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This working paper is part of the WUP-FIN2 technical paper series. All the technical
papers are listed below

Technical paper Status
TP1 EIA 3D model manual Draft
TP2 VMod Hydrological model manual Draft
TP3 HBV Hydrological model manual Draft
TP4 RLGis manual Draft
TP5 Tonle Sap Lake water balance calculations Draft
TP6 Database report Draft
TP7 Remote sensing study of Mekong River bank location | Draft
in Vientiane — Nong Khai area
TP8 Sediment dynamics of Tonle Sap Lake Draft

This document can be referred as follows:

MRC/WUP-FIN, 2008. Technical Paper No.1 — EIA 3D model manual. WUP-FIN
Phase Il — Hydrological, Environmental and Socio-Economic Modelling Tools for the
Lower Mekong Basin Impact Assessment. Mekong River Commission and Finnish
Environment Institute Consultancy Consortium, Vientiane, Lao PDR. 291 pp. Available
on-line at http://www.eia.fi/wup-fin/wup-fin2/publications.htm

The opinions and interpretations expressed within are those of the authors and do not
necessarily reflect the views of the Mekong River Commission.
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OVERVIEW

EIA MobEL sYSTEM

The EIA 3D model system is fully three-dimensional (3D) model based on rectangular
grid representation. The model system accommodates meteorological, hydrological,
topographic, land use and infrastructure characteristics of any modelling area and
produces 3D hydrodynamics and water quality. The modelling platform including data
processing, model control, GIS, database control, model data products and
visualization is de-coupled from the actual model engines. The model is able to
describe the 3D characteristics of the flooding, flow, water quality, erosion and
sedimentation in the lakes, reservoirs, river channels and floodplains.

The EIA 3D model is developed by Environmental Impact Assessment Centre of
Finland Ltd (EIA Ltd.). The development work started 1974 when EIA Ltd. was still part
of Technical Research Centre of Finland, the largest governmental research institute in
Scandinavia.

Name of software: EIA 3D Model

Developer: Jorma Koponen, Markku Virtanen, Hannu Lauri, and Arto
Inkala (of about 20 other developers)
Environmental Impact Assessment Centre of Finland Ltd.
(EIA Ltd)
Tekniikantie 21 B, 02150 Espoo, Finland
Tel. +358-9-70018680
Fax. +358-9-70018682
E-mail: koponen@eia.fi / vitanen@eia.fi

First available: first 2D version 1975, first 3D version 1983,
last major revision in 2002

Hardware required: can be run in all types of computers from PCs to
supercomputers

Software required: can be run on all platforms (most user friendly version
requires Windows 2000 or XP)

Program language: FORTRAN (model and basic graphics) and C++ (graphical
user interface)

Program size: Hydrodynamics and other physical modules 1 Mb,
Water quality and ecological modules 1.6 Mb,
Graphical user interface 0.7 Mb (sizes are for Windows NT)

Availability: Available free within cooperative projects or as part of an
application

More information: www.eia.fi

EIA 3D model can be classified as three-dimensional baroclinic multilayer model
(Simons, 1980; Virtanen et al., 1986; Koponen et al., 1992). The water mass is treated
as horizontal layers. Horizontally the model area is subdivided into rectangles with
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arbitrary mesh intervals in both directions. EIA 3D hydrodynamic model is based on
the standard Navier-Stokes equations (1) in a rectangular grid. The cell width can vary
in x- and y-directions. It is possible to model whole domains with varying grid
resolutions and couple them together.

The model is solved numerically using implicit finite difference method applied to
control volumes. For computational purposes the calculation of the 3D currents is
divided into integrated 2D external mode (surface heights, depth integrated currents)
and to 1D internal mode (layer velocity differences). Eddy viscosity approximation of
turbulence is used with constant coefficients, also mixing length and k-e epsilon
turbulence models are available. The advection of momentum has only minor effects
on flows, when the flow velocities are small, and is therefore not always used.
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WHAT’s IN THIS MANUAL?

The manual has been divided to four parts:
Part O: Introduction and getting started
Part I: Model operation
Part II: Model description
Part Ill: Appendices

The structure of the manual and brief introduction for each chapter is provided below.

PART 0 - Introduction and getting started
1 Getting started

Chapter provides an overview for the EIA 3D model including e.g. its architecture,
model engines, input and output data, model grid definitions, and main computational
methods. The basic use of the model system is briefly introduced following by the
introductions how this manual is built and can be best used.

PART | — Model operation

2 Condensed instructions for model setup and use

Short introduction how to set up and run a model simulation in different types of
computation.
3 Model software

Chapter provides step by step instructions how to install the model software to your
own computer following by the structure of the model software and model applications
files and folders. Also the standard configuration of the model is presented.

4 Basics for using EIA 3D model system

In this chapter the basics for use of EIA 3D model system are presented including
starting the model, graphical user interface, structure of the main menu and tool-bar.
The opening and saving of existing model application are also described.

5 Creating new model application

This chapter introduces how to create a new model application either from elevation
data or manually by creating empty grid.

6 View options

This chapter deals with the view options of the model graphical user interface.

7 Source data

This chapter deals with the source data of the model, its handling and importing.
Different source data types are introduced.
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8 Model Grid settings

This chapter deals with the model grid and settings related to it. It goes through the
setting up of grid parameters and how the grid depths can be edited in the GUI.

9 Model variables

This chapter describes the model variables, including physical, landuse, water quality,
and computational parameters.

10 Output

This chapter describes the model output options and settings including start and end
state, and animation and timeseries options.

1 Fetch and dynamic fields

This chapter provides information for how to save fetch and dynamic output
information, and then how to read and use the saved data.

12 Running the model

This chapter describes how the model computation can be started and model
computation time set up.

13 Model Output Analysis tools

This chapter includes the instructions how to use the analysis tool for the field-type of
results.

14 Animation

This chapter includes the instructions how to see the stored animation and use the
animation tool.

15 Timeseries output

This chapter includes the instructions how to present the timeseries data and use the
timeseries analysis tool.

16 Using help

This chapter includes the instructions how to use the help in the model.

17 Window management

This chapter describes the window management tools.

18 Troubleshooting

This chapter describes the most common trouble shootings in the model running.

19 Examples of model set-up

PART Il — Model

20 Basic model equations

21 Mathematical Description of Water Flow

www.eia.fi/wup-fin 7
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22 The Numerical Flow Model

23 Transport and Dispersion Model

24 Determination of Physical Parameters
25 References
26 Turbulence models

PART Ill - Appendices
27 Parameters in EIA 3D model

28 Short description of grid generation algorithm
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ACRONYMS AND ABBREVIATIONS

2D two-dimensional

3D three-dimensional

BIL Band Interleaved by Line, type of grid based GIS layer

BOD Biological (biochemical) Oxygen Demand

COD Chemical Oxygen Demand

EIA Environmental Impact Assessment

EIA Ltd. Environmental Impact Assessment Centre of Finland (www.eia.fi)
GIS Geographical Information System

GUI Graphical User Interface

HBV Name of the lumped hydrological model

LU Land Use

MRC Mekong River Commission (www.mrcmekong.org)

OpenGL Open Graphics Language / Open Graphics Library

PC Personal Computer

RLGis River Life GIS, a programme used together with the EIA 3D model
SOD Sediment Oxygen Demand

SQL Structured Query Language

VMod Name of the 2D distributed hydrological model developed by EIA Ltd.
wQ Water Quality

WUP-FIN Lower Mekong Modelling Project under Water Utilization Programme
of Mekong River Commission (www.eia.fi/wup-fin)
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1 GETTING STARTED

1.1

This chapter provides an overall introduction to the EIA 3D hydrodynamic model,
the model’s architecture and development. The chapter also gives a brief overview
on the structure of the manual.

The chapter is divided to four parts:
1.1 Introduction to EIA 3D Model system and its development
1.2 Overview of EIA 3D hydrodynamic model
1.3 Using the flow model

14 Structure and use of the manual

INTRoDUCTION TO EIA 3D MODEL SYSTEM AND ITS DEVELOPMENT

The EIA 3D model system is fully three-dimensional model based on rectangular grid
representation. The model system accommodates meteorological, hydrological,
topographic, land use and infrastructure characteristics of any modelling area and
produces 3D hydrodynamics and water quality. The modelling platform including data
processing, model control, GIS, database control, model data products and
visualization is de-coupled from the actual model engines. The model is able to
describe the 3-dimensional characteristics of the flooding, flow, water quality, erosion
and sedimentation in the lakes, reservoirs, river channels and floodplains.

The EIA 3D model is developed by Environmental Impact Assessment Centre of
Finland Ltd (EIA Ltd.). The development work started 1974 when EIA Ltd. was still part
of Technical Research Centre of Finland, the largest governmental research institute in
Scandinavia. The EIA 3D model has two components: EIA 3D hydrodynamic model
and EIA 3D water quality model. This manual concentrates on the first one but
includes part of the water quality model as well.

The overview for the model developers and requirements is given in Box 1.
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Box 1. Overview for the model developers and requirements.

Name of software: EIA 3D Model

Developer: Jorma Koponen, Markku Virtanen, Hannu
Lauri, and Arto Inkala (of about 20 other
developers)

Environmental Impact Assessment Centre of
Finland Ltd. (EIA Ltd.)

Tekniikantie 21 B, 02150 Espoo, Finland
Tel. +358-9-70018680

Fax. +358-9-70018682

E-mail: koponen@eia.fi / virtanen@eia.fi

First available: first 2D version 1975, first 3D version 1983,
last major revision in 2002

Hardware required: can be run in all types of computers from PCs
to supercomputers

Software required: can be run on all platforms (most user friendly
version requires Windows 2000 or XP)

Program language: FORTRAN (model and basic graphics) and C+
+ (graphical user interface)

Program size: Hydrodynamics and other physical modules
1 Mb,
Water quality and ecological modules 1.6 Mb,
Graphical user interface 0.7 Mb (sizes are for
Windows NT)

Availability: Available free within cooperative projects or as
part of an application

decades. Model system has been used in more than 250 research,

C Development work has required about 100 man years and three
engineering and consultancy studies.

Background of the model and work

The 3D lake and floodplain model is a new achievement based on over 100 man years
of development and application work. Model development and application started in
Finland in the 1970’s in VTT (Technical Research Centre of Finland, the largest
research institute in Scandinavia). Two of the main scientists (Koponen and Virtanen)
are continuing this work up to today. Different 2D models including finite element
methods were tested during the early period. Also some quasi 3D models were tested
with reasonable success but emphasis on shallow water systems kept the main
applications at first in 2D.

In the beginning of the 1980’s development of 3D models started in earnest and since
the 1980’s main part of all hydrodynamic and water quality applications have been 3-
dimensional. So far over 250 3D model applications have been conducted including
harbour, bridge and road construction; reservoir modelling; waste water flow; cooling
water intake for nuclear power plants; cooling water outlets; accident cases (oil- and
chemical combating, sea rescue); waste water flow; toxic algae transport; erosion and
flooding.
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The early development work necessitated computational efficiency because of the
limited computational power of the early computers. The efficiency has been one of the
characteristics of the model code and solution algorithms until today. Other significant
feature has been the use of field measurement data in all of the model applications for
testing the model results. This has resulted in thoroughly verified solution methods.
The long development history has eliminated practically all error sources from the code
although of course every new development creates need to test the code.

In many cases the flow modelling has been combined with a specialized 3D water
quality and ecological modelling. Solution method in the water quality model is
optimized for speed and handling of complex data-sets. Calculated variables include
nutrients, carbon, sulphur, silicate, oxygen, BOD, COD, suspended sediments, colour,
turbidity, pesticides, radionuclides, organic chlorines and heavy metals by following
processes: transport, diffusion, sinking, decay, sedimentation and leaching from the
sediment.

Biological sub-models calculate phytoplankton, filamentous algae and dissolved
nutrient (PO4, NO3 and NH4) cycles and optionally different size groups of bacteria,
zoo- and phytoplankton. Bottom sediment processes and storages are modelled in
three layers. Temperature, oxygen and carbon content affect the chemical processes.
A specialized 3D reservoir model has been developed over many years for long term
(decades) calculation of hydrodynamics and water quality in water bodies with high
water level variations. Model has been specialized for speed and water volume and
water quality constituent budget calculations.

Extensive work has been dedicated to distributed and physical hydrological modelling.
Hydrological models are often combined with hydrodynamic and water quality models
for rivers and lakes.

The model base and related graphics, data processing, GIS and user interface
software consists of over 500°000 lines of code. About half of this consists of the 3D
hydrodynamic and water quality model code.

1.2 Overview oF EIA 3D HYDRODYNAMIC MODEL

Overall design principles

The model system has been designed with a number of general principles:
« Data management and modification with an integrated GIS platform
» Common structural engine where application modules can be added
o The application modules can be combined
o The combined application modules will solve the actual modelling
problem
« Data management and user interfaces are separated from the engine
o Engine can be changed
The ultimate design principles
o Speed, calculation accuracy, robustness and error free code

The speed, robustness and error free code can in part be explained with the long
development history and the limited computational resources that were available in the
start of the development work in 1970’ies and 1980Q’ies.

1.2.2 Overall system architecture

Figure 1 shows the overall system architecture. At the basis of the system are three
general databases: GIS, monitoring and meteorological. Data is processed to a
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specific model database that includes typically model grids and other input data in a
format that the model engine can read directly. It should be observed that the original
data is not intended to be modified by the modellers. Conversion happens either on
the fly when the system is used or during the construction phase of the model
application.

Model engines take care of grid construction, input- and output, data management,
basic mathematical operations etc. Engines read the data from the model database.
Various application modules are built on top of the basic engines. The application
modules include river hydrodynamics, 3D hydrodynamics, hydraulic structures, water
quality, erosion and hazardous materials.

Users modify the model data and model parameters, and control the simulation runs
through an universal graphical user interface (GUI). The outputs of the model runs are
used either locally or distributed into remote databases and users for further analysis.

Modification

User interface l
Parameter q Outputs
setting

T
GIS
database

User interface

Modification q L CC Monitoring
LaElEme Data database

Model engine

conversion
& < >
verification Meteorologi-

cal database

Figure 1.  The EIA modelling system architecture.

1.2.3 Description of system components

The model engines consist of:

» two hydrological catchment models (HBV & VMod).

» various hydrodynamic models (EIA Hd)

e emergency, water quality, ecosystem etc. models (EIA Wq),
The lumped HBV hydrological model and VMod distributed watershed model provide
data (water amounts, nutrients and sediments) for river, lake and floodplain models for
flow, inundation, water quality, sediment, erosion and eutrophication.
Hydrodynamic models are divided into:

» 3D lake-, sea- and coastal (includes tidal shores)

» 3D reservoir

» 3D flood (rivers, flood wave propagation, dike and dam brakes)

» 3D diffusion wave (flooding, can be connected with 3D flood model)

* 2D Hansen

» Different 1D river models

» Hydraulic (e.g. gates, dike overflow in connection with other models)

Several models can be coupled to the hydrodynamics / hydrological models such as
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» chemical processes e.g. evaporation, dissolution, emulsification on surface, in
the water column and on bottom

» oil and chemical accident models, drifting objects (particle description in 3D)

» several water quality and ecosystem models for oxygen, BOD, turbidity,
nutrients, heavy metals, carbon, different phytoplankton groups, macrophytes,
bacteria etc.

e benthic processes

A separate geographic and time series data handling program, called RLGis, is
included in the modelling system. RLGis is used to import, manage and prepare GIS
and time series data for models, for example, to prepare a catchment model grid from
a digital elevation model, and to import time series data from a SQL database.

In the following chapters the models and RLGis system are shortly described. To
better understand the functioning of each of the models short descriptions of
calculation principles included. For more detailed descriptions reader can look at the
numerical model documentation in the appendixes and user interface help files.

1.2.4 General structure of the graphical user interface

The general structure of the user interface is shown in Figure 2. In all applications it is
not necessary to realize all features.

For management and planning purposes the system can be run through the graphical
GIS-user interface, where the user can define the calculation scenarios and viewing of
the outputs. For the modelling specialists more comprehensive control of the model is
necessary for setting up the model parameters, calibration, detailed model control and
output analysis. The interface for the modelling system is general. In other words the
interface is not coupled with any one model but can be used to generate input data for
any model with sufficiently open input standards.

The specific features of the user interface are:

1. Integrated pre- and post-processing (model result comparison with
measurements, change of bathymetry, statistics, presentation graphics etc.)

Graphics includes time-series, distributions and animations

Support for several graphics standards (3D OpenGL, Windows Metafile,
PostScript, HPGL, Tektronix, raster formats)

Interface to GIS data (input and output in GIS-formats)

GIS-functionality in the user interface (overlays, analysis, map-based controls)
Remote running of the models over Internet

Direct link to SQL-databases

Data management tools for model input- and output data (e.g. initial values,
inflows, weather, concentrations, time series output points)

© N o g &
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Figure 2.

Figure 3.

Remote user ¢ |nternet GUIl——— - User control and input
Graphical User Interface (GUI) e
o men 1 g
Ry ; . RS P
GIS +——»
- : Database
: Presentation
Data processing of results &
connection to
Processed data GIS
and database
Watershed hydrology, hydrodynamics, | 2
erosion & water quality models < »  Water resources management

OQutputs: lake and floodplain hydrodynamics,
water quality & sediments

h 4
Impact assessment
Scenarios
Guidelines

General structure of the system interface.

Tonle Sap Floodplain Model information flow

Model Model Flow change Impact on
Input data engine indicator ecosystem

Model flow chart from model input to impact analysis.
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1.2.5 Model applying concept

The general concept flow chart of applying the EIA 3D model system is presented in
Figure 4.
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Figure 4. Flow chart of concept of applying EIA 3D model system.

1.2.6 The model data

The model data consists of temporal and spatial data. Data processing tools convert
spatial data into model grids which are optimised for calculation accuracy and speed.
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Model system can calculate efficiently large geographical areas by utilizing
dynamically coupled model grids with varying accuracy.

Modelling system can read GIS data directly. Standard GIS tools can be used for data
validation, checking and analysis. It is to be noted that the model construction process
including specific model data processing and actual model calculation processes are
separate from the rest of the system , e.g. from the GIS platform. This facilitates
flexible use of alternative or complementary models when needed.

Monitoring data (historical & on-line) is directly accessed from the monitoring
database. Because model results are often utilized extensively in GIS, all numerical
model results can be output directly into a GIS database. EIA modelling system also
supports large number of numerical and graphical formats. Examples of the latter
include PostScript-, HPGL-, Windows metafile (clipboard) and Tektronix-formats.
System creates accurate and space saving vector animations that can be viewed
independently from of the modelling platform. Map data can be included in both
animations and still pictures.

EIA modelling system includes model database management. The model metadata
and actual data used in any model run (topography, parameters, source data file
names, output specifications, comments, calculation results, graphics, animations etc.)
can be viewed, edited, saved and deleted. These definitions can be used also for
batch runs where a number of cases are required to be run one after another.

The design principles of EIA modelling system have been computational power,
accuracy, adaptability to very wide range of problems, easy of use and quality of the
technical implementation. EIA models can be used in PCs, workstations and
mainframes under various operating systems. Code supports parallelization and
vectorisation.

1.2.7 Model engines

24

Model engines provide a standardized set of data processing tools and mathematical
solvers for physical and bio-geo-chemical processes. The main engines of EIA 3D
model are:

¢ 3D hydrodynamic model (short summary in Section 1.2.8 - Hydrodynamic
model computation _method and in detail description in Chapter 22- The
Numerical Flow Model)

« transport and water quality model (detail description in Chapter 23 - Transport
and Dispersion Model)

Here only the first one is described in details. A separate manual exists for the
transport and water quality model. However, the 3D hydrodynamic model described in
this manual includes the options to calculate transportation of natural water quality
parameters such as oxygen, sediment and temperature.

In practice the calculation of water currents is detached from that of material transport
and water quality (Koponen et al., 1992) in order to save computation time. Short time-
steps (often 10-30 s) needed in the calculation of flow velocities are unnecessary to
repeat in the calibration runs of the water quality model.

EIA 3D model structure is presented in Figure 5.
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Figure 5. EIA 3D model structure.

The EIA 3D model used in the project is extremely versatile platform for very wide
scope of applications. Some of the characteristics of the 3D model are:

» 6 vertical turbulence models (e.g. k-€)

» 5 horizontal turbulence models (e.g. Smagorinsky)

» 2 integrated wave models (others in specialized applications)

* 2 wind fetch models

» 3 erosion models

* 4 bottom friction models

» Vegetation friction in different water layers

» Surface friction (e.g. ice)

* Radiation and heath

» Hydraulic controls (dikes, gates, water intakes, outlet points etc.)
* Ice formation and melting

*  Wetting and drying

* Morphological changes due to sedimentation and erosion

e Mud layer simulation capability

» Specialized 3D reservoir model

» Diagnostic calculation from irregular data

» 2 isopycnal modes for stratification

» Hybrid stratification calculation (combined normal and isopycnal modes)
* 6 momentum advection modes (e.g. TVD)

» 3 transport calculation modes (e.g. TVD and flux correction)

* Integrated statistical analysis

» Algorithmic and code optimization resulting in fast execution times
» Parallelisation for multi-processor machines

» Flexible, fully coupled nesting for better local accuracy

» Transportable code (tested from supercomputers to PC’s)

» Code developed and tested over 20 years in over 200 applications

» Several models can be coupled to the hydrodynamics (hydrological models
such as conceptual and distributed gridded watershed models; chemical
processes e.g. evaporation, dissolution, emulsification on surface, in the water
column and on bottom; several water quality and ecosystem models for
oxygen, BOD, turbidity, nutrients, heavy metals, carbon, different
phytoplankton groups, macrophytes, bacteria etc.; benthic processes)
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The EIA 3D model can be used for wide range of applications:
» flood modules for dam- and dike breaks,
» detention area simulation,
» flooding of floodplains;
» reservoir models for managing reservoir hydrodynamics,
» sedimentation and water quality;
* water resources management;
e 0il- and chemical accidents;
* monitoring support;
» and anoxia, eutrophication, algal blooms, filamentous algae, shore vegetation.

1.2.8 Hydrodynamic model computation method

26

EIA 3D model can be classified as three-dimensional baroclinic multilayer model
(Simons, 1980; Virtanen et al., 1986; Koponen et al., 1992) and is based on solving
simplified Navier Stokes equations (Equation i) in rectangular model grid. The cell
width can vary in x- and y-directions. It is possible to model whole domains with
varying grid resolutions and couple them together. Hydrostatic assumption,
Boussinesq approximation and incompressibility of water are used in the model
formulation. The water mass is treated as vertical layers similarly to z-level models.
Horizontally the model area is subdivided into rectangles with arbitrary mesh intervals
in both directions.

— ~

FL 7 Yy oD - Dt fEol- 25@ XVt fu DA 0)

momentaneous flow velocity vector (m s™)
momentaneous density of water (kg m?)
momentaneous pressure (N m?)

gravity acceleration vector (m s?)

unit matrix of the co-ordinate system (-)

e TR TR SR S VT

angular velocity vector of earth’s rotation (s™)
kinematic, molecular viscosity of the water (m?s™)
time (s)

0 gradient operator ( grad) (m™)

0C divergence operator (div) (m™)

~ C =
3

0?2 Laplace operator (div grad) (m?)

Explicit finite difference schemes are used for the numerical solution of flow velocities
and water level elevations. The currents in the model are determined by the following
factors:

» wind force (or ice friction),

« atmospheric pressure at the surface,

« conservation and incompressibility of water,

» internal friction (viscosity),

» transport of velocity differences with water currents (advection),

» Coriolis force,

» density differences and water level gradients (hydrostatic pressure),
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* bottom friction
* vegetation impact

The model is solved numerically using implicit finite difference method applied to
control volumes. For computational purposes the calculation of the 3D currents is
divided into integrated 2D external mode (surface heights, depth integrated currents)
and to 1D internal mode (layer velocity differences). Eddy viscosity approximation of
turbulence is used with constant coefficients, also mixing length and k-e epsilon
turbulence models are available. The advection of momentum has only minor effects
on flows, when the flow velocities are small, and is therefore not always used.

1.2.9 Model grid

The model grid (see Figure 6) is based on the depths measured from the modelled
area. Horizontal grid resolution depends on the application requirements, typical grid
box sizes are from 50m in the area of interest up to tens of kilometres for large sea
areas. Vertical resolution typically ranges from 0.5m on the surface to tens of meters in
deeper areas.

Figure 6. A side view of a simple 3d model grid — deeper vertical layers are shown in
darker colours.

In the horizontal direction model utilizes rectangular Arakawa E-grid. In Arakawa E-grid
both velocity components are defined in the middle of the grid cells as opposed to the
usual C-grid arrangement where the components are defined on separate grid
boundaries. In E-grid the vertical velocities are defined on the corners of the velocity
grid cells. E-grid avoids stagnation points in 3D applications because water can
circulate in the cells even if they are surrounded by land on each side. Model uses
finite volume method to solve equations. Because of this the grid width can vary in x-,
y- and z-directions.

Other common choices for grid system are orthogonal curvilinear and triangular
meshes. Triangular meshes are used in FEM (Finite Element Method), but also in
unstructured finite volume methods. Often the justification given for the use of these
grid systems is that they can follow the river boundaries better. But also finite volume
method can follow closely boundaries and a more important consideration is the model
resolution that can be achieved with each method. Curvilinear coordinate systems
create additional terms in the equations which decrease model efficiency. Also grid
generation can be quite time consuming and the resolution cannot be focused freely
on defined areas. The advantage of triangular grids is the very flexible selection of
resolution. For instance the resolution can be easily focused on the river channel. The
disadvantages of triangular meshes are at lessened computational inefficiency (FEM
and algorithmic complexity in unstructured grids), more complicated software and
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more difficult coupling between GIS and model data. The numerical disadvantage of
FEM is that mass conservation is only guaranteed with sufficient grid refinement
whereas finite volume method always conserves mass.

In the vertical direction z-grid is used. This means that the layer depth remains
constant over the whole model area except on the bottom where it varies freely.
Because the Arakawa E-grid stagnation points are avoided and there is no need to
utilize of coordinate system which has varying layer depths but constant number of
layers in each grid point. s -system is computationally not as efficient as z-grid
because latter has usually much less calculation points. Usually it is always
advantageous to keep the vertical grid resolution constant over the calculation area
because vertical properties are resolved in a consistent way over the whole model
domain.

In the EIA model it is possible to couple different models with different resolutions
together. In this way a large area can be modelled with very high resolution for critical
areas. The nested models are fully coupled, in other words the high resolution model
affects the coarse one.

1.2.10 Input and output data

28

Floodplain and lake modelling specific inputs are:
» topography (DEM)
» vegetation (roughness and friction)
* inflows and outflows
* inflow concentrations
» possible loadings
e winds
Grid generation programs read GIS-generated DEMs or other elevation data and

produce the model grid. GIS can be used also directly to create the model grid but it
has not yet been realized in the Tonle Sap system.

The data is read separately for each nested grid with different resolution. Based on the
tributaries data model calculates the average width and depth of the tributary in each
model grid cell.
Model outputs that can be used in the hydrodynamic part of the system include
» water depth (DEPS, DEPZ)
» water elevation (SURF)
flow velocity components (U, V)
flood duration (FLDU-files)
flood arrival time (FLAR-files).
Other output parameters are e.g. concentrations, bottom heights especially in

morphological studies, vertically averaged velocities, viscosity and other parameters
connected to turbulence.

Model output files for GIS contain coordinate system and format specifications. The
names of the files signify the output date and time, variable, layer and nested model.
Model output resolution is user defined and is usually higher than calculation
resolution. Interpolation and tributaries masking is used in the output. Output files are
read directly into the GIS and are used e.g. for damage analysis and evacuation
planning.

The GIS-format selected for the data exchange between the GIS and modelling
software is BIL (Band Interleaved by Line). This format is open so that it can be
accessed directly from the modelling software and is relatively efficient in storing data.
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The main BIL-data files are accompanied by auxiliary files that define the binary format
and coordinate system of the data.

Below in Figure 7 the flow model related information is shown. The model input data

consists

of model grid and model forcing data, e.g. wind and boundary flows. Output is

3-dimensional time-dependent flow field, which can be further used to compute, for
example, transport of substances, water exchange, and sedimentation processes.
Visualization of the flow data can be done with animations, and information of
computed variables from single sites can be obtained as time series.

