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Getting started DHI )

1 Exercise 1: Modelling E.coli bacteria

Getting started

1. Locate the example folder:
Explore the folder C:\Program Files (x86)\DHI.... and look for .. \MIKE
Zero\Examples\MIKE_21\FlowModel FM\HD\Oresund\Calibration_2

2. Open the file: oresund.m21fm

3. Save the file into a working folder and change the name of the setup file.
Template selection

4. In module selection, include ECO Lab.

5. In the model definition you open the ‘From file ...” menu.

® oresund_bacteria.m21fm - Modified EI@
z+- MIKE 21 Flow Model FM
Y Do [Model Definition
o Time
i of Module Selection Template Selection
& Hydrodynamic Module [me == v]
El- % ECO Lab / Oilspill Module
----- ® Model Definition E]
Dispersion
o Outputs Summary
0 State Variables 0 Auxiliary
0 Constants 0 Processes
0 Fordngs 0 Derived
0 Classes

Solution Parameters

Integration Euler -

Update Frequency 1

Model Definition: None or Invalid Model Definition File

L] nnm Varulatinn,v{‘ Simulation f‘
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Template selection

6. Choose the DHI Enterococci and E.coli model.

® oresund_bacteria.m21fm - Modified

i o Hydrodynamic Module
B 11 ECO Lab / Cilspil Module
----- ¥ Model Definition

----- State Variables

----- Solution technique
----- Constants

----- Forcings

- o Dispersion

----- Sources

[ Initial Conditions

- o Boundary Conditions
----- Outputs

Template Selection

[ DH Enterococd and E. coli Model

| C:'Program Files (x85)\DHI20 14\MIKE Zero'l,TempIates\,ECOLab'l,El||:|

Summary

2 State Variables

9 Constants

& Fordngs

0 Classes

Solution Parameters

5 Auxiliary

2 Processes

0 Derived

Integration Euler

Update Frequency

[4 [ 4] » [ ¢t validation # Simulation

/

7.  Set the update frequency to 5.
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State Variables, Solution Technique and Constants

State Variables, Solution Technique and Constants

8. For this exercise you do not change anything in the menus: State Variables, Solution
Technique and Constants.

Forcings

DA

9. Inthe ‘Forcing menu you include the constants as stated in the power point.

® oresund_bacteria.m21fm - Modified

folie =)

- MIKE 21 Flow Madel FM

o of Domain

- of Time

- of Module Selection

@ of Hydrodynamic Module
B 1 ECO Lab / Oispill Module
i of Model Definition

o State Varables

o Solution technique

Initial Condtions
: Boundary Condtions
o Outputs

No. Description Type Value File Name
1 | T, Temperature Constant 20 | degrees C
2 | s, sainty Constant 15 [ psu
3 | lo, Surface solar irradiation Constant 500 | Wim2
4 | SD, Secchi depth Constant 2(m
5 | depth, Total water depth Buit-in
6 | dz, Water depth actual layer Built-in

4[4[ F[] validation £ Smulaton /7
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Dispersion

Dispersion

10. For the Dispersion you include ‘Scaled Eddy Viscosity Formulation’ and keep the
constant value at 1.

-~ MIKE 21 Flow Model FM

+ Domain

o Time

# Module Selection

«f Hydrodynamic Module
ECO Lab / Qilspil Module

- f Model Defintion
o State Variables

- o Solution technique

- of Constarts

- of Forcings

) —m—

Newgason [

Formulation [Sﬁﬂed eddy viscosity formulation

Scaled eddy viscosity formulation

Format [constant

Constant value 1

« Dispersion Data File and item | ||Se|ect |
 Horizortal Dispers... | Ttem: || View ... | 3
Y
o of E Col
2 Sources
- o Inial Ccndmons” Dispersion coeffident formulation
- 11 Boundary Conditions
0 Qutputs Format | Constant -
Constant value [mzfs]
[Data file and item | ||Select |
| Ttem: || View ... | =

