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1 Introduction

1.1 Presentation of the Tutorial

This training exercise includes a model schematisation and application of a significant
number of add-on modules and specific features of the MIKE 11 River modelling package:
+  MIKE 11 HD

+  MIKE 11 SO

+  MIKE11DB

+  MIKE11RR

*  MIKE 11 AD

. MIKE 11 ECO Lab

In Section 2, you will learn how to build a simple MIKE 11 HD model. It is the basis to all
the following exercises that use different modules of MIKE 11 and it is recommended to
perform this part of the tutorial to start with. It is possible to skip most of the following
exercises as most of them just use the basic setup and to concentrate on a particular
module or exercise only.

In Section 3, you will work on model stability and calibration.

In Section 4, you will add simple and more advanced structures to the model (control
structures and dam break structures).

In Sections 5 and 6, you will add floodplain branches to the model and generate flood
maps.

In Section 7, you will develop a simple Rainfall-Runoff model and link it to the
hydrodynamic model.

In Section 8, you will apply the Climate Change tool to your MIKE 11 setup.
In Section 9, you will work with the Advection-Dispersion module (still to come...).
In Section 10, you will work with the ECO Lab module.

Finally, in Section 11 you will work with the Sediment Transport module (still to come...).

The expert in WATER ENVIRONMENTS 1
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1.2 Data for the Exercises

The data for the exercises is found in the “Sesupe Exercise Hand-out Files” file and
include:

. Shape files of the Sesupe River and its tributaries

*  Various time series

A 90 m DEM of some part of the Sesupe catchment

+  Text files with cross section data

*  Animage of the topography in the Sesupe catchment.

2 River Model Setup and Modules Application Manual - © DHI
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2 Model Schematisation

The aim of the present part is to construct the base MIKE 11 model that will be used in
the other exercises.

2.1  MIKE Zero Project

The first step in building a new model is to create a MIKE Zero project that will allow you
to easily manage your modelling files.

Start MIKE Zero. From the MIKE Zero window select File > New > Project from
template...

1. Inthe Project Type list, select the General Project Type, and in the Templates list,
select the General item. Change the location of the project to your training exercise

folder.
Mew Project ﬁ
Project Type: Templates:
= General FBlank
=5 My Templates £ General
1
This template provides a folder structure that helps you organise -

your model data. You may modify the template as desired, for
instance by deleting folders or adding new folders. il

Project Mame: Sesupe Exerdses Create directory for Project
ClentName:  DHI |
Location: Ci\Data\MIKE Zero Projects E]

Project will be created at C:'\Data\MIKE Zero Projects\Sesupe Exerdses

[ Ok ]’ Cancel ][ Help l

2. Fillin the Project Name (Sesupe Exercises, for example) and the Client Name as
indicated in the dialog and then click the [OK] button to create the project folder. The
folder structure of the selected project template is listed under the Project Explorer
panel on the right-hand side of the MIKE Zero window. This panel provides you with
an easily accessible overview of the project and the files associated with the project.

3. Itis a good idea to copy all the input data for the exercises under the External Data
folder. You can do that by right clicking on this folder and choosing Add existing files
and then browse to the files provided for this exercise and add the files to the folder.
Alternatively, you can simply copy all exercise data to this folder in Windows
Explorer.

The expert in WATER ENVIRONMENTS 3



DHI i§ MIKE 11 HD

|Project Explarer L %

-3 Sesupe Exercises
5-C External Data
[E] Shapefiles
-1 TimeSeries
- Evap_comected_summer dfs0
P Prec_Kybartsi dfsD
PP Q_Sesupe_Kzlvarja.dfs0
W Sesupe_Measurements_Downstream_manampoles (Sesupe 73500).dfs0
‘ Temp_Kybartai dfsl
P Trbutary-Inflows dfs0
-~ WL_Sesupe_Marijampole dfs0
P WQ-Exercise-Data dfs0
----- || Jotiiz-Sections bt
----- || Sesupe-Sections bd
..... r Topo_500bmp
..... [ Final Report
w5 Model
-1 Project Decuments
----- [ Result
----- “f Tool Setups
----- &) Simulation History

4. Feel free to explore more options available from the Project Explorer, but also File
Explorer; Tool Explorer, etc.

4 River Model Setup and Modules Application Manual - © DHI
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2.2 Base MIKE 11 Simulation
2.2.1 Getting started

We will define the river model of Sesupe River using background layer files and shape
files for generating the river branch as illustrated below. The river Sesupe flows from
South to North and has several tributaries.

Sesupe River
110000 .

Gi0oooo

G0g0000

E020000
E070000
B0B0000
BOS0000
B040000
B030000
B020000

6010000

GoOD000 —TTT T T —TTT —TTT T T —TT
330000 400000 420000 440000 460000 420000 500000

The first task is to start the MIKE Zero interface and to create a new MIKE 11 simulation
file.

Select Hydrodynamic Model and set the simulation mode to unsteady. Save the MIKE 11

simulation file under the Project Model folder. Give it a meaningful name like
‘Sesupe_base.sim11’.

The expert in WATER ENVIRONMENTS 5
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® Sesupe_basesimll EE

Models | Input | Simulation | Results I Start |

Models

Hydrodynamic [ Encroachment
[ Advection-Dispersion

[ Sediment transport

[[]ECOL=b

[T] Rainfall-Runoff

[ Floed Forecast

[ Data assimilation

[[lece

Simulation Mode
@ Unsteady
() Quasi steady Q55 default

0% m i

The next task consists in creating a new MIKE 11 network file.

Set the area coordinates to those shown below. Use a NON-UTM map projection for this
exercise:

Workspace Area and Map Projecti u

Workspace Area Coordinates

. y
Lowerleft comer: 330000 6000000
Upper right comer: 500000 6110000 Help
Map Projection
Type: NON-UTM -

Background layers management

To manage the background layer files, open the Layers > Add/Remove... menu and
import the following files:

. Background image file: “Topo_500.bmp’
. Shape file: ‘Sesupe_River.shp’
. Shape file. ‘Sesupe_River_only.shp’

6 River Model Setup and Modules Application Manual - © DHI
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Layers u
Add/Remove Layers | Oveday Manager

File type Filename
1 Image File C:\Worlkdmain'\Projects\DSP\Training_material\WATER_f
Shape File o | CAWerkimain'Projects\DSP\Training_materiah\WATER_F
3 Shape File  |[ [...] || C\Work\main\Projects\D5SP\Training_material\\WATER_f

[ 1 Graphic pl
|

[ ok || Canced || ooy Help

From the ‘Layers’|'Properties...” menu change the layer-properties:

1. For the Image file change image coordinates:
Min cords. = (381000, 5995000) and Max cords. = (519000, 6115000)
2. Forthe ‘Sesupe_river_only change the line-color to Red, and make the thickness =

0.3 mm
A T
- o Layers Graphics |
o Image file: C:\Work) -
« Shape file: C:\Work" =-Ba Shapes Foints Drawn as
+ Shape file: C:\W, i-[f Shape Polylines Display ><| +| Dl 0 | = | <>| Ol /_\l Vl . |U|
Colo: [ 7] Point fil style:
Point size: 0
| Text Annotation |
Color as poirt Background:
Individual color E] ]
Lines.Polygons Drawn as
v e e
Color: E] Palygen fill style: I -
Thickness: 3
Text Annotation
@ Color as line/polygon Background: Transparent |
(@) Individual color
|
<[ 3
([l
oK | [ cancel | [ Moy | [ Hee ||
|

The expert in WATER ENVIRONMENTS 7



DHI i§ MIKE 11 HD

Save your network file to ‘Sesupe_base.nwk11’ in your Model folder. Link the network file
to the simulation file from the Input page of the simulation file. Save the simulation file too.

® Sesupe_basesimll | = || =] || EZ |
| Models | Input |5imulaticr1 I Results I Start |
Input Files
Netwark tvanced"Sesupe Exercises'\Model\Sesupe_base nwk11
Cross-sections [
Boundary data E]
RR Parameters [
HD Parameters [:] Edit. ..
AD Parameters [:]
ECOLab Param. &
ST Parameters [
FF Parameters [:]
DA Parameters [
lce Parameters [
HD Results [
RR Resultz [:]
0%

2.2.2 Network digitisation

The River network can be defined in one of the following two ways (only apply one of the

methods):

. Manual Digitisation (slowest method!):
Starting at approx. x-y coordinates of (437850, 6024070) digitise the river Sesupe
from the upstream end down to the end-point around coordinates (384793,
6103600). Digitisation can be made on top of the red line of the shape file previously
defined.

. Automatic generation of network from shape file (Fastest and easiest!)
Select ‘Network’ >'Generate Branches from Shape files...".
Select the option; ‘Generate points and branch’ and use the Sesupe_River_only
shape file. Select the appropriate River name attribute (BRS_ID = ‘Sesupe’) and
TopolD attribute (Topo_ID = ‘Sesupe’) and press OK.

8 River Model Setup and Modules Application Manual - © DHI
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- -
Generate network from shape files g
() Generate points
Shape file sesupe_river.shp

(@ Generate points and branch

Shape file [s&aupe_riva’_only.sl"lp - ]
River name atribute [ BR5_ID - ]
Topo ID attrbute | TOPO_ID -

() Generate alignment lines

(7 Generate vegetation zones

Shape file sesupe_river shp
MHame attribute (Auto generated)
Tupe attribute (Auto generated)
Branch attribute (Auto generated)
1145 Chainage (Auto generated)
[/5 Chainage (Auto generated)

Wegetation height (Putto generated)

| ok || Cancel |

&

The upstream point must defined as chainage 0 m and the downstream point as chainage
270500 m.

HINT: Change the point properties to ‘User Defined’ by opening the network Tabular View
or double-clicking on the point in the graphical view.

The expert in WATER ENVIRONMENTS 9
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T Sesupe_base.nwkll [ -E1 ]

6110000

Untitled

6100000

6090000

6020000

6070000

GOG0000

6050000

6040000

6030000

6020000

6010000

380000 400000 420000 440000 460000 480000 500000
T Sesupe_base.nwkl1:2 - Modified [ = |
Overview
= Network Definttions Attributes
- Points (518) ¥Loordinate  Y-Coordinate Branch Sesupe Chainage 0
) E::‘ei {&Les o 437847 | 6024070 Er=rer=Tize
- Junctions {0}
Structures Overview
Runoff /groundwater inks X Coord. Y Coord. Branch Chaiw Type Chainage -
..... Grid points 1 437847 6024070 | Sesupe User Defined 0 D
2 438090 6024840 | Sesupe Systemn Defined 14621727
3 440060 6024690 | Sesupe System Defined 24437021
4 440801 6025030 | Sesupe System Defined 32589818
5 441688 6025560 | Sesupe System Defined 4292.2625
6 441800 6025630 | Sesupe System Defined 44243383
7 442166 6026120 | Sesupe System Defined 5035.9394
8 442351 6026370 | Sesupe System Defined 5346.9459
9 442658 6026720 | Sesupe System Defined 5812.509
10 443036 6026780 | Sesupe System Defined 6195.2412
11 443259 6026930 | Sesupe System Defined 6463.9958
12 443404 6027070 | Sesupe System Defined 6665.5522
12 443428 6027300 | Sesupe System Defined 6896.801
14 443507 6027430 | Sesupe System Defined 7048.9227
15 443677 6027530 | Sesupe System Defined 7246.1535
16 443905 6027730 | Sesupe System Defined 7549.4421
17 444065 6027540 | Sesupe System Defined 7797.837
18 444187 6027530 | Sesupe System Defined 79202461
19 444396 6027650 | Sesupe System Defined 8161.2451
20 444533 6027920 | Sesupe System Defined 8464.015
21 444647 6028030 | Sesupe System Defined 86224322
22 444876 6028190 | Sesupe System Defined 8901.7904
23 445134 6028430 | Sesupe System Defined 9254.1595 -

10 River Model Setup and Modules Application Manual - © DHI
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Save the network file.

2.2.3 Cross sections

Create a new cross section file and enter manually the cross sections described below
with the River name = ‘Sesupe’ and Topo-ID = ‘Sesupe’.

River Sesupe River Sesupe
Ch.0m Ch. 270500 m
X [m] Z[m] X [m] Z [m]
0.00 125.00 0.00 12.00
2.00 123.00 2.00 10.00
4.00 122.90 4.00 10.00
6.00 123.00 6.00 7.50
8.00 125.00 6.10 6.50
26.00 6.40
45.90 6.50
46.00 7.50
48.00 10.00
50.00 10.00
52.00 15.00

To insert new cross sections, you can right-click in the empty panel on the left of the file
and select ‘Insert’.