Figure 7.

Digitized Output
map Computation\_ parameters

options
Computation
parameters

Flow model ) wpe Flow

field
Boundary
flOWS /777l s
Concentrations Animation
Timeseries files Computed timeseries

Flow model related information.

Input data summary:

bathymetric data for model grid, either as shorelines, point depth data and
depth isolines, or as a digital elevation model.

wind measurements from modelled area for wind forcing computation, wind
speed (m/s) and direction (degrees) with 3-6h or better time resolution

boundary flows (m®s) including rivers and open boundaries (daily values)

flow and/or water level measurements for model calibration, flow is often
measured in cm/s for every ten minutes, for surface height the time resolution
depends on the modelled area and may vary from 10 minutes to one day.

temperature and salinity initial and boundary values (if computed).
sources, initial and boundary values of transported substances (if computed).

Computed results summary (with any time resolution):

computed 3d time-dependent flow field for the modelled area
time series of flow speed, direction and water level

time-dependent fields of other computed variables (temperature, salinity,
suspended sediments etc.)

time series computed variables
animations of flow and computed variables

Model parameters

The flow model parameters can be divided to several categories including:
model setup parameters (calculation type selection related parameters)
numerical parameters (computation time steps, etc.)
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» physical parameters (e.g. turbulence coefficients, wind drag coefficient)

In addition to above model related parameters there are options for setting up the input
and output data. The model parameters are explained more carefully in the model
documentation and user interface help files.

1.2.11 Software aspects

Numerical and graphical calculation is realized with FORTRAN computer language. It
is de-facto standard for numerical programming because its ease of use and
computational efficiency. Interface to Windows calls is realized in C. Operating system
dependent parts of the program are contained in specific modules and can be
switched off by compiler directives.

Parallelization is achieved by general in-house parallelization software. The core
routine for each process to be parallelized must be copied into specific parallel
subroutine, but the management of modules is done with general routines. ADI and
flooding/drying processes have not yet been implemented in parallel code.

Because model software development started in a period with modes computer power
the code and solution algorithms have been designed to be efficient. Recently this
requirement has been relaxed to some extent in favour of code maintainability
because the code size has grown and the speed of computers has increased. Code
speed is obtained in many cases by liberal use of memory, but so far standard or
lightly above standard memory capacity has been enough. Nowadays the memory
requirement is 256 MB — 512 MB depending on the grid size. The grid size reaches
typically up to 1°000°000 grid points.

1.3 USING THE FLOW MODEL

1.31

30

There are several types of computations the flow model can be configured to perform
including:
» computation of static flow field using constant external forcing (used to
generate flow fields for water quality model),

« computation of dynamic flow using varying external forcing (used for model
verification or generating flow data for water quality model),

« computation of advection of substance from known initial state,
» computation of spreading of substance from a non-moving source point(s).

Setting up a model grid and basic parameters

The first task in setting up a model simulation is to prepare and import a model grid.
The model grid preparation can be done using the RLGis program or separate grid
construction program. After the grid is ready it is saved to a file and imported to the
flow model. A grid can also be imported from existing model application. After the grid
is imported some basic model parameters must be set, including:

* model grid depth levels

* model computation time steps

* model variables

« wind and flow boundary data

e add time series points

» set time series and animation output parameters
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1.3.2 Computation of static flow field

A static flow field is computed from an arbitrary initial state (usually zero flow), keeping
all the external forcing constant, and computing the flow until is converges to a stable
pattern. This is typically the simplest computation type since there is no need to set up
time-varying external forcing and discharges.

Static flow field computation is useful to check that all the computational options are
correctly configured and that the model computation does not get unstable after a long
period of computation. Static flow fields can also be used in water quality model.

Typical static flow computations include situations where wind is constant, or there is a
constant flow through the model area, or a combination of these. Note that a single
constant flow coming into or leaving from the model area cannot be regarded as a
static situation, since the amount of water in the model area either decreases or
increases.

1.3.3 Computation of a dynamic flow field

Computation of time-varying flow differs from static flow field computation in such way,
that in the static computation the external forcing are constant, whereas in the dynamic
computation the forcing varies with time. Dynamic flow computation can be used, for
example, to compare computed model results to measured flows.

1.3.4 Computation of advection of a substance from initial state

Computation of advection of substances from initial state is usually performed using a
dynamic flow field. This kind of computation can be used to find out, for example,
where a specific water mass is moving during a given time period. Also the exchange
of water between different areas in different conditions can be explored.

1.3.5 Computation of spreading of a substance from a source point

1.4

Computation of spreading is usually performed using a dynamic flow field and initial
values for the spreading variables. This kind of computation can be used to follow the
spreading of one or more substances from one or more source sites.

STRUCTURE AND USE OF THE MANUAL

This manual consists of three parts:

¢ Model operation: the main model operation functions are described in details
with practical examples

¢ Model description: the model equations and theory are described in details
« Appendices: the model application examples are given among other things

The manual has been constructed and structured as user-friendly as possible to serve
the needs of users with different backgrounds and purposes of model use. The manual
includes illustrative figures and diagrams to make it easier for the user to follow and
apply the information. The linkages between model operation and model description
have been established to facilitate the better understanding of the theory behind the
different parts of the model.
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1.4.1 Structure of chapter and information boxes

Each chapter begins with the small text box with short introduction to the chapter and
list of the sub-headings in the chapter including links to the places in text where the
sub-headings are. The example of the small white text is provided boxes presented
below:

Text box at the beginning of each chapter works as a chapter introduction. Each
sub-heading, as shown below) is linked to the place in question in text. Thus, it is
easy to move to the point interested

0.1 [link to the sub-heading]

The steps to guide user through use of certain part of the model are described with the
numbered lists:

1. the main steps are described with numbers:
a. the sub-steps are described with letter

The text boxes provide more detailed information for example the parameters and
other functions. The boxes also provides model examples based on the projects the
model has been applied.

Box 2. Example of text box.

Aim of text boxes: to provide more detailed and in depth information
or theory background of the parameters, to offer
modelling examples, etc

The links between Model operation and Model description parts are marked as an
underlined blue text following the page number inside the brackets [page_ number]
where the link is pointing to.

This is the example of the link: See Box 1 [18]

The information box is marked with the blue info-symbol @ as illustrated below.
The information box provides important information of the programme.

of the programme which should be taken into account when running
the software.

C The text box with the blue info symbol provides important information

The trouble-shooting information box is marked with the orange no-symbol as
illustrated below. The information box provides information of the trouble shooting
when possible malfunction of the programme occurs.

The text box with the orange no-symbol provides information of the
trouble shooting when possible malfunction of the programme occurs
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.
The additional information box is marked with the blue computer symbol !“"l-;' as
illustrated below. This box provides e.g. more detailed information of the parameter,
description of some term, etc.

\D The text box with the blue computer symbol provides additional
information of the issue dealt in the text. This can be e.g. explanation
o~ of the parameter, description of some term, etc.

Whether you should have any further comments and/or questions related to the EIA
3D model system, this manual, or other matters related to the model or modelling
work, please contact to EIA staff by email.

1.4.2 Conventions

This manual uses particular document conventions to help the user locate and identify
information. The following typographical conventions are used in this manual:

Type style Used for

Bold Window or menu names available to be selected in EIA 3D model.

Bold Fields that require the user to enter the required information such
as, file names, data values or dates, etc.

<enter> Requires the user to press the specified key

blue text reference to other part of the manual or outside document
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PART | - MODEL OPERATION
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2 CONDENSED INSTRUCTIONS FOR MODEL SETUP AND USE

The general concept flow chart of setting up the EIA 3D model application is presented

in Figure 8.
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Figure 8. Flow chart of concept of applying EIA 3D model system.
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21

The folder names in the instructions below refer to the MRCS Deliverables-package
available through the MRCS/IKMP.

USER INTERFACE SOFTWARE INSTALLATION

To set up 3D model user interface, run VivSetup.exe in Deliverables\Software-folder.
This should always be installed.

[To run the distributed hydrological model (VMod) and the 1D channel model (RNet)
one needs to change user interface version. By default VMod and RNet model user
interface is installed into c:\EIAModels\VIV-VMod folder and 3D model user interface
into c:\EIAModels\VIV folder. To change between the user interfaces/ folders use
VivDirSetup.exe programme.]

2.2 CREATION OF A NEW MODEL

Open any *.fld project-file in the ModelApplications sub-folders.
Click File/New/Create empty grid.
Specify file dimensions (x, y and grid size).

Click Model/Grid depths to specify the grid elevations (selecting tabular editing
enables copying from outside sources). Observe that in the model — sign is inserted to
the elevations to make them negative. This follows from the use of the model in two
different modes either as (i) relative to a rather invariable water surface as positive
depths or (ii) as elevations (negative “depths”).

For storing a project click File/Save. For starting a new project select File/Save as and
prescribe new name. Each time a project/model is run the previous output files
including flow fields are overwritten if output file names are not changed either
changing the names in the user interface or starting a new project with Save as.

2.3 SETTING UP A MODEL GRID

In case of a 3D application, set water layer depths (measured to the water surface) in
Model/Grid data/Edit level depths.

Set up model grid location in Model/Grid data/Grid coordinates. Prescribe model
grid origo coordinates (x,y) in the same reference system where maps are provided for
the model and where model GIS outputs are used. Prescribe also model longitude and
latitude. Only latitude has effect on the flow simulation through Coriolis-force.

2.4 SETTING UP COMPUTATIONAL OPTIONS

36

Select flow simulation, implicity and input modes:
Go to Model/Computational parameters.

Select Calculation/ “externall/internal” for 2D + layer velocity difference mode
(faster!).

Select Calculation/layer for direct calculation of the layer velocities (slower!, but in
some cases such as high vegetation friction more accurate).
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Check predictor-corrector-box for increased stability in high friction simulations (even
then this is not often needed; makes simulation more slow).

For improved stability, check implicity for Internal field, Vertical turbulence and
Bottom friction boxes. Instead of using implicity, other option is to use smaller time
steps. Internal field implicity option requires that internal time step (external time step
in case of the layer calculation mode) can be increased at least 100%. Otherwise
simulation is slower than without the Internal field-option.

Select Input/none.

2.5 SETTING UP TIMESTEPS
Go to Model/Time steps.

Check External field, Internal field, Bottom friction and Flooding boxes and give
appropriate time steps — as long as possible but preserving stability and physicality of
the computation.

External field time step should be < As/.\/gH where As is the model grid size

max

(m), g earth’s gravitational acceleration (m/s?) and Hu.x maximum water depth (m).
Internal field time step can be usually larger than the external one.

Flooding time step should be as large as possible (100 — 5'000 s) because flooding
changes simulation topology and most of the model coefficients have to re-calculated
making the flooding step computationally heavy.

Specify additional processes when needed (Horizontal turbulence, Vertical
turbulence and Nonlinear advection, that is momentum advection). The additional
processes can make the solution less stable requiring decreasing also other time
steps.

2.6 SET UP MODEL PARAMETER VALUES
Go to Model/Physical parameters.
In Vertical turbulence model select either Constant, k-e (most universal) or K+L.

If Constant vertical turbulence is selected, provide viscosity values between layers by
clicking Constant vertical viscosity.

Use small Constant horizontal viscosity value when the grid size is small
(appropriate values for grid sizes less than 1 km about 1000 cm2/s).

Usually don’t check linear-box in Bottom friction. Appropriate non-linear bottom
friction values are 0.0025 — 0.01 depending on the flow and type of the bottom.

Set start-up Water level depending on your topographic reference system. For
instance when the reference system is MSL (Mean Sea Level) in Hathien, the water
level should be set around 165 m in Vientiane applications.

2.7 SET UP ANIMATION AND TIMESERIES OPTIONS
Go to Model/Animation/Animation options.
Select Variable from the list. For instance for flow speed select SPED.

Select appropriate Scale, for instance for SPED you may select 0 — 200 cm/s.
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If flow arrows need to be drawn check flow on-box and define arrow Coefficient. The
smaller the coefficient the smaller the animated arrows will be.

Prescribe Animation frame step, that is the interval how often animation is updated.

2.8 SET UP FLOW CONTROL POINTS AND AREAS

Set up of boundary values, wind, load point, time series points etc. by selecting Add
item-button from the control button row (yellow and green button with a +-sign). Click
either one point or select an area with the mouse and select the control from the list
opening by the mouse cursor.

2.9 CALCULATING, STORING AND USING FLOW FIELDS

38

Go to Model/Start, end and dynamic fields.

Check Store end field-box to store the fields at the end of the simulation and
prescribe output file name.

For Dynamic output select output type. Usually select aver. bin, because it preserves
flow volumes and is a compact binary format. Prescribe Filename and Output
timestep (h), that is the interval how often the fields are stored.

When using previously calculated flow field for start-up or sediment or water quality
simulation, prescribe Type and Filename. For a dynamic binary average flow field the
type should be aver. bin and for using end field of a previous simulation ascii (EXV).

When using previously calculated dynamic flow field for prescribing flows for sediment
or water quality calculation, go to Model/Computational parameters/Input and select
type aver. bin. This option saves a lot of calculation time!

For storing illustrative statistics, data products or outputting GIS-files in BIL-format, go
to Model/Statistics. Check output 2D fields and select parameters. Prescribe time
interval for GIS-ouput when output BIL files is selected.

For running the model go to Model/Run and either prescribe run time in hours (N
hours) or when N hours is zero or negative, Start date and End date for start and
end of the simulation.

When running the model, animation can be updated more frequently than prescribed in
the Animations-option by pressing F3-key when OpenGl-animation window is
selected. For other options see OpenGIl-menu in the animation window.
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3 MODEL SOFTWARE

This chapter provides step by step instructions how to install the model software to
your own computer following by the structure of the model software and model
applications files and folders. Also the standard configuration of the model is
presented.

The chapter is divided to three parts:
3.1 Software installation
3.2 File system

3.3 Hardware and operating system requirements

3.1 SOFTWARE INSTALLATION

Prior to use of the EIA 3D hydrodynamic model software the software has be installed
to the computer. Follow the steps provided below in order to fulfil the setup procedure.

1. Double click the VivSetup.exe file

1,547 KB Application

You have to be signed to the computer as an Administrator or user
0 with administrator’s rights to be able to install the software properly.

2. Press Next >> in the Welcome to setup window

3. Software License Agreement: Read carefully the “Master end-user license
agreement” prior to accept the agreement by pressing Yes
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Eaviv x|

Software License Agreement (m
Pleaze read the following License Agreement. Use the scroll bar to views the rest ! .

of the agreement.

MASTER END-USER. LICENSE AGREEMENT
THE EIA LTD. Modeling Software

This End-User License Agreement ("EULA") is a legal agreement
between you (either an individual or a single entity) and EIA Ltd.
(Environmental Impact Assessment Center of Finland Ltd.) for the EIA
Ltd. software product identified above, which includes computer
software and may incude associated media, printed materials, and
"onling" or electronic docurnentation ("Product™). An amendrment or
addendurm to this EULA may accompany the Product, ¥ OU ARE ;l

['o you accept all the terms of the preceding Licensze Agreement? If you choose Mo, Setup will
close. Toinstall El&viy, you must accept this agreement.

SetupBuilder Erint | <¢Back Yes Ho |

4. User information: Write your name and company/organisation/university you

are based in to the User information window. Accept the user information by
pressing Next >>

Select components: Select the programme components you want to install.
You have to select at least the following components to be able to run the EIA
3D model:

a. Viv base system
b. Flow & Water quality models

Also the RLGis component is advised to be installed. RLGis is GIS programme
supporting the files used in the EIA 3D model and needed for data preparation
of some of the model input data.

The VMod component can be left out if you don’t need to use the VMod 2D
hydrological model. This can be also installed later if needed.

When you have selected the components you want to install, press Next >> to
continue.

Eraviv x|
Select Components (m
Select components pou would like to install. ! .

It the options list below, select the checkbozes for the options that you would like to have
ingtalled. The digk space fields reflect the requirements of the options you have selected.

[V Flows & W ater quality models
[ whod
¥ RLGis

Tatal dizk space required: 4927 KB

SetupBuilder, Frint <<Back | Mewt x> I LCancel
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6. Choose destination location: Select the location you want to install the
model software. The suggested directory [C:\EIAModels\VIV] is recommended
to be selected as it is also used in this manual as the reference directory. Thus,
by selecting this directory it would be easier to follow the manual as well. Also,
some parts of the model and data processing don’t support spaces in the file
names and thus, it is not recommended to install the programme for example
under the “programme files”.

If you wish to change the directory, press Browse and select the folder and
location you want to install the software to.

Press Next >> to continue.

7. Start installation: You can check once more the target directory and user
information to be sure that everything is ok before starting the installation.
Press Next >> to start the installation.

You can follow the installation process from the Installation process window.

Eraviv x|

Installation process (@
Flease wait while Setup iz instaling ElAviv on your carmputer. L

Executing installation process.

CAEIAM odelz WY Srlcommon.ip

Copying...

[—

SetupBuilder Erint | << Back | fents I LCancel |

8. If the following window appears, the ElAviv has been successfully installed to
your computer. Press Finish to exit the installation.

Eaviv_ x|

Eldviv haz been successfully installed to C:AEIAMadelz\WIW.
Viv

KLGes
Flow&Wq

Press the Finish button to exit this installation.

ElA Ltd.

Enwvirohmental Impact
Assessment Center of
Finland

SetupBuilder, Erint <<Back T Einish T Lancel
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» Some of the Viv-software components are running.
- check this by going to Task manager and there processes.
If you see a process of Viv, end that process and try to install
the software again

* You don’t have enough space in your hard disc
- release space in your hard disc and try to install again

If the model software setup is not working or there comes an error
message the reason can be following:

* You haven't had the administrator rights when installed the
software
-> sign in to the computer as administrator

3.2 FiLE SYSTEM

3.21

42

The EIAModel system consist two groups of files:

* model system files

* model application files

Model system files

The model system files are installed during the model software installation (Section 3.1
- Software installation) and are typically located under C:\EIAModels\VIV folder. The
model system files contain the models and user interface programs.

File Edit Wiew Favorites Tools Help

") Back - - ? .-\‘Search
</ 7

Folders | Elv

Address [ CAEIAModelsiuIy

jaGu

File and Folder Tasks

(Z) Make a new Folder

@ Publish this Folder to the
eb

ki Share this Folder

Mame = S\zel Type | Date Modified «
FLOVAC,IP 32KE IPFile 08/02[2005 23

o ile
Booap Z5KE IPFil 02/07/2003 16

F:j healgae. TRT
[Z] helight. 2T
F.éj henutri.bxt
@ hezaoba,bxt

2KB  Text Document
1KE Text Document
1KE Text Document
1KE Text Document

08/11/2002 11
08/11/2002 11
12/08/1995 13
12/08/1995 13

I.Frm 23KB  FRMFile 08/08/2005 13
Other Places 2 Blaetrre 14KE IFFile 22/06,2003 05
lambert.ip 3KE IFFie z4/08/2001 21
[ ElAModels 2 lanquage.ip 1KE IPFie 09/12/2001 16
S My Documents lchem. Frm 1KB FRMFile 06/11/2002 14
(5 Shared Documents Ifileniam. frm 3KE FRMFie 27/04]2005 17
3 My Computer = igr.Frm SKE FRMFie 14052003 11
€ My Network Flaces lightgray.sc3 2KB SC3File 24/01/1999 23—
= Ipart.frm 2KE FRMFils 051172002 14
[Z] Is_readme.txt » ent 15/12}2000 15
Details S MATDRAW. 17 ;Z?: .MFjﬂ?i:é? 06/11/2002 14:50 02/06/200 17
T2 tlcammon.ip et 111 KB 07/03/2005 11
VIV 2 rdig_en.ip TR 04/03/2005 16
File Folder 2B idig_fi.ip FKE TP File 27/06/200% 19
Date Madified: 15 February rlgiswin ip 40KE IPFile 25/04/2005 15
2006, 19:27 Er\layers‘lp 98KE IPFile 20/09/2005 12
T2 ritims.ip 122KB TP Fils 12/01/2006 04
= s.frm 1SKE FRMFie 03/10/2003 01
salga frm SKE FRMFie 02/091998 12
= sdrawz.ip 142KE IPFile 02/07/2003 17
ﬁ SPRAW.TP 142 KR TP Fil mrlnr?nm w’q hé
|83 objecks |4.74 ME | ¢ My Computer y

@

Don’t make any changes to the files in VIV-folder nor move these files
or the software may not work properly anymore.
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3.2.2 Model app

lication files

The model application files define the actual model application grids and contain also
model related data. These files are installed in C:\EIAModels directory under each

model application sub-directory.

lllustration below shows

directory structure.
C:\ElIAModels

VIV — model system files

Example_model — model application files

Data — time series data files folder
WQ - computed results folder
example_model.fld — flow model parameters

L.exe — model executive file

@ example_model

the model application

=10/

File Edit “iew Favorites Tools  Help

[}
I

P ) Search

OBack - \_/J - 'ﬂ‘

i{~ Folders ‘El'

Address I_} CHEIRMadelsiexample_madel

BEE

Folders x | Size |

Type | Date Modified |

.,D My Documents ;I
=] j My Computer
[= = ACER ()
£ BooK
I2) Documents and Settings
I dotnetfx o
=1 12 ElAModels
= 3 example_model
I2) Data
12 Wy
5 v
|2 EIAModels_temp
I 386

1} 12kB
1,774 KB

File Folder
File: Folder
FLD File

Application

16/02/2006 05:20
16/02/2006 08:20
23/04/2003 07:17
23(04/2003 07:40

]

|4 objects (Disk Free space: 6.41 GE) [1.74mB8

| _.g My Computer v

@

application file (*.fld — file). In case it is in different

menu.

Make sure that the L.exe is in the same folder than the model

to be defined properly in Source data — Application setup part of the

folder, its path has

Models can be started by opening a preferred model directory under the application
directory, and double clicking a model parameter file. For example, to start the
example_model open the C:\EIAModels\example_model directory and double click
"example_model.fld" file (this is a flow model parameter file).

File types listed below are found in the model application directories. Double clicking
files marked with underlined bold type in windows explorer will start associated model

user inte

rface with the selected file.

Flow model directory

Data file

www.eia.fi/wup-fin

*.fld — flow model parameters

*.wqd — water quality model parameters

types (for example in data-subdirectory)
*.txd — timeseries data files (see txd format below)
*.ipd — RLGis geographic data
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Wq subdirectory
» *.gra— flow model timeseries data
» *.tek — flow model animation data
e *.out — flow model run text output
» *.exv — flow model output field
» *.exc — water quality model end field
» *.dat - user interface generated model input files
» filenam - user interface generated water quality model file list
» Ifilenam- user interface generated flow model file list
e param.inp, nest*.dat - user interface generated nest data
« *.err —flow or water quality model error report

3.2.3 TXD file format

44

TXD file format a text file format for storing structured table data. The file contains
contain two parts, the file header and the file data. The file header contains any
number of file identification information and a data definition. The data part contains
any number of data rows divided into data fields as defined the file header.

txd2
identification line
identification line

field definition
field definition

data
data line
data line

The file should always start with a row containing the text "txd2". After this line are the
file identification lines, where each line consists of an item identifier and an item value.
The item identifier must be a string starting with a letter and containing no spaces or
tabs. The item value can be a number or a string. For example,

location "Koijarvi 2"
ypos 65.236
Xpos 22.183

Additional identifiers, such as data source, missing value identifier and coordsys
explanation can be added to further identify the data.

A field definition is composed of a field type, field name and field length/format.
Following field types are available.

str - string

bool - integer 0-1
byte - integer 0-255
int - integer 32-bit
real - real number

time -time, e.g. date and clock values together
date - date value

Time type fields have a format definition instead of length definition. The format
definition is a string in double quotes (*") containing letters D,M,Y,h,m,s, meaning
date, month, year, hour, minute and seconds, for example “YYYYMMDDhhmmss”.

time date “YYYYMMDD hhmm”

After the field definitions there is a line containing the word “data”, and after this the
data lines. Data values must be always separated by at least one space character, the
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field lengths do not include this space character. Below is an example of a complete
txd file. String fields in the middle of the row may not contain spaces within the string,
for the last field of the row this restriction does not apply.

txd2

location "Lake A 2"

Xpos 22.183
ypos 65.236

missing -9999

time date

“YYYYMMDD hhmm”

int wdir degr 3
real wspeed m/s 5

DATA

19990101 1200 234 5.0
19990102 1200 34 3

19990103 1200 45 35.0
19990104 1200 43 45.0

Summary of standard file ids:

location —
statid —
Xpos —
ypos —
coordsys —

dbname —

pidfile —
missing —

data location name

station identifier (usually 4 character long string is used)
measurement point x — coordinate, can be UTM or longitude
measurement point y — coordinate, can be UTM or latitude
optional, defines the coordinate system for xpos and ypos
variables.

optional, defines measurement data file in measurement point
file.

defines measurement point file in measurement data file
identifies missing data value used in file

Summary of standard field names:

date —
depth —
variable —
value —
pid -

Xpos —

ypos —
name —

contains time value of measurement

contains measurement depth in meters

contains variable code if several variables are in same file
contains variable values, used together with "variable" field
contains a unique identifier for the location, usually a 4 character
long string is used (e.g. BAT1, KCH3)

in measurement point file, contains point x-coordinate

in measurement point file, contains point y-coordinate

in measurement point file, contains location name

Summary of standard codenames and units for variables:

PREC _mm
WDIR_degr
WSPD_m/s
FLOW_ma3/s
WLEV_mm
EPAN_mm
TAVG_C
TMIN_C
TMAX_C
RHUM_%
TWMI_C
TWMX_C
PRES_kPa
DEPTH_m
DINN_ugl/l
DIPP_ugl/l
TOTP_ugl/l
TEMP_C

www.eia.fi/wup-fin

precipitation

wind direction

wind speed

discharge

water level

pan evaporation

daily average air temperature
daily minimum air temperature
daily maximum air temperature
relative humidity

daily maximum water temperature
daily maximum water temperature
pressure

measurement depth

dissolved inorganic nitrogen
dissolved inorganic phosphorous
total phosphorous

temperature
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PHVA_IgH pH

SEDI_mg/I suspended sediment

COND_mS/m conductivity

CA_mgl/l Ca

MG_mg/I Mg

NA_mg/l Na

KA_mg/l Ka

ALK_mmol/l alkalinity

CL_mg/l Cl

SO4_mg/l sulphate

NO2_ugl/l nitrite

NO3 _ugl/l nitrate

TOTN_ug/I total nitrogen

NH4N_ug/l ammonium

PO4P_ug/l phosphate

SI_mg/l Si

OXYG_mg/l dissolved oxygen

OREL_pros relative oxygen concentration (in percentage) compared
to saturation value (0 — 100 %)

CODM_mg/l Chemical Oxygen Demand (using Mn)

CHLA _ug/l chlorophyll A

CDIR_cm/s current direction

CSPD_deg current speed

TURB_NTU turbidity [Nephelometric Turbidity Units]

3.3 HARDWARE AND OPERATING SYSTEM REQUIREMENTS
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Hardware requirements for the model runs depend strongly on the application. The
smallest test and training cases can be run on practically any PC regardless of the
power of the processor or amount of memory. On the other hand especially
applications used for bank erosion with large number of grid cells, small grid and time
step size and turbulence and momentum advection calculation can run very slowly on
less powerful hardware. Recommended hardware for large problems is:

e central memory 2 GB (even if model calculation loop will run in most practical
cases without need for slow virtual (hard disk) memory even under 1 GB, there
should be sufficient memory for other applications)

e dual or quad core processor (mostly to run efficiently long model runs while
working with other software)

e AMD 64 X2 Athlon 5200+ or higher or Intel Intel Core 2 Duo E8200 (6 MB L2
cache, FSB 13333 MH2Z) or higher.

Traditionally AMD processors have been faster for fluid mechanics simulations
because their floating point and memory systems have been faster. Later Intel has
improved memory speed and competes on par with or even exceeds AMD.

Multi-core processors have the potential to run parallelised programme code much
faster. Although parallelisation has been implemented in the model, the latest model
developments have not yet been checked with parallel execution. This is an option in
the future to run large and complex applications faster.

