codes (dfs2) distribution data type

*  Use the browse button to select the dfs2 grid file
\Model Inputs\MAPS\soil.dfs2

Spatial _ DataType: i
Distributed v  [Grid codes -
Girid distribution file:

CADaa\MIKE Zeto Profects\MIKE__SHE \ModeModel Inputs\MAPS \sai.o [

[meter]

- MIKE SHE Fow Model Descript.. 35000
- of Display ]
- o Simulation specification 1
----- # Model Domain and Grid 30000
----- « Topography ]
- o Climate .
m- o Land Use 25000_-

..... « Rivers and Lakes
- of Overand Flow
- of Unsaturated Flow
Z- # Sail Prafile Definitions
i o Gridcode=2
- of Gidcode=3 i
i L. o Grdcode =4 iS0e
‘oo of Initial Conditions ]

M-
M-

20000 1--

(- o Saturated Zone ]
- o Storing of results 10000
----- o Extra Parameters J
5000
: i =] 2
< | [T} | » 0 Srtrerrerrrd = s as et P S ] undefi
] Setup .. Resuliz 0 10000 20000 30000

[meter]

ﬂ The soil map contains three different code values, which how need to be associated with
three soil profiles.

3.25.3 Define soil profiles (horizons)
Each of the 3 different soil areas in the soils map appears as a sub-item in the data tree.
*  Select the Grid code = 2 item
*  Change the ID to Fine Sand
. Define one soil horizon for the profile by specifying To depth = 37

. Use the browse button to select the UZ soil-database file
\Model Inputs\Karup.uzs
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. Define the Vertical Discretization as shown in the dialogue to the right.

*  Repeat the above steps for the other two soil types using
- For Grid Code = 3 use Coarse Sand
- For Grid Code = 4 use Coarse Sand in the for the upper 2 meters and use Fine
Sand in the remaining 35 meters (To Depth 37)

MIKE SHE Flow Model Descript..
«f Display
& Simulation specfication
s Topography
o Climate Prafile 1D: | Fine Sand Girid code value: |2
o Land Use
o Rivers and Lakes S S
oil Profile:
o Overtand Flow From depth| To depth Soil name UZ Soil property file
- o Unsaturated Flow 1 0 37 Fine Sand Cridzerst. . Model InputsWarup UL [ ||(Edit...
= # Soil Profile Definitions
o Giid code =2
o Grid code =3
o Grid code = 4
o Initial Conditions
o Saturated Zone YYertical Discretization:
 Storing of results From depth| To depth | Cell height | Ho of cells
o Butra Parameters 1 [ G 04 5
2 0.5 15 025 4
< | LU ’ 3 15 4 0s 5
N Setwp . |Process.. | Resuis 4 4 30 1 26

3.25.4 DEMO MODE only: Define groundwater table for UZ classification

Demo Note: If you are using the Demo mode, then you must use the Automatic
classification method, which requires you to specify a water table

The depth to the groundwater table is one of the criteria that are used when the automatic
(lumped) unsaturated zone classification is used.

In the Groundwater depths dialogue:

. Use initial water table for classification

+  Define 6 depth classes 1,2, 3, 4, 5 and 10 meters.

MIKE SHE Flow Model Descript..
o Display
& Simulation specification
o Model Domain and Grid
o Topography
o Climate
o Land Use
« Rivers and Lakes
o Overdand Flow
2 & Unsatursted Flow
«f Soil Profile Definitions
« Groundwater depths used
« Initial Conditions
o Saturated Zone
« Storing of results
+ Bxtra Parameters

-

Depth -

Ll o T e
| =L R —

—ater Table for Clazsification

¥ Lsze initial water table for classification

| m D " Specified water table for classification

| Setup ... |Process . Rezulis

92 Fully Integrated Exercise - © DHI



Develop a Fully Integrated MIKE SHE Model

3.26 Step 26 — Run the Simulation

3.26.1 Add field data to the observations

MIKEE“
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In the SZ1 exercise, you added 4 observation points, but did not include the observation
data.