T ¥Sect - Modified == Eol ===
River name Topo ID Chainage Cross section ID [meter] Sesupe - Sesupe - 0.0000
Sesupe Sesupe 0.00 i i H

1.0 79
Section Type Radius Type Datum
[open ~| [Resistance Raduus -] 0
Coordinates Comection of X coor Morphelogical Medel 0.9
[T Apply X Y [7] Apply [ Divide Section
Left 0 0 Caleulate angle Level of Divide
Right 0 0 Angle |0 0 0.8
Resistance numbers
Transversal Distribution | High/Low flow zones = | Left highflow 1 Vegetation 1 071
Resistance Type Right high flow 1 Low flow 1
D X z Resist. | Mark| Zone | Veg.h. 0.6 4 .
(- Sesupe 1 0.000| 1.000| 1000( 1 | Morma 0 _
5 Sesupe 2 1000 0000 1000 2 ] Merma 0 S :
1000 10003 JN 0 = o5 \
I Insert... s | Torma = 0.5 !
I} ;
Insert interpolated... = i
Delete... 0.4 :
Rename... :
Copy.. :
0.3 ;
Select / Unselect ;
0.2 4 ; :
0.1
[¥] Synctonize processed data [Insart Cross Section ] [ View Processed Data 0.0 : :
f t

Update processed data automatically 2.0

f
Update Markers Update Zone Classfication 0o 0.3 1.0 15
Cross section X data [meter]

The expert in WATER ENVIRONMENTS 11
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Update Markers for both cross sections above.
T Sesupe_basexnsll - Modified EI@
River name Topo ID Chainage Cross section ID [meter] Sesupe - Sesupe - 2705000000
Sesupe Sesupe 270500.00 1507 T T T T
Section Type Radius Type Datum
[open ~ | [Resistance Radius -] o 145
Coordinates Comection of X coor Morphological Model
[ Aoply X Y [ Apply [ Divide Section 140
Left o 0 Calculate angle Level of Divide 1254
Right 0 0 Angle |0 0
13.07
Resistance numbers
Transversal Distribution | High/Low flow zones = | Left highflow 1 Vegetation 1 1257
Resistance Type Right high flow 1 Low flow 1
12.0 7
D1 X z Resist. | Mark| Zone | Veg.h. 1153
[=-- Sesupe 1 0,000 | 12000 1.000( 1 J MNorma 0 _
=} Sesupe 2 2000 10000 1.000 Morma 0 £ 1o
3-7”” w 3| 4000 10000 1000 Norma 0 J
4 6.000 | 7.500 | 1.000 Morma 0 £ 10534
5 6100 | 6.500 | 1.000 Marma 0 =
6 | 26000 6400 1.000 | 2 ) Marma 0 10037
7 45900 | 6500 | 1.000 Norma 0
5| 46000 7500| 1000 Norma 0 953
9 48.000 | 10.000 | 1.000 Norma 0 90
10 50,000 | 10.000 | 1.000 Morma 0
11 52000 | 15000 1000 3 | Morma 0 8.5
807
757
7.07
6.5
] Synchronize processed data [Insed Cross Sect\un...] [ View Processed Data
Update processed data automatically ! ! ! J !
Update Markers Update Zone Classification 0 10 20 30 40 50
Cross section X data [meter]

Import the remaining cross sections for River Sesupe from an ASCII file, which is
provided to you in a file named ‘Sesupe-Sections.txt’. Go to menu File > Import > Import

Raw

Data.

Examine the text file with a text editor (e.g. Notepad) to view and learn about the file
format of the MIKE 11 ASCII file for cross section data (use it for your own import of cross
section data in coming projects!).

Calculate processed data for all sections using the ‘Cross Sections’ >’Apply to all
Sections...” menu.

In this dialog, select the Items:

Radius Type = ‘Hydraulic Radius. Total Area’;

Transversal Distribution = ‘Uniform’;

Resistance = ‘Relative Resistance’.

Update Marker positions (1=Left, 3= Right and 2=Bottom) and activate which
markers you want to update (update all 3 Markers; M1, M2 and M3).

Select ‘Recompute All’ in the ‘Action to Be Done’ section of the dialog and press OK.

River Model Setup and Modules Application Manual - © DHI
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Settings to Apply in All Cross Sections S ad — T
Raw Data - Radius Type Chainages
Change Type Total Area, Hydraulic Radius vl [T Calculate From end coordinates and branch line
(@ NewChainage = OldChainage *C1+C2
Raw Data - Datum
[~ Change Datum 0 Ci] s frm]
Raw Data - Section Divide Raw Data - XZ Data
[ Change [ Invert left and right side
Divide Section Lewvel of Divide |0
| Raw Data - Resistance Mal‘kers
| id
[FXchange  Transversal Distribution lUn'rForrn vl ) Delete
l}lange Resistance Type [Helative resistance vl (@ Change Posttion
[] Change Resist. Value |1 [1,3: Left/Right most, 2: Lowest -
[CJChange Left high flow |1 Levee minimum £ decreazse |0
Right high flow |1
V4 V5
Lowiow [T [#eptyte @M1 @Mz @Im3] [CJu M5
Processed Data - Level Selection Method Action To Be Done
[7]Change Method Automatic [7] Update Zone Classffication
Update Comection Angle
Processed Data - Number of Levels Recompute Al
[] Change No of Levels |50
[ ok || Ccance |

The Cross Section Editor will then update all the parameters as defined above and
calculate processed data for all the cross sections in the cross section file (including the
imported sections).

Open the processed data view and view/analyse the processed data calculated.

W Sesupe baseansl12 (E=8 E=R 55
frea -
[meter] _ _
River name - SESUPE Topo ID -+ SESUPE Chainage - 69200.00 ‘ SESUPE SESIUPE 69209'00
Data status
[T Protect data @ Updated (7) Notupdated () Edited by user
o= Cross st Add. | Re
700 |C Level | section | Radius °;"3‘° storage | n
o 178... | 2.. area w area | fa
- 3850... | 3.
om0, |4 1 51.000 0.000 0.000 0.000 0000 | 3
B 61.050 0,507 0048 10280 0000| 3
6515 |5 E] 51356 3918 0323 11995 0000| 3
6300 | 5. 4 61663 7854 0563 13710 0000| 3
620 5. I 51060 | 12315 0781 15425 0000 3 T
7180 | 5. 3 62275 | 17302 0984 | 17140 o000 1 |3
- 7500 C 7 62581 | 22813 1176 | 18855 woo0| 10 | B
025 |6 1]
s | g 62888 | 28850 1358 20570 0000| 3 =
e Pl | ) 63194 | 35413 1537| 22285 0000 7
9355, 6. 10 63500 | 42500 1709 24000 0000 7
1055, | T 11 63550 | 44004 1417] 30150 0000| 7
1165 |8 12 63704 | 51442 1611| 30881 0000| 7
7. | 8. 13 64037 | 59058 1800 31613 0000| 7
ST 14 64281 | 66853 1985 | 32344 0000 1
o E_Zg 1-1- 15 64525 74826 2165 33075 0000 31—
) "2225 . 16 65013 91.306 2514 34538 0000 1
Lg17 AS 5NN 1NR 500 R0 2R NN nnnn 1 a2
2705, e . ] v
Synchronize raw data ; ; : : :
0 100 200 300 400
Recomput Delete Al View Raw Dat Level
Catiocompeng) | YW T ERTE - Cross section area (2]

Save the cross section file in the Model folder as Sesupe_base.xns11 (or another
meaningful name).
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Link the cross section file to the simulation file.

2.2.4 Boundary conditions

Create a new MIKE 11 Boundary Conditions file and insert boundaries as described
below.

Upstream boundary condition

The inflow Hydrograph is supplied to you in the time series file: ‘Time
series\Q_Sesupe_Kalvarija.dfs0’. Use the Time series item: ‘Polish Border’ at the
upstream end of the Sesupe River.

i
® Endl - Modified p Eollsz] [
Boundary Description Boundary Type Branch Mame e e e et o -
Open Inflow Sesupe Files
Name Path Modified
# W wWQExerdse-Data.dfs0 .\External Data'{TimeSeries 25/11/2009 01:20:]
W wiL_Sesupe_Marijampale.dfs0 .\External Data'{TimeSeries 23/11/2009 19:59:]
v ‘Tribumry-lnﬁows.dfso .\External Data{TimeSeries 10,03/2010 12:10:(
* 'Temp_KybarIai.dfsU .\External Data{TimeSeries 20/11/2009 12:58:!
v ‘ esupe_Measurements_Downstre... . \External Data{TimeSeries 23/11/2009 20:22:]
- v W Q_Sesupe_Kalvarija.dfs0 \\External Data{TimeSeries 20/11/2009 12:58:!
i:z:::::g ;:'f::f::’e'; f" 3 W Prec_Kybartai.dfs0 External Data{TimeSeries  20/11/2009 12:58:!
¥ W Evap_corrected_summer.dfs0 .\External Data'{TimeSeries 20/11/2009 12:58:"
I I | b
Ite
Data Type | TS Type File / Value 15 Info s
1 Discharge: | TS Fil Name Item
Select Discharge - N
Obs. Discharge: Kalvaria
Polish Border
External File... I
Help ] [ OK ] [ Cancel ]
2|
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Downstream boundary condition

D)

The downstream boundary condition at Sesupe 270500 m must be a Rating Curve (Q-h
relation).

Define the Q-h relation manually as follows:

Water Level [m] Discharge [m] Water Level [m] Discharge [m]
6.30 0.00 10.00 328.92
6.51 0.02 10.05 336.92
6.52 0.08 10.66 445.35
6.55 0.27 11.28 568.81
7.50 39.87 11.90 706.33
8.12 89.78 12.52 857.47
8.75 155.27 13.76 1198.37
9.37 235.21 15.00 1587.84

Note that if a cross-section is located at the location of the boundary condition, the Q-h
relationship can be assessed through the Tools > Auto Calculation of Q/h Table... menu.

Point source boundaries

Additionally, you have to define a number of point sources.

They represent the inflow from major tributaries in the Sesupe model area to the Main
River — replacing physical definition of tributaries in this river modelling exercise.

In the Time series file: ‘Time series\Tributary-Inflows.dfs0’ a number of time series have
been defined with discharge from different tributaries.

Define the following point sources using Time series ID’s from this time series file:

Pont source location

Time series item

Information

Sesupe, ch. 55000 m Dovine_outflow_sim Simulated discharge in Dovine river
Sesupe, ch. 208900 m Jotija_outflow_sim Simulated discharge in Jojita river
Sesupe, ch. 25800 m Kirsna_outflow_sim Simulated discharge in Kirsna river
Sesupe, ch. 177900 m Nova_outflow_sim Simulated discharge in Nova river
Sesupe, ch. 192800 m Siesartis_outflow_sim Simulated discharge in Siesartis river
Sesupe, ch. 157500 m Sirvinta_outflow_sim Simulated discharge in Sirvinta river
Sesupe, ch. 117200 m Pilve_outflow_sim Simulated discharge in Pilve river
Sesupe, ch. 112900 m Rausve_outflow_sim Simulated discharge in Rausve river

Save the boundary file in the same folder as the previous files (sim11, nwk11, xns11) and
give it a meaningful name. Link it to the simulation file.

The expert in WATER ENVIRONMENTS
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® Sesupe_base_boundary.bndl1 =N =R
Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID | Boundary ID
1 Open Inflow Sesupe 0 0
2 Open Q-h Sesupe 270500 0
3 Point Source Inflow Sesupe 55000 0
4 Peoint Source Inflow Sesupe 208900 0
5 Point Source Inflow Sesupe 25800 0
6 Point Source Inflow Sesupe 177900 0
7 Point Source Inflow Sesupe 192800 0
8 Point Source Inflow Sesupe 157500 0
9 Point Source Inflow Sesupe 117200 0
m Point Source Inflow Sesupe 112900 0
[¥]Include HD calculation
[[Include AD boundaries
[C]AD-RR
Data Type | TS Type File f Value TS Info
1 Discharge: | TS Fil AExternal Data\TimeSeries\ Tributary-In E] Rausve_outflow_sim
1

2.2.5 Hydrodynamic parameters

16

Create a new Hydrodynamic Parameters file and adjust the following parameters in the
parameter file:

*  Set a Global Manning number of M =20 m
*  Set Delta (Default Values) to 0.6

*  Set Wave approximation to ‘High Order Fully Dynamic’

1/3/5.

Save the HD Parameter file at the same location as the other files.

River Model Setup and Modules Application Manual - © DHI



Model Schematisation %
DHI

2.2.6  Simulation parameters — Run a simulation

Open your simulation file and load the last file generated for the HD simulation under the

Input page.
® Sesupe_basesimil =R [E=R
Models | Input |Simulatior1 I Results | Start |
Input Files
Metworl tvanced"Sesupe BExercises'\Model'\Sesupe_base nwh 11 [:]
Cross-sections dvanced\Sesupe Exercises\Maodel\Sesupe_baseans11 [
Boundary data jesupe Exercises\Model"\Sesupe_base_boundary bnd11 [:]
RR Parameters l
HD Parameters ncedSesupe Exercises'\Model'\Sesupe_base_HD hd11 D Edit...
AD Parameters [
ECOLab Param. =
ST Parameters l
FF Parameters [:]
DA Parameters [
lce Parameters |
HD Results [
RR Results E]
0% |

1. Under the Simulation page, set the following parameters:
Simulation period: 01/09/1997 - 01/07/1998
(1 September 1997 to 1 July 1998)
- Time step: 10 min.
- Initial condition: Steady State

2. Under the Results page, write a result file name and set the storing frequency to 36

time steps (= every 6 hour).
Save the simulation file

3. From the Start page, run the simulation using MIKE 11 Classic engine and look at
the results in MIKE View.

The expert in WATER ENVIRONMENTS

17



DA

MIKE 11 HD

® Sesupe_basesimll EI@

| Models I Input | Simulation I Results | Start |

Validation status

@ Run Parameters

Validate
@ HD parameters

g ——
' MIKE 11 Classic '
MIKE 1D

Validation messages

iﬁ % 20/12(1997 03:30:00 15861 of 43632 91401 27 seconds n 4

2.2.7 Analyse the base simulation results in MIKE View

18

You can open MIKE View from Start > MIKE by DHI 20xx > MIKE View > MIKE View.
MIKE View is a program used to load MIKE 11 results in *.res11 format. MIKE View can
also be used to open *.resld files if you have used the new MIKE 1D engine.

Investigate the features of the MIKE View result presentation program. You can for
example try the followings:

Properties of Plan View page:
. Right-click the mouse button and explore the different options.

