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PLEASE NOTE

A

This document refers to proprietary computer software which is pro-
tected by copyright. All rights are reserved. Copying or other repro-
duction of this manual or the related programs is prohibited without
prior written consent of DHI. For details please refer to your 'DHI
Software Licence Agreement'.

The liability of DHI is limited as specified in Section Il of your 'DHI
Software Licence Agreement":

'IN NO EVENT SHALL DHI OR ITS REPRESENTATIVES
(AGENTS AND SUPPLIERS) BE LIABLE FOR ANY DAMAGES
WHATSOEVER INCLUDING, WITHOUT LIMITATION, SPECIAL,
INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES OR
DAMAGES FOR LOSS OF BUSINESS PROFITS OR SAVINGS,
BUSINESS INTERRUPTION, LOSS OF BUSINESS INFORMA-
TION OR OTHER PECUNIARY LOSS ARISING OUT OF THE
USE OF OR THE INABILITY TO USE THIS DHI SOFTWARE
PRODUCT, EVEN IF DHI HAS BEEN ADVISED OF THE POSSI-
BILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY
TO CLAIMS OF PERSONAL INJURY TO THE EXTENT PERMIT-
TED BY LAW. SOME COUNTRIES OR STATES DO NOT ALLOW
THE EXCLUSION OR LIMITATION OF LIABILITY FOR CONSE-
QUENTIAL, SPECIAL, INDIRECT, INCIDENTAL DAMAGES AND,
ACCORDINGLY, SOME PORTIONS OF THESE LIMITATIONS
MAY NOT APPLY TO YOU. BY YOUR OPENING OF THIS
SEALED PACKAGE OR INSTALLING OR USING THE SOFT-
WARE, YOU HAVE ACCEPTED THAT THE ABOVE LIMITATIONS
OR THE MAXIMUM LEGALLY APPLICABLE SUBSET OF THESE
LIMITATIONS APPLY TO YOUR PURCHASE OF THIS SOFT-
WARE.'
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Purpose ;

1 About This Guide

1.1 Purpose

The main purpose of this User Guide is to get you started in the use of MIKE
3 Flow Model ECO Lab Module, for applications involving ecological model-
ling. This User Guide is complemented by the Online Help.

1.2  Assumed User Background

Although the MIKE 3 Flow Model ECO Lab Module has been designed care-
fully with emphasis on a logical and user-friendly interface, and although the
User Guide and Online Help contains modelling procedures and reference
material, common sense is always needed in any practical application.

In this case, "common sense" means a background in ecological modelling,
which is sufficient for you to be able to check whether the results are reason-
able or not. Proper use of this Module requires knowledge about biological,
and chemical processes in the water environment at a level of environmen-
tally oriented engineers (civil engineer or chemical engineer) or model ori-
ented biologists. A cooperation between engineers and biologists is
recommended. It is assumed that you are familiar with the Hydrodynamic and
Advection-Dispersion modules of MIKE 3. This Guide is not intended as a
substitute for basic knowledge of the area in which you are working: environ-
mental modelling of aquatic systems.

Advanced users might want to create their own MIKE ECO Lab templates.
How to do this is explained in the MIKE ECO Lab User Guide.

The expert in WATER ENVIRONMENTS 9
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A

Introduction

MIKE ECO Lab is a numerical lab for Ecological Modelling. It is an open and
generic tool for customising Aquatic Ecosystem models to describe water
quality, eutrophication, heavy metals and ecology. The module is mostly used
for modelling water quality as part of an Environmental Impact Assessment
(EIA) of different human activities, but the tool is also applied in aquaculture
for e.g optimisation the production of fish, seagrasses and mussels. Another
use is in online forecasts of water quality.

The need for tailor made ecosystem descriptions are big, because ecosys-
tems vary. The strength of this tool is the easy modification and implementa-
tion of mathematical descriptions of ecosystems into the hydrodynamic
engines of DHI.

The user can use Predefined MIKE ECO Lab Templates or can choose to
develop own model concepts. The module can describe dissolved sub-
stances, particulate matter of dead or living material, living biological organ-
isms and other components (all referred to as state variables in this context).

The module is developed to describe chemical, biological, ecological pro-
cesses and interactions between state variables and also the physical pro-
cess of sedimentation of components can be described. State variables
included in MIKE ECO Lab can either be transported by advection-dispersion
processes based on hydrodynamics, or have a more fixed nature (e.g. rooted
vegetation).
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Getting started

If MIKE ECO Lab is specified under Basic Parameters | Module Selection in a
MIKE 3 Flow Model setup, then the MIKE ECO Lab dialogs will start.

In the Model Definition (Figure 3.1) dialog a MIKE ECO Lab template must be
specified (.ecolab file). A MIKE ECO Lab template contains mathematical
equations describing an aquatic ecosystem. The user has the option of using
either:

1. one of the predefined DHI MIKE ECO Lab templates

or

2. other MIKE ECO Lab template. Choose ‘From file...’

Having selected the MIKE ECO Lab template a brief summary of the contents
is shown in the dialog.

Please note that every time a new template is selected, the specifications of
all the remaining MIKE ECO Lab dialogs are reset to default values.

The specification of the Solution Parameters includes selection of the Integra-
tion Method for the coupled ordinary differential equations defined in the
MIKE ECO Lab template. The following three integration method are availa-
ble:

1. Euler integration
2. Runge Kutta 4th order
3. Runge Kutta 5th order with quality check

Finally the Update Frequency has to be specified. This parameter, which has
to be an integer above zero, is defined such that:

timestep(ECOLab)= UpdateFrequency x timestep(AD)

The selection of the Time Step of the MIKE ECO Lab model, and hereby the
Update Frequency, has to be based on considerations of the time scales of
the processes involved. Please notice that this selection can be rather deci-
sive for the precision of the numerical solution as well as for the CPU time of
the simulation. A large Update Frequency will decrease the precision as well
as the CPU time. It is therefore advisable to perform a sensitivity analysis on
the Update Frequency before making the final selection.



14

Getting started

B e — =1olx|
T File Edt View Run Window Help == x|
DsH|rma/8tw|aae g
MIKE 3 Flow Model =
 Moduls Selection
o Eathymely ~ Model Selection
ﬁ :m:z'”; . [MIKE 21/3W0 Simple |
+ Source and Sink
¥ Flood and Dry [E:\Program Files\DHIMIKE Zero\T emplates'\E COLabW asimple.co J
o Turbulence Madel —
W Mass Budget
o Hydradpnamic Parameters 2 State Variables 9 Ausdiary Variables
= of Eﬁ” R i 13 Constanls 5 Processes
o State Varables E Forcings 0 Derived Outputs
o Initial Conditions
B o AD Transport Parameter:
+ Constants - Solution Parameter
o Forcings
o Results Integration Method [Euler =l
Update Frequency 4 finAD time steps)
[ R I
Navigation =l
AT ET*, vatidation
Ready 81971995 2:05:13 AM 165,995 + [Select Made [ w2

Figure 3.1

Dialog for choosing Model definition

A hot start means a continuation of a previous simulation. Initial conditions for
state variables will be copied from a socalled ‘Hot file’ generated in a previous
simulation. If a cold start is picked then the user must specify initial concen-

trations for all state variables. The hoffile can be specified in the dialog under
Basic Parameters | Bathymetry.

The State Variable dialog (figure 3.2) gives a short description of the state
variables included in the chosen MIKE ECO Lab template.
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Figure 3.2 Dialog for State Variables

In the Initial Conditions dialog (figure 3.3) initial concentrations for all state
variables must be specified. You must specify initial values within each com-
putational area. You can specify the initial values in one of two ways:

e As a constant value applied to all points in the area; or

« From a type 2/type 3 data file with values given at each grid point.
Whether a type 2 or a type 3 data has to be specified depends on the
spatial variation of the State Variable.

For hot-started simulations, the initial values are read from the hot-data
file(s), which are specified in the Basic Parameters section.
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Figure 3.3 Dialog for specifying Initial conditions

In the Boundary dialog (figure 3.4) boundary concentrations must be speci-
fied.

At each open boundary in the model you should specify the concentration of
each of the State Variables, which are transported by Advection-dispersion.

The concentration at the open boundary can be specified in four ways:
e As aconstant value;

o As atime series (type 0 data file), the instantaneous value of which will
be used at all grid points along the open boundary;

« From a type 1 data file where each horizontal grid point along the open
boundary is defined; or

o From a type 2 data file where all grid point along the open boundary are
defined.
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Figure 3.4 Dialog for specifying Boundary Concentrations
In the Dispersion dialog (figure 3.5) dispersion coefficients must be specified.