To

=

add the observation data, you need to
Choose Data type head elevation in saturated zone
Check on the Incl. Obs. Data checkbox
For each observation point,
- Use the browse button to select the file

\Model Inputs\GIS Data\HeadObservations.dfs0

In the DFS File Selector dialogue, you need to select the appropriate Item from the
combo box. (e.g. Obs well 5 for the entry named Obs 5)

Impart... |

Incl.
N
Hame Data type || = v | Depth Obs. | Obs.Data Filename
Data
1 Ohs 5 |head elevation in s rd 24103 5413 5 C HeadChservations.dfs0| Ecit
2 Ohs 35 |head elevation in s v 13800 17607 E ol C\Program Filest.. WG5S Eclit
3 Ohs 37 |head elevation in s v 17508 | 20837 E ol C\Program Filest.. WG5S Eclit
4 Ohs 65 |head elevation in s v G866 | 25549 E ol C\Program Filest.. WG5S Eclit
i | i
x|
Lookin [ | GISData =] @2 =@
3 Name = | x| pate | x| Type MES
= W flow.dfs0 27/09/2012 11:03 PM TimeSeries.Docu... 418
Recent Places W HeadObservations.dfs0  27/09/2012 11:03 PM TimeSeries.Docu... 178
’j W Precipitation2.dfs0 27/05/2012 11:03 PM TimeSeries.Docu... 597
Desktop
Libraries
e
Computer
A
Network
<] | =l
File name: [Headobservations dfso =
Files of type: [Time Senes files (*.dfs0) ~1
Selectitem | Period Info. | tem Info. | Constraints Info. |
AT \Karup_

Title: [DAProje

File Type: [Non Equidistant Time Axis

Any Item T,

Cancel
oK
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3.26.2 Run the simulation

MIKE SHE

. Click on the il icon to re-run the pre-processor and then on the “H icon to run the

simulation.

—
@' MIKE Zero - [SHEPar2]

® Fle Edit View Refresh Run Window Help
~E=2" @]a\s;é?\?ma\nnun[uqy

F T

3.27 Step 27 — Evaluate the Results

You will now view some of the outputs of this exercise.

3.27.1 Locate the detailed time series output results

After successfully running the model:

*  Click on the Results Tab located at the bottom of the Navigation Tree.

SZ

Plot no. 1: Obs 5, head elevation in saturated zone
Plot no. 2: Obs 35, head elevation in saturated zone
Plot no_3: Obs 37, head elevation in saturated zone

Plot no. 4: Obs 65, head elevation in saturated zone

MIKE SHE Flow Model Description
= o Simulation Results Plot number 1
o Mike SHE Detailed Time Ser...

Obs 5, head elevation in saturated
 Gridded Data Results Viewer DB ES N el

 Mike 11 Detailed Time Series - Obs: ..\.."ModelModel Inputs'GIS Data'HeadObservations.dfs0, item no. 5
= Post-Processing
Run Statistics e

;7 LS 1970 f 1971 f 1972 f 1973 ‘ 1974 T 1975 ‘ 1978 T 1977 ‘

ﬂ Try to notice any differences compared to just the groundwater model.

All of the observations should also now be visible.

1979 ‘ 1980

You can also add additional detailed time series items now and re-run the model.
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3.27.2 Gridded data results

In the output tab, under Gridded Data Results, the number of output items has expanded
considerably compared to when only the groundwater component was simulated.

Many of these items are very useful for evaluating the integrated groundwater surface
water interaction.

You should explore some of these output items. For example:

+ Actual evapotranspiration — this is the sum of all the ET components. It is useful for
evaluating the spatial distribution of actual ET.

. Depth of overland water —typically this is a useful output for finding areas with
permanently ponded water, or areas with closed depressions.

. Seepage flow SZ - overland — this can be used for determining where springs are
occurring in the model.

. SZ exchange flow with river — this is useful to find losing and gaining river reaches.

+ SZdrainage flow from point — this output maps the locations where groundwater is
contributing water to the SZ drainage network.

There are also additional outputs that can be turned on in the Setup tab. Of particular
interest might be:

. Total Recharge to SZ — this is a summary output map of all the items that contribute
inflow to the SZ.

Explore some of these outputs.