[ [ 4] »[» T validation f_Simulation
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Sources specification DH I

Sources specification

11. For the sources you first need to include one source in the ‘Hydrodynamic section’ —
open the hydrodynamic module and enter the ‘Source’ folder.

oresund_bacteria.m21fm - Modified = B>
- MIKE 21 Flow Model FM -
o O A
o o Time
- of Module Selection Geographic View | List View
= o Hydrodynamic Module
) ) [m]
- o Solution Technique
— o Depth 6220000 4
- of Flood and Dry L
—_ Density =
o Eddy Viscosity £200000
- of Bed Resistance Bathymetry [ml
~ f Coriolis Forcing B ~bove O
- s Wind Forcing 6180000 1 B s-
o lce Coverage B -10- 5
- o Tidal Potential % -15--10
- of Precipitation - Evapor -20--15
« Wave Radiation 6160000 19 L] 25-20
c
Y =
@ o Stuctures B 40--35
o Initial Conditions FELIEDG B Beiow 40
- o Boundary Conditio [ undefined Value
i j gfﬂc":f’"”g 322584 378134
puts -
== ECO Lab / Qilspill Mod... fmi
<l lII > () Zoomin (C) Zoom out () Recenter
— I

{4 ¥ ], validation 4 Simuation 7

12. Zoom in to a coastal area and double click where you would like to include the
source.

oresund_bacteria.m21fm - Medified

- MIKE 21 Flow Model FM -
oo |
o of Time
- of Module Selection Geographic View | List View
= o Hydrodynamic Module m
- of Solution Technique
o Depth
- o Flood and Dry L 5125000 3
- of Density =
- of Eddy Viscosity
j g:d ?BSFiS(E!"ICE Bathymetry [m]
riolis Forcing 3 Bl ~oove O
- o Wind Forcing FERELY B =
-~ of lce Coverage B -10- s
o Tidal Potential [ 1 -15--10
- of Precipitation - Evapor L] -ZE --15
~ o Wave Radiation 6175000 7 L | 2s--20
] -30--25
- of Sources | -
-35--30
[ of Structures B -5
o Initial Conditions Bl Beow 40
(- of Boundary Condttia... 6170000 [ undefined Value
Decouping 343217 359088
m- o Outputs Iml
(= o ECO Lab / Oilspill Mod... ~
1 lII [ @ Zoomin () Zoom out () Recenter
Mavigation I

4[] F[ ], validation 4 simuation [

© DHI - ECO Lab Exercise 1: Modelling E.coli bacteria 5



Sources specification

-

® oresund_bacteria.m21fm - Modified

- MIKE 21 Flow Model FM o

- of Domain ¥
o Tme

~ o Module Selection

Geographic View | List View

= o Hydrodynamic Module

m
o Solution Technique tml

s Depth
‘\: E:::;”d Dry = 618 New Source
- of Eddy Viscosity
- o Bed Resistance Source name
- of Coriolis Forcing
61 Position

@ o Wind Forcing

- of lce Coverage
- of Tidal Potential
+ Precipitation - Evapor ¥ coordinate
o Wave Radiation 617!
. +f Sources f coordinate

[ of Structures

o Initial Condtions
- & Boundary Conditio...
- o Decoupling

@ o Outputs

Layer

JUR: IR W— '

Map projection [UTM—K%

WWTR|

349623.868923105

5182581, 20050069

(= 11 ECO Lab / Oilspill Med... =

4] <[ F[ ]} validation £ Smulation [

13. You now have a source, and the location is shown on the map.

----- MIKE 21 Flow Model FM -
- of Domain ¥
-~ of Time

o Module Selection

Geographic View | List View

B o Hydrodyriamic Module

+ Solution Technique [ml

..... o Depth

----- » Food and Dry

..... + Density

----- o Eddy Viscosity

----- # Bed Resistance

----- » Coriolis Forcing

@ o Wind Forcing

----- o lce Coverage

----- o Tidal Potential
« Precipitation - Evapor —

----- o Wave Radiation

- of Sources

[ of Structures

----- o Initial Conditions

(- o Boundary Conditio...