On this menu you specify the dispersion of each State Variable, which is
transported by Advection-dispersion. You should specify the dispersion pro-
portionality factors and set limits on the dispersion coefficients in all three
directions. You may select the dispersion to be proportional to the local Eddy
Viscosity, the local velocity or the local current speed (tensor dispersion).

A linear relationship is assumed between the dispersion of the components
and the eddy viscosity, the velocity or the current speed, respectively. Disper-
sion factors define this linear relationship. To control dispersion the various
parameters can be set differently for different model areas.

To control the dispersion, a lower and upper dispersion limit in each direction
must be specified. Hereby you can avoid unreasonable dispersion coeffi-
cients, which could make the computation unstable. If you want to use a con-
stant dispersion coefficient, simply set the maximum value equal to the
minimum value.

Remember that dispersion coefficients in a mathematical model are depend-
ent on the grid size and time step in addition to the physics.

See Reference Manual for details about specifying dispersions coefficients.
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Figure 3.5 Dialog for specifying Dispersion Coefficients

In the Source and Sink dialog (figure 3.6) Source and sink concentrations
must be specified.

For each State Variable, which is transported by Advection-dispersion, you
should specify the concentration in each defined source in the model.

You can either specify the source concentration as a constant value or read
and interpolate the concentration from a type 0 data file.

At one source you cannot mix the two different types. Also any possible data
file must have the same number of items as the number of State Variables,
which are transported by Advection-dispersion, in the simulation.

Notice that for sinks (negative discharge), the specified concentration is not
made use of, and, for connected source-sinks, the specified concentration
represents the excess concentration.

The total amount of mass discharged through a source is the concentration
multiplied with the hydrodynamic discharge.
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Figure 3.6 Dialog for specifying Source and Sink Concentrations

In the MIKE 3 ECO Lab Constants dialog (figure 3.7) the constants defined in
the MIKE ECO Lab template can be changed. The Constants are defined as
any input parameter (physical constant, numerical constant, coefficient, rate,
etc.) in the MIKE ECO Lab model, which is constant in time. The Constants
are essentially divided into two groups:

e Built-in Constants; and

e The user-specified Constants.

The built-in Constants are automatically provided by the model system during
execution, whereas the user-specified Constants have to be specified in the
present Dialog. Depending on the Spatial Variation of the Constant, as
defined in the MIKE ECO Lab model, it can be specified as a "Constant" or a
"Type 2 File" with one time step. In case a type 2 data file is allowed for, a file
for each model area can be specified.
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Figure 3.7 Dialog for specifying MIKE ECO Lab Constants

In the MIKE ECO Lab Forcings dialog (figure 3.8) the forcings defined in the
MIKE ECO Lab template can be changed. The Forcings are defined as any
input parameter (physical property, numerical property, rate, etc.) in the MIKE
ECO Lab model, which is varying in time. Examples of a Forcing are: Tem-
perature, solar radiation, water depth, and water layer height. The Forcings
are essentially divided into two groups:

e  The Built-in Forcings; and

e The user-specified Forcings.

The built-in Forcings are automatically provided by the model system during
execution, whereas the user-specified Forcings have to be specified in the
present Dialog. Depending on the Spatial Variation of the Forcing, as defined
in the MIKE ECO Lab model, it can be specified as a "Constant", as a "Type 0
File" or as a "Type 2 File". The data files have to cover the entire simulation
period. In case a type 2 data file is allowed for, it must match the spatial
extent of the main area.
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Figure 3.8 Dialog for specifying MIKE ECO Lab Forcings

In the Mass Budget dialog (figure 3.9) the user can specify mass budget files
to include in setup.

The Mass Budget facility provides the user with a possibility to establish the
mass budget of one or more State Variables within a certain area of the model
domain. The specification of a mass budget comprises two steps: Firstly the
area (or polygon) corresponding to the mass budget has to be defined and
secondly the mass budget contents and output file have to be defined. The
former is performed in the Basic Parameters Dialog whereas the latter is per-
formed in the MIKE ECO Lab Parameters Dialog.

At first the number of mass budget files is specified. A mass budget file con-
tains the mass budget of one or more State Variables. A mass budget of a
State Variable consists of time series of:

o Total mass within polygon;

e Accumulated mass transported over lateral limits of polygon;

e Accumulated mass added/removed by external sources/sinks within pol-
ygon (This item includes precipitation, dry deposition and any AD Solver
mass corrections.);

e Accumulated mass added/removed by MIKE ECO Lab processes such
as production or degradation within polygon; and

e Accumulated mass deviation (error) within polygon determined as the
difference between the mass change and the transported, added and
removed mass.
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This means that for every Standard vs nested MIKE ECO Lab module
selected, five items will be included in the corresponding mass budget file.

The mass budget file is thus defined by an associated polygon, information
on which time steps to store, file name and title, and selected State Variables.
Notice that the mass budget file is a Type 0 data file, since it contains simple
time series.

The units of the masses in the mass budget file are defined as the equivalent
of the unit of the corresponding State Variable multiplied by 106 m3 for State
Variables, which are transported by advection-dispersion, and 106 m2 for
fixed State Variables. This means that if the unit of the State Variable is [mg/l],
the mass unit will be [metric tons]. Similarly the State Variable unit [g/mZ2] cor-
responds to a mass unit of [metric tons].

Notice that it is not possible to specify any mass budget files before one or
more polygons have been specified under the Basic Parameters Dialog (see
Mass Budget in Reference Manual).
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Figure 3.9 Dialog for specifying MIKE 21 ECO Lab massbudget

In the Results dialog (figure 3.10) the user can specify what output to save in
a file.

On the Results menu you specify how many output data files you wish to
have produced from the simulation. You can then specify the contents of each
data file:

o First, specify the associated model area of the output file.
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o Specify the area to be included in the data file. By default the whole area
is chosen but, if you are only interested in part of the model area, you
could specify the area of interest only. The type of output data file(s)
depends on the selected output area: If you specify a grid point a type 0
data file will be generated, if you specify a grid line a type 1 data file will
be generated, etc.

o Specify the range of time steps to be saved and whether every time step
is to be included or only every second, third etc.

o Specify the output file name and location, and optionally a descriptive file
title.

o Finally, select the State Variables, and the Derived Output items and the
velocity components to be included in the output data file. Notice that the
additional output items are defined by the MIKE ECO Lab model (the
.ecolab file). Notice also that items, which have a spatial variation of hori-
zontal, cannot be included in an output data file with vertical (z-direction)

variation.
=
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Figure 3.10 Dialog for specifying MIKE ECO Lab Results
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Reference Manual

It is intended that you use this manual when you are making model applica-
tions of MIKE ECO Lab and need to know how various inputs, outputs, etc.
can be specified. Also often used terms in MIKE ECO Lab are explained.

All the entries listed below are included in the Reference Manual in alphabetic
order.

Additional output items

Auxiliary Variable

Blow-up

Boundary Conditions

Built-in Constants

Built-in Forcings

Built-in Functions

Calibration

Constant

Courant Number

CPU Time

Deposition Concentration

Derived Output

Disk Space

Dispersion Coefficients

Euler integration method
Eutrophication MIKE ECO Lab template
Evaporation Concentrations
Expression

Forcing

Heavy Metal MIKE ECO Lab template
Hot Data

Initial Concentrations

Mass Budget

Mathematical functions

Output Area

Precipitation Concentrations
Predefined MIKE ECO Lab Templates
Processes

Process Matrix

Process Type

References

Reserved words

Runge Kutta 4th order

Runge Kutta 5th order with quality check
Source and Sink

Semantic Rules

Spatial Variation

Standard vs nested MIKE ECO Lab module



Syntax rules of expressions
Temperature dependencies

Time Step

Transport

Units

Water Quality MIKE ECO Lab templates

4.1 Additional output items

When specifying results in MIKE ECO Lab applications it is possible to
choose state variables and additional output. The list of additional output is
specified in the MIKE ECO Lab template and can be:

1. Auxiliary variables
2. Processes

3. Derived output

4.2  Auxiliary Variable

Auxiliary variables are mostly arguments in mathematical expressions of Pro-
cesses in a MIKE ECO Lab template, but sometimes they are only used for
specifying results directly.

They are defined as mathematical expressions themselves with a sequence
of arguments and operators.

Arguments in a auxiliary variable expression could be state variables, con-
stants, forcings, numbers, or other auxiliary variables. The auxiliary variables
are calculated in the order they are defined in the MIKE ECO Lab model,
starting from top. So only auxiliary variables defined above the present auxil-
iary variable expression can be used as argument in auxiliary variable
expressions.