Make Time series Plots:

. Look at different result items at different locations (WL, discharge)

*  Add multiple time series to one time series Plot

. Show values (can be used to copy data into Excel)

*  Investigate the popup menu options by right-clicking the mouse button

River Model Setup and Modules Application Manual - © DHI
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Make Longitudinal plots:

*  Change plot settings

. Investigate the popup menu options by right-clicking the mouse button
*  Add multiple result items to the same longitudinal plot

. Multiple Areas plots

Animate simulations:
+  Start animation with multiple plots open
»  Change animation settings

Save Layouts (for re-using the same layout when opening new result file):
*  Window Layout
+  Complete Layout

Calculate ‘Depth’ and ‘Flood’:
. Use the internal tools in MIKE View to calculate the ‘Depth’ and ‘Flood’ results (if not
already calculated).
*  What are Flood and Depth values as calculated by MIKE View?
. Make a Longitudinal plot of Flood in Sesupe River. Any risk of flooding with the
actual event?
R et Sespepsa e Ve T _—— (0] 5
1@2 ée\w;c; %g@‘ws\:; :‘pu L B |
%) Horizontal Plan - Results_Sesupe baseresll [= | @ |52 ] | [ Time series Discharge ===l

Imeter] Standard - Results_Sesupe_base resi1 i i) Time Series Discharge O e 1zzs000

5 — SESUPE 17200.00
6100000.0 0 — SESUPE 48525.00
e — SESUPE 67075.00

— SESUPE 70350.00

£090000.0

*‘«1 250

6080000.0
%} 200

6070000.0

> \ I
60600000 ? 150 VU
60500000 5 I m \ \
{ 0.0 I
60400000
% 50 \ ;\V \,V\ m\ N \\’Sf/‘/\/\\
]
o MSERSS SRS s s
ARy N
- 1
00
3400000 3600000 3600000 4000000 4200000 4400000 4600000 43y e o ) 2861988
‘ File Resuits_Sestpe_base resi1 [ cese | d
[ Profile Plot - Results_Sesupe_base.resil = ater Level e e[ oy |
P [ ) —
meten 521008 12:00-00 iater Level Winimum] Maximum] i) e Series Values [ E—— 1
— - g [ SESUPE 0.00 123325 | 124585 | 15-5-1591 -
e R LT e o
1200 3 [ SESUPE 000.00 116388 | 115408 | 1851897 Number of decmals 3 [
) [7] SESUPE 15500 00 108422 | 108126 | 1851691
1100 || SESUPE_17000.00 104.982 | 105.937 | 19-6-1991 - - sesupe =
1000 [ SESUPE 17800.00 104527 | 105,373 | 16-9-1693 cotr || s || B | 25 @
SESUPE 24700 00 97.045 | 99.028 | 2151997 |
%00 | SESUPE 3160000 85863 | 91805 | 21-5-199 R T Y T T B
a0 [7] SESuPE 3850000 w2 550| 54746 | 2i-6-tes To-to67 00000 | fosde1| fosseo| G2sas
SESUPE 45250 00 Tr72e| 79316 | 21-9-199 TatesT 20000 | To6as3 | 0asTa| 525
700 [ SESUPE 200000 72809 | 74272 151997 4| ToresTis0000 | Tosdss| 0ss7s|  E2sme
0.0 » [[T| SESUPE 5725000 Go722] 714011949978} 291997 00:00:00 | 108464 | 104576 82567
P [ SESUPE 6250000 G764 | 68489 |1.91997 291997 06:00:00 | 108464 | 104576 | 82571
50.0 SESUPE 65150 00 66219 67.445 | 1-6-1997 SoreeT 20000 0| ToasTT | a2eTe
w00 - e [T SESUPE 6500000 53510 64471 [1-5-19570| 351957160000 10648 | T04sTE|  G2sTS
SESUPE 6520000 61.415| 63872191997 391957 00:00:00 | 108468 | 102561 52576
00 T [T SESUPE 71500 00 60214 | 62639 | 1-5-1997 | Totesros0000 | Toadss | oises| 62578
= =l sFsPF 72000 00 s7aea|  sasor | 1atea7 ||
200 - 391967 120000 | 108469 | 10584 | 82579
T L T 391967 18:00:00 | 108468 | 104563 |  s2581
1007 451997 00:.00:00 | 108488 | 104581 52581
00 SESUPE 270500~ 0. Ll 461997 060000 | 108464 104578 | 82580
T T — 45-1957 120000 | 108461 | 104575 82578 i
00 500000 1000000 1500000 2000000 2500000 ST E e BT T e
[m

And just play around to become familiar and experienced in using MIKE View.

You might even find the fish! ©
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2.3  Additional Tasks for the HD Base Model Setup

2.3.1 Add an additional river branch to base model by digitisation

In this part of the exercise, you will digitise an additional branch in the network file and
change the subsequent modelling files.

Sesupe and Jotija Rivers
6110000 . . .

G100000

GOE0000

B0E0000
6070000
GOE000D
(050000
f040000
(030000
GOZ0000 |

010000

EDDDDDD-|||||||||||||||||||||||||||||
380000 400000 420000 440000 450000 430000 00000

River network

Open the existing Network file (from the simulation file) and save it with another name like
‘Sesupe_additional-branch.nwk11’. Remember to also rename the simulation file.

Digitise the Jotija river branch (most Northern Tributary) on top of the background map.

Topo ID = ‘Sesupe’ like for the first branch. Fix Upstream chainage = 0 m, and
Downstream chainage = 47900 m.
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[
T Sesupe_Additional-branch.nwkl1:1

Untitled

5105000
6106000 —
£104000 —
6102000 —
£100000 —
6098000 —
6096000 —

6094000

§088000
6086000
6084000 —
6082000 —
6080000 —

6075000

092000 1 -

6090000 F---

m

................

...........................................

-----------------------------------------------------------

_________________________________________________________
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6076000 4=,

LI I i e o i e e
405000 410000 415000 420000 425000

430000

435000 440000 445000 450000

[ m |

Jotija is connected to Sesupe at ch. 208900 m (informed from surveyor). Manually
connect the 2 rivers. Alternatively you can enter the connection in the Tabular View.

After defining the connection it is clear from the connection line that the points and
chainages of Sesupe River are not exactly correct as ch. 208900 m is not located at the
point where Jotija enters Sesupe.

Therefore, alter the chainage of the point at the outlet from Jotija in Sesupe River to have

the exact chainage 208900 m. (How? — use the User Defined Point definition for the
specific point.)

21
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‘ Sesupe_Additional-branch.nwhkl11:1

MIKE 11 HD

Sl

6097500
G097000

G026500

Untitled

6096000 1---,

6095500
6095000
6094500

5094000

- - L
L]
el
FEsT
: | Properties for Point in Sesup X
E I Point Properties -

X Coord 412670
Y Coord 6095700

"""""""JE __________ Chainage Type | User Defined -

Chainage 208500

412000 413000 414000 415000 416000 417000

|t

Cross sections

Open the existing cross section file from the simulation file and rename it.

Import the cross sections from the file; ‘Jotija-Sections.txt’

B

[m]

Remember to calculate processed data for all cross- sections and change the parameters

as done for the Sesupe cross sections earlier.

Boundary condition

The Inflow Boundary condition for the Jotija River is the same hydrograph that you used

for the point sources for the Base-Model.

Use the time series file; ‘Time series\Tributary-Inflows.dfs0’ and the Item;
‘Jotija_outflow_sim’.

NOTE: If you have used the boundary file from the base definition then you must delete
the Point source definition for the Jotija inflow in order to have it replaced by the new
‘Open’ boundary definition for the Jotija River (Important, to avoid a double inflow from
this tributary).
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- Sesupe_Additional-branch_boundary.bndll EI@
Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID| B yID =

1 Open Inflow Sesupe 1] 0

2 Open Q-h Sesupe 270500 0 A

3 Point Source Inflow Sesupe 55000 0 i

1

5 Point Source Inflow Sesupe 25800 0

b Point Source Inflow Sesupe 177900 0

7 Point Source Inflow Sesupe 192800 0 -

[¥]Include HD calculation
[FlInclude AD boundaries

Data Type | TS Type File / Value
1 Discharge: | TS Fil .\External Data\TimeSeries\ Tributary-Infl [, [Edit) JEaTERe]

1 [l »

Alternatively you can just change the boundary type from ‘point source’ to ‘open’ and
change the chainage/river name.

Remember to also rename the boundary file and link it to the simulation file.

Simulation

Before running the new simulation; change the result file name.
Run the simulation using same simulation characteristics as in Base-simulation.
Open results MIKE View and analyse them.

@ Time Series Discharge EI@

-

— JOTUA 4£4850.00
— SESUPE 212300.00
~— SESUPE 205000.00

[m3/s] Time Series Discharge Discharge
100.0—5
50 n—
su.u—f
m.u—f
80 n—
50.0—5

40.0

30.0

20.0 4

10.0

0.0 4

1-9-1997 21-10-1997 10-12-1997 29-1-1998 20-3-1998 9-5-1998 28-6-1998

Are the results as expected in Jotija River? And downstream of the connection point in
Sesupe River?
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2.3.2 Make yourself acquainted with the Network Editor, Graphical View features
Change the display settings of the Graphical View to match your preference!

Through ‘Settings’ >’Network’ you can change the appearance of all network items
presented in the Graphical View.

Change settings to match your preference (colours, thickness, and symbols for lines such
as river branches, points for cross sections, Selected/highlighted Items etc.)

W Sesupe_Additional-branch.nwkl1 - Modified = =R
Untitled i
EMTQGG : :
6100000 - -2 hoooeeooo g . - T I IS feommeeenmoee o Beemnmmeenenoees
B090000 -------=-=-=---
] : Graphics | Mouse: I Network Data I Select and Ed'rt|
608000 --- ===
1 ! ! -84 Graphical Object Points Drawn as
raphical Objects -
1 . . -7 Network mosey X |+ |0 0|=|CfC &% - =]
A, E___________________E__ A + Cross Sections
60700007 : - | - ¢ Cross Secton Wid=|| | Coor [NENEEEE)  Fontflsyle:  [Wnte <
----- Cross Section Cor A reE
1 : o (U R Cross Section Che Paint size: 02
606000 o --- === [RRRIRRRRRRRRRRE . = = | I v
] L SRl | L Alignment Poirts Lines/Polygons Drawn as
[ e | (I A Alignment Lines Display Line style:
] . o | (e Vegetation Zones
6050000 p--mmmeemroene oo A S | Vegetation Zones Coor: [ I Potygon il style:
1 E Ganich. WM | i Dead Water Zone Thickness a
] L. T || Dead Water Zone
6040000 f------------------ E— --------------------- Branches
] ! cf K | Branch Connectio Teat Drawn as
2 . % | | Labels . P
H | 1 Displ -
1 : : ol | - Connection Labek E ustfiation:
6030000 p--mmmemroen oo [ [ | | S S Weirs i Calor: E] Backaround style:
] H H 3
B020000 77— -mo e S [ ok [ cancel ][ aeen Help
400000 420000 — —— —
< I
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2.3.3  Automatic creation of boundary definitions

The Network Editor has a useful tool for creating boundary locations at free ends in the
river network to a boundary file.

To try this feature, do the following:

+  Create a new (empty) boundary file

+  Save the empty file with a user-defined file name

*  Load the empty file in the Simulation Editor (Input)

* Inthe Network Editor, Graphical View, now select ; ‘Network’ - ‘Auto boundary
(HD)....

. Next, open the Boundary File and check the content of the file

NOTE: A dummy-line is always created as line 1 with this operation. This line must simply
be deleted manually, and thereafter the actual boundary conditions for the auto-generated
locations can be inserted. You do not necessarily have to define boundary conditions for
this file. The task was only to become acquainted with this useful feature. For this feature
to work the network file and the boundary file must be linked through a simulation file and
this simulation file must be open in MIKE Zero.

E MIKE Zero - [Sesupe_Additional-branch.nwk11] I —— l‘:' =l g
W File Edit View ENeiwolI(] Layers Settings Window Help \;“i"il
JD @u‘ 3 Workspace area and map projection... T l?“|VE® L2 (L/WE{@(@‘_(&| Wy s J 27 o “@W&/%(_/<?_%“@‘f‘

v Snap Insert Objects to Points [EmeciErney + x
6110000 -1 Sesupe Exercises
Auto Connect Branches 0 ! ! 2[5 External Data
Disconnect All Branches : : I3 Shapefiles
6100000 7--%- Generate Branches from Shape files... B kb L ARRRREEE R -1 TimeSeries
H | Jotija-Sections bt
Export Network Data to Shape files... | Sesupe-Sections bt
£090000 1~ Auto Boundary (HD) Free Branch Ends I 777777777777777777777777 p‘ Topo_500bmp
-3 Final Report
v Auto Update Chainages 5.5 Model
sosooon 1 Update Chainages ¥ — 3 Model Inputs
A (1 ™ ] Sesupe_Additional-branch nwic11
Mumber Points Consecutively... ® Sesupe_Additional-branch.sim11
6070000 1------ Recalculate Q/h relations in weirs/culverts.. B Dt © B S W Sesupe_Additional-branchns 11
Generate M21C Grid... - 4 - ional - vb
W Sesupe_basenwk11
| g - @ Sesupe_base.sim11
BO60000 ----==-==-==-=-== R ETE T a oy W Sesupe_basexns1l
: i . : - @ Sesupe_base_boundarybnd11
- @ Sesupe_base_HD hd11
B [N /BN RRIOION SR 1 S S T Y ey /=1 Project Documents
6050000 h d
H p =3 Result
I3 Sesupe_Additicnal-branch.siml1 - Result
f \ || Resutts_Sesupe_Additional-branch res...
5040000 - mm oo Fomemeeees St R s - A ~s8UpE.
B -1 Sesupe_base.simll - Result Files
H || Results_Sesupe_baseres1]
H . A H -y Tool Setups
6030000 - pTtTTTT o . - " B --4%) Simulation History
6020000 o ------ === --=e - R RRGLLE feoeme e fage e Ty
6010000 -------=--=-=---- e ERROREEET B ERRE R o SR Ch GRGREEEEEREEEES
: 4 1 +
s000000 —4—"—r——/m—m T T = )
380000 400000 420000 440000 460000 430000 500000 (1 Projec.. iee.. | @rodle... | Ppmape... |
x = 431299.09 y = 6108761.3 Select Objects NUM
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Create time series file with ‘tidal-like’ water level condition

MIKE 11 HD

Although the time series files used in this exercise have been pre-defined and are ready
to use, it is useful to know how to create a time series file from ‘scratch’.

The task is to create a time series file with two items included:

Water level
Discharge

From the MIKE Zero interface, create a new Time series file (dfs0). Select ‘Blank time
series’.

MNew Time Series

B8 From Ascii File
- [ Templates..
.| Wave Climate

B UTProf

B UTTren

B Source
.| STPBatch
ﬁ Wind

I I Cancel I

In the properties page define:
Two items as listed above
Equidistant time-axis
Time step of 1 day
Start-time: 1/1 1997, End-time: 1/7-1998 (547 days)

The Water Level values should be set to 12.0 and 7.0 m on every second time step. The
discharge (Inflow) should just be set to a constant value of 13 m?s, cf. the figure below.