Speed of video hardware is not an issue for the model runs. In some older video cards
hardware acceleration causes model OpenGL interactive graphics to freeze. In this
case hardware acceleration should be be reduced to basic setting.

Extremely large applications such as Lower Mekong Basin model with less than 1 km
grid size may not be able to run under 32 bit operating systems because they exceed
2 GB per-process memory limit. Model should then be compiled with a 64 bit compiler.
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64 bit operating systems offer also potential for faster code execution because of
among others large number of utilised registers. However, the limited test runs with 64
bit Windows and Linux have been slower than on 32 bit Windows. This may be
because the compilers used in the tests were not optimal.
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4 BASICS FOR USING EIA 3D MODEL SYSTEM

In this chapter the basics for use of EIA 3D model system are presented including
starting the model, graphical user interface, structure of the main menu and tool-
bar. The opening and saving of existing model application are also described.

The chapter is divided to five parts:
4.1 Starting the EIA 3D model software
4.2 Graphical User Interface (GUI)
4.3 Menu structure
4.4 Open existing model application

4.5 Exit model application

4.1 STtARTING THE EIA 3D MODEL SOFTWARE

There are two options to start the EIA 3D model application:
* From the EIAModels shortcut icon on the desktop

» By open the model application and at the same time the model software by
open the *.fld file under the C:\EIAModels\[model_application_name] directory

411 Starting the software from EIAModels desktop shortcut icon
1. double click the EIAModels shortcut icon on your desktop

Ly

bl
ElaModels

If the EIAModels shortcut icon doesn’t exist in your desktop there are
two options:

* Your installation hasn’t been completed successfully
- re-install EIA model software to your computer

» Someone has removed the shortcut icon from your desktop
- go to folder C:\EIAModels\VIV
-> click right mouse button the file named EIAModels.ip
-> select Create shortcut and the shortcut is created to the
folder you are in
- copy/cut/drag the shortcut into your desktop
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EIA modelling system Startup

— Models

(F" Flow modeh

iy p——
£ Water Quality model
™ Wwatershed HEY model

" Watershed WMOD model

:

Cancel

— D ata visualization and analysis
 Timeseries

" Model analysiz and drav
~ Section draw

= Animatian

€ Animation to bmp-files

— Data processing
" RLGis
" Datamap

" Digitedit

=101 x|

2. Select the flow model and press OK

3. The Flo-window opens with the main menu, tool-bar and NewProject flow
model window

File Wiew Sourcedata Model Analysis Help  Window

=10l x|

Add layer

Time selection Range

[ s mm dd bk mi |

4 NewProject flow model

41.2 Starting the software from fld-file

1. go to the directory of the model application you want to open (e.g.

C:\EIAModels\3DEXAMP)

2. double click the model application you want to open (e.g. winddriven1.fld)

3. The model software opens with the model application you wanted to open

www.eia.fi/wup-fin
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e =lolx|
File  Edit - Window
Add laper _zaNewProject flow model;/wi =l 3} =
Ml Edit - c:\eiamodels\ 3dexampiwinddrivend.txt =]
WindDriven1.fid |
‘Wind driven flow in pool of constant depth. The surface
flow follows wind, the return flow develops at the bottom
and is against the wind. Vertically integrated flow is zero.
Time selection Range
-~ | 2 DE
( ywwy mm dd bh mi]
B wind

If the EIAModels doesn’t open as shown above, there are few options
to check:

* Your installation of the model software hasn’'t been completed
successfully

-> re-install EIA model software to your computer

» During your installation you haven’t been logged in as an
administrator and part of the software registration hasn’t been
finished and thus, the software doesn’t work properly.

- log-on to the computer as Administrator and install the
model software again

4.2 GrapPHICAL UskeRr INTERFACE (GUI)
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The flow model user interface main window is shown below. The window contains a
menu, a toolbar and a work area. The menu is used to select actions to be performed.
The toolbar contains, for example, tools for moving around in the model grid area. The
work area may contain different type of windows, for example model grid window, time
series windows and data table windows (Figure 9).
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4.21

4.2.2

_(O] x|
View Source dsts  Model Analysis  Help  window
Main menu (@} A 152057, 79220 (153,80) kkj 412057, 1411220 -100.76m
e -lolx [
\ I daynum HOUR. hhFLOW m3/s
o 18920131 24 =-3380
L= hg=l 1 18920228 24 -2118.65
T 2 18920331 24 -366
‘/\ ™ — 3 18920430 24 -429,32
< PEez 4 18920531 24 23
] 19020630 y 0
Tools menu bar
i Data table
% kecmarai window
/ < wini
GLd 13 ‘ 18930131 24 -4001. 6
Time selection Range \ hod (CL
trmir
[ o ram dd b mi |
] Model window Time series
I
T T T T T T T T T T T T T . gE=s] 3z __J
EEEEEEE RN NN window =
il | H oz

Figure 9.  EIA 3D Model graphical user interface.

Main menu

The menu structure of the model reflects model usage, which can be roughly divided
into seven steps:

1. File handling and model grid importing, File menu

View control options, View menu

Input data definition, Source data menu

Setting model parameters and Model computation, Model menu
Examination of results, Analysis menu

Help functions, Help menu

N o ok~ w DN

Window control, Window menu

File YWiew Sourcedata Model Analysis Help  SWindow

The main menu bar and tools menu bar change according to the
o active window.

Tools menu bar

The tools menu bar shows several tools related to picture handling and data item
management.
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The tools are described in more detailed below:
Function

Zoom: Magnify or zoom into the picture. Click the
button and then drag a rectangle with mouse to the
window.

' —
B

Zoom out: Maximum view or Zoom out. Click this
button to return to the no zoom state. No effect if no
already in maximum view.

B

Move: Pan the map

« B

Copy as metafile: Copy the picture to clipboard as a
picture (Windows metafile). Can be used to transfer
pictures to text processing and drawing programs.

Copy as bitmap: Copy the picture to clipboard as a
bitmap (Windows metafile). Can be used to transfer
pictures to text processing and drawing programs.

=

Add item: Add an item (flow, timeseries,
concentration, load, etc) to the map

4+

Remove item: Remove an item from the map

Move marker: Move item in the map

[+ K

the selected tool as pressed down. E.g. zooming tool is selected in

C To release the selected tool press right mouse button. You can see
illustration below:

[ S

- click right mouse button and the zoom is released as
shown below

4.2.3 Model window

The model window shows the computational model grid, where usually water is
displayed with white and land with white colour.
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=10f x|
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f < wind
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The grid is decorated with symbols representing different model input and output data
items, for example:

Time series site (output)
Discharge site (input)

Flow boundary value (input)
Wind (input)

oM@ L

4.2.4 Command window

Command window informs the possible errors within the model use. User can also
give commands to the programme if needed. Most of the commands, however, will be
given through the GUI and Command window provides mostly information from the
programme to the user.

You can open the Command window from View — Show Cmd window

~1olx|
nil

nil

nil

nil

nil

¥ nil

nil

nil
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4.2.5 Data table window

The model input data, as discharge measurements, water level, etc, can be accessed
and/or edited and analysed through the data table window:

=loix|

File Edit - Window

Stare |Cance|| Menu |

Add laper | 1=
=10l x|
daynunm  HOUR KhFLOW n3/s x|
0 |1logz0131 24 -3330 | l
1 19920229 24 -2118.65
2 19920331 24 -366
3 19920430 24 -429.32
4 19920531 24 23
5 19920630 24 305
& 19920731 24 1981.61
7 19920831 24 51z25.1
g 19920909 24 7176, 45 b
9 19920930 24 -5272.64
10 19921031 24 -1951.96
11 19921130 24 -2833.74
12 19921231 24 -3415.47
13 19930131 24 -4001.6 ;I
Time selection Range |
trin LI

The table itself shows the date of the data and data itself. As can be seen the Menu
bar and toolbar have changed from the one which is available when model window is
open.

The user is able to change the values in the table if needed.

Don’t change the boundary condition data if you are not sure that
O the change is needed e.g. then when some data is wrong. Changing
the boundary condition data values may impact on the model results.

If you do some changes to data table which you want to keep, you
O must always save the changes by pressing Store on the toolbar.

When clicking the Menu the following menu appears:

Me oy chrl-
Copy ckrl-C
Paste aver chrl-

Paste insert

Inserk row
Remove rowis)

Data L4
Calculate b
Plak 2

From the Menu button on the toolbar you can do following actions:

e Cut ctrl-X
+ Copy ctrl-C
» Paste over ctrl-V
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» Paste insert
e Insert row
* Remove row(s)

e Data
o Create matrix
o Write to file

o Insert to file
e Calculate

o Statistics
 Plot

o XY dot

o XY line

o Area

o Line

o Bar

By using the tools under Data, one is able to create new matrix, write that to the new
file or insert to the existing file.

From Calculate — Statistics the basic statistics such as number of samples, sum,
average, standard deviation, and minimum and maximum values. The result from one
dataset is shown below:

%2 statistics - 0] x|
1 sum avi M2 min max
1} 153 10206.4 66,7085 g560.416 0,95 416.47

With the Plot tools the user is able to illustrate the data in graph as illustrated with few
examples below:

Plot — Line:

400 - ”

200 —

100 -

! ! ! ! ! ! ! ! !
0 20 40 60 80 100 120 140 160
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Plot — Bar:
400
300

200 -

0 - I ‘ l. . ||H|| ..... I|HH|L .|‘ ‘I.. ..||H |I|..||IH ‘ln ..... |I‘H h..”” ‘In.”‘ hlh li. ||‘ ".‘
\ \ \ \ \ \ \ \ \

0 20 40 60 80 100 120 140 160

4.2.6 Timeseries window

Managing of timeseries window is explained in Section 15.1 — Picture timeseries.

4.2.7 DataMap window

56

DataMap is used to handle flow model related measurement data DataMap window
consist of a digitised base map and a set of symbols representing measurement
points. DataMap-feature has not been utilised in the Mekong applications and it is not
present in the latest versions of the user interface. It has been replaced by a more
versatile RLGis-software.

You can open the DataMap from View — Show DataMap

4 Archipelago sea 1 [=] S
File Map Data

[ vaarz=amt

Measurement data can be displayed by clicking a symbol on the map using mouse.

Measurement points are shown over the map base as symbols. Each symbol is
connected to one measurement time series that contains values of a measured
variable in a location. Displayed symbols can be selected using a window that is
accessed using Data/Visible data menu
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The visible map information (map layers) can be selected to display, for example,
shoreline and water and land areas in different colours. The selection of map layers is
done through Map/Map layers menu.

4.3 MEeNU STRUCTURE

The menu structure of the model reflects model usage, which can be roughly divided
into seven main component and each of those to sub-component as listed below. The
page numbers from where more information for each menu item can be found are
listed in Table 1.

1. File handling and model grid importing, File menu
a. Application file handling
b. Other

2. View control options, View menu
a. Zoom control
b. Window options and management

3. Input data definition, Source data menu
a. Boundary condition data management
b. Timeseries data management
c. Application setup

4. Setting model parameters and Model computation, Model menu
a. Grid parameters
b. Model parameters
c. Model result parameters
d. Model computation
5. Examination of results, Analysis menu
a. Field results
b. Animation results
c. Timeseries results
Help functions, Help menu
Window control, Window menu
a. Window management

b. Application windows

File Yiew Sourcedata Model Analysis Help  Window
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The structure of the main menu is illustrated in details in Figure 10. Each component,
sub-component, and menu item of the Main menu with the corresponding page(s) in
the manual where the functions of menu item is explained is presented in Table 1.

File

Y

New
A 4

Create empty

grid

Import grid
Import using
LFILENAM

Open...
Save
Save as...

Comments

Edit file...

Editor setup..

Clean up.l.| '

Exit

Figure 10.

Table 1.

58

View

Go to zoom 1
Go to zoom 2
Go to zpom 3
Set zoom
area...

Default zoom
nest level...

Redraw grid

Show DataMap

Show Cmd
window

Options;..

Source data

Wind...
Flows...
Additive
flows...
Z-boundaries..
Concentrations
Loads...
Atmospheric
data...
Ice data...
Particle release
parameters...
Initial values...

Timeseries
data files,.. '

Datapoint
handling....:

Application
setup...

Model

Grid :
parameters.;

Grid depths|.c/

Variables...
Physical

parameters...

LU related

parameters...

wQ

parameters...

Computational

parameters...

Time steps,.. |
Computation
period .

Start, endand
dynamic
fields...

Statistics. .

Animation

Animation
options...

Advanced
animation
options...
Update

animation ts.

Delete

animation ts.

Timeseries

Points...
Options...

Out-file...

Run...
Batch..)

Analysis Help

Fields...
Statistics
fields. .
2D fields:..
Sections...

About...

Animation,... L
Animation to
bmp...

Picture
timeseries...

Table
timeseries. ..

Timeseries
reports...

Contents...

Window

Cascade

Tile s
Arrange joons)
Close all

[active |
windows]

Structure of the main menu (the names of the sub-components are listed in
previous page).

Each component, sub-component, and menu item of the Main menu with the
corresponding page(s) in the manual where the functions of menu item is

explained.

Main component

Sub-component

Menu item

1. File

1a

Application file
handling

New -->

Open...

Save...

Save as...

Comments

1b

Other

Edit file...

Editor setup...

Clean up...

Exit
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2. View 2a | Zoom control Go to zoom 1 71
Go to zoom 2 71
Go to zoom 3 71
Set zoom area... 71
Default zoom nest 72
level...
2b | Window Redraw grid 72
options and Show DataMap 73
management Show Cmd window 73
Option 73
3. Source data 3a | Boundary Wind... 80
condition data Flows... 85
management Additive flows... 88
Z-boundaries... 90
Concentrations 92
Loads... 94
Atmospheric data... 96
Ice data... 96
Particle release 97
parameters...
Initial values... 98
3b | Timeseries Timeseries data 99
data files...
management Datapoint handling... | 101
3c | Application Application setup... 102
setup
4. Model 4a | Grid Grid parameters... 104
parameters Grid depths... 116
4b | Model Variables... 120
parameters Physical 123
parameters...
LU related 136
parameters...
WQ parameters... 143
Computational 145
parameters...
Time steps... 150
Computation period... | 154
4c | Model result Start, end and 155
parameters dynamic fields...
Statistics... 156
Animation 158
Timeseries 164
Qut-file... 169
4d | Model Run... 178
computation Batch... 180
5. Analysis 5a | Field results Fields... 200
Statistics fields...
2D fields...
Sections... 200
5b | Animation Animation... 202
results Animation to bmp... 204
5¢ | Timeseries Picture timeseries... 206
results Table timeseries... 211
Timeseries reports... 215

(o))
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6. Help About... 222
Contents... 222
7. Window 7a | Window Cascade 224
management Tile 224
Arrange icons 224
Close all 224
7b | Application [active windows] 224
windows

4.4 OPEN EXISTING MODEL APPLICATION

4.41 From fld-file

One option to open existing model application is to open it directly from the model
application file (*.fld). as explained below:

1. go to the directory of the model application you want to open (e.g.
C:\EIAModels\3DEXAMP)

double click the model application you want to open (e.g. winddriven1.fld)

The model software opens with the model application you wanted to open

P I
Filz  Edit - Window
Add laper _NewProject flow model/ I ] 5 =l
Ml Edit - c\eiamodels’ 3dexampwinddrivenl.txt =]
WindDrivenl.fid =
‘Wind driven flow in pool of constant depth. The surface
flow follows wind, the return flow develops at the bottom
anld is against the wind. Vertically integrated flow is zero.
Time selection Range
[y mm dd kb mi )
B wind
|

4.4.2 From GUI

Second option to open the existing model application is to open it from the model GUI
if the EIA 3D model is already open.

1. From main menu select File — Open
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open . 1§ {
Look in: IB tz]_updated j - £k Eo-

data
grid_gen
wi]

P ts_upd3.fid

File name: IE Open I
Files of type: |Fileg [".5"fid) j Cancel |

2. go to the folder where the model application is and select the model application
file (*.fld) you want to open

press Open
The model software opens with the model application you wanted to open

ol =l
Fie Yiew Sourcedata Modsl Analysis Help Window
|G| |t | | ] | | 944818.748702 (35.150) kkj 11804552, 2759307 -106m

Add layer

15,2 flow model/tsl_upd3

Time selection Range

[y mm dd b mi ]

4.5 EXiT MODEL APPLICATION

To exit model application select File — Exit from main menu. The following window
appears:

Eating
Save case before exiting?

Yes Mo |
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If you want to save the model application before exiting, press Yes, otherwise press
No. After that model still asks whether you are sure to exit the model or not. Press Yes
to exit the model. If you want to resume, press No.

Bt x|

\!.J) Exit program now?
oK I Cancel |

4.6 SAVING MODEL APPLICATION

461 From GUI
To save your model application and all the settings in it, follow the instructions below:

1. From main menu select File — Save or if you want to save the application with
different name File — Save as...

2. If you selected Save and you have already saved the application before, the
model is saved like that. If you selected Save as... or Save and the model is
not saved before (new application) the following window appears:

Saveas 21x|
Save i I ) tel_updated j - £k E3-

|_Jdata
\_Jarid_gen
|wg

Ld tsl_upd3.fid

File name: Iﬁ Save I
Save as type: IFiIes [*.5% ) j Cancel |

3. Select the destination folder and the name you want to save the model
application with

4. Press Save and the model is saved

4.6.2 Save case before running
There is option also to save the model application each time before running it.
1. From Main menu go to Model — Run...

2. Select on the Save case before running - box
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Start computation o ]

— Computation periad

M haurs: |.[|,[|‘| | [if <=0 uze dates] Campute |
Start date; |1 520001200 | [dd e k)

LCancel |
End date: |3u 42001 00.00 | [dd mm yy hh)

™ Create files. do not compute

rl7 Save caze before running I

3. Press Compute to run the model

making big changes on the parameters or other model settings, it is
always good to keep the original model application saved with
another name (see above Save as...).

o You are not able to undo the saved model settings. Thus, if you are
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File View Sourcedata Model Analysis Help !
Create empty grid

5 CREATING NEW MODEL APPLICATION

Open... Import grid
Save Import using LFILEMARM
Save As...
Comments...
Edit file. ..
Editor setup...
This chapter introduces how to create a new model e
application either from elevation data or manually by et

creating empty grid.
The chapter is divided to two main parts:
5.1 Creating empty grid

5.2 Creating model grid based on
elevation data

5.1 CREATING EMPTY GRID

The model application can be created either based on the elevation data (next section)
or creating empty grid which is dealt in this section.

1. Select File — New — Create empty grid
Newfile x|

‘?() Mew situation - continue?

Cancel |

Press OK

Enter the dimensions of the grid and box size in meters following the
guidelines: x-dimension y-dimension box_size (as a default the grid is 10*10
boxes with the box size of 1000 m). The number of your application depends,
of course, the application you want to create.

New empty grid x|
NB.‘Z“ grid % _y dimensions [grid boxes) and boxsize

[0 101000

Cancel |

4. Press OK
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Fle View Sourcedata Model Analysis Help window

] ] ]| (5.9 20 558, 60 438 0m
M _diNewProject flow model B

[y i bl b i )

5. The empty grid is ready.

computer (normal PC) can handle is around 5°000°000. Thus, if you
are using for example 10 vertical boxes (for more information, see
Section 8.1.5 — Vertical division), the maximum number of horizontal
boxes is around 500’000 (e.g. 500*1°000).

C The maximum number of 3D boxes (x*y*z) that normal 32 bit

There are three options to define the depths of the grid:

* Manually using the Model - Grid depths, Map (for more information, see
Section 8.2.1 — Modifying the grid depths in map) tool to define the depth for
each grid cell

* Manually using the Model — Grid depths, Table (for more information, see
Section 8.2.2 — Modifying the grid depths in table) tool to define the depth for
each grid cell

« From table where depths are already in place by copying the information to
the model by using the Model — Grid depths, Table (for more information,
Section 8.2.2 — Modifying the grid depths in table) tool

\Ej. To select the optimum grid size
(=~

The model grid size (box size) impact on the model accuracy, natural

» 4

5.2 CREATING MODEL GRID BASED ON ELEVATION DATA

To create the grid the original data can be in many different forms: digital elevation
model (DEM), depth points, and/or contour lines. The files can be also in many
different file formats: *.shp, *.bil, *.ipd, *.dig, etc. Thus, you should have some basic
knowledge of the GIS in general and the basic use of some common GIS applications
should be known as well.
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5.2.1 Data needed

The data needed to create a grid for 3D Model are basically any data from the
elevation of the ground surface: DEM in *.bil or some other format, contour lines in
*.shp or *.ipd format, depthpoints in *.shp, *.ipd, or *.dig format. From the data you
have the first phase is to create a *.dig file of the original data you have.

5.2.2 Data conversion

In this part some of the most common data conversion will be presented. It is
impossible here to introduce all the possible alternatives. Hence, to do more
complicated data conversions there could be a need to assistant from the trainer.

Original file in *.bil format

When the original DEM file is in *.bil format: Open the bil-file in RLGis and save it to
*.dig format.

1. Open RLGis program

2. Add layer — import file - *.bil
a. browse the needed *.bil file
b. open it

3. Do the needed operations (if any) as resize, change the format, change values,
etc.

4. Save the file to *.dig format
a. Click right mouse button on the file in the left file list.
b. select save
c. type the file name
d. select the right format: dig
5. Go to the next step: Convert *.dig file to 3D grid
Original file in *.shp (point) format

When the original DEM is as depth point format in *.shp file: Open the *.shp file in
Digedit and save it to *.dig format

1. Open the Digedit program
2. Open the .*shp file

{4 Digedit - [Digedit E:\GIS
P File view Data PointD

< I

Insert —

Insert w, clear
Inser inside
Import psfile
Save dig

Save Ind

Save shp

Crdviin

Exit:

a. for depth column you have to select the column in where the
information of the elevation is. Normally that is called GRID_CODE
(look image below).
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Select depth column |

POINTID 61

Cancel |
b. for target type you have to select the point depths (look image below)

Select target type x|

Sharelines
Depth lines

Shore/Depth lines

3. Save the file to *.dig format
a. Select File — Save dig
b. Type the name of the file
c. Press Ok
4. Go to the next step: Convert *.dig file to 3D grid

5.2.3 Convert *.dig file to 3D grid

First you have to copy the convert program to the same folder where your final *.dig
file is located. Hence, copy the following files

* higeneva.exe
* nestneva.exe
e coni
e cohi

to the same folder where the dig-file is. Those program files are e.g. in folder gridgen.
Higeneva
>> input: coni and digit.dat <<

1. rename the *.dig file created from the DEM to digit.dat

2. edit coni —file following the instructions below (using e.g. notebad):

0 \units: O=meter, 1=latlong

0.001 1. \horizontal conversion coefficient,
vertical conversion coeff.

50 size of the grid box in chosen unit

1 356800 400000 1462800 1512000 \0=off, 1=on, minX, maxX, minY,
maxY

0 360000 1341000 \O=off, 1=on, used point for
determine the direction

0 2000 2500 \O=off, 1=on, parameters to the
program
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3. after the parameters are right in coni—file, run the program by typing to the

command line: higeneva

¢ Command Prompt

& suserstmattin3IDNAngkorswestbharay>higeneva
syv—matriiszi 86 x 27 pisteit® 116927
luku maxsyu 3979

levi 2
sywl

ranta

lera

levi2

syukp

taytto

hila

kuva

£ sugerswmatt in3IDWAngkorswestharay>

If the program doesn’t run properly until the end (compare to the
figure above) there could have been some problem in coni-file or then
in final *.dig file. Check e.g. that the coordinates in coni-file are inside

the area defined in *.dig file.

<< output: e.g. op >>
Nestneva
>> input: cohi and in1.dat <<
4. rename the op file to in1.dat
5. edit cohi —file following the instructions presented
1

2

50 357000 1463000 399800 1511000
10 368000 1482000 389800 1504000

\

'

/number of input data files
(in1.dat, in2.dat etc.)

/number of subareas

[size of the grid box in
meters, minX, minY, maxX,
maxy (for both subareas!)

6. after the parameters are right in cohi —file, run the program by typing to the

command line: nestneva
<< output: op.ppm — graphical
grid.dat — for the flow model >>
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Figure 11. Example of op.ppm file — the colours show the altitude variation. Here red
colour (dark) is low ground and green (light) colour is high ground.

5.24 Import the grid to 3D model

To import the grid to 3D model you have to first open empty model and then create a
new model by following the instructions below:

1. Open the 3D Flow Model (see Section 4.1 - Starting the EIA 3D model
software on page 48)

Select from main menu File — New — Import Grid and click OK

In Grid import section select “from grid file”

Grid import

— Gnid import

 fram ey file

" from control file Browsze |

i from grid file

Filename: file. ey |

— Mest data
' no nesting

" from nest file

= from dat file £ |

Filenarne: nest” dat | Cancel |

4. Click Browse

5. Find the grid.dat file which you created in grid generation from .dig file and
click open. The following window will appear
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A NewProject low model -0l x|

Save the model as explained in Section 4.5 - Exit model application.

Close the model application

Start the model application as explained in Section 4.1 - Starting the EIA 3D
model software.

The grid is ready to be applied for the modelling.

imported, and open it again that the model knows the right path to
find the modelling related information as background maps, boundary
conditions, etc.

@ It is necessary to close the saved model application, once the grid is
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Miew Source data Model ana

6 VIEW OPTIONS

Goba zoom 1
Gobo zoom 2
Goba zoom 3

Set Zoom area...
This chapter deals with the view options of the model Default zoom nest level, .
graphical user interface.

. g . Feedraw grid
The chapter is divided to five parts: Show DataMap
6.1 Zoom Shiow Cond window
6.2 Redraw grid Options. ..

6.3 Show datamap
6.4 Show Cmd window
6.5 Options

6.1 Zoowm

6.1.1 Zoom and Zoom out tools

Zoom in: Magnify or zoom into the model grid or other picture. Click the zoom button

)
in the toolbar and then drag a rectangle with mouse to the window.

Zoom out: Maximum view or Zoom out. Click Zoom out button Igl in the toolbar to
return to the no zoom state. No effect if already in maximum view.

6.1.2 Goto zoom

With “Goto zoom” command it is possible to go to the pre-defined zoom areas.
Altogether three pre-defined zoom areas (1-3) can be set up. The instructions for how
the zoom area can be set up are explained in the next section (6.1.3 - Set Zoom
area...).

To go to pre-defined zoom area, select from main menu View — Goto zoom [number
of the zoom area you want to go (1-3)]. The zoom area can be used also for defining
the animation area (more in Section 10.3 — Animation options).

6.1.3 Set Zoom area...

With this command the user can set the pre-defined zoom area by following the steps
below:

Zoom in to the area you want to set up for the zoom area by using the Zoom

tool . in the toolbar.
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-E]

S

2. Select View — Set Zoom area... from the main menu

3. Enter the Zoom number (1-3) to set this zoom area

Setzoom X
£oom number to zet?

| [k I Cancel

4. Click OK and the zoom area has been set

Afterwards to go to that zoom area, follow the instructions given in Section 6.1.2 - Goto
zoom.

6.1.4 Default zoom nest level...

If you have nest levels in your model, you can zoom to those with this tool (if you don’t
have nest levels defined, you are not able to use this tool).

1. Select View — Default zoom nest level... from the main menu

2. Enter the nest level you want to zoom in (0 is the whole model area)

zoom x|
Give nest level for default zoom

0

| ] 4 I Cancel

3. Click OK

6.2 REDRAW GRID

If you need to redraw grid, for example to see some updates you have made but which
are not shown in the model window you can refresh the view by selecting View —
Redraw grid from the main menu.
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6.3 SHow DATAMAP

Select View — Show datamap from the main menu to show the datamap in the GUI.
More about datamap can be read from Section 4.2.7 - DataMap window .

6.4 SHow Cmbp wiNDOW

Select View — Show Cmd window from the main menu to show the Command
window in the GUI. More about Command window can be read from Section 4.2.4 -
Command window.

6.5 OprTIONS

With the view options you are able to manage the layout of the model window. Select
View — Options from the main menu to see the options window.