The idea is to split long process expressions (see processes) into subexpres-
sions under auxiliary variables, so that the process expressions become
more simple and easier to read. However, only the model developers imagi-
nation limits the possible use of auxiliary variables, because here you can
calculate intermediate results. Typical examples of auxiliary variables are
dimensionless factors that can be multiplied a process. The factors could for
instance be a factor for primary productions dependency of light, or a factor
for coliform bacteria’s decay dependency of temperature. The defined factor
is then used as argument under processes. Other uses of auxiliary variables
are to use them in other auxiliary variables. For instance an auxiliary variable
for estimating light in the water column can be used as argument in the auxil-
iary variable mentioned above for calculating a factor for primary productions
dependency of light.



4.3 Blow-up

Please inspect carefully the description in the log file.

4.4  Boundary Conditions

4.4.1 General description

Just as with the hydrodynamic set-up, the concentrations at the open bound-
aries are of great importance for advection-dispersion calculations. In the sit-
uation where the flow is out of the open boundary, the concentrations at the
boundary for all advective state variables are calculated automatically. When
the flow is running into the model the concentrations must be specified at the
boundary.

Because you very seldom are able to tell beforehand whether the flow is run-
ning out of the model, concentrations have to be specified at all time steps.
When the flow is directed out of the model, the internally calculated values
are used instead of the specified boundary values.

You can specify the boundary concentrations in one of the following ways:

e A constant value used throughout the whole simulation. The value is
applied at all points along the boundary.

o Atime series (type 0 data file) which automatically is interpolated to
match the simulation time step. Again the value at a time step is applied
at all points along the boundary.

o Atime series of line values (type 1 data file) which automatically is inter-
polated to match the simulation time step. The number of grid points in
the data file must match the number of horizontal grid points along the
open boundary, i.e. the boundary concentration will be vertically con-
stant. The file may be generated by several means, e.g.: using the type 1
data editor (ProfileEditor), using the MIKE 21 advection-dispersion
transfer data program with results from a previous MIKE 21 AD run, or
using the tools in the MIKE Zero Toolbox to extract line series from 2D
and 3D data.

e Atime series of values at a vertical section (type 2 data file) which auto-
matically is interpolated to match the simulation time step. The number of
grid points, both horizontally and vertically, in the data file must match the
number of grid points at the open boundary. There are several ways to
generate such a file of boundary values, e.g.: You may use the type 2
data editor (GridEditor) or the tool in the MIKE Zero Toolbox to extract
2D data from a type 3 data file.



442

4.5

4.6
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For all the different ways of specifying boundary values, it is necessary to
specify them for all open boundaries and for all components.

NOTE that the number and the position of open boundaries are given in the
Boundary dialog in the Basic Parameters Dialog Overview section in the User
Guide for the Hydrodynamic Module.

Normally you should, if possible, place the open boundaries away from both
the areas of interest and areas of influence. Doing this, the boundary concen-
trations can be given as the background concentration.

Built-in Constants

Itis possible in MIKE ECO Lab templates to refer to constants that are speci-
fied or calculated in the hydrodynamic engines of MIKE. The available built-in
constants are not the same in all the hydrodynamic engines. If it is specified
that it should be a built-in constant and it is not available in the engine, the
engine dialog will prompt as if the constant was user specified.

It is possible to choose from the following list of built-in constants:

1. Latitude. If available this built-in constant returns the latitude of the model
area.

2. Longitude. If available this built-in constant returns the longitude of the
model area.

3. Bed level. If available this built-in constant returns the altitude of the
model area.

4. AD time step (AD_DT). This built-in constant returns the time step in sec-
onds between every advection-dispersion calculation.

5. MIKE ECO Lab time step (WQ_DT).This built-in constant returns the
time step in seconds between every update by the MIKE ECO Lab mod-
ule

Built-in Forcings

It is possible in MIKE ECO Lab templates to refer to forcings that are speci-
fied or calculated in the hydrodynamic engines of MIKE. The available built-in
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forcings are not the same in all the DHI hydrodynamical engines. If it is spec-
ified that it should be a built-in forcing and it is not available in the engine, the
engine dialog will prompt as if the forcing was user specified.

It is possible to choose from the following list of built-in forcings:

1. Water layer height. This forcing returns the spatial distance between lay-
ers (in metres). In one layered grid systems the water depth will be
returned

2. Salinity. If available this forcing returns the salinity calculated in the
hydrodynamic setup

3. Temperature. If available this forcing returns the temperature calculated
in the hydrodynamic setup

4. Wind velocity. If available this forcing returns the wind velocity specified
in the hydrodynamic setup

5. Wind direction. If available this forcing returns the wind direction speci-
fied in the hydrodynamic setup

6. Water surface level. This forcing returns the water level calculated in the
hydrodynamic setup

7. Water depth. This forcing returns the water depth calculated in the hydro-
dynamic setup

8. Horizontal current speed. This forcing returns the horizontal current
speed in metres per second calculated in the hydrodynamic setup

9. Horizontal current direction. This forcing returns the horizontal current
direction in degrees calculated in the hydrodynamic setup

10. Vertical current speed. This forcing returns the vertical current speed in
metres per second calculated in the hydrodynamic setup

11. Water surface slope in flow direction. This forcing returns the slope of the
water surface (meter per metre) calculated in the hydrodynamic setup.
Under normal conditions positive values

12. Bed area of grid cell



13.

14.

15.

16.

17.

18.

Reference Manual

Flooded area of grid cell
Surface area of grid cell
Volume of grid cell
Horizontal grid cell flux
Vertical grid cell flux

Water density. If available in hydrodynamic simulation this forcing returns
a value for water density

4.7 Built-in Functions

It is possible in MIKE ECO Lab templates to choose from a database a num-
ber of predefined functions and use them in the expressions. The database
contains the following functions:

1.

30

Daynumber(Year,Month,Day). This function returns an integer between 1
and 365 representing the daynumber in year.

Arrhenius20(TemperatureCoefficient, Temperature). This function returns
a temperature dependency based on the following Arrhenius expression:

f(a,b) = a (P—20) (4.1)

Arrhenius5(TemperatureCoefficient, Temperature). This function returns a
temperature dependency based on the following Arrhenius expression:

(b-5)

f(a,b) = a 4.2)

Oxygensaturation(Salinity, Temperature). This function returns an esti-
mate of the saturated dissolved oxygen concentration in the water as
function of salinity and temperature:

(4.3)

fab)= { 14,650, 0841 - a+b(0, 00256 - a0, 41022 + b
(0,007991 -0, 0000374 - a— 0, 000077774 - b))
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11.

12.

13.
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OxygensaturationWeiss(Salinity, Temperature).This function returns an
estimate of the saturated dissolved oxygen concentration in water as
function of salinity and temperature. Suggested by Weiss.

f(salitemp) =( exp(-
173.4292+249.6339*(100/(temp+273.15))+143.3483*(log((temp+273.15)/100))-
21.8492*((temp+273.15)/100)+sali*(-0.033096+0.014259*((temp+273.15)/100)-
0.0017*pow((temp+273.15)/100,2)))/0.69997) (4.4)

Lassiter(LassiterConstant,GrowthRate, GrowthOptimumTemperature,
GrowthInhibitionTemperature, Temperature). This function returns a
dimensionless temperature dependency factor relevant for many biologi-
cal processes.

a(temp-c) d— tempa (d-0)

Lassiter(a, b, c,d,temp)= b -e 7 c (4.5)
MichaelisMenten1(Concentration,HalfsaturationConstant):
flab) = —2— 46
@b) =~ (46)
MichaelisMenten2(Concentration,Constant):
aZ

fa.b) = —

a+b 4.7)
ReverseMichaelisMenten(Concentration):
fla) = —— (4.8)

a+1

Sunrise(Year,Month,Day,Latitude,CorrectionForSummerTime)

Sunset (Year,Month,Day,Latitude,CorrectionForSummerTime)

LambertBeer1(SurfaceLight,LayerHeight,LightExtinctionCoefficient).
This function estimates the light penetration in water column based on
Lambert Beer expression. The light intensity in the top of each grid layer
is returned.

LambertBeer2(SurfaceLight,LayerHeight,LightExtinctionCoefficient)This
function estimates the light penetration in water column based on Lam-
bert Beer expression. The light intensity in the bottom of each grid layer



4.8

4.8.1

is returned.