Timeseties for Additional Task for Sesupe Training Exercise 25 ) LiInflow 2:Water | A
1 X - X Time [m~3/s] Level

12.0 Inflouw Jmedis] * * [meter]
1 g tiiater Lewel [rne:‘ter] 1] 01/01/1997 00;00;00 13 12
20 e : 1 |0zj01{1997 00:00:00 13 7
] I I 2 |nafo11997 oo:00:00 13 1z
h ! ! 3 |04/01/1997 00:00:00 13 7
o= : : 4 |05/01/1997 00:00:00 13 1z
] : : 5 |0e/01/1997 00:00:00 13 7
0.0 -1 ; : 6 |07/01{1997 00:00:00 13 1z
h ' ' 7 |08fo11997 00:00:00 13 7
a0 - ¥ 5 09011997 00:00:00 13 12
] ' ' 9 |10/011997 00:00:00 13 7
o0 ] IR o | 10 [11)01/1997 00:00:00 13 1z
] l I I : I I 11 |12/01/1997 00:00:00 13 7
h ; : . 12 |13/01/1997 00:00:00 13 1z
?'?:n m; ------- D-D lDD- ------- nTn Im; ------- D'D lDD- ------- 13 [14/01/1997 00:00:00 13 7
waamat 01 FrH Y P o |L4_15/01/1957 00:00:00 13 1z
15 |1601/1997 00:00:00 13 7

< > 16 [17/01/1997 00:00:00 13 1z] &

Save the time series file and use the time series in a simulation with the varying Water
Level as downstream boundary condition and the constant inflow for the Jotija Upstream
boundary.
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Remember to define a new result file name (boundary condition and simulation files too)
for this simulation so that it can be compared to the previous simulation results in MIKE
View.

2.3.5 Additional output results

Finally, you can save additional results from your MIKE 11 simulation. For that, open the

HD11 file and go to the ‘Add. Output’ tab.

»  Select some of the Additional Output result items that you would like to analyse and
run a simulation with some selections (both point results, and ‘Total’ results).

. Load the Additional Results File created in MIKE View and analyse the results by
plotting time series and longitudinal profiles of the additional and default results.

T Results Sesupe Bridgeresil - MIKE View [E=gE=R
Fie] View Plot Animaton Tools Window Help — — - |
Open... e e o I | B e e e et B L3
Add...

Close

=)

Fterl i Load S S S—

o] 1:”” File Name Results_Sesupe_BridgeHT
0d FrstTme SteptoLoad [01/09/198700:00:00 2]+ [ — |
|| LastTme Step toLoad  |30/06/1998 23:55:00  |el[] [ FulTme J
Print... -| | step for Loading 1 % Data Types

LN
1 Results_Sesupe_Bridge.res11 b \
10
2 RC i distb sl o

3 RC m distrib M.ADDOUT.res1d 07]i777]| DetaTypesToLoad
o 41— || |[#]Structure Velocity D

4 RC m distrib MHDAdd.res11 H [¥] Structure Velocity A
0 4----|| |[#]Structure Velocity B
: [¥] Structure Velocity C
H [¥]Structure Area D
6050000.0 1 1----{ | |[¥]Structure Area A

: [¥]Structure Area B
B045000.0 T4~ || 7] Structure Area C
5040000.0 1 4 [¥|5trugture Discharge O

| [¥]Structure Discharge A
6035000.0 727~ ~| | |[¥]Structure Discharge B
6030000.0 4 2----| | |[¥]Structure Discharge C
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Printer Setup...

Print Preview...
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I
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3 Stability Tests and Model Calibration

3.1  Stability Tests

For these simulations; use the Base setup as defined in the first task
‘Sesupe_base.sim11’.

Remember to change the result file name for each simulation in order to be able to
compare results from different tasks.

Perform the different tasks listed below one by one.

3.1.1 Delta parameter change
In the HD11 file, change Delta from 0.6 to 0.5 (save to another file name if necessary).
Increase the time step to 30 minutes. Save every 3 time steps.

If the HD11 file is saved under another file name, remember to select the right file on the
Input page.

Run the simulation and observe the simulation state — and investigate results.

3.1.2 Delta parameter and wave approximation change
Change the Delta back to 0.6 (as in the Base setup) but now change the Wave
Approximation to ‘Fully Dynamic’. (Again, save to new file to differentiate simulations from

each other). Also change the time step back to 10 min if the model is unstable.

Run the simulation and observe the simulation state — and investigate results. Compare
the results to the base scenario ones.

Note that you can add 2 different result files in MIKE View to compare them.

3.1.3 Time step change
Use the HD11 file from the Base Setup Definition (High Order Fully Dynamic & Delta=0.6)
Run the simulation with a time step of 30 minutes.
State of simulation compared to simulation in previous tasks?

Also compare simulation results to results produced for Base Setup (with time step = 10
min).

Increase the Delta from 0.6 to 0.9.
Make a simulation and observe the results. Can the time step be increased even more?

Set Delta back to 0.6 and the time step to 10 min.
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3.2 Calibration Exercise

The aim of this exercise is to adjust resistance values along the river channel and load
and compare different simulation results in MIKE View. You will compare simulation
results but also compare the results with an external (measured) time series file for
calibration.

For this exercise, we use the ‘Sesupe_Base.sim11’ setup. You can rename it to
‘Sesupe_Base_Calibration.sim11’.

3.2.1 Simulation#1 — Global resistance M=5 m*¥/s
Open the HD11 Parameter file.
Change the Global Resistance Value to M=5 m**/s.
Open simulation file. Change result file name (to include ‘M=5’ or similar in the name).
Run the new simulation.

Open the result file in MIKE View.

Compare the time series results at ‘Sesupe chainage 75000’ (WL and Q) to the measured
time series.

For this, use the ‘External Time series’ feature in MIKE View by right-clicking on the plot

and choose ‘External TS’ and ‘Load DFSOQ’. The observed water levels are in the file
named: ‘WL_Sesupe_Marijampole.dfs0’.
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T ——
VE Results_Sesupe_base_Calibration1_M3.res11 - MIKE View
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v

Do not close MIKE View after this first calibration as we will load the coming results in the
same project for comparison.
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3.2.2  Simulation #2 - Global resistance M=40 m*/s

Open the HD Parameter file and change the Global Resistance Value to M=40 m*¥/s.

Change the result file name in the simulation file (to include ‘M=40’ or similar).

Run the new simulation.

NOTE: The small bed resistance with M=40 causes the model to stop during the
simulation in this base setup. To work around this, use a time step of 5 minutes for this
simulation.

Load the new results into MIKE View by adding them into the existing project/data in
MIKE View from menu File > Add...

Add the water level time series from this simulation to the same window with time series
from the last simulation and observation time series. For that you can right-click on the
existing plot and choose ‘Add TS...".

[?j*J Time Series Water Level (Results_Sesupe_base_Calibrationl_M5.res11) EI@

-

[meter] Time Series Water Level (Results_Sesupe base Calibration1 M5.res11) Eﬂ;’;ua;:‘ 75000.00

~— SESUPE 75000.00

82.0 -
External TS 1

: — Obs. Water Level Marijampole
815 1--

81.0 -

B0.0 -~

m

t
13-7-1997 1-8-1887 21-10-1987 10-12-1887 26-1-1958 20-3-1958 5-5-1988 28-6-1958 17-8-1958

| [ b

Note that you can also right-click on the plot and select ‘Options’ to edit the graph’s
settings.
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Simulation #3 — Local variations of resistance

MIKE 11 HD

Open the HD Parameter file. Make some longitudinal, local variations of the bed

resistance as follows:

- Globally, M =30 m**/s
- Sesupe ch. 45000 m to ch. 92500 m : M = 25 m*?/s
- Sesupe ch. 92500 m to ch. 110000 m: Transition from M= 25 to M = 15 m**/s

- Sesupe ch. 110000 m to ch. 150000 m: M = 15 m*?/s

- Sesupe ch. 150000 m to ch. 155000 m: Transition from M = 15 m**/s to M = 20

mlIS/S

- Sesupe ch. 155000 m to ch. 200000 m: M = 20 m*?/s

® Sesupe_base_HD_Calibration3.hd11 =N = <=
Encroachment I Heat Balance I Stratification I Time Series Output I Maps
Groundwater Leakage I Mex. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
Quasi Steady | Reach lengths | Add.Output | Flood Plain Resist. | User Def. Marks
Initial | Wind | Bed Resist. | Bed Resist. Toolbox | Wave Approx I Default Values
Approach Resistance Formula
@) Uniform Section
- [Manning (M) v]
() Tripple zone
Global Values
Resistance Mumber: 30
Local Values
River Name Chainage Resistance
1 | Sesupe 45000.000000 |  25.000000
2 | sesupe 92500000000 |  25.000000
3 | sesupe 110000000000 | 15.000000
4 | sesupe 150000000000 15.000000
5 | sesupe 155000.000000 |  20.000000
6 | sesupe 200000.000000 | 20.000000

Save the HD parameter file with another file name (include ‘M local’ or similar).

Change the result file name in the simulation file and remember to load the renamed HD

file.

In the HD parameter file, select the Additional Output item named ‘Resistance’ in order to
verify that the model is actually using the resistance number that you have defined (locally

varying).

Run the new simulation.
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Open the Additional Results file in MIKE View and make a longitudinal profile plot of the
Resistance Numbers to ensure that the model is using the resistance numbers as you
think it is (the Global/Local variation as you have specified).

[%] profile Plot - Results Sesupe base Calibration3 localHDAdd.res11 ===
[meter] 1-9-1997 00:00:00
130.0 = i . : : : : [ 300
120.0 - - - [ 280
1 - 280
110.0
1 - 270
100.0
4 - 250
90.0 [ oco
80.0 L ag
70.0 4 F 230
an.u—- 220
50.0 2o
] o200
40.0
1 o190
30.0
4 180
20.0 4 L 470
10.0 } } - 160
ol L . :SESUPE u-z:ms.uu___ ; - - foeeeeodeeo] o 150
00 00000 400000 600000 0000 1000000 1200000 1400000 160000 1600000 2000000 2200000 2400000 2600000
[m]
Load the new Simulation Results into MIKE View by Adding the new results into the
existing project/data in MIKE View where you have already loaded the results for
calibration 1 and 2.
Add time series from this simulation to the window with time series from last simulation
and observation time series.
Finally, load the Base Simulation results (using M=20 m*?/s) into MIKE View and
compare the time series of WL to the other simulation results and the observation.
[¥] Time Series Water Level (Results_Sesupe_base_Calibrationl_M5.res11) =N === .
[meter] Time Series Water Level (Results_Sesupe_base_Calibration1_M5.res11) Water Level =

= SESUPE 75000.00
— SESUPE 75000.00
— SESUPE 75000.00
— SESUPE 75000.00

B62.0 7

External TS 1
= Dbs. Water Level: Marijampole

1.5 7

1.0

50.5

60.0

m

58.5 7

58.0 1

58.5 9

21-10-1887

Which simulation is apparently the best in terms of calibration?

The expert in WATER ENVIRONMENTS 33



DA

34

MIKE 11 HD

Consider / discuss what could be the reasons for the discrepancy between measurements
and simulation results:

*  Water balance - why?

. Resistance numbers?

. Missing input components in model?
. Other reasons?
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4 Adding Structures to the HD Model

4.1 Overflow Weirs

In this exercise, you will add hydraulic structures to the base simulation. You can start by

renaming the base simulation and network files so that they include the name ‘structure’
or ‘weir’. You can also create a new folder for the new structure files under the Model
folder so that it's easier to work with all the files.

4.1.1 Overflow structure in the Sesupe River, chainage 157200 m
Open the network file and go to the tabular view.

Insert a broad crested weir at this location:

Sesupe - Chainage 157200 m, Geometry:
Level (m) Width (m)
26.90 0

27.00 15

28.00 20

31.00 40

Remember to calculate the structure Q-h relations (by pressing the ‘Calculate Q-h
relations’ button) for each structure.

You can also plot the structure to compare it to the upstream and downstream cross
sections.

Itis also a good idea to give the structure an ID so that you can check additional results
for each individual structure.
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‘ Sesupe_Weirs.nwhk11:2 - Modified EI@
Owerview - Location Head Loss Factor &
F River Name Chainage D B
Sesupe 157200 weir] Inflowe OutFow Free Overflow
- - Positive Flow 0.5 1 1
Type Edit reservoir...
Negative Flow 0.5 1 1
Atributes
"""" Pump (0) Type [ Broad Crested Weir R
_______ 2:5;:;1;? {{g}} Valve [ None - ] Horizontal offset from markcer 2 0
B::-bdf\;ai:eit?ﬂ{}m Geometry Free Overflow Q/hrelations
Tabulated Structures (0) Type No of Q/helations 20 |[ Calculate Q/h-elations ]l
Energy Loss {0) Dt 0 _
------- Hydraulic Control (MIKE 12)... um Q H-Pos H-Neg H-Weir w||;|
B 2"”‘;;3 P - = R 1 0 269 269 264 [E
E::: i water ks = 5 7 2 319673 27.2283 27.2314 271158 15.5789 B
P 3 2?' G 3 114245 27.573 21.585 273316 16,6579 i
3 7 0 4 22,9188 27.9091 27.9318 27.5474 17.7368
1 il 0 5 37.267 28,2406 28.2736 27,7832 188158
6 54,2861 28.5661 28,6106 279785 19.894?5
14 (0 + 4| 1 | +
Overview
River Chain. D Type Valve LPT
1 Sesupe 157200 weirl Broad Crested Weir Mone 05
4 I 3 | &)
] [l ] » -
T Sesupe_Weirs.nwkl1:3 - Modified EI@
[ Structure: Sesupe - 157200.0000 - weirl  Cross Section: Sesupe - SESUPE - 157100.000C
32.0 oo rnq b deeeees R RRRRRREEEEES e It i
s | | s |
z N | | H |
3 3007i-----F oo S e b T
5 1 ! H
m N i H
= N | i H
280 oo T <t S I s g7 et el
0 10 20 30 40 50 G0 70
Cross section X data [meter]
[ Structure: Sesupe - 157200.0000 - weirl  Cross Section: Sesupe - SESUPE - 157300.000C
3204 R ERRRREREEEE R REEELE
| e e
z N i i
300 Fr----eeo R Ammmmmmemeees
o 1! i i
m N i i
= N i i
280 Jrommrmeee ek Y JTTTTT ey
0 10 20 30 40 50 G0
Cross section X data [meter]
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4.1.2

Simplified descriptions for two hydropower plants; Marijampole HE and Antanavo

HE

In the original river model these are defined as controllable structures with operational
underflow gates to illustrate the turbines etc.