=l

—Markers

size [fraction of screen height)

Tspoint size, default=0 Cancel

e

r— Gind zolars
qrid water color

grid land calar ¥ nested modify

anid border color

N [T

arid share show elewation

— Coordinates

v grid meters " geographical
W giid box W Kk
—Map

I apfile: |data\river_|ine.dig

Browse |

[~ map files in latlon

Markers

» Size (fraction of screen height): defines the size of the different markers in the
GUI

» Tspoint size, default=0: defines the size of TSpoint markers (0O=same than
other markers)

Grid colors

 Grid water colour: user can define the colour of the water in the model
window. To change the colour,

a. click the box where the colour is shown and click Select colour

Jp nezted modify

Grid colors |

arid water color

arid land color

grid barder calar -_
grid shore show elevation

b. select the wanted colour from the Color window and click OK
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Basic colors:

[l ol ol el
HTEF..
ETFEEENNN
HTMEEEEN N
EEEEEENEN
C 000
Custom colors:

I
.I_I_I_I_I_.I_ Hue: 143 Fed: 1?3
Sat: Iﬁ Green: W
Define Custom Calors > | ColorSalid Iﬁ Blue: Iﬁ
OF. I Cancel | Add to Custom Colors |

¢ Grid land colour: defines the colour of the land area in the model window
e Grid border colour: defines the colour of the grid box borders
* Grid shore show elevation: defines the elevation of shown water level in the
model window
Coordinates

This section gives the user options to select which parameters are shown in the GUI.
The information of the grid is shown on the next to the toolbar as shown in illustration

below:
1. Lo | 3. | a. s,
I I I I
2283,8054 (46.162)lgg 105 1.26, 13 4.38lkkj 11961784, 2743068 -113m
I 1 I I
1. location of the pointer in the model grid in meters measured from the origin
2. grid box where pointer is (x, y)
3. location of the pointer in geographical coordinates
4. location of the pointer in utm coordinates
5. level of the grid box
Map

There is option to use background map in the model window. Browse the map location
and select the coordinate system of the selected file. The map needs to be in *.dig
format. Use RLGis (more about the RLGis can be found from RLGis manual) to
convert the file from e.g. *.shp-file to *.dig-file.
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7

71

SOURCE DATA

7.1
7.2
7.3
7.4
7.5
7.6

This chapter deals with the source data of the model,
its handling and importing. Different source data
types are introduced.

The chapter is divided to five parts:

Importing timeseries
Boundary conditions
Timeseries data files
Datapoint handling
Application setup

Land use

|50urcedata Model Analysis Help

Wind. ..

Flows. .,

Additive Flows, .
Z-boundaries. .
Concentrations. ..

Loads...

Atmospheric data. .,

Ice data...

Particle release parameters. ..
Initial values. ..

Timeseries data files. ..
Datapaoint handling. ..

Application setup. ..

IMPORTING TIMESERIES

The model needs timeseries data for boundary conditions for the model and to validate
the model results. Normally the raw-data is in *.xIs or *.txt format and need to be
imported to the txd-format used by the EIA Model system. Follow the steps below to
import timeseries data from different format to the model supported format.

At the moment the import of timeseries is working from both, “comma delimited” and
“tab delimited” data formats. The data can be imported from txt-file and csv-file.

1. If the data is in xIls-format it should be saved sheet by sheet to the csv-format.
Follow the instructions below (if the data is in txt-format already you can go to

step 2.

a. Open the *.xIs —file

Select the sheet which includes the data you want to import to the
model

c. Select File — Save as...

Browse for the location you want to save the file and edit the name of
the file if needed

e. Select CSV (Comma delimited) (*.csv) for the Save as type:
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paveas 2|
Save in: IJ data j & - Q X Ty~ Tooks-
Marne =~ | Size: | Type | Dake
& B TanThisug.csv 204KE Microsoft O, 22/02
My Recent Bl wiL_MyTho.csv 713KB  Microsoft O,  30/02
Documents | =y yamkenh,csv 1,007KE Microsoft 0.,  22/a3
==
Deskkop
My Documents
-
r‘"
My Cormputer
5 File name: WL Wamkenh.csy] j Save
Iy Metwork =
Places Save as bype: ICSV (Comma delimited) (*, csv) j Cancel
4
f. Click Save

2. Now the data can be imported to the model required *.txd format. Example of
the txd2 format is presented in Box 3. More about the txd-format can be read
from Section 3.2.3 - TXD file format.

Box 3. txd-data format example.

txd2

point PREKKDAM

xpos 478240

ypos 1305170

location "Prek Dam daily"
statid 1

time date "YYYYMMDD"

real HOUR _hh.h 5

real FLOW_m3/s 10

real WATL_ m__ 10

data

19920101 24 -4533.09 4.16
19920102 24 -4461.74 4.09
19920103 24 -4378.95 4.01
19920104 24 -4326.55 3.96
19920105 24 -4284.25 3.92
19920106 24 -4230.91 3.87
19920107 24 -4166.23 3.81
19920108 24 -4111.77 3.76
19920109 24 -4089.83 3.74
19920110 24 -4045.72 3.7

a. Open the model application file (*.fld), if it is not already open, to which
you want to insert the timeseries data

b. Select Source data — Timeseries data files
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File Wiew | Source data Model  Analvsis Help  Window
B (e wind. .. oo 102 47.0¢

Flows, ..

add Additive Flows.
Z-boundaries.
Caoncentrations, .,
Loads. ..
atmospheric data...
Ire data...
Particle release parameters. .,
Initial values...

Timeseries data files. ..
Datapoint handling...

Application setup...

-

c. The following window appears:

[ riles o e 5

Edit data I
E dit he:ader I
Create new |

Remove I
Import data I
Expart data |

LCloze |

d.

new file before you can import data - press Create new

If there are no data files yet in your data-folder you have to first create

@

You have to create new data file if your Files-window is empty. After
that you can proceed with Importing data.

www.eia.fi/wup-fin

15
—Header data
Location: |Location1 |
Statiar 10 |UDDD |
Coords 3 ||j | NS |D | z ||j

Edit variables |

— Mew filaname

|Iocation'| txd |

Cancel

il

e. Press Ok

f.

New data file has been created as shown below.
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Cre il

DaTAWLOCATIONT. THD

Edit data |
Edit header |
Lreate new |

Bemave |
Import data |
Export data |

Cloze |

g. Now you can press Import data and following window will appear:

Read timeseries data o ] |

—Read from fils

|"f: Ysocenarioshdatattotal flow prek kdam inc floadplain_fow '

| Fead | Cancel |

Show | Find |

r Definitions far a new fils

—frite ta file

|test. tad

V¥ Mew file

| Location: |PKM1 |

Show | Find |

Station |0 |DDDD |

= Time read farmat

Sl st EIIII s
Skip lines containing EI

#.y.2 - coordinates:
¥ Mo duplicate times

10448 |[114211 |[o |

Example: |DD£MMW

aniable information |

Files

Erample: DO /MM [DD=day, M =rmanth, ™ =pear)

b [hh=haur.mm=rmin)

— Impart file ligt

I Run list

Show list |

h. select the “Read from file” either by writing the name of the file or
pressing Find from where you can browse the file from the right

destination

i. write the name of the file in format (*.txd) to the “Write to file” field. The
location is by default in model’s data-folder

press Show under the “Read from file” field to see the file which is

being imported to calculate the lines to be skip before the data itself
start. This number of lines have to be write to the box on “Skip first o
lines”. On the following file there are two (2) lines to skip.

! Total Flow Prek kdam inc floodplain_Flow.txt - Notepad o ] 4|

File Edit Format ‘iew Help

sitename=Total Flow Prek kdam inc floodplain, Parameter=Flow, fJ

Freguency=Dai Ty,
28/11,/1995
29/11,/1995
30/11,/1995
01/12,/1995
02/12,/1995

Period=28/MNov/1995-30/Dec /2000
9314 .38
9235.85
9153.55
9067 .47
B9569.45
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k. give the format of the date following the rules (note capitals in dates):
DD=day, MM=month, YYYY=year
hh=hour, mm=minute

I. After the time read format is given you have to fill the “Definitions for a
new file” field where you give the location, station ID and x,y,z-
coordinates.

m. last press Variable information to set up the variables to be read from
the input file. Following window appears:

e
Edit |

Add

Copy |
Bemaove |

Claze |
Cancel |

n. If the variable field is empty you have to Add new variable by pressing
Add. If you want to edit existing variable press Edit

e

Timesenes vanable

ok
" ariable: FLOW nit; ;l
Input file wariable number: LCancel |

0. Select the name for the variable and unit. Then you have to look from
the input file the order of the variable you are describing (e.g. if the first
row of the data is flow data and second water level data, select 1 for
the flow and 2 for the water level)

Press OK

When you have finished the variables input press Close in
“Timeseries variables” window to return to the main Import window

r. If all the information are correct, press Read and the program
announced

o data

\Ej) Dane.
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If there occurs error in the data importing, check following:
» Variable information is correct
* Input file name

*  Write to file field — you have to have the .txd after
the file name

* Check the date and time format

3. you can see the data by pressing Edit data in “Files” window and the data is

shown as follow

=101 ]

date hour FLOW m3/s |

o | 19951129 | 1200 9235.85 —
1 | 19951130 1200 9153.55
2 | 19951201 1200 9057.47
3 | 19951202 1200 8969.45
4 | 19951203 1200 8866.21
5 | 19951204 1200 8752.02
& | 19951205 1200 652,58
7 | 19951206 1200 8545.07
& | 19951207 1200 8450.31
9 | 19951208 1200 &8362.84
10 | 199512098 1200 §291.85
11 | 19951210 1200 8226.12
12 | 19951211 1200 §150.95

13 | 19951212 1200 g0G84.88 =l

It is always good to check the imported data and that it corresponds

@ ::

to the original data, especially if there are multiple variables in original

4. When you have finished your data importing press Close in “Files” window and
return to the main model window

7.2 BOUNDARY CONDITIONS

Boundary conditions give the input data to the model on its boundaries. The following
boundary conditions exist in the EIA 3D model system:

Wind

Flows

Additive flows
Z-boundaries
Concentrations
Loads
Atmospheric data
Ice data

Particle release parameters

Initial values

7.21 Adding new boundary condition

The user has two options to add new boundary condition or edit existing one to the
model application:

Through the model main window map interface

80
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¢ Through the Source data menu

Adding new data through the map interface
1. check that the main model window is open

2. Zoom into the area you want to add the boundary condition

-1o| x|
Fle Yiew Sourcedata Model Analysis Help  Window
5 T i | ]l | 18049.2023 (181,21) kk] 537398, 1178372 -37.61m
add layer 4 NewProject flow model/tan_chau_100m_3 =3}

!

Time selection R |
ar\gel |

'w

|

|

tmax ‘ ‘

e e o

[y o il b i |

3. Select Add item tool |EI from the toolbar and keep left mouse button pressed
down when selecting the new boundary condition place (drag the line through
the boundary) and the menu appears on the screen

TsPaink

Flow

Additive Flow
Z-boundary
Concentration
Load

Particle release

—_——

4. Select the boundary condition you want to add with the left mouse button and
window for that boundary condition parameter set-up will appear. See the
following sections for more detailed information for each boundary condition.

Edit existing data through the map interface

1. In the main model window zoom into the area where the boundary condition
you want to edit is
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-0 x|
File  Vier ta Model Analysis Help  Window
R o[ A e ol b 1435.26293 (15.263) kkj 521385, 1202642 -35.65m
el _d NewProject flow model/tan_chau_100m_3: (=[]
mvflo
Time selection FRange ‘ \
o E— ‘ \
| — |
(399 i i) \
\

release the zoom by clicking the right mouse button

click the boundary condition data point with the left mouse button and following

menu appears

4 NewProject flow model/tan_chau_100m_3

r |-

wflo

timeseries

\
\
1

i

To edit the header information, click the name of the boundary condition (this
case vflo) and the boundary condition parameter window appears. More about
the options for each boundary condition, see the following sections where the

settings fro each boundary condition have been explained in details.

=101
Ok |
Mame: |Vf|.j |
r Location
9F_] #F ] A[_]
Wiz ] s ] Ao ]
lan D lat D [ddrmm.mm]
i~ Flow data
Flow direction: (0-360)
" use constant value: b
= Use file: flove_exter dat Browsze I
% Fram trdfile: inflowe_TC1.TXD Browse I

Trd: multiply speed by: -

Txd: add to direction: D
» Riating curve, points: Edit points

" Rating equation,  coef: |1 |exp: |'I

" Rating equation, steep bank

battom width [m) Manning's n
bank glope energy slope

R ating ref. g wi:

" Raling equation, mild bank
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5. To see and/or edit the boundary condition data, select timeseries and the
Timeseries window appears

S

Variable: |vf|o |
Location: |\.-f|o | Ok

Year o dd Clock Cancel |
Starttime: |199c| | |1 | |1 | |12 | o
Endtime: |2nna | |12 | |31 | |12 | i t:';:'e
Depthrange: 0 - 100
~ Computations
[~ Do computations
Maving average range D Grouping: | none =]
Giaussian average range D Stafistics: | none =l
Linear ransform: X * s 0]
Addtodrection: [0 ] Muliply speed by

a. First user has to define whether the data will be shown in table or

picture format

b. Then user has to define the start and end date of the data that will be

shown

c. User is also able to do to simple computations. The Do computations
check box needs to be checked to make the computation options

active.

d. Click OK to do the selected action.

Adding new data through the Source data menu

This option is presented separately to each boundary condition in the following

sections.
7.2.2 Wind
Variable name: WSPD
WDIR
Unit: [m/s]
[degree]

wind speed

wind direction

wind speed

direction from where the wind is blowing

The following window appears when you click the Source data — Wind... You can
access to the wind data also by clicking the Wind symbol in the model window with left
mouse button and select wind (or if other, the name of the symbol).

www.eia.fi/wup-fin
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_ifix

— Marker location
oK |

LCancel

M ame: |wind

Grid #-coordinate:

II

Grid y-coordinate:

lon |D | lat |D | [ddmm. rmm]

—'wind data

¢ Constant wind

Dir: D (0-359) Speed: D me's

' Usze wind file |wind_e:-:tel.dat | Browse
type: Ione pairk j
™ Create from ted |wind.t:-:d | Browse

Tud: add to direction

Txd: multiply speed by
L]

Name - Symbol title (only for display)
Grid x, y-coordinates - Coordinates in grid (used only for display)

Constant wind - checked if constant wind used
Direction - incoming wind direction in degrees from north, north=0, east=90
Speed - wind speed in m/s

Use wind file — Checked if a file is provided with specific meteorological format. Use
Browse to locate the wind data file.

Type:
constant = constant wind
one point = wind time series from one point
areas: coded data = matrix of wind data using meteorological observation coding
areas: u- and v-components = wind u- and v-componentes given separately
areas: dir, speed = wind given as direction and speed
EXV = flow model format
stress (ETA) = wind stress file from ETA meteorologial model
Areas can cover range of grid cells or each grid cell separately.

Create from txd - Use wind data from a timeseries file. Use browse to locate the
timeseries file.
txd: Multiply speed by - Multiply the wind speed in the txd-file with this number,
applies only when create from txd option is selected
txd: Add to direction - Add this number to the wind direction in the txd-file, applies
only when create from txd option is selected
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D Wind is the roughly horizontal movement of air (as opposed to an
convective air currents) caused by uneven heating of the Earth's

~— surface. It occurs at all scales, from local breezes generated by
heating of land surfaces and lasting tens of minutes to global winds
resulting from solar heating of the Earth. The two major influences on
the atmospheric circulation are the differential heating between the
equator and the poles, and the rotation of the planet (Coriolis effect).

[Source: Wikipedia (www.wikipedia.org)]

7.2.3 Flow
Variable name: FLOW
Unit: [m¥/s]

Flow defines rivers and boundary flows used by the model. Select Source data —
Flows... to open the list of the Flows as presented below:

Constant flows

vilo 10 74 Edit
vflo 104 74
Add
Copy
Remaove

Close

List actions:
Edit - edit item data
Add - add new item
Copy - create a new item by copying an existing item
Remove - remove an item
Close - close the list window

The Flows window (see below) will be opened when either existing Flow item is edited
(Edit) or new Flow item is created (Add)
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=101 x|
Ok
I arne; |vf|c| |
. Cancel |
r— Location
' 0 .
ol |1 | [ |99 | z |1n |
lan |U | lat |U | [didrmrm. i)
r— Flows data

Flow direction: [0-360)
" use constant walue: 4000 m3/s

1 Use file: |f|0w_extel.dat | Browse |
%" Fram kdfile: |tantieuQ.T><D | Browse |
Tad: multiply speed by

Tud: add to direction:

" Raling curve, points: Edit pointz |

" Rating equation,  coef: |1 | X |1 |

" Rating equation, steep bank ' Rating equation, mild bank.

bottom width [m) Manning'sn  |0.035
bank slope _ energy slope  (0.001

Rating ref. wl:

I
I

Flow data:
Name - symbol name

Location
x0,y0,z0 - grid area bottom left surface-layer corner coordinates
x1,y1,z1 - grid area top right bottom-layer corner coordinates

lon, lat — coordinates in lat-lon system (not needed if UTM system is used)

Coordinates may contain land grid boxes but may not be greater than
O grid dimensions.

Constant flow

Flow direction - incoming flow direction in degrees from north, north=0, east=90
(see Figure 12).
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315 N 45

270 90

225 135

180

Figure 12. Flow directions in EIA 3D model when grid x-axis direction is set to be 90 (see
Section 8.1.3 - Grid x-axis direction).

Use constant value — if checked the constant flow is used

There must be value greater than 0 in the Use constant value data
window even if the txd-file or data-file is used. If the constant flow is
0, the flow is not used for computation.

Use file - If checked use the file defined in data file box

From txdfile — if checked the timeseries txd-file defined in the data file box
Txd: multiply file values by - multiply timeseries values with this value
Txd: add to file values - add this value to timeseries data

Rating curve, points — if selected, give water surface elevations and
corresponding discharges by pushing Edit points-button

Rating curve, equation — QO=gx*z“ where Q is discharge and z water elevation;
this option may require that water elevation is adjusted in the model code for other
than absolute reference system or a reference system option is added to the user
interface and code; the same discussion applies to the options below also

coef: a

exp: ¢

27 (b+218)S,
M

(b-z+Z°1S)"/S,

M-(b+2:z1+1/8)

Rating equation, steep bank — Q=

Rating equation, mild bank — Q=

Manning’s n: M
Energy slope: Sy
Bottom width: b
Bank slope: S

Rating ref — the reference cell from the where the water level is taken for the
rating curve (ideally the location where the water level is measured when the
rating curve has been created)
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If the rating curve doesn’'t work properly, check that the reference
point is correctly defined.

=101 ]
date hour FLOW m3/s |
19951129 | 1200 9235.85 —
19951130 1200 9153.55
19951201 1200 9067.47
19951202 1200 G969.45
19951203 1200 8866.21
19951204 1200 8762.02
19951205 1200 B652.58
19951206 1200 §545.07
19951207 1200 G450.31
19951208 1200 G362.84
10 | 199512098 1200 §291.85
11 | 19951210 1200 8226.12
12 | 19951211 1200 §150.95
13 | 19951212 1200 g0G84.88 =l

L= R R R S

w

Figure 13. Example of the flow data in the timeseries table.

lD Discharge (=flow): In hydrology, the discharge of a river is the
e volume of water transported by it in a certain amount of time. The unit
&

~— used is usually m*/s (cubic meters per second). For example, the
average discharge of the Rhine river is 2200 m®s. The greater the
discharge of a river, the more ability it has to carry sediment. The
discharge of a river can be estimated by taking the area of a cross-
section of the river and multiplying it by the river's average velocity.

[Source: Wikipedia (www.wikipedia.org)]

7.2.4 Additive flow

88

Variable name: FLOW
Unit: [m¥s]

Defines additive flows such as exhaust pipes. Similar to flow except that additive flow
adds water to a grid area while constant flow sets the flow on the area to a given
value. Select Source data — Additive flows... to open the list of the Additive flows as
presented below:

=]
Edit |

Add

Capy |
Bemove |

Cloze

Catcel

il

List actions:
Edit - edit item data
Add - add new item
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Copy - create a new item by copying an existing item
Remove - remove an item

Close - close the list window

Cancel - close the list window

The Additive flows window (see below) will be opened when either existing Additive
flow item is edited (Edit) or new Additive flow item is created (Add)

ol x
1k
Nare: |avf|o |
. Lancel |

r— Location

sf ] #[] =

' I Im

lan |U | |at |U | (ddrmm.rm)

— Additive Flow data

Flow [m345] and concentrations: St

Diirection [0-360]: EI

Additive flow data:
Name - symbol name

Location
x0,y0,z0 - grid area bottom left surface-layer corner coordinates
x1,y1,z1 - grid area top right bottom-layer corner coordinates

lon, lat — coordinates in lat-lon system (not needed if UTM system is used)

grid dimensions.

Co Coordinates may contain land grid boxes but may not be greater than

Additive flow

Flow (m3/s) and concentration — selecting Set pops up a matrix, the first line of
which contains the flow amount in m3/s and the rest of the lines each value for
each density variable in the additive flow.
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I i x]

Direction - incoming flow direction in degrees from north, north=0, east=90, etc
(see Figure 12).

7.2.5 Z-boundary

Variable name: WLEV
Unit: [m] (normally above mean sea level or some other reference
level)

With Z-boundary option the user is able to set the boundary water level to the wanted
level e.g. downstream of the river model application, tidal water level in shore
application, etc. Select Source data — Z-boundaries... from the main menu to open the
list of the concentrations as presented below:

e Y
Edit |

Add

Copy |
Bemaove |

Cloze

Cancel

il

List actions:
Edit - edit item data
Add - add new item
Copy - create a new item by copying an existing item
Remove - remove an item
Close - close the list window
Cancel - close the list window

The Z Boundary window (see below) will be opened when either existing
Concentration item is edited (Edit) or new Concentration item is created (Add)
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eI
Ok |
I arme: |2bgu |

Cancel

r— Location

o] R[]

lon |D | lat |D | [ddmrn.rmm]

—< boundary data

Type: I whiole boundary 'I
™ Use constant value [crdh): D

i Use fle: |f|0w_extel.dat | Browse I

% From tedfile: |0utf|ow_TE_Vam.T><D | Browsze I

Tud: multiply file values by -

Add to file walues

I
Add to the times: IZ'

Name - Symbol name

Location
x0, yO0 - grid area bottom left surface-layer corner coordinates
x1, y1 - grid area top right bottom-layer corner coordinates

lon, lat — coordinates in lat-lon system (not needed if UTM system is used)

Coordinates may contain land grid boxes but may not be greater than
o grid dimensions.

Z boundary data
Type — the concentration variable to set

Use constant value (cm/h) — if checked the constant increase/decrease of water
level is used (negative value is decreasing water level, 0 keeps the water level
stagnant)

Use file — if dat-file is used for the boundary condition, check the check box and
browse the file

From txdfile — if checked the timeseries txd-file defined in the data file box will be
used to define the Z boundary level

Txd: multiply file values by — multiply timeseries values with this value

Add to file values — add this value to timeseries data

Add to the times — add this value to the time data

www.eia.fi/wup-fin 91



http://www.eia.fi/wup-fin

Lower Mekong Basin modelling project (WUP-FIN), Mekong River Commission

7.2.6 Concentration

92

Variable name: Varies (see Section 3.2.3 - TXD file format for the variable names)
Unit; [mg/l] for substance or [C] for temperature

List of boundary/constant concentrations. There must be a boundary condition for each
computed variable at each flow border location. Constant concentration sets the
concentration of a given variable to be the given value at given location at all times.
Select Source data — Concentrations... to open the list of the concentrations as
presented below:

i
Edit |

Add

Copy |
Bemaove |

Claze

Cancel

il

List actions:
Edit - edit item data
Add - add new item
Copy - create a new item by copying an existing item
Remove - remove an item
Close - close the list window
Cancel - close the list window

The Concentration data window (see below) will be opened when either existing
Concentration item is edited (Edit) or new Concentration item is created (Add)
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Constant concentration data

r— Concentration

=101 x|

Unit:

¢ Use constant value

35000

M ame: |an$ | Ok |
r— Location Cancel |

'El I

l |388 | L |135 | 21 |m |

lon |D | lat |D | [ddrarn. mm)
r— Concentration

Wariable: Im

madl or C

€ Use file: |cons_e>:ter.dat | Eiames |
£ From tdfile: |c:0ns.tHc| | Browse |

[
I

Tud: raultiply file values by

Txd: add to file values

Txd: interpolation mode I newt ® l
E strapolation
[~ Use extrapolation met: |'| | yext: |1 | zent: |1 |

Concentration data:

Name - Symbol name

Location

x0,y0,z0 - grid area bottom left surface-layer corner coordinates

x1,y1,z1 - grid area top right bottom-layer corner coordinates

lon, lat — coordinates in lat-lon system (not needed if UTM system is used)

@

Coordinates may contain land grid boxes but may not be greater than

grid dimensions.

Concentration

Variable - the concentration variable to set

Unit — either mg/l for substance or C for temperature

Use constant value — if checked the constant load is used (negative value is
residency time)

Use file - If checked use the file defined in data file box
From txdfile — if checked the timeseries txd-file defined in the data file box

www.eia.fi/wup-fin

Txd: multiply file values by - multiply timeseries values with this value

Txd: add to file values - add this value to timeseries data

Txd: interpolation mode — specifies how concentrations are interpolated in

between given values:
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e Linear: linear interpolation
* Previous: nearest previous value is used
* Next: nearest next value is used

Use extrapolation — values are extrapolated to the boundary from a point which is
defined by coordinates (xext, yext, zext).

lD. Concentration is the measure of how much of a given substance

e there is mixed with another substance. This can apply to any sort of

o~ chemical mixture, but most frequently is used in relation to solutions,
where it refers to the amount of solute dissolved in a solvent.

Unit: unit is either [mg/I] (= [g/m?]) for substance (e.g. total suspended
solids, oxygen) and [C] for temperature

[Source: Wikipedia (www.wikipedia.org)]

7.2.7 Load
Variable name: Varies (see Section 3.2.3 - TXD file format for the variable names)
Unit: [mg/l] for substance or [C] for temperature

List of point loadings. Each point load item handles one variable at one location. If
there are releases of several nutrients you must add one point load for each variable.
Select Source data — Loads... to open the list of the loads as presented below:

AT =]
load 56 175 Edit |

Aedd

Capy |
Bemove |

Cloze

il

Catcel

List actions:
Edit - edit item data
Add - add new item
Copy - create a new item by copying an existing item
Remove - remove an item
Close - close the list window

Cancel - close the list window

The Load data window (see below) will be opened when either existing load item is
edited (Edit) or new load item is created (Add)
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il
M ame: |Ioad | Ok |

—Location LCancel |
#0 |55 | yil |1?5 | 2l |1 |
1 |55 | [l |1?5 | al |1 |
lon |D | lat |D | [ddrnm. mm)

—Load
Wariable: Im

Unit; kads or C'm3ds

% Use constant value

[negative iz residency time]

£ Use file: |Ioad_ercter.dat | Browse |
€ From tadfile; ||°E'C|-U'¢EI | Browse |

Txd: multiply file values by:

P ]
Inexl 'l

Tud: add to file values:

Interpolation mode:

Load data:
Name - symbol title

Location

x0,y0,z0 - grid area bottom left surface-layer corner coordinates

x1,y1,z1 - grid area top right bottom-layer corner coordinates

lon, lat — coordinates in lat-lon system (not needed if UTM system is used)

grid dimensions.

@

Coordinates may contain land grid boxes but may not be greater than

Load

Variable - the concentration variable to set

Unit — unit of the load: [kg/s] if the variable is a substance and [C*m?s] if the

variable is temperature

Use constant value — if checked the constant load is used (negative value is

residency time)

Use file - If checked use the file defined in data file box

From txdfile — if checked the timeseries txd-file defined in the data file box

Txd: multiply file values by - multiply timeseries values with this value

Txd: add to file values - add this value to timeseries data

www.eia.fi/wup-fin
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D Load is the measure of how much of a given substance there is
released to the water in relation to the time.