14. RelativeDaylength(Month,Day,Latitude). Returns a value for relative day-
length. The value equals 1 at equinox (when day and night have same
length).

Calibration

By calibration of a MIKE ECO Lab setup in MIKE 11/21/3 ECO Lab) it is
attempted to find the best accordance between computed and observed state
variables (model components) by variation of a number of parameters.

Deviation between computed and observed state variables in MIKE ECO Lab
can be caused by a number of reasons. The most obvious are:

1. Inaccurate specification of concentrations at the model boundaries

2. Inaccurate specification of loadings to the ecosystem

3. Inaccurate initial concentrations

4. Inaccurate hydrodynamic setup

5. Limitations in the chosen MIKE ECO Lab process descriptions

6. Inaccurate calibration of coefficients in MIKE ECO Lab process equa-
tions

7. Wrong measurements

8. Instable numerical solution

The MIKE ECO Lab modeller should when calibrating a MIKE ECO Lab setup
have the above mentioned possible reasons for inaccuracy in the results in
mind, before changing parameters dramatically.

Calibrating coupled ordinary differential equations can be tricky, because of
the mutual dependency of the state variables. So if one state variable is cali-
brated to fit the observed values, maybe it will not fit so well after calibrating
other state variables in the ecosystem. Some dependencies are stronger
than others. Therefore it is advisable to calibrate the state variables with the
least dependencies to other state variables first.

For the DHI MIKE ECO Lab templates the following calibration order is sug-
gested:

EU Eutrophication template:

Recommended calibration order



Constant

Phytoplankton

Potential growth, shift diatoms-green algae
—  Sedimentation

Light extinction

Temperature dependency

Nutrients

Detritus sedimentation/decay

Sediment (denitrification/immobilisation)
Oxygen

Macrophytes

4.8.2 WQ Water Quality Templates:

4.9

Recommended calibration order

Constant

Constants are used as arguments in the mathematical expressions of pro-

BOD-DO relations

degradation rates
re-aeration
production/respiration
(nitrification)

Nutrients

— content BOD
— nitrification/denitrification
—  sorption processes

Coliforms

cesses in a MIKE ECO Lab template. They are constant in time, but can vary
in space. Typical examples of constants are different specific rate coefficients,
exponents, half-saturation concentrations and also universal constants such
as gas constant and atomic weights.

Hint: Some coefficients and transformation rates can be found in the litera-

ture, but many have not been documented in literature. So this possible lack

of information is wise to investigate, before defining a complex MIKE ECO

Lab model.
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410 Courant Number

4.10.1 General Description

The transport Courant (Peclet) number is defined as

_ Uat

4.9

where At is the time step, U the current speed in one direction and As the grid
spacing in the direction corresponding to U.

The transport Courant number actually expresses how many grid points the
given matter moves in one time step.

ﬁ Please Note: A more restrictive condition is that the Courant number based
on the flux, C,r , is less than 1. C, is defined for the horizontal directions as
C,y with U replaced by the quantity F/h, where F is the local horizontal flux
and h is the height of the considered grid cell. Often — but not always - C¢ is
nearly equal to C,, . Care should be taken in models with large gradients. If
criteria

CrF<1

is violated during a simulation, a warning is given in the log file.

4.10.2 Remarks and Hints

The final transport Courant number is calculated as the sum of the Courant
number in all three directions. This sum must theoretically be below 1.0. How-
ever, this criterion may in many cases be violated for shorter or longer peri-
ods during a simulation. In order to allow the execution to proceed, MIKE 3
automatically subdivides the time step used in the advection-dispersion
update into smaller parts as

Atyew = ﬁ (4.10)

This subdivision is permitted until Nop equals 15.
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411 CPU Time

4.11.1 Factors influencing the CPU time

The CPU time required by a hydrodynamic and MIKE ECO Lab simulation
depends on the size of your model, on the number of time steps in your simu-
lation, on the complexity of the used MIKE ECO Lab template, on the chosen
numerical solution method and on the general computational speed of your
computer.

If you wish to estimate how a change in your model specifications for the
hydrodynamic part changes the CPU time required without specifying the
model setup and doing a verification, please refer to your Hydrodynamic
Module, Reference Manual and Hydrodynamic Module, Examples manuals.

However, if you wish to estimate how changes in your MIKE ECO Lab set-up
changes the CPU time required, the following guidelines can be used:

o the CPU time varies linearly with the number of water points (or compu-
tational points) in the model.

o the CPU time also varies linearly with the number of time steps.

e The CPU time varies with the number of advective state variables and
MIKE ECO Lab equations to be solved. In addition to the MIKE ECO Lab
equations, the hydrodynamic mass and momentum equations are
solved. In stratified areas also equation(s) for salinity or/and temperature
variations are solved. Similarly, k and k-¢ turbulence formulations imply
extra equations to be solved

4.12 Deposition Concentration

4.12.1 General Description

Deposition of state variable concentrations is implemented as so-called dry
deposition. Dry deposition is as a source term in the advection-dispersion cal-
culation without a corresponding HD term. We distinguish between two differ-
ent types of dry deposition

e Surface Deposition, e.g. pollution from air.

o Soil Deposition, e.g. leaching from highly contaminated sea bed.

4.12.2 Surface Deposition

You may choose to include surface deposition in your AD simulation. If you
do so, you must also specify how the component concentrations should
change due to deposition through the water surface.
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You may specify the deposition rate (in units of the state variables unit times
cubic metres per second) as "Constant value", "Type 0 data file" or "Type 2
data file".

4.12.3 Soil Deposition

You may choose to include soil deposition in your AD simulation. If you do so,
you must also specify how the component concentrations should change due
to deposition from the seabed.

You may specify the deposition rate (in units of component's unit times cubic
metres per second) as "Constant value", "Type 0 data file" or "Type 2 data
file".

4.13 Derived Output

Derived output is additional output that the user can specify in MIKE ECO
Lab templates. They are usually results that are not given in the state varia-
bles directly, but as can be derived from the state variables or processes.

Derived output are described as mathematical expressions with a sequence
of arguments and operators. Arguments in a derived output expression could
be state variables, constants, forcings, auxiliary variables, numbers, or pro-
cesses. It is not possible to refer to derived output in other expressions.

Examples of derived output in a MIKE ECO Lab model could be Total N or
Secchi depth that both are not given directly through the state variables, but
can be derived from them. It shall be noted that the derived output is calcu-
lated after the state variables have been integrated, so identical expressions
including state variables as arguments, will not give the same result if calcu-
lated under auxiliary variables instead of under derived output.

4.14 Disk Space

4.14.1 General Description

The disk space required for your simulation mainly depends on the amount of
results that you request to be saved. During a simulation only a few other
files, in addition to the data files containing the results, are created.

4.14.2 System Generated Files

o A specification file in the pfs system (Parameter File Standard) contain-
ing the simulation specifications will be generated by the menu system.
This ASCII file will be placed in your present working directory and have
a file extension of M3. It will only take up approximately 2 Kbytes.
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e Alog file describing the model set-up, the statistics of the files used and
created during the simulation and a message for each time step com-
pleted will be generated by the computational module. The file extension
of this ASCII file, which will also be placed in your present working direc-
tory, is log and it will usually take up less than 1 Mbytes on the disk. It is
recommended always to carefully inspect the log file after termination,
abnormal or successful, of a simulation.

4.14.3 User Defined Output Files

The amount of data generated by a simulation is very large. Therefore you
should only save as much data as is needed for your further work. Neverthe-
less, very large files will often be generated.

If you wish to calculate the disk space required for a single output data file the
following formula can be used. The result is in bytes:

N, _.—Ng
4-NCPTS”.(NVAR. (Sast_fist 1 1) 1 NSKP) @.11)
frequency
' (Jlast Jirst 1 Kjast—Keirst T 1 Ljast—Liirst + 1) t-p
Jfrequency Kfrequency Lfrequency
+ NHEADER

where NVAR is the number of output variables, N denotes time steps, J
denotes points in the x-direction, K points in the y-direction and L points in the
z-direction. NCPTS is the number of computational (water) points in the out-
put domain. This number is normally not known prior to a simulation, but in
the Bathymetry dialog, the total number of computational (water) points per
time step can be seen. The power p is 1 for type 3 data files, and zero other-
wise. NSKP is the number prefix records in the data file and equals zero for
type 0 data files, 1 for type 1 and type 2 data files, and 5 for type 3 data files.

NHEADER is 1052 for files written in the older ctx/dtx format, and may vary
slightly from 1052 for files in the dfs (Data File Standard) system.