In this exercise we include two simple overflow weirs to represent the reservoirs at the
two locations.

Insert the following two weirs in the network file:

Sesupe - Chainage 93500 m (Antanavo HE), Geometry:

Level (m) Width (m)
49.4 0

49.5 40

52.0 50

Sesupe - Chainage 69100 m (Marijampole HE), Geometry:

Level (m) Width (m)
65.0 0

65.1 20

71.0 25

Remember to calculate the structure Q-h relations (by pressing the ‘Calculate Q-h
relations’ button) for each structure and to give the structures an ID.

Save the network file using a new name (something like ‘Sesupe_ Weirs.Nwk11’) if you
haven’t already renamed the file before starting this new exercise.

Specify a different result file name and run the simulation including the three structures
defined above. All other data should be kept the same.

In the HD Parameter file, activate the Additional Output results ltem; ‘Velocity, Structures’
which allow you to save results at structures (structure Q, Area and Velocity).

4.1.3 View the results in MIKE View

Load the standard result file and visually compare the results to previous simulations (for
example by plotting a longitudinal profile).

Are there water level differences as it could be expected with the introduction of weirs in
the model?

Open the Additional output result file. Plot time series of structure discharge.
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NOTE: Structures are ‘Results in a single point’ and hence, structure time series cannot
be selected using the normal tool as for calculation points. Instead, you should use the
option ‘Plot TS of System Data’.

ﬂ_.!a_g Results_Sesupe_Woeirs.res11 - MIKE V';_

= R TS in Grid Points...

T5 of System Data...
E-'::] Q-H Curve...

Lengitudinal Profile

&1 External Time Series

Cross sections

File View | Plot | Animation Tools

Data Type Selection

S

Result File [F‘.esults_Sesupe_Weirs - ]

Data Type

Structure Velocity WEIR 1

Structure Velodty WEIR.1
Structure Velocity MARIJAMPOLE HE
Structure Velocity ANTANAVO HE
Structure Area WEIR.1
| Structure Area MARIJAMPOLE HE
" Structure Area ANTANAVO HE
©7 Structure Discharge WEIR 1

Structure Discharge MARIJAMPCLE HE
__|Structure Dischargs ANTAMAVO HE

Composite Bridge Definition

Window Help

_______

In this exercise, you will add a composite bridge structure to the base simulation as in the
previous exercise. You can start by renaming the base simulation and network files so
that they include the name ‘bridge’ or similar.

A bridge is located at ch. 157200 m.

The bridge (rather artificially shaped and very incorrectly drawn) is a 10-metre long and
wide composite bridge as illustrated in the figure below.

Define the below specified bridge geometry as a combined / composite structure in MIKE
11 using a combination of weir and culverts.

*  Section A is a circular pipe culvert of diameter 1 meter (Invert Level = 27.5 m)
*  Section B is a rectangle culvert of 8 m width and 2 m height (Invert Level = 27 m)
»  Section C is a Circular pipe culvert of diameter 1 m (Invert Level = 28 m)
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. D illustrates the potential overtopping of water over the road on top of the bridge
(weir). The overtopping bridge deck is to be defined as an overflow weir with an
overtopping level at level 30 m — and an overtopping width of 55 m.

Also use default loss coefficient values for all types of structures.

Remember to calculate the Q-h relations for all the structures and to plot the structures to
make sure the geometry is correct based on the upstream and downstream cross

sections.
W Sesupe_Bridge.nwkl1:2 EI@
GrewED Branch Name Chai D Head Loss Factor
""" gletwork 3 15E||nage C Irflomw Out Flow Free Overflow Bends
. truct: 7200
s o Fupe Postive Alow 0.5 1 1 0
"""" T | -
------- Culvets (3) voe |gauiog Negative Flow 0.5 1 1 0
....... i Edit resenvoir st
Eridges () reservoir storage Geometry
....... Pump {0} tibuies T Circular
....... Requlating (0) ype | Circular V]
....... Control Str. (0) Upstream Invert 28 Imegular Diameter 1
------- Dambreak Str. (0) DownStr. Invert 28 Depth Widt
....... User defined (0) Lonaih 0 5 Rectangular
------- Tabulated Structures (1) o Width 0
------- Energy Loss () Manning'’s n 0.013
------- Hydraulic Control {MIKE 12). Height 0
) No. of Culverts 1 < LI +
[+ Routing
[+ Runoff /groundwater links Valve Regulation Feirs
G- Grid points Section Type Horizontal offset from marker 2 0
Flow Conditions
Q- relations | Hydraulic Parameters | Orifice Flow Coeﬁicients|
y | Qc Pol Type 5l y Qo N Type j* No of Q/h-relations
1 o 0 [NeFlow L [1 [0 0 |NoFlow || 40
2 | 0.0262|0.0001 |Qutlet C 2 |0.0262 | 0.0001 |Outlet C
= | S SR = | S SRR Calculate Q...
Chain. D Ups B Length Manni No. of Culverts| Vi
Invert Invert anningsn |
1 157200 A 275 215 10 0.013 1 Mone
2 157200 B 27 27 10 0.013 1 Mone
3 157200 C 28 28 10 0.013 1 Mone
] T ¢
4 | i | b
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T Sesupe_Bridge.nwid1:2

Overview Location Head Loss Factor
----- Netwaork River Name Chainage ID
El Sesupe 157200 D Inflow OutFlow Free Overflow
....... Weirs (1) S— Positive Flow 05 1 1
_______ Culvets (3) Type [Hegular = | | Edit reservoir... Negative Flow 05 ] ]
------- Bridges (0) Agtributes
....... Pump (0} Broad Crested Wei - )
....... Regulating (0} Type [ 2 =t bl ] GlElll)hIC 5
_______ Control Str. {0) Valve [None v] Horizontal offset from marker 2 Plot...
....... C ion X data:
_______ B::rbdr:;:eit;h‘;m Geometry Free Overflow Q/hrelations [ foss section ata:_[meter] L
------- Tabulated Structures (0} Type Mo of Q/hrelations 20 [ Calculate Q/h-relations ]
....... Eneray Loss {0)
------- Hydraulic Control (MIKE 12)... LAy 0 Q H-Pos H-Neg H-Weir -
i)~ Routing = 1 0 289 289 289 B
@~ Runoft/groundwater ik Level Width 2 575701 30762 30,7656 304316
[+ Grid points 1 299 0
z % = 3 175676 31609 316113 309632
3 0 = 4 330733 324345 324184 314947
5 515301 33247 33.2009 320263
6 72549 340513 33964 32.5579 -
« 1 3 4 m ] ¢
Overview
River Chain. D Type Valve
1 Sesupe 157200 D Broad Crested Weir MNone 0.5
4 LU 2 Fl m b
Make sure that the structure results are also saved (as HD Additional output file).
Run the simulation and compare the results of water levels upstream and downstream of
the structures with the previous simulation results.
Investigate structure discharge for the different bridge openings (from HD Additional
output).
[m"3/s] Time Series Discharge Discharge

— Structure Discharge D, SESUPE 157.200 Structure Discharge D
— Structure Discharge A, SESUPE 157.200 Structure Discharge A
— Structure Discharge B, SESUPE 157.200 Structure Discharge B
— Structure Discharge C, SESUPE 157.200 Structure Discharge C

T
21-10-1997 10-12-1997 29-1-1988
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4.3  Operational Structures

Two Hydro Electrical (HE) Power Plant structures are located on the Sesupe River.
Turbines and operational gates in these two Power plants shall be implemented in the
Sesupe MIKE 11 model following the below defined control strategies.

Use the setup created for the Sesupe Base including Weirs as generated in a previous
task.

Before starting, rename all the files and the result file.

4.3.1 Marijambole HE power plant

Let us first implement a control structure definition for the Marijambole HE structure which
is located in Sesupe, ch. 69100 m.

The Marijambole HE plant in this exercise is implemented as a combination of a single

turbine structure together with an overflow crest structure.

Task #1: Adjust the overflow weir at the Marijambole location

We will now change the definition for the overflow weir at this location so that it will be an
overflow structure for the overtopping of the HE structure.

Open the network file with 3 weirs included and alter the geometry for the weir at the
Marijambole HE location ch. 69100 m.

To make it easier to quickly analyse results from individual structures in the model, you
should specify a Structure ID in case it has not already been done.

Change the weir geometry to the following:

Datum =72.08 m

Level (m) Width (m)
0.0m 10.0 m
1.0m 310.0 m

Remember to recalculate the Q-h relation for the new defined structure geometry.

Task #2: Define the turbine as a control structure

Add a new Control Structure and define the location of the structure as the location of the
Marijambole HE power plant.

Turbines in a MIKE 11 model are practically always included and controlled to allow a
certain discharge through the turbine and therefore, a turbine in MIKE 11 will normally be
defined as a controllable structure of the structure type: ‘Discharge’.
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This means that the control definitions setup in the model will determine the actual

discharge through the turbine structure instead of defining an actual gate level which is

the other type of applying the control structure module.

Therefore, the overall structure characteristics are:

*  Type: Discharge
. Number of turbines = 1.

. Max speed = 0.1 (m*/s/s) ( Max speed = rate of change in turbine discharge = how

fast can the turbine respond and change from one discharge to another)

The Turbine is controlled by a number of control strategies, which must be implemented

in MIKE 11.

In this case, the turbine control strategies are the following:

Control Definition for Turbine Structure in Marijambole HE Power Plant Dam
Control Condition Turbine Operation
Definition
(prioritized)
1 IF THEN
Water Level in h-point upstream of Qrumine = 1.42 m%s (constant)
Marijambole Dam is < 69.65 m.
2 ELSE IF THEN
Water level in h-point upstream of Marijambole | Qrumine = Tabular function of Head difference
Dam is > 70.50 m across the dam (dH).
dH = Wlch.ee200 — WLch.69000
dH QTurbine
0.0m 0.0 m%s
9.5m 10.0 m*/s
20.0m 10.0 m*/s
3 ELSE IF THEN
Qturbine < 1.42 m¥/s Qrumine = 1.42 m*/s (constant)
4 ELSE THEN
(do this if none of the above conditions are Qturbine = QTurbine (Unchanged flow)
true/fulfilled)
A bit of assistance to get started:
. Each individual control definition for a structure must have a separate line in the table
for ‘Control Definitions’ on the Control Structures page.
That is, we need 4 lines in this table to create the above specified control (like
always, use the <TAB> to create additional lines in the table).
. The ‘Control Definitions’ table is primarily an overview table which presents the
different control definitions made for the particular structure.
Definitions of all the actual Conditions and Structure operation strategies are made in
the separate dialog showed when pressing the ‘Details...” button.
*  The Details dialog has the following content:
a. The Logical Operands page is where all the conditions are defined (e.g. Water
level in chainage 69000 > 69.65 m)
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b. The Control and Target point page is where we define which parameter is used
to actually control the operation of the turbine

c. The Control Strategy page is where possible tabulated relations between the
control point variable and the control structure Target Value (=Turbine discharge
or Gate Levels) are defined

d. The Iteration/PID page includes the possibility to define iterative controls of the
control structure

Hence, to define the second Control Definition in the above table you have to proceed as
follows from the Logical Operands page:

Select ‘LO Type’ to be ‘H’ (alternatively the option ‘Hups’ can be used!)

Specify definitions for the location of ‘LO1’ (Logical Operand first location). Branch
Name LO1 = ‘Sesupe’,

Chainage LO1 = 69000 m (just upstream of the dam)

Choose the correct ‘Sign’ ( >’)

Use TS-Value = no (TS stands for Time series file)

Value = 69.65 m

To define a constant flow for a structure there are two options - a very simple and easy
one and a slightly more complex one:

The easy method::

The easy method is simply to close the Details dialog and in the Control Definitions

Table choose the Calculation Mode option; ‘Set Equal To’ and then specify the

constant value (=1.42) in the value column of this table.

The slightly more complicated method:

Select the calculation mode option ‘Tabulated’:

- click Details... to enter the dialog and specify in the Control and Target point
page that the control point should be the H in upstream water level point
(Sesupe, ch. 69000m)

- In the Control Strategy page we define a table like specified below:

Control Point Value Target Point Value
-1000 m 1.42m%s
1000 m 1.42m%s

This table simply says that for any actual water level at the upstream side of the
dam during the simulation between -1000 m and 1000 m then we will set the
turbine discharge equal 1.42 m/s (which is the same as saying that the turbine
flow will always be constant as water level variations will not exceed -1000 to
1000 m!

Thereby, this control definition is ready.

Now you must define the remaining three control definitions yourself! ©

Run the simulation using the same simulation definitions as in previous weir
simulations (you can maybe save results more frequently).

Open result files (both standard result file and Additional HD result file) in MIKE View
and look at the results.

Also, check the result item which shows the actual control definition which has been
used during the simulation at each time step.
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4.3.2 Antanovo HE power plant

Secondly, we will also implement the more complicated control definition for the other HE
Power plant named ‘Antanavo’. This structure is located in Sesupe, ch. 93500 m.

The Antanavo HE plant in this exercise is implemented as a combination of a single

turbine structure, 4 underflow gates where 1 works individually and the 3 other gates
operate in parallel. Additionally, an overflow crest structure must be defined.

Task #1. Adjust the overflow weir at the Antanavo HE dam location

Change the present definition for the overflow weir at this location such that it will be an
overflow structure for the overtopping of the HE structure.

Before adding the new structure, rename the network, simulation and results files. Use
the setup generated previously with the overflow structures and the Marijampole turbine.

Open the network file with weirs and the Marijambole control structure included and alter
the geometry for the weir at the Antanavo HE location.

Remember to specify a Structure ID also here in case it has not already been done!

Change the weir geometry to the following:

Datum =52.50 m

Level Width
0.0m 100 m
1.0m 255.0m

Again, remember to recalculate the Q-h relation for the new defined structure geometry.

Task #2: Define the controllable structures in the dam

Task #2-1: The turbine structure

Add a new Control Structure to the existing network file including the Marijambole turbine
operational structure and define the location of the structure to the location of the
Antanavo HE power plant.

There is only 1 turbine present in the Antanavo Dam. As the turbine is included to set a
turbine-flow in the model; the structure is a Discharge Type. The max speed of operation
can be defined as 0.1 m®/s/s.