IS — ) - 3
Unit: the unit is [kg/s] for substance and [C*m®/s] for temperature

7.2.8 Atmospheric data

Atmospheric data is required for water temperature simulation. Heat flux simulation
uses either measured radiations or calculates radiation from atmospheric data
including air temperature, humidity, and pressure and cloudiness. Also precipitation is
given in this dialog when it is included in an application. Atmospheric data can be
given homogenously for whole calculation area or specified separately for sub-areas or
every grid cell. At the moment this option is not used in the Mekong applications.

e

M arker

Mame: |atmos | ak |

fird Cancel

Gridy

lon |D | lat |D | [ddrnrm. rmm)

—&tmosphenc data

" Mot used

= Use constant value: D

= Use atmos file: |atmos_e:-:tel.dat | Browse |
tpe: I'Ipoint j

" Create from bad: |almos.txd | Browse |
Ted: multiply by

Tud: add to

7.2.9 Ice data
Model can calculate ice or ice data can be given from a file. Not applicable to Mekong.

~icix
|ce data uzage
Ok |
lce file: |iu:e_exter.dat | Brawse |
Cancel |
ToPe: [
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lce data usage

e file: |i-:e_e:-:ter. dat |

Type:

=101

Browse |

Ok
Cancel |

daily ize Hles
dyn. areas

Different types of ice data are:
» Fixed areas
» Daily ice files
* Dyn. areas

7.2.10 Particle release parameters

User is able to model particle movements in the model application. By selecting
Source data — Particle release parameters... the user is able to activate the particle
computation and define detailed parameters for the particles released as presented

below:
Particle release o ] |
r— Computation options
> i QK | Cancel |
[T Compute particles Chermical |  Location
nparticles: shartlat;
direlease [d): 0.05 startlon:
s e
— Spill properties — Other options

[ continuos release

spill amount [tn]: wel. bandwidth: 1
zpill diameter [m]: 100 caong bandw.:

w. denszity [g/cm3): witdfactor [):

oil density [gem3): deflection angle:

droplet size [cm]: wind ef. depth [cm]: 3

entrainm. wheta:

1R

Computation options

Chemical —

nparticles -

dtrelease -

www.eia.fi/wup-fin

chemical reactions and physical processes can be specified to be
calculated; requires separate chemical parameter file; includes
evaporation, emulsification, dissolution and decay; processes are
described differently on the surface, water column and bottom

total number of particles used in the simulation or number of particles
released each time step in case of continuous spill; oil, chemicals,
fish larvae and floating objects such as boats are calculated as
particles (Lagrancian system) for accurate transport without
numerical diffusion

time step in days between releases (see Spill properties)
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dtoutput -  output timestep for numerical and graphical spill characteristic output

Spill properties

continuous release — if this is not checked, the spill happens in the beginning of
the simulation; if this checked substance is spilled with
dtrelease timestep interval

spill amount and diameter — initial spill mass and diameter
w. and oil density - water and oil densities
droplet size - droplet size in vertical dispersion
Location
startlat and startlon — initial spill coordinates in lat-long

startdepth - initial spill depth

Other options
entrainment w; — vertical particle diffusion bandwidth; the vertical random motion

componentis P (—1,1) W\/(6%) , where P(-1,1) is random
t

function with value between -1 and 1 and W is wind speed. To

get actual displacement this term is multiplied by timestep 4.

vel. bandwidth — horisontal particle probabilistic diffusion coefficient for particle
velocity dependent component: P (—1,1)uw,

cons. bandwidth — constant horisontal particle diffusion bandwidth

windfactor — percentace of wind affecting directly substance surface drift (if
surface layer is thin, this can be 0)

deflection angle — wind impact deflection compared to the wind direction

wind ef. depth — effective depth of direct wind impact

7.2.11 Initial value data

This option enables detailed setup of initial values. Used mostly in large sea areas
where initial state has long impact. Not used in Mekong. See about setting of initial
values below.
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Initial value data

— Wariablez

[~ Read velocity components

Ok
Select variables |

=101 x|

— MODE-format Cancel |
Lan-lat of data origa [dear): |D | |'J |
Data step [dear): 0.25 Set depths |
r— From txd measurement files
Yy mm  dd clock
[ use tadHfiles

7.3 TIMESERIES DATA FILES

The timeseries data files, i.e. all txd files in data directory (see Section 7.5 —
Application setup) can be seen, edited and exported in Timeseries data files window.

To open the window, select Source data — Timeseries data files... from the main

menu.

datatinflow TC1.THD
datahkRATIEDISCHARGE TD
databLOCATIONT. T=D
datatoutflow_TC_Mekong THD
dataoutflow_TC_Wam.THD
datatPREKDAM. THD
datahTEST.T=D
datattar_chau_wl2 Tx=D

Edit data |
Edit header |
Create new |

Bemove |
Import data |
Export data |

Cloze |

=101 x|

List actions:

Edit data - edit item data

Edit header — edit item’s header

Create new — creates new timeseries data file
Remove — removes selected timeseries data file
Import data — import timeseries data from other file
Export data — export timeseries data to txt file

Close — closes the window

www.eia.fi/wup-fin
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Edit data — Edit data command opens the data table which user can edit or make
basic analysis if needed.

&z data',outflow TC_¥am.TZ o ] 4

date hour ELEV m A|

] 19960101 | 1800 1.327 -
1 19960101 1900 1.3586
2 19960101 2000 1,383
3 19960101 2100 1.405
4 19960101 2z00  1.431
5 19960101 2300 1.465
& 19960102 0 1.503
7 19960102 100 1,545
& 19960102 200 1.563
a 19980102 300 1.539
10 19960102 400 1,484
11 19960102 500 1.409
12 19960102 600 1.328
13 19960102 700 1.244
14 19960102  &00 1.161
15 19960102 =200 1.082
16 19960102 1000 1,017
17 19960102 1100 0,983
15 19960102 1z00 1,006
19 19960102 1300 1.0497

20 19960102 1400 1.244 -
R BTy e s

< |LD!

Edit header — with this command the user is able to update the header information
(location, station ID, coordinates, and variables) of the timeseries data file.

[

—Header data
Location: |Mekong 207 |
Stafion|D: K207 |
Coords 5 |D | ' |D | Z |D

Edit wariables |

LCancel

Create new — with this command the user is able to create a new timeseries data file
as presented below.

~(5[x

—Header data

Location: ||_gcation‘| |
Station 10: |DDDEI |

Coords % |D | LE |U | z |D

Edit variables |

— Mew filename

|Iocati0n1 .twd |

Cancel

L’D‘
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Remove — the user can remove unneeded timeseries data files from the data directory
by selecting the file and then pressing Remove

Import data — with this command user can import timeseries data to txd-format from
other data formats. This is explained in more details in Section 7.1 — Importing
timeseries.

Export data — user is able to export the selected txd-file to txt-file with this command.
The window for settings is presented below

il

r— From file

|data\outflow_T C_\am.THD |

it bo file Cancel

ik

|0utput. [Es |

r— E=port file format

date [clock] value
¥ 19301231 1200 99.99
19901231 99.99

901231 99.99

7.4 DATAPOINT HANDLING

Within the Data point handling window the following actions can be taken:

Update lat/lon positions to objects

Update lat/lon positions from objects to txd-files

Import objects from fld file: imports selected objects from the other model
application

Create objects using txd files (*): the selected object can be done directly from
the txd-file by using this action

Remove objects: user can remove all the selected objects at the same time
from the model application if needed

Update header information to txd-files: updates the header information to txd-
files

i
—&ction
Ok |

Cancel

&' |lpdate lat/lon positions to objects

™ Update lat/lon positions from objects ko tadfiles

" Import ohiects from fld file | | Browsze I

" Create objects using tad files ) | | Browsze I

" Remove objects

™ Update header information to tdfiles

— Objects
™ Flows [ Additional Aows " Z boundaries
[T Concentrations [T Loads ¥ Tspoints
[~ wind ™ Atmospheric
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Follow the steps below to do required action:

1. select the object to where the action will be impacted under the Objects part of
the window

select the action un Action part of the window

press OK to do the action

7.5 APPLICATION SETUP

102

This dialog allows setting model title, directories and computational model files. To
open the application setup window select Source data — Application setup...

Title:
Project title - project title is displayed in the model window title.
Directories:

Flow directory - location in which the computations are and where computation
results are stored. The directory should exist. Conventionally 'wq\' is used

Data directory - location in which the timeseries files (txd files) are stored.
Conventionally 'data\' is used

Use relative paths — click on the “Use relative paths” if Flow and Data directories
are in the same folder than your model file (*.fld). If those are somewhere else,
click the “Use relative paths” off and give the complete path of the directories (e.g.
C:\model\directories\)

Flow model:

Model executable - name of the computational model program in relation to flow
directory (if the l.exe file is not in the same directory than the model file (*.fld) give
the path as well, in relative to the flow directory)

Control frame - name of the computation control file frame
Gr.control frame - name of the graphics control file frame

Lfilenam frame - name of the file list file frame

Application setup - |Elli|
—Title
Project title: |T an Tieu | ok |
r— Directories
Cancel |
Flavs directary |wq\ |

Data directary |data\ |

v Use relative paths

r— Flows model
tadel executable: |I_exe |
Cantral frame: ||-f"'" |
Gr.control frame: |Ig[_f[m |
Lfileram frarme: ||fi|enam,f[m |
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7.6 LAND use

The model is using land use map to describe the density, height and oxygen
consumption of vegetation. The model is using that information to calculate the
vegetation impact on the wind, flow friction, and oxygen levels. The land use map
needs to be first imported to the model application prior to set-up the parameters for
each landuse class.

For more about the Landuse in the model see Section 9.3 - Landuse parameters.
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8 MODEL GRID SETTINGS | Model Analysis Help  Window

arid parameters. ..
I arid depths. .

YWariables. ..
This chapter deals with the model grid and Physical parameters. ..
settings related to it. It goes through the setting Land use related parameters. .,
up of grid parameters and how the grid depths Wi parameters.,.,
can be edited in the GUI. Computational parameters..,
The chapter is divided to two parts: VTS S
Computation period. ..
8.1 Grid parameters
. Stark, end and dynaric figlds. ..
8.2 Grid depths Shatistics, .
Animakion. . . k
Timeseries. .. L4
ouk-file, ..
Run...
Batch...

8.1 GRID PARAMETERS

In Grid parameters window the following grid parameters can be set:
» Coordinates
* Grid integration
» Grid X-axis direction
» Channel widths
» Vertical division
* Depths and volume limits
* Nesting
* Channels
The Grid parameter window is presented below, you can open it by selecting Model —

Grid parameters.... In following sections each parameter is explained in more details
with the instructions how to set up each one for the model.
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i
— Grid coordinates:
oK
Ornigo: Gnd reference point:
X [e230m0 | ™ Koo | m Cancel |

T |111auuu | m T |u | m

Longtitude: 106.25 deg Longtitude; 106,25 deg
| |
Latitude: deq L atitude: deg

— Gnd integraton—

 Channel widths Wertical division———————————— —-avis direction—
Mumber of levels: 10
#-channel widths y-channel widths deg
Editlevel depths | |

— Depths and wolume limits

driris (m}: dminz (m}: minvol (m3; (5000
[ use real volumes depth scaling:

—Mesting

Type: |3 vl Depth change: Ioutel+zer0 j Marids:

[ weater divided to whale border

¥ velocity conection on Edit nest data |

8.1.1 Coordinates

In Grid coordinates sub-section of the Grid data window the user is able to define the
coordinates of the model application origo in UTM and lon/lat systems. Both are
needed for different purposes.

« UTM coordinates to locate the possible Timeseries data points and maps if
they are in UTM projection

* Lon/lat coordinates to calculate the coriolis force and to locate spatial
information and data (maps, TS points) which is possibly in lon/lat system.

Origo X, Y - Grid bottom left coordinates in UTM system

Grid reference point X, Y — reference point for the application’s grid coordinates.
Normally best to have X: 0 and Y: 0 when the grid coordinates are shown as meters
from the origo.

Longitude - grid origo longitude coordinate

Latitude - grid origo latitude coordinate

Model uses the Longitude and Latitude information to define the
0 coriolis coefficient. Thus, it is important that you have right latitude
and longitude coordinates in the model.

More about the coriolis: see box under the Section 9.2.5 -
Miscellaneous where the coriolis force is explained and Chapter 21 —
Mathematical Description of Water Flow where the mathematical
description of the coriolis force is presented.
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8.1.2 Grid integration

106

User is able to combine grid cells in order to make the computation faster. This option
must be used cautiously, because for instance control structures will not necessarily
be sensibly defined in an integrated grid. Thus grid integration is suitable for cases
with no or simple control structures.

Grid integration idea is presented in figure below. The default is that the grid
integration is 1, which means that the model is using the grid size defined by user
when creating the grid (e.g. 100 m). If the grid integration is selected to be 2, then the
size of one modelled grid cell becomes 2*original grid cell (in this case 200 m). For grid
integration = 3 the size of one grid cell becomes 3. Below the principles are presented
for how the elevation and land use information are calculated for the new integrated
grid cell.

1 \

Elevation: the model calculates the average elevation value for integrated grid cells
based on the original grid data.

Q

N

N N

Original elevation New elevation in integrated
(Grid integration = 3) grid cell
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Land use: the model selects the landuse based on the most occurred land use in the
area of newly generated grid cell.

N

N

N N

Original land use New land use in integrated
(Grid integration = 3) grid cell

8.1.3 Grid x-axis direction

x-axis direction - grid x-axis angle from north to clockwise direction in degrees,
typically 90, as presented below

0
A

315 N 45

270 90

225 135

180

8.1.4 Channel widths

Single cell width can be changed by user in x- and/or y-direction with the Channel
widths tool. Changing the channel width doesn’t change grid structure but only the
calculation volume of the selected set of grid cells.

Y-channels are parallel to the y-axis and x-channels correspondingly parallel to the x-
axis. The new width defined by using the channel widths tool preserves the grid cell
dimensions in its axis direction and changes in other, i.e. in 100 m grid cell the
changed x-channel width of 50 m means that the new dimensions of the cell are
100*50 m (x*y). The terms are illustrated below.
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108

channel y-channel

N width M~ <

<
1

x-channel x-channel width |—
[ ] L

Channels can be only either directions of North—-South or East-West. The diagonal
channels are not possible at this stage. Thus, to channel corners both, x- and y-
channels need to be added. It is important to preserve the volume of the channel in the
corners and thus, the x- and y-channel widths should be different in corners compared
to the straight channel:

» Straight channel: if the grid cell size is 100*100m (original horizontal area
A1=10,000m?) and the user wants to make channel with width of 50 m the new
horizontal area for the cell is A;=50m*100m= 5,000m>.

e Corner: in the corner there are two channels and the horizontal area of those
channels should be same than in straight channels. Thus the width of the both
channels should be: w.=VA: i.e. in this example it should be w,=V5000m? =
70.7m.

The user is also able to define different channel depth for each vertical division (see
Section 8.1.5 — Vertical division) if the channel's cross section is needed to define in
more details.

thus, the time steps (see Section 9.6 — Time steps) need to be
modified. Thus, it is recommendable not to have much smaller
channel widths values compared to the model grid cell size.

CO Changing the channel width impact also the stability of the model and

Example of the channels in Tonle Sap model application is presented in Figure 14.
The depths (or better elevation) of the grid cells which includes channel are also
deepened by using the grid depths editor (see Section 8.1.7 —).
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. %-channel widths; layer range 1 - 1 =[]

b

|

Figure 14. Example of the channel tool used in the Tonle Sap application.

To create or modify channel widths, follow the steps provided below

1. Open the Grid parameters window by selecting Model — Grid parameters...
from the main menu. There is Channel widths sub sector where is button for
both, x- and y-channel widths.

Chanrel widths

s-channel widths y-channel widths

2. There are three options for editing the channel widths value:
a. Map - edit the channel widths by map interface
b. Table — edit the channel widths by table based interface
c. Delete all — delete all the channel width information

54

LCancel

0K |
' Map " Table " Delete all

3. Map: Select Map in the Grid value editing window and press OK to edit the
channel widths through the map interface.

a. The following window appears
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I =lofx|

|r

d layer X-channel widths; layer range 1 - 1 - Ellil

Time selection Range

[ o rrn dd bk i )

b. First zoom in to the area you want to either edit or add new channel.

File Settings View Help Window

g e | ] 1 | S| 171,107 value: 0 depth: -107.98
Add layer .
__ e | ol x|

Time selection Range
tmin

[ e mm dd bk i ) .

c. The from Settings — Layer range... select the vertical layers you want
to change the grid dimensions. If you want to do the changes for all the
layers, then check how many vertical divisions there are in the model
(see Section 8.1.5 — Vertical division) and use that range: e.g. if you
have 10 layers then define the upper and lower layers as illustrated
below. If you want different widths for different layers, then define the
layers you want to change.

i
Layer range
Laweer layer Cancel |

110 MRCS/WUP-FIN --- February 2008



EIA 3D Model Manual

d. Select either continuous EI or single mode Eil from the toolbar to
enter the channel widths. With the Continuous mode the user can
enter the value for the channel width and then draw the channels
directly. With the Single mode the user needs to define every time
separately the value for the channel width.

Change value x|

Mew valus

[mE

Cancel |

e. Draw the channel to the map and the line describing the place of the
channel appears. The value of the channel width can be seen next to
the toolbar as illustrated below. Also the grid elevation and coordinate
are shown.

i -0l ]

File Settings Wiew Help Window
£ | F] 169,1D?Vﬂ3:?ﬂdepth:-W?.BZ

&dd layer | A *-channel widths; layer range 1 - 10 =10 x|

|»

Time selection Range

[y mim dd kb mi |

[

f.  When you have finished the channel adding, close the channel map
window to return to the main model window. This also saves the edits.

4. Table: Select Table in the Grid value editing window and press OK to edit the
channel widths through the table based interface.

a. The following table appears
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112

N =10 x|

%0 20 zl xl 71 zl width m «|

o [z5 Ji7z 1 25 172 14 500 —
1 |z7 171 1 30 171 14 500
z |32 170 1 3 170 14 500
5 |21 16z 1 24 lsz 14 500
4 |26 161 1 28 16l 14 500
5 |2z 161 1 28 16l 14 500
& |28 161 1 28 18l 14 500
7 |28 161 1 28 lsl 14 700
& |23 1s0 1 33 le0 14 500
a |35 161 1 35 16l 14 500
m |37 16z 1 a1 lsz 14 500
11 |43 160 1 43 180 14 500
1z |45 159 1 45 159 14 500
13 |47 158 1 47 158 14 500
14 a3 157 1 51 157 14 500
15 |55 145 1 55 145 14 500

16 |57 148 1 58 146 14 500 |

b. First three columns are for the channel’s starting point coordinates (xo,
Yo, Zo) and three next for the channel’s end point coordinates (x1, y1, z1).
Here the channels are defined for vertical layers 1-14. The last column
indicates the channel width.

c. User can delete or add layers by selecting first the row to delete or to
where to add new by left mouse button. By clicking the right mouse
button in the row number you get the menu to insert or remove row(s).

N =10 x|

=0 <0 =0 xl vl zl width m N

o |z 172 1 25 17z 14 500 Ioem
1 |z7 171 1 30 171 14 500
2 |32 1m 1 36 170 14 500
5 |21 18z 1 24 18z 14 500
4 |26 151 1 28 161 14 500
5 [2s 181 1 28 1sl 14 500
6 |zz 181 1 25 161 14 500
o ca 28 161 14 700
o e 33 160 14 500
g PRemove rowis) 35 1sl 14 500
10 |37 lsz 1 40 162 14 500
11 |4z 180 1 43 160 14 500
1z |45 159 1 45 159 14 500
13 | a7 158 1 47 158 14 500

14 |45 157 1 51 157 14 500 |

d. User can also edit existing data by clicking the number and typing the
new one. Similar technique needs to be used when inserting new data.

e. When you have finished the edits, press Store in the toolbar to save
the made changes. If you want to cancel the changes, press Cancel.

File Edit - Window

Store |Cance|| Menu |

Add layer |

I =lalx|
=0 0 =0 =1 71 =1 width m -
0 25 172 1 25 17z 14 500
1 27 171 1 30 171 14 500
2 32 170 1 36 170 14 500
3 21 162 1 24 gz 14 500
4 | 2a 18l 1 25 1l 14 500
5 28 18l 1 25 1l 14 500
[ 28 18l 1 25 1l 14 500
7 28 1al 1 28 151 14 700
g 29 ls0 1 33 ls0 14 500
El 35 161 1 35 16l 14 500
10 37 162 1 40 ez 14 500 |
11 43 ls0 1 43 ls0 14 500
1z 45 159 1 45 159 14 soo0
13 47 155 1 47 158 14 500
14 | 43 157 1 51 157 14 500 LI

MRCS/WUP-FIN --- February 2008



EIA 3D Model Manual

5. When you have finished the other axis’ channel widths, then you have to do
the other ones. When you have finished the channel width editing, the channel
should look similar to illustrated below.

8.1.5 Vertical division

Number of levels - number of grid levels in vertical direction, defined based on the
level depths which can be edited as explained below

Edit level depths - pops up a matrix in which the level values can be changed
Follow the steps to edit level depths:

1. Click the “Edit level depths” button and following window appears (sometimes it
appears behind the “Grid data” window, you have to drag the window aside)

I RI=IEY

depthlm]

[ SRR SN

R EF N S )

The 0 value is the water surface and the greatest value is the deepest water
level in the model grid as illustrated below
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Z A Depth:
Z 0 m
I m
2m
3m
o o o y
X

2. You can edit the depths by clicking the depth and typing the new depth. User
can also add/delete layers by right the left column and select either Insert row
to add one layer or Remove row(s) to delete row(s)

CEE—— 101 x]
depthlm]
a

a

1 1
z 2
3 3
a o

Insert rowe
Remove Fows)

3. You can also paste the layer depths from e.g. excel file. You can use the Paste
over function (Menu — Paste over / Ctrl+V) when you have to first you create
the number of rows you need. Then copy the depths from excel, select the first
depth row and select Paste over. Other option is to use Paste insert when the
new copied rows are inserted as new rows to the table.

4. Once you have made the required changes to the depth table, press Store to
save the changes.

normally 100 layers is kept as maximum recommended number of

Co User can add basically up to any number of vertical depth layers but
layers. Normal application needs shouldn’t be over that either.

Check always the maximum possible water depth in your model grid
and enter that to the last depth row. However, the bigger is the
maximum depth the smaller is the time step for flow computation.
Thus, if you have only few very deep locations you may want to leave
these out from computation and select smaller depth to be able to
increase the time step, as normally little flow occurs in those
exceptionally deep areas.
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8.1.6 Depths and volume limits
dmins — minimum grid box depth for velocity grid, usually 0.1-0.3 m
dminz — minimum grid box depth for concentration grid, usually equal to dmins

minvol — minimum grid box volume, usually 0, (raise if computation of transport and
diffusion of concentration variables are unstable)

use real volumes — if this is unchecked the contcentration grid cell size will be the
basic grid size everywhere; if checked grid size will be adjusted in case of shores and
channels; used to enable longer advection timesteps

depth scaling — minimum grid box volume, usually 1

8.1.7 Nesting

Type - nested grid information, values from 1-3
1= nesting type 1; experimental
2= nesting type 2; experimental
3= type 3; use this!

Depth range — defines how nested grid boundaries depths are adjusted; this is used
to decrease vertical mixing on the boundary

None = no adjustment

Outer = outer fine grid boundary cells are be adjusted

Outer+zero = as above + land points arel be adjusted

All = all fine grid bounary points will be adjusted to correspond to the coarse

grid value
All+zero = same as above + land points are adjusted

Ngrids — number of nested grids (if no nesting, Ngrids=1)

Water divided to whole border — when water is exchanged between the grids, the
exchange takes place over the whole dense grid boundary cells; otherwise only outer
fine grid cells are involved

Velocity correction on — velocities are corrected on the boundary when water is
divided to the whole border; horisontal velocities is each grid cell are corrected on the
expense of increased vertical mixing

Edit nest data — you can edit basic nested and non-nested grid data in the following
table; manipulation not recommended without good knowledge of the effects

I =10olx]
%00 il x1 ¥l hoxzz =0 il wi hi usnth pycsmth
o 1] 1] 390 134 200 1] 1] 78200 27000 1] 1]
x0, y0 = coordinates of the left corner of the grid (important in nesting)
x1,y1 = coordinates of the right corner of the grid (on non-nested grid
defines grid size)
boxsz = size of the grid cell (box size)
x0, y0 = origo coordinates in meters
wi = width of the grid in meters
hi = height of the grid in meters
usmth = nested grid dependent surface elevation smoothing number;

number tells into how many surrounding cells water amount
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changes are divided (1 = nearest, 2 = nearest and second nearest
etc.); further away surrounding points are less they receive/
contribute water; adds implicity into the model and enables longer
external time step; when integer value approaches grid
dimensions, dynamic solution approaches implicit solution (see
definition of implicity below);

pycsmth = grid dependent smoothing number in pycnocline calculations

model grid. See Section 5.2.3 — Convert *.dig file to 3D grid for more
information of the nesting.

C The grid nesting needs to be defined already when creating the

8.2 GRID DEPTHS

User is able to modify the grid depth data in either map or table based interface. Select
Model — Grid depths... from main menu to start modifying the grid depths. The
following window appears:

i

0K |
&+ Wap " Table

Cancel

Select either map or table and click OK. Go to the following sections to proceed from
here:

* Map: Section 8.2.1 — Modifying the grid depths in map
e Table: Section 8.2.2 — Modifying the grid depths in table

8.2.1 Modifying the grid depths in map

Below the steps to be taken in modifying the grid data in map based interface are
declared:

6. Select Map in Grid value editing window and click OK and the Grid depths
window appears.
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I _iol«

File Settings Miew Help Window

oy Ty R O | ] O] 177181 vl 73,44 et -73.44
Add layer

=10l x|

Time selection Range

(o dd b i )

P sicixd

7. If the colour scale is not right, set up the colour scale by selecting View —

Colour scale... from the main menu.

Color scale definitions =] =l
Secale bounds

MNumber of colors

32

QK |

Lancel |

Lowser baund 115

Upper baund

8. The low elevations are shown in red and high ones with the blue colours (this
in case that the flood model is used where elevations are negative)

9. Zoom in to the area you want to edit

Grid depths |0 %
|
[ |

10. Select from the menu Settings — Relative depths... to set whether the depths
you will be giving are relative to the existing elevations or they are directly the
depths related to the datum used in the model. Check on the “given depths are
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relative to the existing elevations” and click OK if you want to use the relative
depths, otherwise click OK without checking that option on.

Relative depths o ] 4|
) . - . Ok |
[ given depths are relative to the existing elevations
LCancel |

11. Select either continuous EI or single mode |23-| from the toolbar to modify the
grid depths. With the Continuous mode the user can enter the value for the
grid depth and then continuously edit the channels. With the Single mode the
user needs to define every time separately the value for the gird depth.

Change value x|

MNew value

d

Cancel |

12. now you can modify the grid depths by clicking or dragging the selected grid
cells by left mouse button

13. when you have finished the editing, close the Grid depths map window and the
modifications will be stored.

8.2.2 Modifying the grid depths in table

Below the steps to be taken in modifying the grid data in table based interface are
declared:

1. Select Table in Grid value editing window, click OK and the Grid depths table
appears.

0 1 2 3 4 5 «|

0 |-103.55 |-103.81 -104.03  -l04.18 -99.77 -§4. 54
1 |-103.68 -103.91 -104.1 -104.26  -102.3 -87.64
z |-103.88 -104.08 -104.25 -104.39 -102.31 -G5.49
3 | -l104.09 -104.27 -104.42 -104.55 -104.36 -84.08
4 | -104.3 -104.45 -104.59 -104.7 -104.74 -86.1

5 | -l04.45 -104.61 -104.74 -104.85 -104.89  -88.3

6 |-l04.56 -104.71 -104.86 -104.98 -105.07 -93,94
7 | -l04.61 -104.79 -104.96 -105.1 -105.22  -93.64
8 |-l04.63 -104.84 -105.06 -105.24 -105.38  -91,27
9 |-104.63 -104.91 -105.18 -105.4  -105.55 -94,2

10 | -104.67 -105.02  -105.35  -105.6 -105.76  -100.72
11 | -104.82 -105.19  -105,55 -105,81  -105.95  -103.48
1z | -104.92  -105.3z -105.71  -106 -106.18 -105.62

13 -104.85 -105.31 -105.75 -106.11 -106.34 -106.43
14 -104.68 -1l05.16 -105.68 -l06.14 -106. 43 -1l06.53
15 -104.34 -104.858 -105.49 -10&.06 -106&. 42 -106.54
16 -103.87 -104.47 -105.17 -105.83 -106.25 -1l0&6.39
17 -103.34 -103.97 -104.89 -105.37 -105.83 -10&.07
18 -102.91 -103. 52 -104.21 -104. 86 -105.35 -105.67

19 -10z.7 -103.2 -103.82 -104, 42 -104. 93 -105.3

20 -10Z.63 -103.02 -103.55 -104.11 -104. 61 -105.03

21 -10z.7 -10z.87 -103.4 -103.89 -104. 38 -104.83

22 -102.87 -103 -103.32 -103.74 -104. 22 -104.65

23 -103.06 -103.06 -103. 27 -103. 62 -104. 06 -104. 52 -
k1N v 4
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2. Every grid cell has one value in the matrix. User can locate the grid in the map
by using the grid coordinates to calculate the place in matrix. The (0, 0) value
in the depth matrix is the upper right corner in the grid.