MIKE SHE Flow Model Description
St et |Gridded DataResults Viewer

o Mike SHE Detailed Time Series

«f Gridded Data Results Viewsr Layer no. for Groundwater iterms

o Mike 11 Detailed Time Sedes 1

Post-Processing
Add
Item KY-flow Filename
vectors
1 precipitation rate [ View result... | C:\sers\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
2 | rooting depth ] [ Wiew result... )| C:\Users\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
3 leaf area index [ [ Wiew result.. | C:\Wsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
4 actual evapotranspiration ] [ wiew result )| C:\Wsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
5 actual transpiration I [ iew result... )| C:\WUsers\dng\Documents\MIKE Zero Projects\WIKE_SHE\ResultKarup
[ actual evaporation from interception I [ Wiew result... )| C:\Users\dng\Documents\MIKE Zero Projects\WIKE_SHE\ResultKarup
7 actual evaporation from ponded water [l [ iew result... )| C:\sers\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
8 canopy interception storage [ View result... | C:\Users\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
9 evapotranspiration from SZ & [ View result.. )| C:\Users\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultiKarup
10 | depth of overland water (W [ Wiew result.. )| C:\Users\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
11 | overiand flow in x-direction [ [ Wiew result... || C:\Users\dng\Documents\WIKE Zero Projects\MIKE_SHE\Resultiarup
12 | overland flow in y-direction = CUsers\dng\Documents\WIKE Zero Projects\WIKE_SHE\Result\Karup
13 | infitration to UZ (negative) M CUsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\Result\Karup
14 | exchange between UZ and SZ (pos.up) [l CiUsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\Result\Karup
15 | UZ deficit [l CUsers\dng\Documents\WIKE Zero Projects\MIKE_SHE\ResultKarup
16 | depth to phreatic surface (negative) [l C:\Users\dng\Documents\WIKE Zero Projects\MIKE_SHE\ResultiKarup
17 | head elevation in saturated zone [ CAUsers\dng\Documents\WIKE Zero Projects\MIKE_SHE\Resultiarup
18 | =eepage flow SZ -overland W [ Wiew result.. | C:\Wsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
19 | seepage flow overland - 5Z (negative) ] [ wiew result )| C:\Wsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
20 | groundwater flow in x-direction [l [ iew result... )| C:\WUsers\dng\Documents\MIKE Zero Projects\WIKE_SHE\ResultKarup
21 groundwater flow in y-direction M CiUsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\Result\Karup
22 | groundwater flow in z-direction [l CiUsers\dng\Documents\MIKE Zero Projects\MIKE_SHE\Result\Karup
23 | groundwater extraction ] View result... | C:\Users\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
24 | 5Z exchange flow with river ] [ Wiew result... ]| C:\Users\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
25 | 5Z drainage flow from point W [ Wiew result.. )| C:\Users\dng\Documents\MIKE Zero Projects\MIKE_SHE\ResultKarup
Setup Data Processed Data Results
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MIKE SHE

3.27.3 Locate the detailed time series for MIKE 11

You have not yet specified detailed output for MIKE 11. So, you cannot look at this yet.
But, after successfully running the model, you can go back and add detailed time series
locations for MIKE 11 outputs.

To add these you need to know the chainages of the h and g points. These can be found
in the .nwk11 file.

Use the g-point chainages for the Discharge and h-point chainages for the Water Level.
For example, you can add a detailed discharge time series to the end of the Karup River:
. Name: 20.05 (outlet)

. Data type: Discharge

. Branch name: Karup River

. Chainage: 52000

* Incl Obs: check

. File name: .\Model Inputs\GIS Data\flow.dfs0, and select the 20.05

bdinirmurm output time step: 0.5 [hrz]
1+
Chainag Incl.
Name Data type Branch name = Obs. Obs. Data Filename
Data
1 St. 20.05 (outlet) Discharge Karup river 52000 CAlsers\.. \GIS Data\flow.dfs0 [ Edit... J|[Mew...

3.27.4 \Water balance

96

Following the steps in Section 3.16 - Step 16 Create a Water Balance on page 60 , re-run
the water balances to evaluate the changes in the water balance with the new
components.

End of Exercise.
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