This turbine is also controlled by a number of control strategies to be implemented in
MIKE 11.
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The turbine control strategies are the following:

Control Definition for Turbine Structure in Antanavo HE Power Plant Dam
Control Condition Turbine Operation
Definition
(prioritized)
1 IF THEN
Water Level in h-point upstream of Antanavo Qrurbine = 1.42 m®/s (constant) for all levels
Dam is < 51.00 m. upstream of Dam below 51 m.
2 ELSE IF THEN
Water level in h-point upstream of Antanavo Qrurbine = 1.62 m®/s (constant) for all levels
Dam is < 51.30 m upstream of Dam above 51 m.
3 ELSE IF THEN
Water level in h-point upstream of Antanavo Qrurine = Tabular function of Head difference
Damis >51.30 m across the dam (dH).
dH = WLch.93150 — Wlchossso
dH QTurbine
0.0m 0.0m%s
1.5m 0.0m%s
5.3m 11.0 m%s
10.0m 11.0 m%s
4 ELSE IF THEN
Qrurbine < 1.62 m%/s Qrumine = 1.62 m*/s (constant) for all levels
upstream of Dam.
5 ELSE THEN
(do this if none of the above conditions are Qrurbine = Qurbine (Unchanged flow)
true/fulfilled)

When you have set up the turbine for Antanavo HE, save the files and run the simulation.

Analyse the results from the simulation (turbine flow, control definitions used, crest

overflow?)

Task #2-2: First (simple) implementation of the 4 operational gates in Antanavo

Dam

Add another Control Structure to the network file at the location of Antanavo HE Dam.
Before starting, you can rename the simulation, network and result files to differentiate

them from previous tasks.

This structure will be a first example of implementing an operational gate.

In this task we will implement all the 4 gates in the dam in one common definition — under
the assumption that they are all ‘locked’ together and operate simultaneously.
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The 4 gates are defined as follows (identical):

. Underflow Gate
. Width=5m
. Sill level =49 m

. Initial value = 49 m (= closed initially!)
. Max operational speed = 1 m/s (very fast!! But, defined to get immediate response

from control definitions)

We would like to implement a simple strategy in order to try to keep the water level in the

reservoir upstream of the dam within a requested/pre-defined range.

Desired reservoir level in this example ranges between level 50.6 m and 50.8 m.

The control strategy for the 4 gates structure is described in the table below:

Control Definition for the 4 Gates Underflow Structure in Antanavo HE Power Plant Dam

Control Condition 4-Gates Operation
Definition
(prioritized)
1 IF THEN
Water Level in h-point upstream of Antanavo Raise Gate Levels with 0.1 m
Dam is > 50.80 m.
2 ELSE IF THEN
Water level in h-point upstream of Antanavo Lower Gate Levels with 0.1 m
Dam is < 50.60 m
3 ELSE THEN
(do this if none of the above conditions are Keep present gate position (unchanged)
true/fulfilled)
Run the simulation and analyse the results:
. Is it possible to maintain the reservoir levels within the requested range?
. Look at discharges through the different structures (turbine, overflow, gates).
. Look at the gate level for the 4-gate structure
Task #2-3: Multi gate control definitions in Antanavo Dam
We will now implement a more complex (but probably more realistic) control definition for
the gates in Antanavo Dam.
Instead of the implementation made in the previous task we will now operate the 4 gates
differently such as 1 gate is operated individually and the last 3 gates are operated
together.
Therefore, we will need to:
*  Adjust the control structure we made in the last task to be a 1-gate structure, only
+  Make an additional control structure definition in the network file we just created in
the previous task
That is, we will now have three control structure definitions at Antanavo Dam (Sesupe, ch.
93500 m):
. one for the turbine
+  one for the single-gate
»  one for the three-gate control
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We want to implement control strategies for the gates such that they are operated
differently (the 1-gate and 3-gate structure) — but still to some extent depending on each
other.

In the definitions below we will open the 1-gate structure up to a specified maximum (level
50 m) and then open the 3-gate structure if necessary. Also, when closing structures, we
will make sure to close the 3-gate structure completely before we start to operate on the
1-gate structure.

The control definitions for operational structures are listed in the following tables.
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Control Definition for the Single Underflow Gate in Antanavo HE Power Plant Dam

Control Condition Gate Operation
Definition
(prioritized)
1 IF THEN
Water Level in h-point upstream of Antanavo Raise Gate Level with 0.2 m
Dam is 251.00 m
AND
Gateleveligare <= 50 m
AND
GLagates is closed (gate level =< 49 m)
2 ELSE IF THEN
Water Level in h-point upstream of Antanavo Lower Gate Level with 0,1 m
Dam is <50.25 m
AND
GLligate NOT closed (=> GL > 49 m)
AND
GLagaes Closed
3 ELSE THEN

(do this if none of the above conditions are
true/fulfilled)

Keep present gate position (unchanged)

Control Definition for the Three Underflow Gates in Antanavo HE Power Plant Dam

Control Condition Gate Operation
Definition
(prioritized)
1 IF THEN
Water Level in h-point upstream of Antanavo Raise Gate Level with 0.2 m
Damis 251.25m
AND
GLigate = 50 m (fully open)
AND
GL3gates <= 50 m
2 ELSE IF THEN
Water Level in h-point upstream of Antanavo Lower Gate Level with 0,1 m
Dam is £ 50.50 m
AND
GLagates NOT closed (GL > 49 m)
3 ELSE THEN
(do this if none of the above conditions are Keep present gate position (unchanged)
true/fulfilled)
Save the network file with a different name. Also, save the simulation file and the result
file, and run the simulation.
Do the gates operate as intended? Analyse all the results.
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4.4  Dam Break Modelling

4.4.1 Single dam break structure in model

DA

In this exercise you have the opportunity of inserting and analysing a dam break structure.

We will simulate what happens if a dam is constructed in the Sesupe River — and what
consequences it might have if it breaks due to extreme water level in the reservoir

upstream of the dam.

Use the Sesupe_Base setup. Before starting with this exercise, rename all the files from
the Sesupe_Base setup as well as the results. If necessary create a new folder to save

the new files under the project.

The dam structure is located at chainage 69100 m

Task #1: Environmental flow downstream of dam

In order to secure a minimum flow (environmental) downstream of the dam structure,

initially insert a circular culvert at the bottom of the reservoir structure.

. Use a circular culvert of diameter 0.25 m.
. Upstream Invert level = 63.6 m and
. Downstream Invert level = 63 m and

. Length =10 m.

Remember to calculate the Q-h relation for the culvert.

Task #2: Defining a narrow spill-channel overflow structure

A spill-channel overflow structure is assumed to be located at the dam site:

. Define the spill channel structure as a broad crested weir at the dam location.

. Geometry:

Level [m] Width [m]
64.9 0.0

65.0 1.0

68.0 1.0

71.0 2.0

72.0 5.0

74.0 20.0

(Remember to calculate Q-h relation).

Run the simulation and reserve the results that we will use as hotstart file for the dam

break simulation.

Task #3: Defining the dam break structure

Edit the network file and specify a dam break structure at the same location with the

following specifications:
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Crestlevel =72 m
Crest length =200 m
Failure mode : Reservoir Water Level

. Reservoir Water Level =71.5m
. Failure Mode = Time Dependent.

The dam break is time-controlled and a time series file must be created with specifications

for the breach

geometry.

Make a new time series file with the following content (3 items must be defined in the file):

Time Breach Level Breach Width Breach Slope
[sec] [m] [m] (I
0 70.8 10 2
14400 65 200 2
1E+008 65 200 2

NOTE: Time axis type in time series file (dfsO) MUST be ‘Relative’ for a dam break

ftem Information

specification.
File Properties !—m 2 Lm ‘
General Information
Title: dam break
Pads Information Help
Pods Type: [Nnn-Equidistarrt Relative Axis v]
Start Time: 20/06/2011 11:36:21
Time Step: 0| [days]
00:00:10| [hour:min:sec]
0.000| Fraction of sec.]
Mo. of Timesteps: 3 fods Units: | per sec

Name Type Unit
1 Breach level Dam breach level meter
Breach width Dam breach width meter
3 Breach slepe | Dam breach slope 0
1 | n | 3
| bset | | Append | [ Delste |

Add the time series as a boundary condition for the dam structure in the boundary file.
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® Sesupe_Dambreak#1 bndll EI@
Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID | B: yID ‘o
5 Point Source Inflow Sesupe 25800 0
6 Point Source Inflow Sesupe 177900 0
7 Point Source Inflow Sesupe 132800 0
8 Point Source Inflow Sesupe 157500 0
9 Point Source Inflow Sesupe 117200 0 2
10 Point Source Inflow Sesupe 112900 0
c Dambreak 68100 0 | dam bre | dam break -
Data Type TS Type File / Value | T1sInfo
1 Dam breach level: [meter] TS File DamBreak_timeseries.dfs0 E] Breach level
2 Dam breach width: [meter] TS File DamBreak_timeseries.dfs0 [:] Breach width
Damn breach slope: [(}] TS File DamBrezk_timeseries.dfs0 Ql Breach slope

Task #4: Simulations

1. Use the result file from the initial setup you have prepared in the previous step as
Hotstart file (Initial conditions) for this simulation.

- Hotstart time : 1/2-1998

- Reduce simulation time: 1/2-1998 — 1/4-1998

- Time step =5 min.

- Save every third time step (change saving frequency) and modify the result file
name.

2. ltis also a good idea to save additional results at the structures in order to be able to
check the details of the dam break.

3. Run the simulation and investigate the results from dam break simulation in MIKE
View.

- Does the dam break at all??

Well, no, because the spill channel structure is able to convey the water for
‘normal flow conditions!!

4. So - we will introduce a ‘Critical Event’ in our model setup. In the time series file with
Inflow from Tributaries (Tributary-Inflows.dfs0) we have made an additional time
series for the Inflow from Dovine River, in which the discharge is simply increased by
a factor of 3.

- Open the Boundary file and select this increased time series as inflow from
Dovine River instead (that is, at the point source location; Sesupe, 55000m, we
must choose the time series named ‘Dovine_Outflow_*3’ instead of the original
time series used up to now).

- Save the Boundary file (preferably in another name) and make sure that you
have this boundary file selected in the simulation file.

5. Change the name of the simulation file and the name of the result file too (in order to
compare results from the previous simulation to the one you are making now).

6. Run the simulation again.

This time the dam should actually break down!
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7.  Analyse the results in MIKE View.

- In MIKE View, try to calculate the ‘Flood’ results and plot a longitudinal profile
with water level and add ‘Flood’ results to the profile through the options dialog.
This is a quick option to obtain an overview of where flooding occurs (water
levels above one or both embankment markers in MIKE 11 cross sections).

- Also load the additional results for structures and compare the flow through the
breach, the crest, etc.

- Also note the Ascii file; *...DAMBRKL1.TXT’ produced from the simulation and
saved in the simulation folder. It contains information on the breach evolution.

If time permits: Make additional simulations with different breach definitions in the time
series file.

4.4.2 Additional erosion based breach failure dam break

Add another dam break structure in to the model. This time we will insert an earth dam at
the location of the Marijampole powerplant.

Add a new dam break structure at chainage 93500 m as described in the next steps.

Before modifying the model setup, rename all the input files and result file.

Task #1: Environmental flow downstream of dam

In order to secure a minimum flow (environmental flow) downstream of the dam structure,

insert initially a circular culvert at the bottom of the reservoir structure:

*  Use acircular culvert of diameter 0.25 m.

*  Upstream invert level = 50.0 m and downstream invert level = 49.5 m and length =
10 m.

(Remember to calculate Q-h relations for the culvert).

Task #2: Defining a narrow spill-channel overflow structure

A spill channel overflow structure is assumed to be located at the dam site.
+  Define the spill channel structure as a broad crested weir at the dam location.
. Geometry:

Level [m] Width [m]
49.4 0.0

49.5 8.0

52.0 8.0

53.0 10.0

54.0 20.0

Remember to calculate Q-h relations.

Run the simulation for the full period (1997-1998) to prepare a hotstart file for the next
simulation with the dam break.
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Task #3: Defining the dam break structure

The dam break structure is defined with the following parameters:

. Crest level at 51.8 m
*  Crestlength 200 m

. Failure starts at a reservoir level of 51.5 m.
. Failure mode: Erosion based.

Erosion dam break definition:

. Dam geometry: Upstream and downstream slope = 2

«  Topwidth=10m

‘ Sesupe_Dambreak#2-2.nwkl1:2

(= =]=]

Outflow  Free Overflow

Breach Calc. Method

1
1

Reservoir Water Level -

MIKE11 Energy Eq. ~

Erosion Based '] [Erosion P

- Erosion Failure

Initial Failure

Breach Failure Initially

Breach Failure
Initial Level
Initial Width

Piping Failure
Starting Level

Initial Diameter
Roughness
Collapse Ratio (D)
Wolume Loss Ratio
Calibration Coef.

Overview Location Head loss Factor
----- MNetwark Branch name Chainage D
(=1 Structures Sesupe 93500 Marijampol Inlow
....... Weirs (2) Positive Flow 0.5 1
....... Culverts (7) Type [Hegular - Negative Flow 0.5 1
"""" Bridges (0) Edit reservoir storage...
....... Pump (0)
------- Regulating {0) Dam Geometry Failure Moment and Mode
------- Cortrol Str. (0) .
_______ Dambreak Str. (2) Crest Level 51.8 Failure Moment
------- User defined (0) Crest Length 200 Hours after start
------- Tabulated Structures (0) .
------- Energy Loss (0) Limit for Breach Development Dz el iz
------- Hydraulic Control (MIKE 12)... Reservoir water level
..... i Limiting Secti
- Routing _ Gy g el Failure Mode
[#- Runoff /groundwater links
S Topo ID
[ Grid points = g
River Name Dambreak Structure: Sesupe 93500
Chai 0 |
s E Dam Break Structure
¥-coor of center breach 0
Dam Geometry
Overview Upstream Slope 2]
Branch Chs Downstream Slope 2
1 Sesupe 69100 UL 10
Sesupe 93500
Material Properties
Grain diameter 0.0
Specific gravity 265
Porosity 04
Crit. Shear Stress 0.03
] T | » € . .
Side Erosion Index 1
| “" Limit of Breach Geometry
Completed 7129 0 seconds | ] | Final Bottom Level 435
Final Bottom Width 40
Breach Slope 2
3020000 F---mmmrmmommmoron s

512
05

©

0m
1
0
1
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Material properties:

. Diameter : 1 cm

. Gravity :2.65

. Porosity : 0.4

. Critical shear stress : 0.03
. Side erosion index = 1

Limit of breach geometry:
. Bottom level 49.5 m
. Bottom width 40 m

. Slope 2

Initial breach failure:
. Initial level = 51.2
. Initial width = 0.5 m

Run the simulation with both dam break structures.