----- o Decoupling

@ o Outputs

= 1 ECO Lab / Cilspil Mod... -

6185000

m

61280000

6175000

@
&
|
=
[=)
=
[=]
1

343217

@ Zoom in

Bathymetry [m]
- Above 0
B s- o0
-10- -5
-15--10
-20--15
-25--20
-30--25
-35--30
-40--35
B Below 20
[ undefined Value

359088
m]

(7) Zoom out () Recenter

4[] F[+]4 validation { Smulaton
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Sources specification

14. Enter the list view, press the ‘go to’ button and include a discharge as listed in the
power point.

- MIKE 21 Flow Model FM ~
¥ o ||
o Time Location
- of Module Selection o
= o Hydodynamic Module Map projection [I‘J-J-M'E3 ']
j g::::n Technique Type of vertical location |Layer number - |
j Eoo:ﬂ:nd Dry = Essting:  349523.863923105 [m] Northing: 5182581.20050069 [m]  Layer no:
en
- of Eddy Viscosity
 Bed Resistance Source type | Simple source - Connected source :]
- of Coriolis Forcing
o Wi oo
- o lce Coverage
. of Tidsl Potential pata -
- o Precipitation - Evapor Discharge 4 [m3fs]
- of Wave Radiation U-velocity ljl[ml,'s]
= J S;Llrc‘ne":rrp w-velocity ljl[m,l’s]
& j IStm?g:sd Data file and items | ||5&|Ect... |
- of Initial Conditions
@ »f Boundary Conditio... Ttem: | View ... |
_— Decoupling Item:
- o Outputs = Ttem:
L F——

m

[ F >, validation  Smulaton 7

15. Close the ‘Hydrodynamic section’ and enter the ‘Source’ menu in the ECO Lab
section.

-~ MIKE 21 Flow Model FM
« Domain

o Time

o Module Selection

o Hydrodynamic Module

State variable | Value/ltern | Unit

ECO Lab / Oilspill Module

- o Mode! Definition Walue: 0

Enterococci 1100 ml

Goto...

E. Coli Value: 0 | 11100 ml

- of State Variabl

of Solution techrique
- o Constarts
- of Forcings
= f Disparsion
= o Horizortal Dispers

- o Sources
= o [iE
o Enterococci
i of E Coli
- 1 Intial Conditions
[E) Boundary Conditions
Cutputs

L) F——

==/

[ < ¥ » ], validation / simuiation [
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Sources specification

DA

16. Press the ‘Go to’ button and enter concentrations as listed in the power point.
300000 enterococci/100 ml and 1000000 E.coli/100 ml.

o Time

o Hydrodynamic Module
£ o ECO Lab / Oilspil Module
- of Model Definition

- o State Variables

Format

- of Constants
+f Farcings

= & Dispersion

- o Horizontal Dispers...
i f Enterococci
L. E.Coli

- o Sources

= of WWTP
oo
L. of E.Coli

[ Intial Conditions

E- Boundary Conditions

Outputs

i

L=/

- of Module Selection Type of variable [Speaﬁed concentration

- o Solution techniqus Constant value

o+ MIKE 21 Flow Model FM =
4 Do EEE——

Drata File and iberm

||Se|ect...|

|| View ... |

View location ...

m

[ F ], validation f Smalaton 7
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Initial Conditions and Boundary Conditions

Initial Conditions and Boundary Conditions

DA

17. Default values for the two bacteria are zero, why we do not need to change anything

in the menus for ‘Initial Conditions’ and ‘Boundary Conditions’.