4.14.4 Remarks and Hints

Please note that MIKE 3 does not check whether or not you have enough free
disk space for your requested output files. If the required disk space is too
large, you should sub-divide your simulation period into smaller parts using
the "hot start" facility, see Hot data.
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4.15 Dispersion Coefficients

4.15.1 General Description

The transport equation for an advective state variable concentration c is for-

mulated as:
Dc 0 ( oc
=— = = |3 =+
; 8xj 8] ax) SS (4.12)

where SS is the source/sink term and g; is the dispersion coefficient in the j-
direction. You have three options:

e The dispersion can vary proportionally to the local effective eddy viscos-
ity with the factor of proportionality being 1/c+, the dispersion factor. o7 is
the Prandtl number. Values of o1 greater than one imply that diffusive
transport is weaker for the concentration ¢ than for momentum.

o The dispersion coefficients can be specified as being proportional to the
local velocity components in each grid direction, e.g. in the x-direction &,
is proportional |ul.

o The dispersion coefficients can vary proportionally to the local current
vector, i.e. there are separate dispersions in the longitudinal, the trans-
verse and the orthogonal directions.

4.15.2 Specifying Dispersion Factors

In the Dispersion dialog you choose the dispersion variation for each of the
state variables from the combo-box selection placed to the right of each state
variables name.

In the Dispersion dialog you also give the factor of proportionality. You must
also specify the dispersion limits, i.e. the limits within which the dispersion
coefficients are allowed to vary, for each grid direction: Defining the dimen-
sionless dispersion coefficient for direction j as

gAY
2
(As))

D; = (4.13)

where As; is the grid spacing in the j-direction, it is for stability required that
the sum of all three D; is less than 0.5.
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4.15.3 Recommended Values

A wide range of values for o1 occurs in the literature. In many cases a value
of 10 can be applied, corresponding to a dispersion factor of 0.1.

When the mixed Smagorinsky/k-¢ turbulence model is applied, the temporally
and spatially varying values of ot are calculated as an integrated part of the
turbulence model, and a dispersion factor of 1 is recommended.

4.15.4 Remarks and Hints

A constant dispersion coefficient may be obtained by entering a positive
value for the proportionality factor and setting all dispersion limits equal to the
desired value (in m2/s).

The above mentioned dispersion stability criterion often leads to a restriction,
which yields a small time step due to a very fine vertical resolution, see Time
Step (p. 56). Therefore, it might advantageous to select an implicit scheme
for the vertical dispersion. With an implicit dispersion scheme in the vertical
direction and an explicit scheme in the horizontal direction the above men-
tioned dispersion stability criterion is replaced by the less restrictive criteria

Dy+Dy <05

D, <10

4.16 Euler integration method

A very simple numerical solution method for solving ordinary differential
equations.

The formula for the Euler method is:

yn+l = yn+hf(xn9yn)

which advances a solution y from X, to X = X,+h

n+1 n

4.17 Eutrophication MIKE ECO Lab template

Predefined DHI supported MIKE ECO Lab template that is a model of
eutrophication processes in aquatic systems.

See scientific description of the EU template under manuals in the installa-
tion. The pdf file can be viewed directly from the MIKE ECO Lab template edi-
tor when the EU template is loaded.
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4.18 Evaporation Concentrations

When evaporation occurs or when the net-precipitation is negative, you need
to specify how the component concentrations should change due to evapora-
tion. There are two different ways to do this:

e You may choose the format "Ambient water" concentration, in which
case the concentration of the evaporated water mass is set equal to the
concentration of the ambient sea water.

e You may specify the value of the concentration in the evaporated water
mass through the formats "Constant value", "Type 0 data file" or "Type 2
data file".

If you have chosen the net-precipitation option, then the selected format for
"Evaporation concentrations" will be used when the specified net-precipita-
tion is negative. When the net-precipitation is positive, an precipitation con-
centration as specified under Precipitation Concentrations (p. 44) is applied.

4.19 Expression

Expressions must be specified for state variables, auxiliary variables, pro-
cesses, and derived output in the MIKE ECO Lab templates. An expression is
a sequence of arguments and operators.

The expressions must follow the Syntax rules of expressions and the Seman-
tic Rules.

4.20 Forcing

Forcings are used as arguments in the mathematical expressions of pro-
cesses in a MIKE ECO Lab template. They can vary in time and space. They
represent variables of an external nature that affect the ecosystem. Typical
examples of forcings are temperature, solar radiation and wind.

Hint: If many measurements are available of a state variable, it is possible to
temporarily replace it with a forcing. This way a specific process can be iso-
lated and calibrated with less uncertainty. After calibrating the process, the
forcing can be transformed back into a state variable again.

4.21 Heavy Metal MIKE ECO Lab template

Predefined DHI supported MIKE ECO Lab template that is a model for esti-
mating the spreading of heavy metals in aquatic systems.
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See scientific description of the ME template under manuals in the installa-
tion. The pdf file can be viewed directly from the MIKE ECO Lab GUI when
the ME template is loaded.

422 Hot Data

4.22.1 General Description

You can start your simulation either from scratch (a "cold start") or on the
basis of a previous simulation (a "hot start"). In the latter case you need to
save information about the simulation you wish to continue. These data are
called "hot data".

In addition to the information described in the Hot Data section in the HD Ref-
erence Manual the hot data includes all component concentrations.

4.22.2 Specifying the Hot Data

You specify that you wish to be able to continue the simulation you are about
to execute from the Hot Start dialog in the Hydrodynamic Parameters section.
In other words, you cannot specify separate hydrodynamic and MIKE ECO
Lab hot data.

You specify that you wish to do a simulation as a continuation of a previous
one by selecting Hot start in the Bathymetry dialog, and then writing the
name of the hot data created earlier.

4.23 Initial Concentrations

A description of the starting concentrations is required for all the MIKE ECO
Lab state variables in a simulation. There are 3 possibilities:

1. the starting concentrations can be set to a constant value used

2. the starting concentrations can be Read from Type 2 Data File if the
state variable has one of the 2D scopes: WS, WB, SED.

3. the starting concentrations can be Read from type 3 data file if the state
variable has the scope ‘WC’. A type 3 data file covering the model area
as defined through the bathymetry may be created from an xyzv-file
(ASCII file containing positions and values) with the Digitising tool in the
MIKE 3 Toolbox.
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4.24 Mass Budget

The mass budget facility provides the user with a possibility to establish the
mass budget of one or more state variables within a certain area of the model
domain. The specification of a mass budget comprises two steps: Firstly the
area (or polygon) corresponding to the mass budget has to be defined and
secondly the mass budget contents and output file have to be defined. The
former is performed in the Basic Parameters Dialog whereas the latter is per-
formed in the MIKE ECO Lab Parameters Dialog.

At first the number of mass budget files is specified. A mass budget file con-
tains the mass budget of one or more MIKE ECO Lab state variables. A mass
budget of a state variable consists of time series of:

e Mass within polygon
e Accumulated mass transported over lateral limits of polygon

e Accumulated mass added/removed by sources/sinks within polygon.
(This item also includes any AD Solver mass corrections.)

e Accumulated mass added/removed by MIKE ECO Lab processes

o Accumulated mass deviation (error) within polygon determined as the
difference between the mass change and the transported, added and
removed mass

o If the ‘Section transports’ switch is enabled in the Basic Parameters Dia-
log, one or more additional time series will be provided in the mass
budget. These correspond to the transports through each lateral section
of the mass budget polygon. Notice that the sum of the section trans-
ports equals the total transport over the lateral limits of the polygon

This means that for every state variable selected, five or more items will be
included in the corresponding mass budget file.

The mass budget file is thus defined by an associated polygon, information
on which time steps to store, file name and title, and selected model compo-
nents. Notice that the mass budget file is a Type 0 data file, since it contains
simple time series.

The units of the masses in the mass budget file are defined as the equivalent
of the unit of the corresponding state variable multiplied by 108 m3. This
means that if the unit of the state variable is mg/l, the mass unit will be 10°
mg, i.e. metric tons.