Investigate the results from the dam break simulation.

Additional Task #4: Investigate dam breach of earth dam without upstream dam

failure

In order to evaluate the breach of the earth dam at ch. 93500 m, de-activate the breach of
the Antanavo Dam at ch. 69100 m.

This is easily done by specifying the reservoir level at which this dam will start failing to a
high number (e.g. 100 m). Thereby, the water flowing through the dam site is only that of
the minimum flow culvert and the spill channel overflow weir.

If time permits, you can save the network file, the simulation file and the result file with
different names and re-run the previous simulation with this revised network file.

NOTE: The ‘SimulationName’_DambrkX.txt file produced during dam break simulation will
always use this default name and consequently, it will be overwritten every time a new
dam break simulation is started with the same simulation name.

Therefore, if you want to save it for comparing with other simulations then it is required
that you manually rename the file after a simulation or rename your simulation file.
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4.4.3 Erosion based dam break — Erosion based pipe failure
We will now try to make a dam breach in the earth dam by use of an initial Piping Failure.

Open the network file from the previous task and adjust the definition for the Marijampole
Dam (ch. 93500 m) as follows.

Under ‘Erosion Parameters...’ specify:
. Initial Failure : Piping Failure

. Starting level =50.5 m

. Initial diameter = 0.2 m

. Roughness = 0.01

*  Collapse ration =1

*  Volume loss ratio = 0

»  Calibration coefficient = 1.

Save the network file with a new name and use this to make a new simulation.

Investigate the results in MIKE View and check in particular the DambrkX.txt file from this
dam. Note the switch from pipe flow to open flow during the dam break.

If time permits, you can make some additional simulations using different values for the
breach parameters to become more acquainted to the impact of these parameters to the
results.

4.4.4 Reservoir definition - Calibration of reservoir level-volume curve

Modelling of reservoirs includes several considerations, e.g. what type of structures to use
and how to define them as correctly as possible in the model. However, another very
important task when modelling reservoirs is to make sure that the Level-Volume relation
in the model is consistent with the relation for the natural reservoir. If the Level-Volume
relation in the model is not correct then reservoir levels following specific inflow events to
the reservoir will not be correct.

The Reservoir upstream of Antanovo Dam is presently physically defined by five model

calculation points. These are the h-points at chainages 69000 m, 65150 m, 62500 m,
57250 m and 52000 m.

The expert in WATER ENVIRONMENTS 55



Y

MIKE 11 HD

From a ‘survey’ was constructed a Level-Volume curve for the entire reservoir (defined in
the model by the four calculation points) as presented below:

Level [m] Volume [m?]
64.0 0.3*10°
65.0 0.5*10°
66.0 0.9*10°
67.0 1.6*10°
68.0 2.5*10°
69.0 3.8*10°
70.0 5.2*10°
71.0 6.8*10°
72.0 9.5*10°

Make a calibration of this reservoir such that the level-volume relation of the numerical
model is (approximately!) in agreement with the above present ‘surveyed’ level-volume
curve.

The most commonly applied approach for calibrating / adjusting the reservoir level-volume
relations in simulations is to adjust the additional flooded area data in the processed cross
section data.

HINTS:
Extract volumes in calculation-points by selecting Additional Output variable in HD11 file.

Change the dam structure definition such that no water will leave the reservoir until it
overtops at level 72 m (top level of ‘surveyed’ level-volume relation). That means remove
the spillway and pipe for environmental flow. You should also raise the reservoir level
initiating the break.

Remove all point sources in model for this calibration task. Use a constant inflow, Q=5
m¥s as upstream inflow boundary in order to more easily calculate the inflow volume of
water.

Initial conditions for the reservoir should be that it is (practically) empty (use parameter
file, Initial depth = 0.01 m).

For this simulation it is required to use a smaller time step to avoid instabilities at the start
of the simulation. Use a time step of 2 minutes. Save all the time steps of the simulation.
Change the simulation period to: 1/9-1997 — 1/11-1997.

You could also recalculate the levels in the processed data table to have smoother
results.
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5 Flood Management

The purpose of this task is to try to define a flood management measure in the present
model to prevent significant flooding at some local areas due to a heavy (artificial) inflow
to the river system.

We will use the Sesupe_Base setup as defined at the beginning of this tutorial.

Before you start this exercise, remember to rename all the files and save them in a new
folder for Flood Management.

5.1 Introduce a “Flooding Disaster Event” into the Model

We have to introduce additional inflow to the river model in order to ‘force’ a flooding
situation along the river as the events applied up to now are not so critical and they do not
introduce any flooding. Therefore, we will add additional water through the boundary
definitions.

To increase the inflow to the river for this exercise, open the boundary file and change the
inflow conditions as defined in the list of actions below:

1. Open the time series file named ‘Tributary-Inflows.dfs0’ and add an additional time
series item (through ‘Edit -> Properties’):
a. Name the new item; ‘Sirvinta_Outflow*3’ and choose the Iltem-Type = Discharge
b. Press OK to return to the Graphical and Table view and now activate the
Calculator tool. We want to include values in this new item as a multiple of 3
times the existing values for ‘Sirvinta_Outflow’
c.  When the definition of the new time series item is completed (with values 3
times the Sirvinta outflow item) then save the dfs0 file and close the file
2. Inthe boundary file make the following changes:
d. At Sesupe, ch. 55,000 m: Change the time series item used for this inflow. Use
the item named ‘Dovine_Outflow_*3’ instead (from the same dfs0 file!)
e. Create a new boundary definition as a point source
f.  Location: Sesupe, ch. 157,500 m (this means that we now have two boundaries
at that location!)
g. Select the time series item that you just created before. Use the time series item
named ‘Sirvinta_Outflow*3’
h. Create a new distributed source with: constant inflow of 40 m®s, between
Sesupe ch. 100,000 m and 140,000 m
i.  Save the boundary file

Run the simulation again with the increased input to the river. Make sure you have
renamed all the files as well as the results before launching the simulation.

Open and analyse the results of this simulation in MIKE View. Check the Flood result item
for an easy detection of whether flooding occurs in the simulation — and where.
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5.2 Introducing a Flood Plain Branch

As an attempt to solve part of the flooding introduced with the severe inflow to the model
we will activate an area along part of the Sesupe River as a flood storage area.

The flood storage area will be included as indicated on the figure below.

The additional model-components will be defined by a flood storage branch and two ‘link
channels’ at each end connecting the main river to the flood storage branch.

Use the setup created in the previous exercise and rename the simulation and network
files as well as the result file.

Open the network file and make the following changes:
1. Digitise a new river branch (the Floodplain branch) along the Sesupe River (between
chainages 105500 m and 116500 m):

a. Name the new branch FP1 (Topo ID could be 2011’)
b. Make it 7000 m long (use user defined chainages)
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Untitled

BOGET000

B0G6000

B065000

6064000

B063000

6062000

B061000

B060000

444000 446000 443000 450000 452000 454000 456000 458000

2. Digitise two new, short river branches at both ends of the floodplain branch (length =
50 m).

Untitled

G0B7000

6066500

BOBE000

6065500

6065000

B0E4500

6064000

444000 445000 446000 447000 448000 449000 450000

3. Branch type of these branches must be ‘link channel.” Rename the 2 channels to
‘Upstream_Link’ and ‘Downtream_Link’.

4. Connect the floodplain branch to the link channels up- and downstream.

5. Connect the two link channels to Sesupe River at chainages 105500 m (upstream
link) and 116500 m (downstream link).
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Untitled

6067500

6067000

6066500

6066000

6065500

6065000

6064500

6064000

6063500

6063000

6062500

6062000

443000 444000 445000 446000 447000 448000 449000 450000 451000 452000 453000

The link channels parameter definitions should be as shown below (click the ‘Edit Link
Channel Parameters...’ button in the tabular view):

Upstream Link:

. Bed level upstream: 41 m

. Bed level downstream: 37 m
. M=25m"s

. Geometry:

Level [m] Width [m]
0.00 0
0.25 2000
6.00 2000

Remember to calculate the Q-h relation for the link.

Downstream Link:

. Bed level upstream: 39 m

. Bed level downstream: 37 m
< M=25m"s

. Geometry:

Remember to calculate Q-h relation for the link.

Level [m] Width [m]
0.00 0
0.25 2000
6.00 2000
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L= hl
Link Channel Parameters: Downstream_Link 0 - 50 u

Geometry Bed Resistance

-
| Bedlevelus. 39 Type I
_Cancel
Bed Level DS 7 Value 25 -
Additional Storage
Cross Section Geometry
Head Loss Coefficierts Depth (m) Width (m)
Pos. Fow Meg. Flow 1 0 0
Inflow 05 05 0.25 2000
3 & 2000
Outflow 1 1
Additional 0 1] S
4 T P
Critical Flow 1 1
Q/h - Relations
No.of Q/hrelations 25 | [ Calulate Q/h refations ]l

y A R C Qc | hUS| USType | hDS| DSType =
0 1e-00 | 0,000 | 3162 |0 29 Mo Flow 29 Mo Flow L
0.012 | 0660 (0,006 |0.022 |0.165 |39.06 |Qutlet C 38.07 |Outlet C
0.051 {1053 {0,025 |0917 |5.288 |39.07 |Outlet C 2910 [Outlet C
0115 | 5316 (0,057 |7.933 | 3998 |3915 |Qutlet C 3817 |Outlet C
0.204 |167.1 (0102 | 36.05 |167.4 |39.28 |Inlet C 39.28 |Outlet C -
| il | 3

B %0 BN LENN N

o

Save the network file in another name.

7. The next task is to generate the cross sections for the flood plain branch:

a. Open the cross section file and add two new cross sections for the flood plain
branch you just created; one cross section at each end of the branch

b. The River name and the Topo ID for the cross sections must be identical to what
was defined in the network file previously

c. Insert cross section geometry such that the upstream section has a bottom level
of 38 m and downstream section a bottom level of 37 m

d. Cross sections are both 500 m wide and have a rectangular shape

Save the cross section file.

Instead of Steady State initial conditions, use Parameter file with Initial Depth = 0.5 m

globally and local depth in the flood plain branch of 0 m (‘empty branch initially). This

is set in the HD11 file. Save the HD11 file.

10. The time step must be reduced slightly (to 5 minutes) in order to overcome initial
‘noise’ in the simulation due to the relatively ‘coarse’ initial conditions.

11. Run the simulation and evaluate if this flood plain branch has improved the flooding

conditions!?

© ®

If time permits, try to adjust the flood storage volume to improve the control of the flood
conditions locally.
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6 MIKE 11 Mapping

The purpose of the following tasks is to get acquainted with the mapping feature of MIKE
11 — found in the HD Parameter file. This feature allows you to generate 2D map outputs
from a 1D simulation.

6.1 Generate 2D Files from a MIKE 11 Simulation

1. Open one of the simulations created previously. You can start with the Sesupe_Base
setup for example. Before you start editing the files, rename them.

2. Open the HD Parameter File and go to the ‘Maps’ page.
- Activate the mapping function by enabling ‘Generate Maps’ tick box.

3. Define the parameters for the 2D grid file to be produced as an output from the
simulation.

One or more maps can be produced — if they are not too big! Too big means that memory
consumption must not exceed what is possible to allocate within Windows.

As an initial example you could try to insert the below listed definitions to see an example

of the map produced from this feature.

. Origin coordinates (X,Y): (450500, 6062000)

. Rotation : 0 (radians)

. Grid cell size (rectangular grids): 4 m

. Number of grid cells in j-direction (along X-axis): 1100

. Number of grid cells in k-direction (along Y-axis): 600

. File name: You define a file name. It MUST have the extension ‘.dfs2’

. For this initial attempt select the Maximum results of Water Depth throughout the
simulation period
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® Sesupe HD_Mapping®1 hdl1 =0 |E=0
Quasi Steady | Reachlengths | Add. Output | Flood Plain Resist. |  User Def. Marks
Groundwater Leakage I Mie. Coef. I W. L. Incr. - Curves I W. L. Incr. - Sand Bars
itisl | Wind | BedResist. | Bed Resist Toobox | Wave Approx | Defautt Values
Encroachment I Heat Balance I Stratification I Time Seres Cutput | Maps
Generate maps
Qutput
X Orig. Y Orig. | Rotatio| Grid Siz| J Cells n| K Cells Filename B
1 | 444000 6061600 0 10 (1200 700 CAWork\main' E] Max
i 1 | 3

[] Apply DEM input data for ground elevations
Input topography
Apply DEM data between river cross-sections
Map additional flooded areas using help grid from MIKE 11 GIS
Help grid

Save the HD11 file and select this in the Simulation file if not done already.

Run the simulation.

When the simulation is complete, a dfs2 file should have been produced with your
choice of result output included.

o ok

Grid files (dfs2 files) can be opened and investigated in the so-called ‘Grid Editor’ of MIKE
Zero.

Open the dfs2 file either by double-clicking on the file (opens a new instance of MIKE
Zero) or simply from ‘File -> Open -> *.dfs2’.

Dfs2 files can also be loaded into MIKE View as an added file to a MIKE 11 result file. Try

to open the result file from this simulation and add the dfs2 file produced to the view
through ‘File -> Add Dfs2’.
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6.2  Additional Mapping Tasks

Create additional 2D Map output files from your own selection (Location, Type of Output
etc.)

In particular, try to make a ‘Dynamic’ map of a result item.
Try and save a DEM output as well.

Investigate the map output files in MIKE Zero with the Grid Editor.
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7 Applying Rainfall-Runoff Input to River

Additional water from un-gauged tributaries and catchments along the Sesupe River can
be included by use of inflow from a Rainfall-Runoff calculation.

7.1  Simple RR Simulation (NAM Model Setup)

To illustrate this, make a simple NAM setup and run a NAM simulation for the entire
Sesupe river catchment.