3. User can edit existing data by clicking the number and typing the new one.
Similar technique needs to be used when inserting new data.

4. When you have finished the edits, press Store in the toolbar to save the made
changes. If you want to cancel the changes, press Cancel.

8.2.3 Adding the channel information
See Section 8.1.4 — Channel widths for detail information.

www.eia.fi/wup-fin 119



http://www.eia.fi/wup-fin

Lower Mekong Basin modelling project (WUP-FIN), Mekong River Commission

9 MODEL VARIABLES | Madel Analysis  Help  tindow

arid parameters., ..
arid depths. .,

Wariables. ..

Physical parameters. ..

Land use related parameters. ..
Wi parameters, ..
Computational parameters., ..
Time skteps. ..

Computation period. ..

This chapter deals with the model variables. It
goes through each menu item and presents
the variables of those.

The chapter is divided to seven parts:
9.1 Variables

9.2 Physical parameters Start, end and dynamic fields. .
9.3 Landuse parameters Statistics. ..
. Animatian. ., L4
94 Water quality parameters Timesaries. . N
9.5 Computational parameters out-file. .
9.6 Time steps Rur...
Batch...

9.7 Computation period

9.1 VARIABLES

In variable window you can add the concentration variables (e.g. temperature,

suspended sediment, oxygen, etc). Select Model — Variables... to open the
Computation variables window as shown below
1]
Edi |
Add
Copy |
Bemove |

Claze

il

Cancel

Following actions can be selected from the list in right part of the window:
+ Edit - edit item data
* Add - add new item
» Copy - create a new item by copying an existing item
* Remove - remove an item
» Close - close the list window
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When user is either editing or creating new variable the following “Variable
parameters” window appears (this example window appears when creating new
variable):

Yariable parameters - |Elli|
—Wariable
Code: Unit: ok, |
¥ active [~ sediment budget
LCancel |
[ wertical antidiffusion v aftects density
— Computation parameters Dutput options

Settling coefficient: cmid
EI v 2d-statistics
cong dependent: EI cm/d/unit
[ use table values Table walues |

r Initial value

Iitial value EI Uitz

[ oweride start field values

[ use table values Table walues |

r Initial sediment value

Initial walue EI Uik

[T overide start field values

™ use table values Table walues |

In Variable section of the window the following parameters can be defined:

Code - variable name code, 4 uppercase letters, below some of the most
common name codes with their Unit

TEMP = temperature [C]

SALI = salinity [mg/I]

SEDI = suspended sediment [mg/l]

OXYG = dissolved oxygen [mg/]

O O O O

Unit — unit for the variable, either mg/l for concentration or C for temperature
Active - checked if the variable is computed, unchecked if not

Vertical antidiffusion - computational method for reducing numerical diffusion in
vertical direction, not normally used

Sediment budget — checked if sedimentation of the variable is needed to be
calculated (normally on for suspended sediment)

Affects density — checked if the variable is wanted to affect density, as salinity

The following computational parameters can be defined

Settling coefficient - linear settling coefficient, cm/d

Cons.dependent - nonlinear concentration dependent settling coefficient,
unit/cm/d

Use table values - settling coefficients can be separately given for each grid
depth layer, is this checked the individual layer values are used

Table values - pops up a matrix containing separate settling coefficients for
each vertical grid layer
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122

Yariable coefficients =1l
W arniable
Wariable: TEMP Urit C oK |

r— Coefficient table:
LCancel |
Setting |

Sedimentation |

CEE— ~lo x|

lin cm/d sgr cm/dsu
0

[l

Woo0 -1 holn s L B O
oo oo oo oo oo
oo o oo o oo

In Initial value section user is able to define the initial values for the variable.

Initial value - one initial value for all the grid area

Override start field values — model will use values defined here instead of the
ones from the start field (see Section 10.1 — Start, end and dynamic fields)

Use table values - several initial values for different rectangular areas can be
given. Check this if you want to define more than one initial value area. Define
the values for each area in Table values.

Table values - pops up a window where two options to give the initial values
can be used

o Table: matrix into which initial value areas can be entered. The matrix
contains a one line for each rectangular initial value area. On the line
are x0,y0,z0,x1,y1,z1 and c0 values, where the coordinates define the
area and c0 is the preferred initial value.

o Map: user can define the values based on the location in the map

In Initial sediment value section user is able to define the initial values for the amount
of variable that exist in the bottom of the water body when the calculation starts.

Initial value - one initial value for all the grid area

Override start field values — model will use values defined here instead of the
ones from the start field (see Section 10.1 — Start, end and dynamic fields)

Use table values - several initial values for different rectangular areas can be
given. Check this if you want to define more than one initial value area. Define
the values for each area in Table values.

Table values - pops up a window where two options to give the initial values
can be used

o Table: matrix into which initial value areas can be entered. The matrix
contains a one line for each rectangular initial value area. On the line
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are x0,y0,z0,x1,y1,z1 and c0 values, where the coordinates define the
area and c0 is the preferred initial value.

o Map: user can define the values based on the location in the map

The 2d-statistics should be checked in the Output options part of the window if user
wants to include the parameter into the 2d-field output.

Press OK to save the settings and to get back to the “Computation variables” window.
The new variable, if added one, can be seen in the list as shown below (TEST

variable):
IE(x]
TEMP C Edit |
TEST ma/l
Add
Copy |
Remove |

Cloze

Cancel

il

9.2 PHYSICAL PARAMETERS
User can define the different physical parameters for computation in Physical
parameters window. The window is divided to five sub-categories:
* Viscosity
* Density and concentration computation
» Friction coefficients
* Heat flux
* Miscellaneous
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Physical parameters - |EI 1'
—Wiscosik
Constant haor. viscosity [cm2ds): 10000 Default setiings | Ok | Cancel
Mest boundary zdiff [em/s): . X
~ Friction coefficien
Mest boundary zldiff [crms): )
Wind drag; 0.001 Isquared vl
Constant vertical viscosity |
Bottomn friction: ¥ lingar [ Chezy [ aw wel
Set timesteps "on" for other than conztants:
Depth dependent b-fric: Limit depth [m]
Wertical turbulence model IConstant v
Mariring coefficient: I:I Limit depth [m: El
Surface friction: i
Length scale [em] in K. D I linear
Coefficient of Prandt number: gl 7 Diag areas | Fiiction areas I
[Betain model 1 0.015 - 0.030)
Horizontal viscozity made: ISmagnrinsky - - Heat flu
Hor. diffusive velocity [cm/s) SeeeildpTh(i
Longitudinal cosfficient e D Ll L
Transverssl cosfficient o Bottom T difference [C]: I:I Distance [m]:
Battorn thermnal conductivig [ /m/C]:
r— Density and concentration computation———————————————— v W ! IE'
I Unesco ™ Density not calculated
~ Miscellaneou
Haorizontal diffusion: l:l
‘wlater level 10165 Corioliz mode: Iconstant vl
Vertical diffusion | Mordin limit m)
lsopyenal density difference | Fetch Waves | Erosioh |

The parameters and options for each sub-category are defined in more details in the
following sections.

9.2.1 Viscosity

Theory and model realisation of turbulence and viscosity and presented in WUP-FIN
Model Report and in Manual Chapter 26. Here only a short description of parameters
is given.

\D Viscosity is a measure of the resistance of a fluid to deformation
under shear stress. It is commonly perceived as "thickness", or
~— resistance to pouring. Viscosity describes a fluid's internal resistance
to flow and may be thought of as a measure of fluid friction. Thus,
water is "thin", having a low viscosity, while vegetable oil is "thick"

having a high viscosity.

[Source: Wikipedia (www.wikipedia.org)]

Basic variables:

« Constant horizontal viscosity [cm?%s]: when horisontal viscosity is not
calculated one needs to specify it; appropriate values range from 1000 —
100000 depending on grid size

* Nest boundary zdiff [cm/s]: added surface diffusion on nested grid
boundaries; required in some cases to stabilise flow; should be as small as
possible, value 50 is often used

 Nest boundary zldiff [cm/s]: corresponding nested boundary isopycnal
diffusivity
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Constant vertical viscosity: when vertical viscosity is not computed prescribe viscosity
over layer boundaries; typical values range between 15 (relatively calm lakes and sea
areas) to 100 (high velocity river flow) cm?s.

EEE -i0)x

0 -] N e L D = O
—
o

] 13
10 13
11 15
12 15
13 15
14 | 15

i

Kinematic viscosity (Greek symbol: v) has S| units (m?s™). The cgs
physical unit for kinematic viscosity is the stokes (abbreviated S or
St), named after George Gabriel Stokes. It is sometimes expressed in
terms of centistokes (cS or cSt). In U.S. usage, stoke is sometimes
used as the singular form. In environmental fluid flow kinematic
viscosity is insignificant compared to turbulence.

1 stokes = 100 centistokes = 1 cm?s™ = 0.0001 m?s™".

[Source: Wikipedia (www.wikipedia.org)]

Vertical turbulence models:
» Constant
 Wind, cor., depth: wind, Coriolis and depth dependent model; only for
experimentation
* Richardson: Richardson model; only for experimentation
* L, Rich,, vdiff: Richardson + length scale; only for experimentation
» k-e: k-epsilon; calculation of turbulent kinetic energy and its dissipation; most
universal and accurate
* K+L: kinetic energy and length scale calculation; appoximates k-e in a
stationary case
» K: kinetic energy, length scale given (see below)
Parameters:

www.eia.fi/wup-fin

Scaling: viscosity sclaing coefficient in case viscosity is calculated
Length scale [cm] in K:
Coefficient of Prandtl number
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D. Turbulence: In fluid dynamics, turbulence or turbulent flow is a flow

regime characterized by chaotic, stochastic property changes. This

~— includes low momentum diffusion, high momentum convection, and

rapid variation of pressure and velocity in space and time. Flow that is

not turbulent is called laminar flow. The (dimensionless) Reynolds

number characterizes whether flow conditions lead to laminar or
turbulent flow.

[Source: Wikipedia (www.wikipedia.org)]

Horizontal viscosity mode:

In contrast to homogenous classical horisontal viscosity formulation presented above
* Smagorinsky
» lin. x-y: viscosity in x- and y-directions
« all dir: experimental in flow direction
* x-y and diag.: experimental in x-, y- and diagonal directions
» velocity diff.: experimental velocity difference dependent.

Horizontal viscosity parameters:

e Hor. diffusive velocity [cm/s]: viscosity coefficient in other modes than
Smagorinsky

e Longitudinal coefficient: viscosity scaling in x-direction (originally in flow

longitudinal direction); in the Smagorinsky formula this parameter is CH\Q__Q’

in the x-direction (see below); use 0.1 or less for Smagorinsky; in litterature
indication is given that ¢, values 0.1 — 0.2 work best corresponding to model
parameter values 0.04 — 0.07

e Transversal coefficient: viscosity scaling in y-direction (originally in flow
transversal direction); in the Smagorinsky formula this parameter is CHTz in

the y-direction (see below); use 0.1 or less for Smagorinsky; values in range
0.04 — 0.07 may work best.

Smagorinsky formula is:

W2 \/auz ov Ou ov\
Dh_CHTAXAy 2 a + Ox ay E

cn is dimensioneless HORCON parameter. Advantages of the Smagorinsky formulation
are that ¢, is non-dimensional, viscosity decreases as grid cell size decreases and
viscosity is small if velocity gradients are small.

2
+2

9.2.2 Density and concentration computation

Options:
» Unesco: use standard Unesco formula for density; if this is not checked a

simplified square law for temperature dependent density is used and salinity
or any dissolved substance dependt density is added to this

» Density not calculated
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Variables:
» Horizontal diffusion: horizontal diffusion coefficient for concentration
calculation (see chapter 24.3)
» Vertical diffusion: vertical concentration diffusion coefficient; prescribed over
each model layer boundary
» Isopycnal density difference: initial density difference over each layer
boundary in isopycnal density calculation mode

{D. Diffusion, being the spontaneous spreading of matter (particles),
heat, or momentum, is one type of transport phenomena. Diffusion is
~— the movement of particles from higher chemical potential to lower
chemical potential (chemical potential can in most cases of diffusion

be represented by a change in concentration).

Momentum diffusion refers to the diffusion, or spread of momentum
between particles of matter, usually in the liquid state. In the case of
the laminar flow of a liquid past a solid surface, momentum diffuses
across the boundary layer near the surface. The gradient in this case
occurs between the liquid in contact with the surface, which does not
move at all and has zero momentum, and the liquid far away from the
wall, which has momentum proportional to the speed at which it is
flowing. The rate of transport is governed by the viscosity of the fluid
and the momentum gradient.

[Source: Wikipedia (www.wikipedia.org)]

\D. Isopycnal is a surface of constant water density. In the ocean, as the
depth increases, so too does the density. Varying degrees of salinity
~— and temperature act to modify the density of water, and the denser
water always lies below the less dense water. Because of the action

of winds and ocean currents, isopycnals are not always level.

[Source: Wikipedia (www.wikipedia.org)]

In the model isopycnal solution mode describes density differences
as dynamic isosurfaces eliminating this way numerical diffusion.
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9.2.3 Friction coefficients

128

D. Friction is the force that opposes the relative motion or tendency of
such motion of two surfaces in contact. It is not, however, a
N fundamental force, as it originates from the electromagnetic forces
between atoms. Friction between solid objects and gases or liquids is

called fluid friction.

The coefficient of friction (also known as the frictional coefficient) is
a dimensionless scalar value which describes the ratio of the force of
friction between two bodies and the force pressing them together.

[Source: Wikipedia (www.wikipedia.org)]

Wind drag:

The wind drag coefficient is not only a physical parameter, but adjusting coefficient
enables wind measured in some other place than just over water surface to be used in
the model. The effective wind drag (or friction) coefficient value depends on where and
on what height wind is measured. Because near ground wind velocity increases
sharply in upward direction, the drag coefficient has to be set lower the higher the
measurement. In similar way wind speed is in general higher over lake or sea area
than over forested area and wind drag needs to be increased when wind is measured
over forested or land area in general. Typical values are 0.001 - 0.002. Use allways
square (physical shear stress) form of the wind drag, other options are for testing
purposes only. See also chapter 24.1 Wind Shear Stress in Part Il of the Manual.

Wind drag depends on water surface roughness/ waves. Although model calculates
sheltering, fetch and waves, these don't have at the moment connection to the wind
drag.

Bottom friction:

Optional bottom friction coefficients and equations:
» Linear: linear form of bottom friction
¢ Chezy: Chezy law used for bottom friction utilising bottom roughness
« Av. Vel: friction velocity is obtained from

If non of these is selected square law is used. The form of the bottom friction term in
momentum equations is —cb-u-\/uz-l-vz,—cb-v-\/uz+v2 for bottom flow x- and y-

components. ¢, is the bottom friction coefficient. Quadratic formula is physically
justified shear stress form and works best in most of cases, at least for 3D flow
modelling. Linear form can be used in some cases to stabilise simulation in case of
extremely high friction such as flow through vegetation (for instance on Tonle Sap
floodplain). Typical non-linear bottom friction coefficient value range is 0.0025 — 0.01
depending on the bottom roughness and flow characteristics. Linear bottom friction
can be set around 0.03.

In 3D applications bottom friction and vertical viscosity are connected: by increasing
vertical viscosity average flow “feels” bottom friction more effectively. This impacts
also water elevations. One can interpret vertically averaged flow calculation as 3D
calculation with infinite viscosity. Because of this bottom friction value calibrated with
2D model option is not in general appropriate for 3D calculation. For further discussion
of bottom friction reader is reffered to chapter 24.2.
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Depth dependent b-fric:

With this option bottom friction coefficient increases as a function of decreasing depth:
c,(z)=c,/z . User must specify limit depth until which the coefficient increases.
Observe that the depth dependent friction is added to the basic bottom friction.

Depth dependent bottom friction can stabilise flow in case of thin water layer is
flooding and drying floodplain. In such cases it is possible that in some grid point water
level starts to oscillate between dry and wet states. Increased friction can stabilise flow
in such cases. Also depth dependent bottom friction can describe effect of increased
viscosity and average friction (see discussion in “Bottom friction” above) with
decreasing depth.

Manning coefficient:

This parameter value determines wheter diffusion wave approximation (for the flux in
ZS/3 aZ

n o0x
When Manning coefficient is different from zero diffusion wave approximation is used
for calculation when water depth is less or equal than a given limit depth. The rationale
behind the use of diffusion wave approximation is, that with thin sheet flow over
floodplain with high roughness Navier-Stokes equations don't describe the flow
accurately and diffusion wave approximation is more relevant then. The latest Mekong
applications don't utilise diffusion wave solution method.

x-direction ¢ = , Where n is the Manning coefficient and z water depth).

\D The Manning formula is an empirical formula for open channel flow,
e or flow driven by gravity. It was developed by the Irish engineer
o~ Robert Manning.

1 2
I~’=ER,§-S§

Where:
V - cross-sectional average velocity (m/s)
n - Manning coefficient of roughness
Rh - hydraulic radius (m)

S - slope of pipe/channel (m/m)

[Source: Wikipedia (www.wikipedia.org)]

Typical verified manning coefficient value range for rivers is 0.02 —
0.08 depending on the river characteristics.

Surface friction

Surface friction is used for specifying ice friction. It is analogous for bottom friction.

Multiply by:
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It is possible to change wind drag or bottom friction coefficients in any area by
multiplying them with a scaling coefficient. The scaling coefficients can be prescribed
by editor or by spreadsheet:

4 Wind drag areas

I Value

New value for 179.183.349 353 2

E

Cancel

Wind drag areas

x0 ¥ =0 ®1 w1l 21 walu ok
[u] 126 318 1 208 378 1 1 =
1 176 348 1 1z8 57 1 1.3 Cancel
Insert Line
Remove Line

9.2.4 Heat flux

Heat fluxes are calculated when modelling water temparature.

Secchi depth: See box below for definition of Secchi depth. It is used for determining
light penetration into the water column.
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lD Secchi depth: Secchi disk is a device used to measure water

‘_J transparency in open waters of lakes, bays, and the ocean. The

~— pattern shown in the image is drawn or painted onto a card or acrylic,
mounted on a pole or line, and lowered slowly down in the water. The
depth at which the pattern on the disk is no longer visible is taken as
a measure of the transparency of the water. This measure is known
as the Secchi depth and is related to water turbidity.

-

| } |
30 em 20 cm

[Source: Wikipedia (www.wikipedia.org)]

Evaporative heat transfer can be significant. In the model there are two parameters
connected to it:

aEvapor [m s’ mb™]: free convention factor in the evaporative heat transfer; depends
on virtual temperature gradient; often set to 0

bEvapor: coefficient for the wind dependent forced convection factor; recommended
value 1.13 10° mb™"; depends eg. on fetch.

Bottom T difference [C]: temperature gradient between water column and bottom for
bottom heat transfer

Distance [m]: Distance over which temperature gradient is measured or estimated

Bottom thermal conductivity (W/m/C): see box below.

the intensive property of a material that indicates its ability to conduct
~-— heat.

lD. Bottom thermal conductivity: In physics, thermal conductivity, k, is

It is defined as the quantity of heat, Q, transmitted through a
thickness L, in a direction normal to a surface of area A, due to a
temperature difference AT, under steady state conditions and when
the heat transfer is dependent only on the temperature gradient.

thermal conductivity = heat flow rate x distance / (area x
temperature difference)

k=QxL/(AxAT)
[Source: Wikipedia (www.wikipedia.org)]

9.2.5 Miscellaneous

Water level [m]: Initial water level. The values depend on the model vertical reference
system.
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Coriolis mode:
e none: no Coriolis (for testing purposes only)
e constant: constant over the calculation domain

e changing: changes according to latitude; necessary for large areas

D Coriolis: The Coriolis effect is an apparent deflection of a moving
object in a rotating frame of reference. There are examples of this
NS effect in everyday life, such as the direction of rotation of cyclones.
Due to the effect, cyclones rotate counterclockwise in the northern
hemisphere, and clockwise in the southern hemisphere.

[Source: Wikipedia (www.wikipedia.org)]

Nonlin limit [m]: depth limit for calculation of momentum advection; sometimes
required to stabilise thin sheet flows over floodplain

wind fetch data E: o ] |

Fetch: R
v idofetch oK

V¥ nonlinear LCancel

— Computation options

rnaw fetch length [m); |1 0000 |

direction step [degr): |1 o |

& no read/wiite " read £ write

— Monlinear model parameters

z0zhare [m): ||:|_4 |

windrult: ||:|_|3 |

— Linear model parameters
linlergth [m): |3|:||:||:| |

linrminsize: ||:|_? |
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e dofetch: if selected fetch calculation is on

e nonlinear: if selected nonlinear form is selected (default)
e Compuation options

e max fetch lentgh [m]: limit until which fetch increases

e direction step [degr]: what is the difference in degrees between different wind
directions for which fetch is calculated; in-between calculated wind directions
fetch is interpolated

e no read/write, read, write: determines wheter fetch is read, written on none;
storing fetches and using them consequently saves calculation time, but
requries quite lot of disk space

e Nonlinear model parameters
e z0shore [m]: shore roughness
e windmult: wind stress scaling
e Linear model parameters

e linlength [m]: length where wind is assumed to reach its prescribed value after
sheltering effect of the shore

e linminsize: start ratio to fully developed stress

lD Fetch, often called the fetch length, is a term for the length of water

‘_Jm over which a given wind has blown. It is used in geography and

o~ meteorology and is usually associated with coastal erosion. It plays a
large part in longshore drift as well.

The fetch length along with the wind speed determines the size of
waves produced. For example, the winds which travel from the East
Coast of the United States and hit the west coast of Ireland would
have an extremely large fetch and would produce very large waves if
the wind speed was also high.

[Source: Modified from Wikipedia (www.wikipedia.org)]
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Waves:

Wave model data i =15 x|

" Jonswap * SPR 1934 Cancel

— Computation optionz
ztreszs soaling:
wave height scaling

fetch lirit [m]: 10000

— 5Pt 1334 optiohs

bed raughhess: 0.05

shear stress madel;

I

Tonle Sap waves are the main bed mobilization force. Because the main wave impact
happens during shallow water periods, a wave model must be capable of handling
shallow water conditions. The shallow water conditions pose a specific problem for
wave modeling because waves “feel” bottom. The SPM1984 model has been
developed specifically for shallow water conditions. Jonswap model is suitable for
deep water waves only. The wave model parameters are:

e Computation options

e stress scaling: coefficient for calculated wind stress

e wave height scaling: coefficient for calculated wave heights

e fetch limit [m]: fetch limit after which wave energy doesn't increase
e SPM 1984 options

e bed roughness [m]: describes effective bed roughness

e shear stress model: type of model used for calculating wind shear stress in
wave formation
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lD. Wave: Open water surface waves are surface waves which occur at
the surface of an open water body. That is, a wave that is guided
~— along the interface between water and air. As the wind blows,
pressure and friction forces associated with the wind perturb the
equilibrium of the ocean surface. The wind actually transfers some of
its energy into the water. The water is able to gain energy from the
wind because of the friction between the wind and the water. This
causes the surface particles to move in an elliptical motion, which is a
combination of longitudinal (back and forth) and transverse (up and

down) wave motions.

[Source: Modified from Wikipedia (www.wikipedia.org)]

Erosion:

crosion modeldata ST

v doerosion (]

. C I
& Huttula ¢ Bottom stress " Hungarian =ance

— Compuitation aptions
eroding vanable: ISEDl j
cr. shear velocity [cmes] ; ||:|_1 |
erozion zpeed [gm2/d); |‘| 0 |
exponent 1: |1 |
exponent 2: |1 |
Hungarian 1: ||:| |
Hungarian 2: ||:| |
Hungarian 3: ||:| |

e doerosion: if selected calculate erosion
e Huttula / Bottom stress / Hungarian: erosion formula type
e eroding variable: select model variable for which erosion is calculated

e cr. shear velocity [cm/s]: critical bottom layer velocity below which there is no
erosion; Ue

e erosion speed [g m? d’]: base magnitude of erosion material flux per square
meter and day; cs
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e exponent 1 (cy), exponent 2 (c¢z), Hungarian 1 (hs), Hungarian 2 (h;), Hungarian
3 (hs): parameter values for the different erosion formulas

The erosion rate formula by Huttula is of the form:
_ c ¢\ C
M_csp(u = uczr) I’ u=>u,,
M=0,u<u,
Often ¢s = ¢, = 1. Simple bottom stress dependent erosion rate formula is:
_ c
M=c, 7", u>u,
M=0,u<u,
Hungarian formula is:

A4:csp(‘[—’z-cr)cI ’ T>Tcr

M=0,r<t,
In addition Hungarian formulation specifies settling rate:
C r
M ,,=—h(1——
set AZ 1 ( h3 )

where C is bottom layer concentration and 4z bottom layer thickness.

Other bed erosion related model options are bed load and cohesive sediment models.
These are obtainable by setting them active in the source code. WUP-FIN Model
Report discusses in detail about sediment modelling including bed erosion, cohesive
sediments, bed load and bank erosion.

9.3 LANDUSE PARAMETERS

136

The model is using land use map to describe the density, height and oxygen
consumption of vegetation. The model is using that information to calculate the
vegetation impact on the wind, flow friction, and oxygen levels. The land use map
needs to be first imported to the model application prior to set-up the parameters for
each landuse class.

The land use types affect both the hydrodynamic and water quality parameters. In the
hydrodynamic model the effect comes from three sources:

» wind fetch

* wind shielding

» vegetation stress (friction)

be set up for different areas of model area also by defining that in the
physical parameters window (see Section 9.2.3 — Friction
coefficients).

CO The model can be run without the landuse map. The flow friction can
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\D Land cover is the actual distribution of vegetation, water, desert, ice,
and other physical features of the land, including those created by
~— human activities.

Land use characterizes the human use of a land cover type. Forests,
for instance could be used by foresters (selective logging), rubber
tapers, or not at all.

In the model the land use map is used mainly for defining the physical characteristics
of the vegetation and thus, the land use map here should be understood more as land
cover map.

9.3.1 Importing land use map to the model application

The land use map should be in *.ipd format. This is possible to do from other grid
format by using RLGis program. Once you have the land use file covering the area you
are modelling, open it in RLGis and save the file again to *.ipd file. More about RLGis
programme can be found from Appendixes (see RLGis manual).

The land use map you are using should cover the whole model

O application area. It can exceed it but it should be in the same
coordinate system than the model application (to define the grid
coordinate see Section 9.1 on page 120).

To import the land use map follow the steps below:

1. In 3D flow model select Model — Land use related parameters... and
following window appear:

Wi and land use parameters o ] 1
Land use parameters Ok |

Set parameters I Edit land usze I
LCancel |

Load land uze file |
Land use file: Browse I

2. Browse the land use file: click Browse and select the right file (here example
from Tonle Sap model application)

open Zix)
Look in: I ) data j = ¥ B2~
[S)ec jicaland1000_ed3.ipd
aq jicaland1000_ed. ipd

| itss_tsl_trib
cam_atlon.ipd
jicaland1000.ipd
jicaland1000_edz.ipd

File name: Iiicaland'l 000_ed.ipd Open I
Files of type: IFiIes [*.%"ipd] j Cancel |

3. Click Open and you'll see the land use file path in the window

www.eia.fi/wup-fin 137



http://www.eia.fi/wup-fin

Lower Mekong Basin modelling project (WUP-FIN), Mekong River Commission

W0 and land use parameters o ]
Land use parameters Ok

Set parameters I Edit land use I
LCancel |
Load land uze file |
Lard use file: Adatahjicaland1000_ed. Browse I

4. Press Load land use file to load the landuse area corresponding the
application area for model to use.

You can see and modify the land use data by clicking Edit land use...