Notice that it is not possible to specify any mass budget files before one or
more polygons have been specified under the Basic Parameters Dialog:
Mass Budget.
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4.25 Mathematical functions

It is possible to use a number of mathematical functions in expressions in the
MIKE ECO Lab templates. Here is a list of the supported mathematical func-
tions:

The syntax below must be followed carefully with respect to capital letters
and number of arguments.
ABS(X)
ARCCOS(X)
ARCSIN(X)
ARCTAN(X)
ARCTAN2(X,Y)
COS(X)
COSH(X)
EXP(X)

LN(X)

10. LOG(X)

11. MAX(X,Y)

12. MIN(X,Y)

13. POW(X,Y)

14. SIN(X)

15. SINH(X)

16. SQR(X)

17. SQRT(X)

18. TAN(X)

19. TANH(X)

20. PI()
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4.26 Output Area

4.26.1 General Description

Computers are not yet so powerful that a simulation can be run each time a
plot of (say) the concentration field of one of the state variables is needed.
Therefore it is necessary to store the basic results from the simulations. On
the other hand, the amount of output produced by a single simulation is often
so large that it is necessary to limit the amount of output saved. You therefore
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have the option of saving multiple parts of output in the advection-dispersion
module.

4.26.2 Specifying the Output Area

In the M3 ECO Lab Result menu you specify how many output data files you
wish to have produced from the simulation. You can then specify the contents
of each data file by writing the number of the output area you wish to edit and
pressing return:

o First you specify the data file name and data title.

o Secondly you specify the area to be included in the data file. By default
the whole area is chosen but, if you are only interested in a part of the
model area, you could specify the area of interest only. The type of your
output data file(s) depends on the selected output area: If you specify a
grid point a type 0 data file will be generated, if you specify a grid line a
type 1 data file will be generated, etc.

¢ You specify the range of time steps to be saved and if every time step
should be included or only every second, third etc.

o Finally, you choose the desired output items. You may include the veloc-
ity components as well as any of the MIKE ECO Lab state variables and
additional MIKE ECO Lab output.

4.26.3 Remarks and Hints

One way of following the progression of your simulation is by following the
number of time steps written in your output data files (or one of them). In most
post-processing tasks you start by specifying the data name and after having
done so, you are presented with the description of the data. This description
includes the number of time steps already written and thus finished.

4.27 Precipitation Concentrations

4.27.1 General Description

In applications where the rainfall is important for the flow, you can include pre-
cipitation in your simulation. Precipitation is included into the simulation on
the Precipitation dialog under Hydrodynamic Parameters. You may describe
the precipitation either as a constant value or as a time series (type 0 data
file), which then is applied to the entire model area, or as a time series of
maps (type 2 data file) in which case each grid point is assigned its own
value. The precipitation rate is specified in mm/day. You can use the Time
Series Editor or the Grid Editor tool to create your precipitation data.
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You can also use the precipitation facility to include evaporation in your simu-
lation. This is simply done by specifying a negative precipitation. However, in
simulations with temperature variations the evaporation is calculated as part
of the latent heat flux if the heat exchange option is selected. Thus you
should be careful not to specify evaporation from both options.

4.27.2 Precipitation Concentrations

If your simulation includes precipitation, you need to specify how the advec-
tive state variable concentrations should change due to precipitation. There
are two different ways to do this:

e You may choose the format "Ambient water" concentration, in which
case the concentration of the precipitated water mass is set equal to the
concentration of the ambient sea water.

e You may specify the value of the concentration in the precipitated water
mass through the formats "Constant value", "Type 0 data file" or "Type 2
data file".

If you have chosen the net-precipitation option, then the selected format for
"Precipitation concentration" will be used when the specified net-precipitation
is positive. When the net-precipitation is negative, an evaporation concentra-
tion of value zero is applied.

4.27.3 Evaporation Concentrations

When evaporation occurs or when the net-precipitation is negative, the evap-
oration concentration is always zero.

4.28 Predefined MIKE ECO Lab Templates
DHI has a number of standard MIKE ECO Lab templates.

EU.ecolab: Eutrophication

ME.ecolab: Heavy metal

COLlI.ecolab: Coliform bacteria

WQSimple.ecolab: BOD-DO

WQNutrients.ecolab: BOD-DO, nutrients

WQlevel1.ecolab: BOD-DO (especially for MIKE 111!)
WQsimpleCOLl.ecolab: BOD-DO and Coliform bacteria
WQsimpleTandS.ecolab: BOD-DO and temperature and salinity

WQsimpleTandSCOLI.ecolab: BOD-DO, Coliform bacteria and tempera-
ture and salinity

© ® N o g bk wh=
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4.29 Processes

Processes are arguments in differential equations governing the state of the
state variables included in MIKE ECO Lab templates.

They are defined as mathematical expressions themselves with a sequence
of arguments and operators. Arguments in a process expression could be
state variables, constants, forcings, auxiliary variables, numbers, or other
processes. The processes are calculated in the order they are defined in the
MIKE ECO Lab model, starting from top. So only processes defined above
the present process expression can be used as argument in process expres-
sions. Examples of processes in a MIKE ECO Lab model could be degrada-
tion, death, or production of a state variable. All processes can be described
as rates i.e. they relate to time.

4.30 Process Matrix

4.31

A process matrix show the interaction between state variables and pro-
cesses. It is a simple way of getting an overview of all MIKE ECO Lab models
state variables and which processes affect them. All defined processes are
listed in rows and all state variables are listed in columns. Any interaction
between a state variable and a process is included by specifying a coefficient
at the appropriate place in the process matrix. A positive coefficient should be
specified if the process increases the state of the state variable, and a nega-
tive value if the influence of a process decreases the value of a state variable.
The process matrix of a template can be seen in the MIKE ECO Lab template
editor by choosing ‘Tools: Processmatrix’.

Process Type

The model developer has the following process types to choose from when
defining a process in a MIKE ECO Lab template:

1. Transformation. This is for instance in situ degradation, production, of
matter. This process type transforms matter at the spot, and can not
move or transport matter

2. Settling. This process moves matter down the water column, and in
mulitlayered grid systems the matter is moved from layer to layer.

4.32 References

A tool for viewing dependencies of a symbol to other symbols. The refer-
ences of a symbol can be seen in the MIKE ECO Lab template editor by
choosing ‘Tools: references’ when a symbol is marked.
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4.33 Reserved words

MIKE ECO Lab has reserved the following list of words for special functional-
ity in the expressions of a MIKE ECO Lab template. So they can only be used
in expressions for that functionality.

YEAR, returns present year in simulation

MONTH returns present month in simulation

DAY returns present day in simulation

HOUR returns present hour in simulation

MINUTE returns present minute in simulation

SECOND returns present second in simulation

PI() returns the value for pi: 3.14......

Logical functions

© ® N o g bk wh=

Mathematical functions

4.34 Runge Kutta 4th order

A classical numerical solution method for solving ordinary differential equa-
tions. It has usually higher accuracy than the Euler method, but requires
longer simulation times. The fourth order Runge-Kutta method requires four
evaluations of the righthand side per time step.

k, = hf(x,, y,) (4.14)
k =hf(x +I—7y+ﬁ) (4.15)
2 n 2’ n 2 '

h k
ky = hf(xn+§, yn+?2) (4.16)
ky = hf(x,+h,y,+k;) (4.17)
y"+1:y”+—6—+§.+_3—+—6—_o(h) (4.18)
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4.35 Runge Kutta 5th order with quality check

4.36 Scope

A numerical solution method for solving ordinary differential equations. The
accuracy is evaluated and the time step is adjusted if results are not accurate
enough.

It requires 6 function evaluations for each time step to take a socalled Cash-
Karp Runge Kutta step and the error is estimated as the difference between a
Runge Kutta fourth order solution and the Runge Kutta fifth order solution.

Scope is the MIKE ECO Lab way of specifying in the MIKE ECO Lab tem-
plate where a state variable or process can be found in the water environ-
ment. By having this description of the physical distribution of state variables
and their processes it is possible to control that the state variables are only
affected by a process in locations, where the state variables and the pro-
cesses have overlapping occurrence.

A process or state variable with scope WS (water surface) has the physical
meaning that it is located in the upper part of the water column and it is
always in direct contact with the water surface. Note that a WS State variable
not touches the water bed. An example of a WS state variable can for
instance be water hyacinths. An example of a WS process could be reaera-
tion (exchange of oxygen between water phase and atmosphere). A WS pro-
cess or state variable is only represented by one number per horizontal grid
point.

A process or state variable with scope WC (water column) has the physical
meaning that it can be located in the whole water column. This means that a
WC state variable can both touch the water surface, the water bed, or neither.
An example of a WC state variable can for instance be phytoplankton Carbon
concentration. An example of a WC process that akes place in the whole
water column could be BOD degradation. If a state variable is specified as
WC and it is affected by a WS process, the process will only influence the
state variable in the water surface layer. In all other layers the process will be
set to zero. A WC process or state variable is represented by one number per
vertical layer per horizontal grid point.