Output specification

18. Enter the output menu and include two new outputs. Name them 2D and Point.

® oresund_bacteria.m21fm - Modified

[E=E Eoh X3

- MIKE 21 Flow Model FM

- of Domain

- of Time

- o Module Selection

- of Hydrodynamic Madule

.. 3 ECO Lab / Cilspil Module

- f Mode! Definition

- of State Variables

- & Salution technique

- o Constants

- & Forcings

= o Dispersion

= of Horizontal Dispers...
- of Enterococci
o of E.Col

= 0 Sources

[E3) Intial Conditions
- 11 Boundary Conditions
- Outputs

L F—

Outpu
1 No.

Hame

Include

20

|

Pninﬂ

|

[ New output | [Delete output

2D: File is not valid
Output 2: File is not valid

Ll -'\Validatinn;( Simulation /
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Output specification

19. Create a 2D output file and a similar time series output as shown in the figures

below.

oresund_bacteria.m21fm - Modified

=N SR

MIKE 21 Flow Model FM
- of Domain
- of Time
- of Module Selection

+f Hydrodynamic Module
X

ot peccaton |ouputitens

m

ECO Lab / Oispill Module B2
- of State Variables
- of Solution technique Output file 2D.dfsu
o Constarts Treatment of flood and [Driy real wet area V]
« Forcings
- o Dispersion
= & Horizortal Dispers Time step
First v} Last 7920 Frequency Sd
- o Sources
B of WWTP
o Enterococei
o E.Coli
[ Initial Condtions
[ Boundary Conditions Map projection | UTM-33 v] [ Import from file ... ]
= @ Outputs
o 2D
x Point Area series
ESEIa
Easting Northing Layer no. Hame
1 322028.77431 | 6127731.4885
2 322028.77431 | 6224518.3037
4 lII 4 3 378680.6147 | 6224518.3037
] Navigation I 4 ATRARA R147 | R177731 4AAA

Point: File is not valid

k] -\Vaﬁdaﬁnn.v{ Simulation f

oresund_bacteria.m21fm - Modified

5 [ mES

MIKE 21 Flow Model FM

o Hydrodynamic Module
ECO Lab / Cilspill Module

~ o Mode! Defirition

- of State Variables
«f Solution technique

~  Constarts

- of Forcings

£ f Disparsion

- of Horizortal Dispers

[ Initial Condtions
[ Boundary Conditions

vt pedtiatin [ouputtens

Data

rettoe uputfamat
Qutput file TS.dfs0
Treatment of flood and [Driy real wet area ']
Time step

First a Last 7920 Frequency 30
Map projection [UTM—SB ']

Interpolation [I.nterpolahed values ']
Point series

| Easting | Morthing | |
1 | 350000 | 5182000 | | Point 1

4[4[ F[ ], validation {4 simuation [
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Model execution 2\“\

Model execution

20. Run the model. If the model does not start running, please remove the output from
the ‘Hydrodynamic selection’ (the folder for the HD results might be ‘read only’).

Model results

21. When the model run is completed the model results can be viewed from the output
menu, by pressing the ‘view’ button.

® oresund_bacteriam21fm = |fE =]

MIKE 21 Flow Madel FM -
o Time
# Module Selection Outpu
4 o Hydrodynamic Module tNo.
= ECO Lab / Oilspill Mod... 1 20 | [ View.. J[Goto..
« Model Definition 2 Point (4 [ IWiew..! |[Goto..
o State Variables
o Solution technique
o Constants
+ Forcings
= & Dispersion
=~ o Horizontal Disper
o Enteroco..
o E.Coli
= Sources
= of WWTP
o Enteroco..
o E.Coli
&3 Initial Condtions
= Boundary Conditio...
= of Outputs o

4 T 3 MNew output ] IDeIebE output

Navigati
Memory Usage >

Peak memory usage (MB) 40.55

Name Include Results Edit

m,

Ferformance

Number of threads: 4

100 % 1993-12-13 00:00:00 Time step: 7920 27045 0 seconds

validaton 4 Simulation

22. The 2D results provide an overview of the transport and dilution of the bacteria
source, whereas the point series show the results over time. The variance in the
concentrations is governed by the current direction.