From the Grid value editing window select either Map or Table, depending on
whether you want to see/edit the data in map or table format. Then click OK.

=

ok |
* tap " Table
LCancel |

7. Map: to see the landuse map in map format, select Map in the Grid value
editing window and press OK. The following map window appears.

dFlo - [Land use classes] (Ol x|
W File Settings Yiew Help Window =18 x|
B[ B ¥|IF|| outside model area

Add layer

W0 and land use parameters

Land use parameter

Set parameter: | Edibndwe |

Cancel K

Load land use file '
Land use file: \datakjicaland1000_ed Browse

Time selection Range

[y mm dd b mi ]

a. User can manage the map as the main model window by using the
tools in the toolbar

b. User can see the landuse value for the cell, where your mouse pointer
is, on the next to the toolbar.

138 MRCS/WUP-FIN --- February 2008



EIA 3D Model Manual

A Flo - [Land use classes]

' File Settings Wiew Help ‘Window

[ S| o2 | i s ¢ 0P| 122,147 value: 19 depth: -118.73
Add laper |

Time selection Range |
triry

c. See Section 9.3.3 — Modify land use map to learn how to edit the
landuse values.

8. Table: to see the LU values in table format, select Table in the Grid value
editing window and press OK. The following table appears.

a. Every grid cell has one value in the matrix. User can locate the grid in
the map by using the grid coordinates to calculate the place in matrix.
The (0, 0) value in the depth matrix is the upper right corner in the grid.

EEEEEE——— =101 x|
0 1 2 3 4 5 & N
i 24 24 24 24 24 z4 Il
1 |za 24 24 24 24 24 24
2 |za 24 24 24 24 24 24
3 |za 24 24 24 24 24 24
a |zs 24 24 24 24 z4 24
5 |ze 24 24 24 24 z4 z4
6 |z6 26 24 24 24 24 24
7 |13 13 26 26 24 24 24
g |19 26 19 19 26 26 26
a |za 24 26 3 3 3 3
10 | za 24 24 3 z6 3 3
11 | z6 24 24 3 3 3 3
1z | 26 26 24 25 3 19 3
13 | 24 24 19 25 25 19 19
14 |19 19 19 19 13 19 19 =
ki M 4

b. See Section 9.3.3 — Modify land use map to learn how to edit the
landuse values.

9.3.2 Land use parameters
The land use types affect both the hydrodynamic and water quality parameters. In the
hydrodynamic model the effect comes from three sources:
e wind fetch
¢ wind shielding
e vegetation stress (friction)
Average vegetation height, cover and friction are given for each land use type. These
in turn determine wind and flow friction in different depth zones. Wind friction is

diminished proportional to the vegetation cover. Vegetation friction affects flow only in
the layers that lie are lower or equal height with vegetation.
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The user can define following parameters for each landuse class or group of landuse
classes:

* h[m]: characteristic height of the vegetation

* cov (0-1): vegetation coverage (what ratio of the surface is covered by
vegetation)

» drag: vegetation friction (drag) coefficient; in the bottom layer added to the
bottom friction coefficient; in Tonle Sap typical values are 0.3 — 0.6, that is 10
— 20 times higher than the basic linear bottom friction coefficient that has
value 0.03.

«  SOD [mg/m?d]: sediment oxygen demand; in Tonle Sap typical values are 0.5
-1.4.

* Aere (0-1): aeration scaling coefficient
Follow the steps below to edit/set LU parameters:

1. Select Model — Land use related parameters... from the main menu and the
following window appears

W0 and land use parameters - |Elli|
Land uze parameters ok |

Set parameters I Edit land uze I
LCancel |
Load land uze file |
Land usefils  |-\databjicaland1000_ed]  Browse |

2. User can edit the LU parameters by clicking Set parameter in WQ and LU
parameters window. The following table appears (number of LU types depends
on the application).

O il
until type h m oy (0-1) r 0D mo/mz/d aere (0-1)

N 5 0.4

.2

Bl
.9
.2
-1

Ty -1 oo

.1

d.
1}
i}
i}
a.
i}
i}
1} .05
i}

© 3
a a
a 1
1] 1
a. 1.4
a 1
1] 1]
1 a
a a

e B=S T B TR U )
[}
oy

(=== =
[

R ROOoOO

3. User can edit existing data by clicking the number and typing the new one.
Similar technique needs to be used when inserting new data.

4. When you have finished the edits, press Store in the toolbar to save the made
changes. If you want to cancel the changes, press Cancel.

9.3.3 Modify land use map

User has two options to modify the LU values, either through map or table based
interface. Both of the options are explained in more details below

1. Select Model — Land use related parameters... from the main menu and the
following window appears
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W0 and land use parameters - |EI|1|

Land use parameters Ok

Set parameters I Edit land use I c |
LCancel |

Load land uze file |
Lard use file: Adatahjicaland1000_ed. Browse I

2. Select Edit land use

ey
aK |

' Map " Tatble
Cancel |

3. From the Grid value editing window select either Map or Table, depending on
whether you want to see/edit the data in map or table format. Then click OK.

4. Map: to edit the LU values in map format, select Map in the Grid value editing
window and press OK. The following map window appears.

A Flo - [Land use classes] i [=1§S]
W File Settings Yiew Help window & =]
| G| | Bt B ] s | L] outsicle model area
Add layer =
Wi and land use parameters

Land use parameter

Set parameters | Edilanduse |

Cancel | H

Load land use fie
Landussfie: | Adataviodandi000_cd]  Browse

Time selection Range

{ywyy mm dd b mi ]

a. User can manage the map as the main model window by using the
tools in the toolbar

b. If the colour scale is not right, set up the colour scale by selecting View
— Colour scale... from the main menu.

Color scale definitions ] 4

Scale bounds

Lower bound

Il

Upper bound
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c. The lower bound LU classes are shown in blue colour and higher with
red one

d. Zoom in to the area you want to edit

e. Select either continuous EI or single mode Eil from the toolbar to
modify the grid depths. With the Continuous mode the user can enter
the value for the LU value and then continuously edit the channels.
With the Single mode the user needs to define every time separately
the value for the LU value.

Change value x|

MNew value

0

Cancel |

f. now you can modify the grid depths by clicking or dragging the
selected grid cells by left mouse button

g. when you have finished the editing, close the Grid depths map window
and the modifications will be stored

5. Table: to edit the LU values in table format, select Table in the Grid value
editing window and press OK. The following table appears (number of LU
types depends on the application).

N =10 ]

until type hm 0D mg/m2/d asre (0-1)

.5 0.4
.2

(SR = i)

.1

d.
0
0
0
o.
1]
1]
1] .05
0

&
0
1
1
1.4
1
0
0
0

[ = T R SR Y N S e
)
[

[ e e BT e ]
[N

[ el i = e R e

a. Every grid cell has one value in the matrix. User can locate the grid in
the map by using the grid coordinates to calculate the place in matrix.
The (0, 0) value in the depth matrix is the upper right corner in the grid.

b. User can delete or add layers by selecting first the row to delete or to
where to add new by left mouse button. By clicking the right mouse
button in the row number you get the menu to insert or remove row(s).
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N =10i x|
until type h m cov (0-1) drag 50D mg/m2/d aere (0-1)

0|z 1 0.6 0.3 0.5 0.4

1 |11 1 0.9 0.3 1.2 0.3

s o5 0.8 0.3 1 0.9 |

o L 0.7 0.6 1.4 0.z

4 Remave rawls) 0.6 0.5 1.1 0.1

5 | a7 il 0 0 0 1

& | 40 0.2 1 0.05 0.05 1

7 | 59 0 0 0 0 1

User can edit existing data by clicking the number and typing the new
one. Similar technique needs to be used when inserting new data.

When you have finished the edits, press Store in the toolbar to save
the made changes. If you want to cancel the changes, press Cancel.

9.4 WATER QUALITY PARAMETERS

In this EIA 3D model only few water quality parameter computation procedures have
been attached to the model. There exists a separate water quality model which can be
combined to the EIA 3D hydrodynamic model and optimised to compute long time
periods, large number of variables and complex processes. As an example one of the
primary productivity models is presented below. The calculation variables are:

ALG1
ALG2
FIL A
FIL B
DIPP
DINN
PDET
NDET

phytoplankton biomass, group 1

phytoplankton biomass, group 2

filamentous algae biomass, group A
filamentous algae biomass, group B
concentration of dissolved inorganic phosphorus
concentration of dissolved inorganic nitrogen
detritus nitrogen concentration

detritus nitrogen concentration

Corresponding processes are presented in the figure below.
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<:]EDET PDET
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Compared to the dedicated water quality model WUP-FIN Mekong 3D provides
relatively limited set of processes. This has been however augmented in year 2008 by
development of a primary productivity model for Mekong and especially for Tonle Sap.
It includes terrestrial macrophytes (floodplain plants), macrophytes (primary producers
attached to solid surfaces) and phytoplankton (floating primary producers). The new
model development is presented in a separate report.

In the Mekong applications dissolved oxygen concentrations are governed by
sediment oxygen demand, BOD (Biochemical Oxygen Demand) and aeration. The
equation for oxygen without transport and diffusion is:

oc = -kBOD+* k,(c, - ¢)

Here k; is the BOD ratio (how much oxygen each decaying BOD unit consumes), k-
aeration rate and cs; oxygen saturation value. SOD (Sediment Oxygen Demand) needs
to be added to the equation in the bottom layer. SOD depends strongly on land use/
vegetation type and is given with other land use dependent parameters.

The aeration and bottom sediment oxygen demand values are given for each land use
class. It is obvious that the vegetation cover and land use type have a strong effect on
aeration and the decaying biological material on the ground. The degradable biological
material in the water phase (BOD) is transported around and consumes oxygen with a
rate that is not assumed to be strongly land use dependent.The basic 3D model water
quality parameters can be set by selecting Model — Water quality parameters... from
main menu:
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W0 and land use parameter — |EI|£|
Ok |
LCancel |
— D2 parameters
02 zaturation concentration [mgl):
02 aeration coefficient [cr/d):
BOD decay coefficient (1/d):
BOD to 02 ratio:
— Simple phytoplankton parameters
Algae model is only & basis for further development!
Sediment dependent growth [1/d]:
Rezpiration [1/d]:

The parameters are:
» Dissolved oxygen (O.or DO)

o 02 saturation concentration (mg/l): maximum dissolved oxygen
concentration; saturation concentration depends on temperature; in the
simplified model temperature variations are assumed not to impact
appriaciably saturation concentration (cs in the above equation), value
about 7 mg/l

o 02 aeration coefficient (cm/d): is function of wind speed, but here
constant value is used (k: in the above equation), value about 10 cm/d
« BOD (Biological Oxygen Demand, represents oxidation of organic material)
o BOD decay coefficient (1/d), value about 0.1
o BOD to O2 ration: ks in the above equation, value about 1.5
» Phytoplankton

o Sediment dependent growth (1/d): not valid, see productivity model
documentation for new formulation

o Respiration (1/d): not valid, see productivity mdoel documentation

9.5 COMPUTATIONAL PARAMETERS

By selecting Model — Computational parameters... from the main menu, the user is
able to set the computational parameters. The Computational parameters window
has been divided to three sub-categories:

e Calculation modes
* Implicity
e Numerical filters
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Computational parameters - |EI|5|
— Calculation mode: — Implicity
ok |
. Extermal figld: -
Calculation: I 3 I I fione J
externalfinternal * [Eoree] |
|nput: Imm3 vl ™ Intemal field
[ Wertical turbulence [only k-g)
|sopycnal: I e - l
[~ Bottom friction

Differenice: |2 poaint vl
r Murmeric:al filkers

Momentum advection: ™D -
Elewation filter coefficient: I:I
Conc. transport: Iupwind vl
Elexvation smoothing numbers

Surface cormection: Inest boundary 'l Prevvent smoathing in paints

|zoppecnal smoothing numbers |

The options and their descriptions for each Calculation mode are presented in the
following table:

Mode Options Description

Calculation

External/internal | Calculate layer velocities from 2D fields and
velocity differences between layers — usually
faster although not as accurate as Layer-
option (see Model Report).

Superponated Use pre-calculated stationary flow fields for
specified winds, discharges and water levels;
flow fields are superponated for any specific
wind, discharge and water level situation

Read Read set of stationary flow fields and use
them
Layer Calculate layer velocities directly; more

accurate especially for viscosity and
stratification but slower
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Mode

Options

Description

Input

Use pre-calculated dynamic (changing) flow
fields; eliminates flow calculation making
water quality and sediment calculation much
faster

None

Don't use pre-calculated flows

Aver. asc

Averaged fields over specified timestep,
Ascii-format

Inst. asc

Instantenous flow fields stored with specified
timestep

Aver. bin

Averaged fields, binary format; use this for
concentration simulation because it
conserves water volumes; binary format
stores values more efficiently than Ascii

Inst. bin

Instantaneous flow fields, binary format

Incr. bin

Only flow changes compared to previous
timestep are stored

Isopycnal

Isopycnal simulation (see above for definition
and discussion)

None

Don't use

Within layers

Allow interface movement only within each
grid layer

Between layers

Allow interface movement also over grid layer
boundaries

Difference

2 point

In momentum equation each pressure
gradient is calculated with 2 points (velocity
components are calculated in the middle of
grid cells and pressure in the corners;
diagonal velocity components are calculated;
requires regular grid)

4 point

In irregular grids use all 4 corner points for
pressure gradient calculation
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Mode

Options

Description

Momentum advection

1 upwind x/y Upwind-algorithm in x- and y-directions; quite
accurate and fast

centered Centered algorithm; wusually not stable
because of non-physical characteristics

TVD TVD (Total Variation Diminishing)-algorithm;
reduces numerical diffusion; precise but very
time consuming; use for highly non-linear
problems such as dam-break scenarios

1 upwind 45 Upwind-algorithm in  diagonal direction;
experimental

2 upwind 45 Second  upwind-algorithm in  diagonal
direction; experimental

2 upwind x/y Second updwind-algorithm in x- and vy-
directions; experimental

Conc. transport Concentration transport

Upwind Upwind-algorithm

Flux Flux-corrected anti-diffusion in the vertical
direction

TVD TVD-algorithm in the horizontal direction

Surface correction

In case of non-conservative (not maintaining
water volumes) nesting correct volumes

Nest boundary

Divide correction to the boundary

All

Dividie correction to all cells

The implicity options are defined in the following table:

Mode Options Description
External field Use implicity for 2D field calculation; works
only with external/internal mode (see above);
should not be used when water level
changes are large, such as in Mekong
None Don't use
Mode 1 Implicity algorithm 1, least stable
Mode 2 Implicity algorithm 2, more stable
Mode 3 Implicity algorithm 3, most stable

Internal field

Necessary for high velocity, friction and
viscosity cases; k-e turbulence models in
general requires implicity; keeps solution
stable but too large internal time step can
lead to non-physical solutions such as
articifical eddies or artifically high velocities
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Mode Options Description

Vertical turbulence (only k-€) Implicit calculation in k-e turbulence model

Bottom friction Implicit bottom friction term; can stabilise
solution with high friction

ad)

Explicit methods calculate the state of a system at a later time from
the state of the system at the current time, while an implicit method
finds it by solving an equation involving both the current state of the
system and the later one. Mathematically, if Y() is the current system
state and Y(t + Af) is the state at the later time (At is a small time
step), then, for an explicit method

Y (t+4t)=F (Y (t))

while for an implicit method one solves an equation
G(Y(¢t),Y(t+4t))=0

to find Y(t + Af).

[Source: Wikipedia (www.wikipedia.org)]

The Numerical filters sub-category includes the following options:

Elevation smoothing numbers: nested grid dependent surface elevation
smoothing number; number tells into how many surrounding cells water
amount changes are divided (1 = nearest, 2 = nearest and second nearest
etc.); further away surrounding points are less they receive/ contribute water;
adds implicity into the model and enables longer external time step; when
integer value approaches grid dimensions, dynamic solution approaches
implicit solution (see definition of implicity below); can be given also with Edit
nest data in the grid specification dialog window (see above), but is more
accessible here

Prevent smoothing on points: prescribe specific points such as narrow
structures where smoothing is not applicable

Isopycnal smoothing numbers: similar smoothing numbers for isopycnal
calculation

In previous user interface versions also diffusive elevation filter coefficient could be
prescribed. This can be understood as surface elevation diffusion or increasing water

surface

viscosity. The problem with this is formulation is that calculation is not

conservative (maintaining water volumes). At the moment this option has been
elminated. In the model control file it is still possible to prescribe the coefficient as well
similar coefficient for surface change.

CO Remember to activate and set up the time steps for each required

process activated in Computational parameters window

www.eia.fi/wup-fin
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9.6 TiME sTEPS
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User is able to define separate time steps for each computation process as illustrated
below. For each time step there is a check box under the Process on/off column
where user can check the process will be computed or not. The second column,
Timestep (s), defines the time step for process in question.
The Calculation timesteps (s) window is divided to four sub-categories:

e Flow computation

» Concentration computation

* Heat budget

* Miscellaneous

The Calculation timesteps window accessible through Model — Timesteps is
illustrated below

sl

— Flows computation
Frocess on/off Timestep (3] Default settings | 0k |
¥ Estemnal field 10

Cancel |

v Intemal field
™ Horizontal turbulence 100 et et
[ Wertical urbulence 100 Process ondoff Timestep [s]
™ Maonlinear advection 100 ™ Radiation budget 100
v Battam friction 100 [~ Heat flux 100

r— Concentration computation [ lee 100
Process on/off Timestep (5]
CReeeetan r~ Miscellaneou

Iv Advection multistep [allways stable] Process ondoff Timestep (5]

I™" Diffusion I Patticle caleulation 100
I Setting " Flooding 100
[ Density calculation I Erosion 100
[ lzopycnal
[™ Convective mixing 100
[~ wiater quality 100
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The description for Flow computation processes are given below:

Process Description

External field If computation model is External/internal (see previous
chapter), calculates 2D fields; if mode is Layer,
calculates basic flow; allways on

Internal field If computation model is External/internal, calculates
internal velocity distribution (=velocity differences
between layers); if model is Externan/internal and
Internal field is not calculated flow field is homogenous
in vertical direction (equals to situation where vertical
viscosity is infinite); if mode is Layer, doesn't have any

impact;
Horizontal turbulence | Horisontal turbulence is calculated with Smagorinsky
model
Vertical turbulence Vertical turbulence calculated with alternative models
Nonlinear advection Momentum advection calculated
Bottom friction Bottom friction computation, usually always on

The description for Concentration computation processes are given below:

Process Description
Advection Concentration advection
Advection multistep If on model cheks advection stability and divides

advecetion timestep into smaller parts resulting in inner
iterations; within inner iterations flows remain fixed

Diffusion Concentration variable vertical diffusion. In most cases
not used to compensate for numerical diffusion.

Settling Concentration settling. Used if sedimentation, nutrient
settling with dead phytoplankton or similar processes
are calculated.

Density calculation Density variation effect to flow, used if salinity,
temperature or large amounts of dissolved substance
is included into the model.

Isopycnal Calculate isopycnal stratification (see above). Can be
calculated together with normal temperature and salinity
computation.

Convective mixing Mixing of water masses in case of reversed stratification
(heavier water on top of lighter one)

Water quality Computation of water quality processes (aeration, BOD
decay etc.)
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The description for Heat budget processes are given below:

Process

Description

Radiation budget

Computation of incoming solar and outgoing long wave
radiation

Heat flux

Computation of water surface heat exchange

Ice

Computation of ice formation and melting

The description for Miscellaneous processes are given below:

152

Process Description

Particle calculation Lagrangian (particle) calculation

Flooding Flood mode of calculation for large water elevation
changes and wetting and drying; used for all Mekong
applications; if this is not on flow depth changes are
assumed to be small relatively to the intial depths;
flooding time step is very time consuming because
active computation domain and water depths change
resulting need to update most of model tables

Erosion Erosion calculation

Guidelines for setting-up timesteps are:

e External field (2D) and direct layer velocity calculation is governed by

gravitational wave propagation speed. External field explicit method stability
criterion is given by Courant-Friedrichs-Levy (CFL) computational stability
condition:

A< AxAy 12+ 1 .

where g is gravitational constant, Hm.x maximum depth and Umax
maximum velocity. When velocities are small and grid is regular this
simplifies to:

Ax
V2¢H,,
Because mdoel calculation system is diagonal, the effective grid length
is /2 times longer than the basic grid length, and the stability
criterion is:

Atéi

Ve H,,

Internal field stability can be given analogously dependent on internal gravity
wave speed (largest speed around 2 m/s) and maximum advective speed. This
criterion is much less restrictive than the external one given above. However,
with large viscosity internal time step (and external time step in layer-mode)
may need to be decreased. Especially application of k-e turbulence model
results often in high vertical viscosity and need for implicit calculation and small
time steps. Approximate explicit stability condition for internal time step is:

At<
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2

Az
2D

where D is the viscosity coefficient. Typical vertical grid size is on the order of 1
m and higher vertical viscosity values can easily reach 0.1 m%s. This gives, for
explicit computation, 5 s stable time step. For more precise formulation see
Diploma Thesis by J. Koponen.

At<

When implicity is used, solution may be stable although result is non-physical.
In this case time step needs to be reduced. See further discussion above.

Algorithm for momentum advection calculation has required homogenisation of
external, internal and momentum advection timesteps (that is best results have
been obtained when same timeste has been used for these processes). New
algorithm not yet implemented in the Mekong applications relaxes this
restriction.

Bottom friction calculation can become restrictive with high flow velocities
especially in the nonlinear friction case. Then the stability criteria is:
AZ

At<——
2D

Use rather large advection timestep (e.g. 3600 s) and Advection multistep for
concentration calculation to quarantee stability. Unstable calculation, large flow
and small grid cell size near bottom or shore may result in very restrictive time
step. In this case stabilise flow calculation with smaller time steps or specify
minimum grid cell volume in Model/ Grid data/ minvol. You can also uncheck
use real volumes in Model/ Grid data to increase concentration grid cell size
near shores and channel areas.

In general other time steps can be kept rather large, on the order of 1'000 s.

Flooding time step should be as large as possible because it is very time
consuming; on the other hand too large step can result in oscillations in the
flow solution. Usually time steps between 1'000 and 10'000 s can be used.

Examples of stable external (2D field) time steps with different grid sizes and

maximum depths

Grid size 50 m 100 m 500 m 1000 m
Max depth
5m 7 14 71 143
10 m 5 10 50 101
15 m 4 8 41 82
20 m 4 7 36 71

Simple rules for setting-up model timesteps are:

e Give external/ layer time step by

Atéi

Ve H,,

www.eia.fi/wup-fin 153



http://www.eia.fi/wup-fin

Lower Mekong Basin modelling project (WUP-FIN), Mekong River Commission

e You can use surface smoothing and external implicity to increase time step.
However, in case of large water level changes such as encountered in the
Mekong, don't use these options.

e Use implicity for internal mode, vertical turbulence and and bottom friction (in
Model/ Computational parameters).

e In case of External/internal mode calculation, increase internal times step
keeping calculation stable and physical.

e In case of momentum advection keep external, internal and momentum
advection time steps same (to be changed in next model version).

e Bottom friction time step can be kept the same as external one.
e Use Advection multistep for concentration calculation.

e In general other time steps can be kept rather large, on the order of 1'000 s.

0 User needs to optimise the time steps for each application separately.
If the model is unstable, check the time steps and try to decrease

them. See Chapter 18 — Troubleshooting for more information.

9.7 COMPUTATION PERIOD

Computation period definition (Model — Computation period...). Same data as in the
Model/Run... window (see Section 12.1 Run the model).

The Computation time window is presented below

Computation time o ] 1

Computation time

W hourg: |.‘| | [if <=0 uze dates) ok |

Start: |n1 05 2000 12.00 | [ rmmm yypy bk

Cancel

End: |n1 08 2000 12.00 | [ rmmm yypy bk

Computation time
N hours - number of hours to compute, if less than zero then use dates below
Start - computation start time in format 'dd mm yy hh'
End - computation end time in format 'dd mm yy hh'

Press OK to apply the changes, Cancel to return to main window without changes
made to the Computation time settings.

Remember to put value <=0 to the N hours if you want to use the
O start and end dates to define the computation time.

154 MRCS/WUP-FIN --- February 2008



EIA 3D Model Manual

|Mu:u:|e| analysis  Help  Window

10 OUTPUT arid parameters. ..
arid depths. ..
Yariables. ..
Phrysical parameters. ..
This chapter describes the model output Land use related parameters. ..
options and settings Wi parameters,
The chapter is divided to four parts: Computational parameters...
. Time skeps...
10.1 Start, end and dynamic Computation period...
fields

I Skart, end and d ic Fields. ..
10.2  Statistics parameters Aty SIS ANE Eynamic fsids

Skatistics, ..
10.3  Animation options | animation... >
10.4  Timeseries handling and TimEseries. . i’
options I Ouk-File. .,
10.5 Out-file Rur. .,
Batch. ..

10.1 START, END AND DYNAMIC FIELDS

Settings for model initial and end concentration files. The model initial concentration
fields can be read from a file. The initial concentration file must be an end situation file
saved previously. If the concentrations are not read from a file then the initial values
defined for each variable are used to initialise the concentration field (see Section 9.1
Variables).

To open the “Start and end fields” window, go to Model — Start, end and dynamic
fields... and the window opens

Start- and endfields o ] B4
r— Start figld

Type: | ascil [E34V) - | QK

Filename: |nsk_new5_rnaytl1 St | Browse | Cancel |
—End field [ynamic output

v Store end figld Type: Inc-ne .I

Filename: MamSongkhram. ek Filzrarne: MamSongkhram_dyn.exy

¥ Extended file type Output timestep [h:

Start field

Type — Select some of the data types (ascii (EXV), aver. bin, inst. bin or incr. bin)
to use the start field. If selected None, no start field will be used. The following file
types are used

» Ascii (EXV):
e Aver. bin:
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e Inst. bin:
e Incr. bin:

See chapter 9.5 for the definitions of the file types.

Filename - defines the initial concentrations file name. This must be a file
previously saved as an endfield (see next section).

End field

Store end field — check this if you want to store the end field. Usually checked.

Filename — filename for the end field. You can use the file as start situation for
other simulations if computational variables are same in both simulations

Extended file type — leave this checked allways. Provided for compatibility with
older applications.

Dynamic output

Type — Select one of the data types listed below with the description to store the
dynamic output. If selected None, no dynamic output will be stored. The available
data types are

e Aver. asc

* Inst. asc

e Matrix asc
« GRIB

e Aver. bin
e Inst. bin

e Incr. bin

« GRADS

e BIL

For explanations of Aver, Inst and Incr types see chapter 9.5. Matrix asc, GRIB,
GRADS and BIL types are used for provision of flow fields for external
applications. Matrix Ascii format provides possibity to provide flow, water depth,
concentration and other data to for instance spreadsheet software. GRIB is
standard meteorological data format. GRADS and BIL are GIS-formats. GRIB and
GRADS formats are not functional in the current model version.

Filename - defines the file name for the dynamic output

Output timestep (h): defines the timestep how often the dynamic output will be
stored.

CO Some of the dynamic output files can grow quite large (>100MB).

Thus, make sure that you have enough space in your hard drive. Test
the timestep as well that it suites to your purposes.

10.2 STATISTICS PARAMETERS

156

User is able to define the stored statistic parameters for the results in “Statistics
parameters” window (Models — Statistics...). The window is divided to three sub-
categories:

» 3D statistics fields
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o 2D statistics fields
» Time step

The following window appears for the parameter settings:

Statistics paramekters

3D statistics fields

Computation Innne .l

20 statistics fields

v output 200 fields

=101

I

Cancel

I flood
Concentration:
[~ surface
[~ wertay

— Time step
[~ output BIL files dt it days:
¥ flow speed [~ sediment
[ middle [ bottam
[~ wertmas [~ wertmin

3D statistic fields

Output of 3D fields of computational variable statistics. The format of the output is Exv.
asc (see chapter 9.5). The following computation options can be selected by the user:
* None: 3D statistics are not calculated
» Basic: averages of computational variables
» Extended: averages of computational variables + additional characteristics
such as flow average speed, percentage of time exceeding specified
threshold speed, maximum temperature, surface elevation variability etc.
Specific outputs tailored in model code.