A process or state variable with scope WB (water bed) has the physical
meaning that it is located in the bottom part of the water column and it is
always in contact with the bed. Note that a WB state variable can not touch
the water surface, but dependent on the discretisation of the water column in
a specific model setup a situation where both state variables that are con-
fined to the bed and to the water surface can exist in the same model point.
This is always the case for depth integrated model systems. Examples of a
WB state variable can for instance be eelgrass, macroalgae, or filtrators. An
example of a WB process could be release of inorganic nitrogen from the
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sediment. A WB process or state variable is only represented by one number
per horizontal grid point.

A process or state variable with scope SED (sediment) has the physical
meaning that it is located in the sediment. Only transformation processes are
possible in the sediment and processes defined as WS processes (for
instance oxygen exchange with atmosphere) can not influence a SED state
variable. SED state variables have a fixed nature and can not be transported
by the advection dispersion module of the hydrodynamic engines. An exam-
ple of a SED state variable can for instance be BOD in the sediment.

A SED process or state variable is only represented by one number per hori-
zontal grid point. Therefore if the modeller wants the sediment to be divided
into layers, each layer should be defined as separate SED state variables.
Example: State variable 1: ammonia in porewater (layer 1), State variable 2:
ammonia in porewater (layer 2), etc.

4.37 Semantic Rules

The semantic rules define how arguments in expressions of a MIKE ECO Lab
template can be combined by excluding combinations that from a logical
point of view make no sense. The rules are about

1. which spatial variation combinations that can be combined
2. which scopes of processes and state variables that can be combined.

The rules are as follows:

4.37.1 State variables

Spatial variation is not user specified for State Variables. Instead state varia-
bles assumed to always have spatial variation ‘HORISONTAL_AND_VERTI-
CAL'. This cannot be changed by the user. ‘Scope’ is specified for the state
variables. Legal arguments to an expression for a differential equation speci-
fied under state variables are only numbers and Processes. The following
arguments are legal in state variable expressions:

1. Processes with spatial variation ‘NONE’, ‘HORISONTAL' or ‘HORISON-
TAL_AND_VERTICAL'. All scopes of the processes are legal. If for
instance scope of a process is chosen as WS and used in a state varia-
ble expression. The process will have a value when calculating the top
layer of the water column, but the process will have the value zero in
other layers.

2. Numbers.
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4.37.2 Auxiliary variables

Scope is not user specified for Auxiliary Variables, but spatial variation must
be specified and the options are ‘NONE’, ‘HORISONTAL’, and ‘HORISON-
TAL_AND_VERTICAL.

Legal arguments to an expression for an auxiliary variable with spatial varia-
tion ‘NONE’ are:

1. already defined auxiliary variables, constants, forcings with spatial varia-
tion ‘NONFE’

Legal arguments to an expression for an auxiliary variable with spatial varia-
tion ‘HORISONTAL' are:

1. already defined auxiliary variables, constants, forcings with spatial varia-
tion ‘NONE’ or ‘HORISONTAL

2. state variables with scope ‘WS’, ‘SED’, or ‘WB’

Legal arguments to an expression for an auxiliary variable with spatial varia-
tion ‘HORISONTAL_AND_VERTICAL' are:

1. already defined auxiliary variables, constants, forcings with spatial varia-
tion ‘NONE’ or ‘HORISONTAL' or ‘HORISONTAL_AND_VERTICAL’

2. state variables with scope ‘WS’, ‘SED’, ‘WB’, or ‘WC’

4.37.3 Processes

Both spatial variation and scope must be specified for processes.

Legal arguments to an expression for a process with spatial variation ‘NONE’
are:

1. already defined processes, auxiliary variables, constants, forcings with
spatial variation ‘NONE’ and all scope types are legal.

Legal arguments to an expression for a process with spatial variation ‘HORI-
SONTAL are:
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1. already defined processes, auxiliary variables, constants, forcings with
spatial variation ‘NONE’ or ‘HORISONTAL’

2. already defined processes with spatial variation ‘HORISON-
TAL_AND_VERTICAL’ with scope ‘WS’, ‘SED’, or ‘WB’

3. state variables with scope ‘WS’, ‘SED’, or ‘WB’

Legal arguments to an expression for a process with spatial variation ‘HORI-
SONTAL_AND_VERTICAL are:

1. already defined state variables, processes, auxiliary variables, con-
stants, and forcings. Conflicts between scope or spatial variation for the
arguments are not possible here.

4.37.4 Derived output

Scope is not user specified for Derived Output, but spatial variation must be
specified and the options are ‘NONE’, ‘HORISONTAL', and ‘HORISON-
TAL_AND_VERTICAL'.

Legal arguments to an expression for a Derived Output with spatial variation
‘NONE’ are:

1. processes, auxiliary variables, constants, forcings with spatial variation
‘NONFE’

Legal arguments to an expression for a Derived Output with spatial variation
‘HORISONTAL are:

1. processes, auxiliary variables, constants, forcings with spatial variation
‘NONE’ or ‘HORISONTAL

2. state variables with scope ‘WS’, ‘SED’, or ‘WB’

Legal arguments to an expression for a Derived Output with spatial variation
‘HORISONTAL_AND_VERTICAL are:

1. processes, auxiliary variables, constants, forcings with spatial variation
‘NONE’ or ‘HORISONTAL or ‘HORISONTAL_AND_VERTICAL

2. state variables with scope ‘WS’, ‘SED’, ‘WB’, or ‘WC’
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4.38 Source and Sink

4.38.1 General Description

The effects of rivers, intakes and outlets from power stations, outlets from
sewers, etc., can be included in a simulation. MIKE 3 distinguishes between
three different kinds of sources:

e isolated source, a point where a certain amount of water is discharged
into the model with a certain velocity, affecting both momentum and con-
tinuity equations,

o isolated sink, a point where a certain amount of water is discharged out
of the model, affecting only the continuity equation, and

e connected source—sink pair, used for recirculation studies, the amount of
water removed at the sink is re-entered at the source point with a speci-
fied velocity.

The sources and sinks are included in the hydrodynamic equations as
described in the HD User Guide (see .

4.38.2 Specifying Sources and Sinks

In your model you can have up to a total of 300 sources and sinks, the loca-
tion and strength of which you must specify in the Source and Sink dialog of
the Basic Parameters section and the Source and Sink dialog of the Hydrody-
namic Parameters section.

e You specify the source concentrations of the advective state variables
under AD Transport Parameters of the MIKE ECO Lab dialog. These
may be given as constants or as included in a type 0 data file. You run
through all sources one by one. For isolated sources the absolute value
of the component concentration is specified whereas for connected
source-sink pairs the excess source concentration is specified. At sinks,
the intake component concentration equals that of the ambient water.

4.39 Spatial Variation

For constants, forcings, auxiliary variables, processes, and derived output the
model developer has to specify in the MIKE ECO Lab template editor what
variation pattern that can be expected for the variable. The options are:

1. None

2. Horizontal

3. Horizontal and vertical
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When specifying spatial variation for auxiliary variables, processes, and
derived output, that all contain expressions, the model developer should be
careful that the spatial variation of the variable is not conflicting with the spec-
ified spatial variations of the used arguments in the expression. See Seman-
tic Rules.

4. 40 Standard vs nested MIKE ECO Lab module

4.40.1 General Description

The purpose of this section is to enable the user to use the Nested MIKE
ECO Lab module of the MIKE 3 Flow Model. As most features in MIKE 3
Nested ECO Lab are identical to the features in the standard MIKE 3 ECO
Lab module, this section only describes the nested facilities, and the user is
referred to other sections for guidance on common aspects.

The MIKE 3 Nested ECO Lab updates both MIKE ECO Lab equations and
the advection-dispersion equations simultaneously in a user defined number
of dynamically nested grids, and runs concurrently with the nested hydrody-
namic module.

The advantage of applying the nested grid facility compared to the standard
method of using only one grid is mainly the reduced CPU time requirements.
Typical applications of the advection-dispersion modules have a limited phys-
ical area of main interest, which is only a smaller part of the total modelling
area. To obtain a satisfactory spatial resolution of the model within this area of
interest, the standard advection-dispersion module can be used, but will often
result in a very large number of computational grid points (and often within
areas of only limited interest for the application), and accordingly will require
much CPU time. Applying the nested module, the spatial resolution can be
optimised to save computer time.

4.40.2 Nested Model Specifications

As the MIKE 3 Nested ECO Lab module runs concurrently with the
MIKE 3 NHD module, the rules laid out in the HD User Guide should be fol-
lowed.