1. Create a new RR parameter file.
2. Insert new catchment (NAM model). Name it Sesupe.
3. Input-parameters for the NAM simulation:
- Catchment area 4800 km?”
- In this exercise keep all variables equal to default values
- Rainfall time series: ‘Time series\Prec_Kybartai.dfs0’
- Evaporation time series: ‘Time series\Evap_corrected_summer.dfs0’
4.  Make a new simulation file for the RR/NAM simulation.
Activate the Rainfall Runoff simulation only and include the RR parameter file.
- Simulation time step: 12 hours
- Set the simulation period to default.
- Save daily results.

Run the simulation and investigate the results in MIKE View. Note that you get an
additional result file too.

7.2  Couple RR Input to River Model through Network File

7.2.1 Run HD and RR models in parallel

1.  Rename your RR simulation created before and change the model type to HD and
RR.

2. Use the network file with weirs ‘Sesupe_Weirs’ as input for the network. Rename it
before end.

3. Open the network file

4. In the network file, distribute inflow from the Rainfall-Runoff simulation at the
following reaches:
- Sesupe ch. 0 — 58750 m (estimated sub-area: 300 kmz)
- Sesupe ch. 58750 — 109200 m (estimated sub-area: 400 kmz)
- Sesupe ch. 109200 - 154075 m (estimated sub-area: 480 kmz)

To add the RR inflow to the river network, open the network tabular view and go to the
Runoff/groundwater links > Rainfall-runoff links.

5. Save the network file (with a different name). Add the other necessary files (xns11,
bnd11, hd11) and edit the simulation file so that the simulation parameters are the
same as ‘Sesupe_Weirs’ setup.

6. Run the simulation and compare results to previous simulations (without additional
catchment inflow).

With this setup, you are running the Rainfall Runoff model and the Hydrodynamic model
in parallel. It is also possible to run both models ‘decoupled’. The RR model is run before
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hand and the results of the RR simulation are used to run the HD simulation. You can try
this in the next step.

Use the results from a previous RR simulation for HD run

1.
2.
3

Rename your simulation file.

Under the Models tab of the simulation, deselect the box for Rainfall-Runoff.

Under the input page, at the bottom, browse for your RR results from the previous
run.

You can now launch the simulation. Only the HD model will be run, using inflow from
the results of the RR model. You can speed up your simulation time for large setups
in this way.

Additionally you can check that you get the same results as with the previous run.

RR Input as Boundary Condition to HD Model

You can also use the RR results as input boundary to the HD model, defined in the
boundary file. For that, the easiest is to change the extension of the res11 result file from
the RR simulation to dfs0O so that you get a time series that you can use in the Boundary

Editor.

1. Make a copy of the RR result file and rename it to dfs0.

2. Open the simulation file ‘Sesupe_Weirs’ and rename it. Also remember to rename
the result file.

3. Open the boundary file and rename it too. Load it in the simulation file.

4. Find the source inflow for the Jotija tributary and select the RR input. We want only
5% of the total input so you need to edit the time series so that only 5% of the total
discharge goes into the tributary.

5. Save the boundary file and run the simulation.

6. Verify that the results you get are as expected.
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8 Applying the Climate Change Tool to the Model

Since release 2011, MIKE Zero includes a Climate Change scenario modelling tool. This
tool can be used in combination with MIKE 11 setups in order to generate new MIKE 11
setups based on selected climate change emission scenarios.

The Climate Change tool is based on the CO2 emission scenarios developed by the
Intergovernmental Panel on Climate Change (IPCC).

In this exercise, you will apply an emission scenario to the HD-RR setup created in task
2.2 to generate a new scenario run for evaluating the impact of climate change on the
Sesupe River.

1.

ouhkwnN

In MIKE Zero, open a new Climate Change file (*.mzcc) from the MIKE Zero product
list.

Browse for the base model setup (HD-RR setup).

Select a folder where the new setup files should be saved.

Set the location of the model to Latitude 55 deg and Long 22 deg.

Under Climate Change Scenarios, add at least one climate change scenario.

For each scenario, select which Global Circulation model you would like to use (you
can choose more than one Global Circulation model); select a CO2 emission
scenario and finally specify the scenario year.

Click ‘Generate default delta change values’. Go to the following pages to check the
delta change values that will be applied to the input time series of your model. For
precipitation, a relative adjustment will be applied. For the air temperature, an
absolute adjustment is applied. For evaporation, a function is applied based on the
temperature. For the sea level, an absolute change is applied.

Generate the climate change scenario. In this step, new time series, boundary, RR
and simulation files are created for the climate change scenario.
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@ MzCCL - Modified == =]

MIKE Zero Climate Change
e \f" C\]}ma&e: g::g:‘flcenanos Climate models selection
Climate data | Sea level data
| select Al
Global ci ion model 5 -
1 BCMZ2 ]
2 CGHR
3 CGMR W L
4 CNCM3 ] 1
5 CSMK3 ]
(] ECHOG ]
o FGOALS ]
8 GFCM20 ]
9 GFCM21 ]
10 GlAOM ]
11 GIEH ]
CO2 emission scenario SRAIE -
Scenarios Year 2050
-
[ Generate default delta change values ] MIKE Zero u
I Generate dimate change scenario \
[ Open dimate change model setup fie ] -i 4 I; Completed successfully.

[4[ <[ » ]+ validation f Simulation /

9. Open the new climate change model and observe the updated time series, RR and
boundary files. When ready, run the simulation.

10. Create as many scenarios as you like and compare then results in MIKE View to
evaluate the impact of climate change on the Sesupe River.
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9

9.1

Advection-Dispersion Simulations

Advection-Dispersion parameters

In this section, you will include the computation of advection and dispersion of two
components all along the river Sesupe.

First of all, create a copy of the ‘Base_Simulation’ folder, and rename it ‘Advection-
Dispersion’. Then create a new Advection-Dispersion file for MIKE 11. Save it in the
‘Advection-Dispersion’ folder, and give it a meaningful name.

In the first tab, define two components. You can for instance call them ‘Pollutant1’ and
‘Pollutant2’. Define their units in g/m®, and a normal type.

-

@ Sesupe dispersion.adll - Modified [=o][=][e=]

Componerts | Dispersion | Init.Cond. I Decay | Cohesive ST | Sediment Layers I Additional outputl

Components
Component Units Type
1 POLLUTANTL g/m3 Mormal
2 POLLUTAMNT2 g/m3 Mormal

In the Dispersion tab, you will then define the dispersion parameters. Set the Dispersion
factor to 15. Set the exponent to 0, which means that the dispersion coefficient will be
constant (refer to the F1 help to get more information). Hence, you don’t need to change
the minimum and maximum dispersion coefficient.

In the Init. Cond. tab, you will define the initial concentrations along the river. Apply a
constant initial concentration of 0 for ‘Pollutant2’. For ‘Pollutant1’, we’ll apply a varying
initial concentration, with a linear interpolation between 25 g/m3 at chainage 0 m and 35
g/m3 at chainage 270500 m.
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- Sesupe_dispersion.adll - Modified

(=@ =]

| Components | Dispersion | Init.Cond. | Decay I Cohesive 5T | Sediment Layers | Additional m.ltpt.rl|

Intial condtions

Component Concentration Global River Name Chainage
1 POLLUTANTZ2 0.000000 §v SESUPE
POLLUTANTL 25.000000 SESUPE 0.000000
3 POLLUTANTL 35.000000 SESUPE 270500,000000
Initial condttions - Stratification
Component| Conc.S Conc. 2 Conc. 3 Conc. B k2 k3
1 | Undefined 0 0 0 0 0 0

In the Decay tab, we want to apply a global decay of 0.5 h™* for ‘Pollutant2’, and no decay

for ‘Pollutant1’.

@ Sesupe_dispersion.adll - Medified

[= @[]

| Components | Dispersion I Init.Cond. | Decay |Coh&5ive ST | Sediment Layers I Additional outputl

4 L

Decay constants
Component DECE:_;OI‘ISI Global River Name
1 POLLUTANTZ 0.500000 v
POLLUTANTL 0.000000 B

Leave the Cohesive ST and Sediment Layers tabs unchanged. These tabs are only used
when the component type is set to Single Layer Cohesive or Multiple Layer Cohesive,
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9.2

instead of Normal in the first tab. In such cases the component represents cohesive
sediments, carried over as suspended matter, and the Cohesive ST and Sediment Layers
tabs may be used to include deposition and erosion in the calculation.

In the Additional output tab, select additional items you want to save in the result file. Here
we will select Grid Mass, which will provide the instantaneous mass in each calculation
point.

-

@ Sesupe_dispersion.adll [= ==

| Componerts | Dispersion | Init.Cond. | Decay | Cohesive ST | Sediment Layers | Additional output

Tatal Grid
Total Accumulated Grid Accumulated

Mass O O O
Mass balance [l [l [l [l
1. order decay [ [ ] ]
Mass in branches [} [}
Transport, total [l [l
Dispersive transport [l [l
Convective transport [l [l

Define boundary conditions for pollutants

We now need to edit boundary conditions, in order to specify which concentrations enter
the model domain.

At the upstream boundary, we want to apply a constant concentration of 25 g/m3 for
‘Pollutant1’, and 0 for ‘Pollutant2’. Hence, tick the ‘Include AD boundaries’ option for the
upstream open boundary. Then use the TS-defined mode in the AD boundaries column,
in order to manually define the concentrations. Finally, set the concentration values for
both components in the lower table.
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® Sesupe_base_boundary.bndll
Boundary Description Boundary Type Branch Name | Chainage | Chainage | Gate ID | Boundary ID
Open Inflow Sesupe 0 0
2 Open Q-h Sesupe 270500 0
3 Point Source Inflow Sesupe 55000 0
4 Point Source Inflow Sesupe 208900 0
5 Point Source Inflow Sesupe 25800 0
6 Point Source Inflow Sesupe 177900 0
7 Point Source Inflow Sesupe 192800 0
[¥]Include HD calculation
[¥]Include AD boundaries
Data Type | TS Type File / Value T5 Info | AD boundaries | K-mix
1 Discharge: | TS Fil .A\External Data\Ti [..J[Edit]| Polish B | TS-defined 0
Component Nu|  Data Type TS Type File / Value TS Info Scale Factor
1 1 Concentratio | Constant 25 1
2 2 Concentratio | Constant a 1

For the downstream open boundary, simply do the same changes. Note that the applied
concentrations for this boundary will only be used during the simulation if the water comes
into the domain from this boundary, meaning that the water would flow from downstream
towards upstream. In this example, this won’t appear and thus you can apply any
concentration values you want.

We won’t add any pollutant sources as point sources or distributed sources in this case.

9.3  Run the simulation
The last step is to edit the Simulation file. In the first tab, activate the Advection-

Dispersion module, and browse to the Advection-Dispersion parameter file on the second
tab.
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-

@ Sesupe_basesimll [=][@ =]

Models | Imput ISimuIation I Results I Start |

Models

Hydrodynamic [~] Encroachment
Advection-Dispersion

[ Sediment transpart

[C]ECOLab

[T Rainfall-Runcff

[ Flood Forecast

[ Data assimilation

ice

Simulation Mode

@ Unsteady

() Quasi steady QS5 default

In the Results tab, specify a name for the Advection-Dispersion result file.

Then start the simulation. Decrease the simulation time step if you get a warning
concerning the Courant Number.

Finally, open both result files, containing default and additional items. Analyse these
results by plotting time series as well as longitudinal profiles.
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10  Water Quality Simulations (ECOLAB)

In this exercise we will make Water Quality simulations using the ‘Sesupe_Base’ river
model setup previously prepared.

Time step used for the following WQ simulations should be 2.5 minutes.
Saving frequency can be set to 24 time steps (= every hour)

Simulation period: 1/7-1997 — 1/9-1997

10.1 Constant Boundary Simulation — Excluding Processes

Create a new WQ parameter file (= Ecolabl1 file).

Load WQ Level 1 Template (simplest BOD/DO relation template).

Disable processes.

Create a new AD11 file with ‘dummy’ component (required in order to make WQ-
simulation!).

5. Update Boundary conditions:

a. Inflow (ch. 0 m)

PowpbpE

- DO =10 mg/l.
- Temp=15°C and
- BOD=1mgl

b.  Outflow (ch 270500 m)
- Open Transport Boundary
- Conc for all components = 0 mg/I
- Temp=15°C
6. Run the simulation.
7.  Open the results in MIKE View and check if they are as expected.

10.2 Constant Boundary Simulation — Including Processes

Use the same simulation characteristics as described in exercise above.

But now, we will run with Processes Activated instead. Therefore, activate processes in
the ECOLab file.

Run the simulation (ideally, make a new sim11 file and a new ECOLab11 file)
Load the results and compare to previous simulation.

Any differences?

10.3 Time Series Varying Inflow Boundary — Excluding Processes

Use the ECOLab11 file with Processes disabled.

Adjust the boundary conditions such that time series varying data are used at the inflow
boundary.
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The time series file ‘WQ-Exercise-Data.dfs0’ should be used.

Select the appropriate Items for each of the 3 components in the WQ simulation.
The outflow boundary is kept unchanged.

Save the boundary file with a different name.

Include this boundary file in the simulation file and save the sim11 file with a different
name.

Run the simulation.

Open the results in MIKE View and check if the results are as expected.

10.4 Time Series Varying Inflow Boundary — Including Processes

Use the same simulation characteristics as described in exercise above, but now Activate
processes.

Run the simulation (ideally, make new sim11 file and new ECOLab11 file)

Load the results and compare to the previous simulation. Any differences?

10.5 Time Series Varying Inflow Boundary & Point Source — Including
Processes

Use the same simulation characteristics as described in the exercise above.
Open the boundary file.
Add a point source at location Sesupe 116500 m.

The point source is defined by a discharge time series using the file ‘Tributary-
Inflows.dfs0’ and choosing the TS item named ‘Kirsna_outflow_sim’.

A constant concentration should be defined at this point source (to represent a kind of
background concentration from tributary). BOD point source = 20 mg/I.

Save the boundary file with a different name.

Run the simulation with the new boundary file (ideally, make new sim11 file and new
ECOLabl11 file).

Load the results and compare to previous simulation.

Any differences?
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11  Sediment Transport Modelling

To be included ©
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