[m]
LI b - - PR, - - - - - - - - - - -~ - - -~ &~~~ == === oo -
6184000 | Ruat e et
6182000 J==7=7mmmmmmsmmnaaa s peessseasazaaas
180000 § -4
178000  =====7mn=mnmmmmeeseeees :
176000 === --3-==mmmmmmm=oo e R
g Ent, Enterococei [11100 m])
BATAD00 o F s e I “bove 250
H I 440- 280
: i [ 400-440
172000 =+ ndrmseean s [ 380- 400
g [ 320-360
g % 280 - 320
6170000 -----5--=-------x - - L - S R S 240- 280
i B 200-240
B 160-200
1 e E— @4 A [ 120- 180
6163000 1 i B e
Bl <0- 80
p B o«
6166000 P
Bl =0--0
I Beiov 80
6164000 ; H—— N ik Undefined Value
340000 345000 350000 355000 360000 365000 370000 375000 380000
Im]

02-12-1993 20:00:00 Time Step 20 of 264.
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DA

Model results
Paint Time 1:Point 1: Ent, Enterococdi [| ~
T H * [1] 02-12-1993 00:00:00 0
] "ﬁr—‘mnﬂ Ent, E_memcnccl WTEIU mi] 1 02-12-1993 01:00:00 218374 |-
1600 - ==ge==point T ECON E Cofl 171007 3 [02-12-1093 02:00:00 243532 |
1500 - ,,,,,,,,,,,,,,,,,,,,, 3 02-12-1993 03:00:00 142997
| 4 02-12-1993 04:00:00 114331
1400 3 5 |02-12-1993 05:00:00 111.361
6 02-12-1993 06:00:00 119.668
1300 4 7 02-12-1993 07:00:00 119.088
8 02-12-1993 08:00:00 126.029
1200 7 9 02-12-1993 09:00:00 11733
10 02-12-1993 10:00:00 104118
1100 4 11 |02-12-199311:00:00 97.198
12 02-12-1993 12:00:00 87.468
1000 7 13 [02-12-1993 13:0000 82.2505
900 - 14 02-12-1993 14:00:00 79.27115
15 02-12-1993 15:00:00 83.0601
200 3 16 02-12-1993 16:00:00 98.5575
17 02-12-1993 17:00:00 123231
700 4 18 02-12-1993 18:00:00 175.008
19 02-12-1993 19:00:00 256.768
600 4 20 02-12-1993 20:00:00 403.299
21 02-12-1993 21:00:00 617.353
500 7 22 02-12-1993 22:00:00 752.769
23 02-12-1993 23:00:00 789.978
400 3 24| 03-12-1993 00:00:00 727124
25 03-12-1993 01:00:00 662.701
3004 26 |03-12-1993 02:00:00 615,383
200 Yy 27 03-12-1993 03:00:00 597.831
28 03-12-1993 04:00:00 609.505
100 3- e 23 03-12-1993 05:00:00 636.789
30 03-12-1993 06:00:00 664.524
0 : : ; : : 31 |03-12-1993 07:00:00 683.063
00:00 00:00 00:00 00:00 00:00 00:00 32 03-12-1993 08:00:00 70034 -
1993-12-02 12-04 12-06 12-08 12-10 1212 < ]
23. Applying the statistics from the ‘tool’ menu you can calculate the average
concentration from the two bacteria: Enterococci and E.coli. For the example
provided the average of the two are 379 enterococci/100 ml and 876 E.coli/100 ml.
24. Now try to change the Secchi depth in the ‘Forcing’ menu from 2 m to 5 m. Save the
setup in a new name and repeat the model run.
25. The statistics from the model results now show 277 enterococci/100 ml and 575
E.coli/100 ml. Similar tests can be executed by changing temperature, salinity etc.
26. As stated in the power point, you can also try to do the same exercise by applying a

3D model setup. In this case include the source in the surface layer, but keep the

remaining constants as in this 2D example.
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