Most advection-dispersion specifications are identical in MIKE 3 ECO Lab
and MIKE 3 Nested ECO Lab, but a few comments regarding the differences
are listed below:

« Initial concentration fields should be specified for each area.
o Deposition concentration fields should be specified for each area.

e Precipitation concentrations are specified for the main area only and are
interpolated to the relevant sub-areas.
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o Dispersion coefficients should be specified for each model area.
e Decay factors are common for all model areas.

e Asin MIKE 3 NHD, sources and sinks are specified in the model area of
the finest resolution, which covers the actual geographical position of the
source/sink.

o In the output specifications, each output area must be related to an asso-
ciated model area.

o Hot start data input/output for/from a MIKE 3 Nested ECO Lab simulation
must be specified for each model area. The relevant hot start data is
found in/written to the corresponding hot start data files from the MIKE 3
NHD simulation, i.e. HD and MIKE ECO Lab hot start data are in the
same files.

Time step

The time step to be used in a MIKE 3 Nested ECO Lab simulation is deter-
mined in the same way as in MIKE 3 Nested ECO Lab (based on the maxi-
mum transport Courant number). However, in the nested version it is
necessary to calculate the transport Courant number within each model area
(or bathymetry) based on the grid spacing, the current speed and the time
step (which is the same in all grids) and then base the time step on the maxi-
mum of these transport Courant numbers. (Remember also to check the dis-
persion stability criteria for each model area, cf. Dispersion Coefficients).

The CPU time is proportional to the number of computational water points in
all model areas (neglecting the "hidden" water points due to nesting).

ﬁ NOTE: MIKE 3 Nested ECO Lab allows for automatic subdivision of the time
step separately in each model area, see Courant Number (p. 34).

4 .41 State Variable

State variables are usually the most important variables in a MIKE ECO Lab
template. State variables represent those variables that describe the state of
the ecosystem and that the user wants to predict the state of. So they are
also the main result after running a MIKE ECO Lab setup. The state variable
will change according to the processes that the model developer describes
affect it. So the critical task for the model developer is to describe the pro-
cesses in a way, so that the state of the state variable changes correctly, also
when forcings (external conditions such as e.g. wind, temperature) change.

4.42 Syntax rules of expressions

Expressions in MIKE ECO Lab can be written in 2 ways:



Temperature dependencies ;

1. Logical function: IF (expression) THEN (expression) ELSE (expression)

2. Normal expression: Expression

Expressions are sequences of arguments separated by operators.
List of legal arguments in expressions:

1. Symbols for state variables, constants, forcings, auxiliary variables, pro-
cesses defined in the MIKE ECO Lab model above the present expres-
sion

2. Built-in Functions from MIKE ECO Lab database, see built-in functions

3. Mathematical functions written in capital letters, see mathematical func-
tions

4. Reserved words written in capital letters, see reserved words
5. Numbers

The legal operators are multiplication, division, subtraction, addition.

See also Semantic Rules.

4.43 Temperature dependencies

4.43.1 General description

A large number of reactions in the environment are temperature dependent.
Reactions involving biological elements are directly affected due to increased
biological activity at higher temperatures. If the temperature rises above the
optimum temperature for the biological reaction, the process rate will
decrease. Chemical reactions can also increase with increasing temperature
partly owing to the higher molecular activity.

4.43.2 Arrhenius temperature dependency factor

An often used simple expression for describing the temperature dependency
of a process. It is described by a reference temperature (in most cases 20
deg Celcius) and a temperature coefficient:

The expression is available in the database of MIKE ECO Lab in a pre-com-
piled version. See also Built-in Functions.

The expert in WATER ENVIRONMENTS 55



)

Hint: It shall be noted that this expression grows exponentially with tempera-
ture, so for biological processes it shall only be used for temperatures below
the optimum temperature.

4.43.3 Lassiter Temperature dependency factor

An often used expression for describing the temperature dependency of a
biological process. The expression is available in the database of MIKE ECO
Lab in a pre-compiled version. See also Built-in Functions.

4.44 Time Step

4.44.1 Selecting the time step

The time step for the advection-dispersion update of MIKE ECO Lab is the
same as the one used for the hydrodynamic simulation, but the update of the
MIKE ECO Lab equations can be chosen to be updated less frequent than
the hydrodynamic and the advection-dispersion update. Therefore both the
hydrodynamic model, the advection-dispersion model must be considered
when selecting the hydrodynamic time step. Separately the MIKE ECO Lab
model must be considered, when selecting the MIKE ECO Lab time step.

The procedure for selecting the hydrodynamic and the advection-dispersion
time step is:

First you determine the horizontal grid spacing, Ax.
Secondly you decide on the maximum allowed Courant number, C,.

Then you can determine the maximum time step, At. , Which can be
used in the model from the definition of the Courant number:

_ AxC,
c

At

max

(4.19)

where c is the celerity. The time step to be used in the model, At, can
then be chosen as a "convenient" number not greater than At ..

Furthermore, you have to check that the criterion on the final transport
Courant number is not violated, see Courant number. As you have not
yet carried out the simulation you will have to make an estimate of the
maximum current speeds occurring during the simulation. Note that even
for small vertical velocities C, could be large due to the often very small
vertical grid spacing.
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o Finally, you should check that the dispersion criteria described under Dis-
persion Coefficients (p. 38) as well as the Dispersion coefficients and
Eddy viscosity in the Hydrodynamic module are fulfilled.

Please Note: A more restrictive condition is that the Courant number based
on the flux, C,g , is less than 1. C, is defined for the horizontal directions as
C,u with U replaced by the quantity F/h, where F is the local horizontal flux
and h is the height of the considered grid cell. Often — but not always - C;¢ is
nearly equal to C,, . Care should be taken in models with large gradients. If
criteria

CrF <1
is violated during a simulation, a warning is given in the log file.

Also the time step for updating the MIKE ECO Lab equations must be
selected relative to the chosen hydrodynamic time step.lt is possible to
choose the same time step or a longer time step than the hydrodynamic time
step (multipla of the hydrodynamic time step). Many environmental processes
changes less dramatic than hydrodynamics and advection-dispersion pro-
cesses, and therefore it is often adequate to update MIKE ECO Lab much
less frequent than the hydrodynamics. For instance a MIKE ECO Lab time
step of a %2 hour for the DHI supported template ‘EU.ecolab’ is often used,
which is rarely seen in hydrodynamic time steps.

The purpose of not updating the MIKE ECO Lab every time step is to reduce
simulation time.

4.45 Transport

446 Units

In MIKE ECO Lab the state variables that are present in the water column
has the option of using the advection-dispersion module for calculating the
transport based on hydrodynamics. If this option is not specified in the MIKE
ECO Lab Template the state variable will have a fixed location and the calcu-
lation of its state will only be based on the processes defined in MIKE ECO
Lab template and not based on advection-dispersion processes.

State variables that are present in the sediment can not be transported based
on the advection-dispersion module.

Itis also possible to have state variables in the water column that have a fixed
nature. An example of that could be relevant in models involving aquaculture,
for instance cages of scallops in the water column.

In MIKE ECO Lab it is possible to use a limited number predefined unit types
that are supporting the EUM unit conversion system.



For state variables there are 3 unit types to choose from in the MIKE ECO
Lab template editor.

1. Volume Concentration [mg/l]. In the engine dialogs of MIKE ECO Lab
this unit can be converted to other units for mass and volume chosen by
the user.

2. Area Concentration [g/m2]. In the engine dialogs of MIKE ECO Lab this
unit can be converted to other units for mass and area chosen by the
user.

3. Undefined, here some user specified text can be written that will be writ-
ten in e.g. output, but no conversion will take place by the EUM unit con-
version system.

For processes the unit is always relating to time, so formally the unit is [per
second], but it should be understood as [undefined per second]. This way the
user has the option of changing the time unit to for instance [per hour] in the
engine dialogs of MIKE ECO Lab, while the 'undefined' part of the unit will not
be converted according to the EUM system.

For constants, forcings, auxiliary variables the units are not supported by the
EUM unit conversion system, but it is possible to specify user specified text,
that will be written in e.g. output and dialogs.

4.47 Water Quality MIKE ECO Lab templates

Predefined DHI supported MIKE ECO Lab templates that are a series of sim-
ple water quality models.

State variables that are modelled with the WQ templates are:

BOD

DO

Nitrate

Nitrite
Phosphate
Faecal Coliform

N o gk~ 0w DN~

Total Coliform*

See the Scientific Description of the WQ template collection under manuals in
the installation. The pdf file can be viewed directly from the MIKE ECO Lab
GUI when a WQ template is loaded.
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