As the names for statistical characteristics don't necessarily conform to standard
model names, it may be required that for proper output the names need to be edited

in the ouput files.

2D statistics fields

Output of 2D fields of computational variable statistics. The format of the output is Exv.
asc (see chapter 9.5). User has following options when dealing with the 2D statistics

fields:

* Output 2D fields: User has to first select whether the 2D output will be stored
during the calculation or not. If this is needed, then the 2D output check box
should be checked on.

« Output BIL files: User can also save the output as BIL files which can be used
after simulation in any GIS program (as ArcView, ArcGIS, DIVA, RLGis, etc)

User can select which parameters will be stored to the 2D statistics field. The selection
is divided to two main classes as listed below:

* The Flow and sediment parameters
o Flood: flood related parameters as

o Flow speed: flow speed at three layers: bottom, middle, and surface

www.eia.fi/wup-fin

Peak Flood Time
Flood Duration Time
Flood Arrival Time
Flood Drying Time
Maximum Depth
Average Depth,
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o Sediment: sediment related parameters as suspended sediment
concentration and bottom sedimentation

¢ Concentration

o Surface: surface layer concentration
Middle: middle layer concentration
Bottom: bottom layer concentration
Vertav: vertical average
Vertmax: maximum value in the vertical
Vertmin: minimum value in the vertical

o O O O O

Time step

Defines the timestep how often the 2D statistical fields will be stored during the
simulation.

10.3 ANIMATION OPTIONS
Animation picture settings can be defined here. The animation options menu is divided
to three main sections as follows
» Animation options — the main animation picture settings
» Advanced animation options — more advanced and rarely used settings
* Update and delete animation ts — settings related to the animation timeserie

10.3.1 Animation options

The main animation picture settings can be defined in the Animation parameters
window (Model — Animation — Animation options...). The window is presented
below and is divided to six sub-categories:

* General options

e Variables and scales
*  Output files

e Zooming

*  Flow

» Vertical cross section
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Animation parameters

— General option:

=101

TS grid coordinates [if):

[V Diraw time series

I show while computing v 2d plat ak | Cancel
Animation frame step (h]; Length scale [ml: {1000 — Olutput file:
Depth level [ O bottom]: From bot. [m]: ICI | T et ™ HPGL
¥ Showdate  Datex(ml  [100 Date y [m}:

EP5-file: " none " portrait % |andscape
™ Show giid ™ Show lablan
Animation map file: | Bz I — Feamie
¥ map file in lat-lon

* Defaul " Zooml " Zaomz2 " Zaom3

—Varnables and scale  Flow
¥ flowon  Coefficient; |D_‘| | Skip: |‘| |
Y ariable: I LOAD - l Unit: mgl
Scale haor. [cm/sk wer, [umds): 100

scale  min D e r—Vertical cross section

[ Draw vertical cross section
[ Reverse scale [ Grayscale € Jsofill & Bowill

& wcross secion " y-coss sechion
Mumber of colors [1 - 13) Fiow or colume:

Start and end cell |1 |

T5 grid coordinates:

Wertical flow coeff.:

General options

Show while computing — display animation picture while computation proceeds

3d plot — display 3D plot while computation proceeds

Animation frame step (h) — Defines how often the concentration is sampled to
animation. If the step is small (1h) the animation contains more information about
the time evolution of the concentrations. However, a small timestep produces big
animation files (usually about 24 h).

Length scale (m) — shown length scale length

Depth level (0 bottom) — animation depth level, 1 is surface and 0 is bottom, other
layers 2-9 and then from a, b, c, etc depending how many layers there are in the
model application

From bot. (m) — in the bottom layer output, what distance from bottom (if O in each grid
cell middle of the bottom layer; observe that the bottom layer thickness varies!)

Show date — shows date and time of each animation frame

Date x (m): date output x-distance in m from origo

Date y (m): date output y-distance in m from origo

Show grid — show computational grid

Show lat-lon — show latitude and longitude on the grid boundaries

Animation map file — specification of map file for animation

Map file in lat-lon: if checked, map coordinates are in lat-long

www.eia.fi/wup-fin
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Variables and scales

Variable, unit — animated variable, must be one of the computed variables. List with
description of each variable can be found from Section 27.2 — Output selection
symbols (in GUI and graphics files).

Scale min,max - concentration scale minimum and maximum

Output options
* Reverse scale: scale is inverted
» Grayscale: animation will use only different tones of gray

» Isofill / Boxfill - defines how the animations picture is shown, isofill usually
looks better but is slower and takes more space

Number of colours (1-13) — user can define how many colours will be used in the
animation picture scale

TS grid coordinates — location for the animation timeseries point

Draw timeseries — you can put one timeseries picture in the animation window. This is
usually a good idea. The timeseries shows concentration of the animated variable
in selected grid point.

Output files

TEK-animation — store animation in Tektronix-format; compact vector format; quality
doesn't deteriorate in zooming); can be viewed either through model user
interface (Analysis/ Animation) or separate simple viewing software (tek.exe,
wtek.exe).

HPGL — HP printer language file output

EPS file — Encapsulated PostsSript file output
None: no output
Portrait: portrait orientation

Landscape: landscape orientation

Zooming

Default, Zoom 1-3 — sets the animation view to one of the predefined zoom areas (see
Section 6.1 — Zoom)

Flow

Flow on — draws also flow field as arrows. In long animations consumes lot of storage
space.

Flow scaling coefficient - changes flow arrow scaling. Good values depends on the
application

Skip — number of flow arrows skipped in animation picture. Needed if the grid size is
very small and arrows are not clear

Scale
hor. (cm/s) — scale for the horizontal velocities

ver. (um/s) — scale for the vertical velocities
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Vertical cross section

Draw vertical cross section — check if you want to see the vertical cross section instead
of horizontal view

X, y cross section — define whether you want to see the cross section in x-or y-
direction

Row or column — if x-direction, select model grid row; if y-direction select column
Start and end cell — start and end in each row or column

TS grid coordinates — timeseries output coordinates in the cross-section grid
coordinates; the latter coordinate coordinate is layer starting from surcface layer

Vertical flow coefficient — scaling of the vertical velocity; normally vertical velocity is
orders of magnitude lower than horisontal one.

10.3.2 Advanced animation options

Advanced animation parameters window (presented below) is divided to five sub-
categories:

e Variable

» Vertical velocities

* Flow regression model
* Miscellaneous

» Particle animation

To open the advanced animation window, select Model — Animation — Advanced
animation options... and the following window appears.

Advanced animation parameters

Variable Flow regression model
) ; R oK
Subtract variable (ol NULL - ™ show flow regression model Edit regression points |
Draw as height in OpenGL: NULL - Regression equation file: | Cancel |
Height scale: l:l Browse

Add into heights in OpenGL: I:l
2 £ Number of through flows, elevations ete.: D

(# defaut " draw bottom sediment " draw Zisolines

Zisoline value to draw: Color: 1000000 Thickness:

Vertical velocties Miscellaneous

™ draw vertical velogities Skip: l:l I™ after un sustain animation window
_ I draw land mask in OpenGL
Verttical scale in OpenGL jum/s):

[™ draw verically averaged velocities

iy ! Draw isolines with numerical values, every: I:I
Particle animation
[T draw particles ™ draw center of mass trajectory [T draw particle trajectories ™ draw chemical time series
(* particles " isolines " circles &+ distance " mass " thickness " time
Trajectory step (h): Scale maximum: Number of colors W reverse
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Variable
—Wariable

Subtract variable (basfill oL i

Draw az height in OpenGL: INLILL j

Height zcale:

Add into heights in OpenGL:

& default  © draw bottomn sediment € draw Z-isolines
Z-izoling walug to draw: I:I

Subtract variable (boxfill) — define which variable the colour in the OpenGL animation
window (see Section 12.3 — Operating in the model computing window) represent.
See list of the variables in Section 27.2 — Output selection symbols (in GUI and

graphics files)

Draw as height in OpenGL — define which variable the height in the OpenGL animation
window (see Section 12.3 — Operating in the model computing window) represent.
See list of the variables in Section 27.2 — Output selection symbols (in GUI and

graphics files)

Height scale — scale for the height

Add into heights in OpenGL — value which will be added to the water level elevations in
OpenGL animation window;

Default — draw specified variable in the water column

Draw bottom sediment — instead drawing variables in the water column, draw amount
of material on the bottom (g/m?) of the variable defined in the main animation
dialogue window

Draw Z-isolines — draw height of an isoline value

Z-isoline value to draw — specify isoline value

Vertical velocities

Wertical velocitie

[ draw vertical velocities sy D
Wertical scale in OpenGL [um/s]:
Multiply heads by I:I

Draw vertical velocities — check this on if you want to draw vertical velocities when the
vertical cross-section (see previous section) is being selected to be animated.

Skip — if the flow arrows are too dense in the animation user can select to skip every n-
flow velocity arrows

Vertical scale in OpenGL (um/s) — vertical scale to be used in the animation. Depends
on the application and vertical flow velocities; arrows become visible when figure
is rotated

Multiply heads by — magnitude and direction of vertical flow is shown by either circles
or crosses; magnitude is shown by width of the symbols and multiplication factor
can be used to adjust it
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Flow regression model

— Flaw regrezsion maodal

[~ show flow regression model Edit regression points |

Reqreszion equation file: |

Browsze |

Murber of through flowe, elevations etc.: D
Color: 1000000 Thickness:

Show flow regression model — check this on if you want the flow regression model to
be shown. Flow regression model is a statistical model derived from flow
measurements linking wind, throughflow and other conditions to flow. This option
will draw flow regression arrow on the animation depending on wind conditions.

Edit regression points — edit/add flow regression points

Regression equation file — define the regression equation file path by typing it to the
blank space or browse it by pressing Browse.

Number of through flows, elevations, etc — number of additional parameters taken into
account in the flow regression model

Colour — the colour of regression flow arrow

Thickness — thickness of the regression flow arrow

Miscellaneous

Mizcellansou
[ after mun sustain animation windows

™ draw land mask in OpenGL

[ draw vertically averaged velocitiss

Diraw izolines with numenical values, even: D

After run sustain animation window — if checked on, the animation window will not be
closed after the running is finished

Draw land mask in OpenGL — fill land with specified color (color predefined, but can be
changed in model graphics control file)

Draw vertically averaged velocities — calculate vertical averages of flow and draw them

Draw isolines with numerical values, every — draw isolines and attach numerical values
to them indicating isoline value

Particle animation

Particle animation

[™ draw particles [V draw center of mass trajectary ™ draw particle trajectories [ draw chemical time series

% particles " isolines " circles | & distance ' mass " thickness " time

Trajectary step [h): Scale maxirnum: 1000 Mumber of colars: WV reverse

Draw particles — to draw the particle animation, if active, check on this check-box
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Draw centres of mass trajectory — calculate center of mass for oil or chemical spill and
draw its trajectory

Draw particle trajectories — draw trajectories of individual particles

Draw chemical time series — draw time series of emulsified, evaporated, dissolved,
decayed and on-bottom chemical amounts

Particles — draw slick with particles; particle color indicates distance, mass, thickness
or time (see below)

Isolines — show slick mass distribution with isolines

Circles — show aggegates of mass with circles; circle diameter indicates mass; circle
color indicates distance, mass, thickness or time (see below)

Distance — show distance as color

Mass — show mass as color

Thickness — show distance from surface as color

Time — show particle time in water column as color

Trajectory step (h) — timestep how often the trajectory will be updated in the animation
Scale maximum — distance (depth), mass, thickness, or time scale maximal value

Number of colours — number of different colours to be used in the particle animation
(max 13)

10.3.3 Update and delete animation ts

It is possible to draw time series in the animation window from previous model run.
This enables quick comparison between scenarios or view on the impact of parameter
change. Update option updates the time series to the current time series, delete
destroys previous one. The animation time steps and simulation times should be the
same between model runs for the time series to appear properly.

10.4 TIMESERIES HANDLING AND OPTIONS

User has two different ways to add and edit timeseries points:
» Through menu item Model — timeseries... - points
* Through map interface

Both options have been described in the following sections.

10.4.1 Timeseries points handling through menu

Select Model — Timeseries... - Points to see Timeseries points window. In this
window user is able to see the list of the existing TS points and user can add new TS
points if needed. The window is presented below
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il
TzPoint] 55393 1 Edit |

Add

Copy |
Bemove |

Cloze

il

Cancel

List actions:
Edit - edit item data
Add - add new item
Copy - create a new item by copying an existing item
Remove - remove an item
Close - close the list window
Cancel - close the list window

The Timeseries point data window (see below) will be opened when either existing TS
point is edited (Edit) or new TS point created (Add)

i

Mame: |TsF'ointD

r— Location

3

Grid w-coordinate: 56 Cancel

II
e

Grid y-coordinate:

Lewel:

FER ]
lon |D | lat |D | [ddrnrm. mm)

— Measurement
Pint name: | | e

Depth range: EI o m

Find clozest point |

Name
Name — name of the TS point

Location
Grid x-coordinate — x-coordinate of the timeseries point
Grid y-coordinate — y-coordinate of the timeseries point

Level — level of the timeseries point. The TS point vertical location is in the middle
of the vertical cell.

Lon / Lat — lon/lat coordinates of the TS point (optional)
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Measurement

User can link the TS point to the related measurement data by using settings in
this sub-category.

Point name — browse the measurement point by using Browse button
Depth range — defines the depth range of the measurement

Find closest point — find automatically the nearest measurement

10.4.2 Adding and editing timeseries points in map

User can also add and edit timeseries options through the map based interface

Adding new timeseries point
1. activate the main model window if not active already

2. Zoom into the area you want to add the new TS point

=
File Vew Sourcedata Model Analysis Help  ‘Window
[Ex. g T 2+ | 8| Jl | 1903010543 (191,106) kkj 539040, 1186893 -23.96m
_ om | imix
| |
|
|
!
\ll
|
|
Time selection Range | Jf
o — ’ \
tmax
|
[ e mm dd hh mi | 1
[
A
) i
1}
| 3
{
/ |
h“\ ll
i
f i
/
/

3. Select Add item tool |EI from the toolbar and click with left mouse button to
the location where you want to add the new TS point. The following menu
appears on the screen
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—

I

Flow \1

Additive flow

Z-boundary

=

Cancentration I\

Load \

Particle release

S B e

I}

4. Select TsPoint with the left mouse button and window for timeseries point
parameter set-up will appear.

Name: — [TsPoint] |
 Location
Grid #-coordinate: 195
Grid y-coardinate;
Lewel: 15 | m
lan |D | at |D | (ddrmrm. mm)
— Measurement
Proink name: | | Erawse
Depth range: El o m

Find clozest point |

=101
oK |
_ |

LCancel

5. See the previous (Section 10.4.1 — Timeseries points handling through menu)
sections for more detailed information for each option in the menu. When the
parameters have been set up, press OK to finish adding a new TS point. To
cancel, press Cancel.

6. The TS point appears to the map

www.eia.fi/wup-fin
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Removing timeseries point

1.

Zoom into the TsPoint you want to remove
|

/

{f 0= TsPointl
l

|

|

{
i
}

y

2. Select the Remove item tool M from the toolbar

3. Click on the Timeseries point you want to remove with the left mouse button

and following window appears

x

\?) Remaove item TsPaint0 195 102 17

o4 I Cancel |

4. Press OK to remove the item and Cancel to cancel the action
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10.4.3 Timeseries options

In Timeseries output window (Model — Timeseries... - Output) user can select the
timestep for TS output and the recorded variables. The window is presented below:

Timeseries outpuk

— Timestep

COutput step hiaurs

&

—Wariables to write
v Layer fow [y
[~ Wertically integrated How (L 3)
v Surface height
[ Flow direction and speed
[ Discharge [m3/z]
[ lce
[ lsopycnal level
[ “ertical viscosity
[ Turbulent kinetic energy
[~ Dissipation of turbulent kinetic enengy
[~ Wertical diffusion

[ Horizontal viscosity

active concentration vaniables included by default

Timestep

Here user can define the frequency (Output step) how often the simulation results will
be recorded into the timeseries file. Depending on the application the recommended
timestep is 1-24 hour(s). If the running time is very short and/or user wants to see the

simulation the shorter Output step should be used.

Variables to write

User can define which variables will be written into the timeseries file by checking the

wanted variables.

Active concentration variable are included into the timeseries file by default.

10.5 Out-FILE

Out-file (*.out) is the file where all parameter values and selected model results written
to. User can select which variables which will be written to the out-file numerical

timeseries:

www.eia.fi/wup-fin
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Timeseries output [:| |E|E|
QK ‘ Cancel ‘
Wariables to write

Selected variables: Unit: Cutput coefficient:

[ Layer flow {u.v) cm/s

[~ Vertically integrated flow (U, W) cm/s

v Surface height cm

[~ Flow direction and speed degr. cm/s l:l

[ Discharge m3/s

[ Isopycnal level cm

[ Vertical viscosity cm2/s

[~ Turbulent kinetic energy doule

[~ Dissipation of turbulent kinetic energy 5™/

[~ Vertical diffusion cm2/s

[ Horizontal viscosity cm2/s

[ Vertical flow um/s 100

¥ Concentration mgA, ug l:l

Output coefficient multiplies the variable values in order to provide convenient output
unit.
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11 FETCH AND DYNAMIC FIELDS

This chapter provides information for how to save fetch and dynamic output
information, and then how to read and use the saved data.

The chapter is divided to three parts:
11.1  Description of fetch and dynamic output
11.2  Save fetch and dynamic fields
11.3 Read fetch and dynamic fields

11.1 DESCRIPTION OF FETCH AND DYNAMIC OUTPUT

With the stored fetch and dynamic output the model can be run faster to do different
scenarios for the similar wind and flow conditions. Descriptions for fetch and dynamic
output are given below:

Fetch: Wind fetch is the distance from the shore line to the point of
observation over which the wind blows with constant speed and
direction. Writing the fetch means here that the wind field over the
model area is calculated and saved to the file for each wind
occasion. This makes the oncoming simulations much faster.

Dynamic output: Dynamic output contains the flow field calculated every decided
time step. Writing the flow field again makes the oncoming
simulations faster.

11.2 SAVE FETCH AND DYNAMIC FIELDS

Steps to save fetch and dynamic fields are provided below:

1. Write fetch

a. Select Fetch box from Model — Physical parameters... window
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i1
~ Yizcosil
. Drefault settings
Constant hor. viscosity [cm2/s): 10000
Nest boundary zdiff [cmés): Fiict ficiert
~ Friction coefficient
Mest boundary zIdiff [cm/s]:
Wind drag: ™ linear

Constant vertical viscosity |

=
b

LCancel

Bottam friction; ¥ linear [ Chezp " av vel

Limit depth [m]:
Lintdepth(m; [0 |

Set timesteps "on' for other than constants:

“Wertical tubulence madel: IConstant -

Depth dependent b-fric:

td anning coefficient:

UL

Surface friction: i
Length scale [om] in K 100 I linear
Coefficient of Prandtl number: ULILoLE Drag areas I Friction arsas I

[Beta in madel 1 0.015 - 0.030)

Horizontal wiscosity mode: ISmagUrinsky = r— Heat flu:

Secchi depth [m]:

Har. diffusive velocity [cmds):

aE vapor:

bEwapor. -1 13e-07
Diztance [m]

==
=

Longitudinal coefficient:

LI

Bottam T difference [C].

Transversal coefficient: 0.01
: : _ Bottam thermal conductivity (' /mAC):
 Density and concentration computation————————————— EI
™ Unesco ™ Density not calculated

~ Miscellaneou:

Horizontal diffusion: 10000
Wwlater level: Coriolis mode: Iconstant vl
Wertical diffusion

Monlin limit [m]:
lsopyenal density difference | Fetch Waves Erasion

=] [

m i
=
o

b. Select the write box and dofetch as shown below

wind fetch data 0]

v dofetch oK |
v naonlinear Lancel |

— Computation aptions

max fetch length (m]:  [100000
direction step [dear):

" o readAvrite " 1ead =

— Monlinear model parameter

w5

— Linear model parameters

linkzrath [rm]: 3000

c. Click ok
d. Erosion and Waves in physical parameters window:

i. while you are writing the fetch for the oncoming model work you
don’t necessarily need to run wave and erosion models at the
same time. You can do that later on if necessary.

2. Computational parameters
a. Select from menu Model — computational parameters...

b. Select None for Input dropdown menu
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Computational parameters

r— Calculation modes

Calculation: Im
it e

|zopycnal: Im
Difference: Im
tomenturn adyvection: VD v

Conc. transport: Im
Surface comection: IW

— Irnplicity

External field:

v Intemal fizld

[ Wertical tubulence [only k-g]

" BEottom friction

I none Gl |
LCancel |

r— Murmnerical filters

Elewation filker coefficient: I:I

Elevation smoathing numbers |

Frevent smoothing in points |

lzopychal smoothing numbers |

b. Click OK

3. Dynamic output

a. Select from menu Model — Start, end and dynamic field

b. Select for Dynamic output Type aver.bin from dropdown menu

c. write the file name and select Output timestep (h)

Start- and endfields -101x]

I Store end field

Filenarme: 101399 1k

v Eutended file tupe

— Start field
Type: Inone 'I K
Filename: |tUnew_d_l,Jn2.ew | Browse | Cancel |
— End field Diynarnic output

Type: I aver. bin = I
Filenarne: _tD1 999 1kr_dvn.esy
Output timestep [h): D

d. Click OK to accept the changes

4. Other settings

www.eia.fi/wup-fin

a. Time steps: the model need to be stable to write the fetch and dynamic
field (here example for the lake Tonle Sap Lake model while running

with 1 km grid)
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r— Flows computation

Process ondoff
¥ Ewutemal figld

I Intemal figld

™ Vertical hubulence
™ Monlinear advection

v Eottom friction

I Horizontal turbulence

Calculation timesteps (s} 1

Default settings

=10] =

ok

i

@] =
3
i)
@
o
-
=

%)

40

s

20

Process on/off

[ Advection

™ Diffusion

[ Settling

™ Density calculation
[ lzopycnal

[~ Convective mixing

[~ wiater quality

— Concentration computation

Timestep [s]

3600

v advection multistep [allways stable)

1800

1800

80

0o

0o

3600

Cancel

— Heat budaget

Frocess on/off

=
=
il
i@
o
=
=

" Radiation budget 100

" Heat fluz 100

[ lee 100

— Mizcellaneou

Process ondoff Timestep [s]

[ Particle calculation
¥ Flaoding 800

I Ercsion 3600

Calculation time: set the time you need to use the model in the future
for the calculation time

Statistics: make sure that you have the needed statistic selected which
reasonable time step

11.3 READ FETCH AND DYNAMIC FIELDS
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Reading fetch

The steps to read the fetch and dynamic fields are provided below:

b. Select Read and Dofetch boxes as shown below

a. Select Fetch box from Model — Physical parameters... window
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wind fetch data

¥ dofetch

¥ nonlinear

— Computation option

max fetch lenath (m): [100000
direction step [deqr):

" noreaderite % read e

— Monlinear model parameters

r Linear model parameters

linlength [m]: 3000

=10

LCancel |

C.

Click OK

2. Computational parameters

a. Select from menu Model — computational parameters...

b. Select aver.bin for Input dropdown menu

Computational parameters

r— Calculation modes

Calculation; Im
Input: Im
|zopyecnal m
Difference: Im
tomenturn advection: VD v

Canc. transpart: Im
Surface comection: IW

— Irnplicity

External field: I . j

v Intemal field

[ Wertical tubulence [only k-g]

[ Battom friction

Lancel |

r— Murmnerical filters

Elevation smoothing numbers

Elewation filker coefficient: I:'

Frevent smoothing in points

lzopychal smoothing numbers

C.

Click OK

3. Dynamic output

www.eia.fi/wup-fin

a.
b.

Select from menu Model — Start, end and dynamic field

Select for Dynamic output Type none from dropdown menu

write the file name of the saved dynamic output in the A part
(t01999_1km_dyn.exv) to Start field’s file name and select aver.bin for

the dropdown menu
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i
r— Start field
Tope: [sverbin =] o
Filenarme: 01339 1krn_dyr. exy Browse | Cancel |
—End field Diynarnic autput
¥ Store end figld Type: Im

Filename:

H11999_Tkm.exy

v Esxtended file pe

Filenarne: 119391k dynZ. exy

Output timestep [h):

F

d.

It is also in this point possible to write again the Dynamic output if there
is need to reduce or increase the output timestep. In that case, the new
file name would be written to Filename field and new time step to
Output timestep (h) field. Remember to select aver.bin for the Type

dropdown menu.

e. Click Ok to accept the changes

4. Time

a.
b.

d.

steps

Select from menu Model — Time steps...

Once the dynamic output has been saved the model need not to
calculate again the flows so all the flow processes can be turned off

The flooding time step can be put to the same than the Dynamic output
time step (here 6 hours -> 21600 to the flooding time step)

Other time step settings depends the calculated features

Calculation timesteps (s} A

r— Flows computation

Process on/off
™ Eutemal figld
[ Intemal fizld

™ Horizontal urbulence

™ Vertical hubulence
[ Marlinear advection

™ Bottom friction

Diefault settings

] =

=1
]
il
[1]
=]
=

ko

40

pury

20

Process on/off

v Advection

[ Diffusicn

¥ Settling

[ Density calculation
[ lsopycnal

[ Convective mising

Iv wiater quality

— Concentration computation

Timestep [z]
3600

W &dvection multistep [allways stable]

830
100

0o

II

3600

—Heat budget
Process on/off

[~ Radiation budget

[+ Flooding

™ Erosion

[~ Heat flux
[ lce 100
r— Miscellaneous
Process ondoff Timestep [g]
™ Particle calculation 100

176
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5. Other settings

a. Calculation time: set the time you need to use the model in the future
for the calculation time

b. Statistics: make sure that you have the needed statistic selected which
reasonable time step
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12 RUNNING THE MODEL Model A&nalysis Help  Window
Grid parameters. ..
Grid depths. ..
Variables. .,
This chapter describes how the model Physical parameters. .,
computation can be started and model Land use related parameters. ..
computation time set up. WO parameters., .
The chapter is divided to three parts: Computational parameters...
Time steps...
12.1 Run the model Computation period. ..
12.2 Batch Skart, end and dynaric Figlds. ..
12.3 Operating in the model Skatistics. ..
computing window Animatian. ., b
Timeseties, .. g
Cuk-file, ..,
Run...
Batch. ..
-
|l _ _ _ _ _ .

12.1 RuN THE MODEL

The model can be run by selecting the Model — Run... from the main menu. The “Start
computation” window appears:

Start computation o ] 1

— Computation perod

M hours: |.1 | [if <=0 uze dates] Carmpute |
Shart date: |1 507 1997 12.00 | [dd mm py bk
LCancel |

End date: |1 0081997 12.00 | [dd mm py bk

™ Create files. do not compute

¥ Save caze before winning

The computation time can also be set up in “Computation time” window under Model -
Computation period...

Under the computation period section of the “Start computation” window the following
parameters can be set up

¢ N hours - number of hours to compute, if less than zero then use dates below
» Start date - computation start time in format 'dd mm yyyy hh'
« End date - computation end time in format 'dd mm yyyy hh'

+ Create files, do not compute — checked if only computation files are needed
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« Save case before running — checked if wanted that the model application will
be saved before running

When the parameters are set up, the model computation can be started by clicking
Compute. By clicking Cancel will cancel the settings and get the user back to the
main model window.

The following window will appear to show the model progress. The operation options in
the model computing window are described in Section 12.3 — Operating in the model
computing window.

End Stop Opencl  Info
m i _ioix]

OUTFUT DEPTH: 0.50 M

If there is some trouble in the model running the following window appears

FlowRun x|

?‘/} There appears to be errors, view repork?

(0] 4 I Zancel |

Clicking OK, the “flowrun.err” window appears and user can see the error file of the

model run. More about the trouble shooting can be found from Chapter 18 —
Troubleshooting. Below one example of the error file is shown:
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P Aowrun.err - Notepad 10l =|
File Edit Format View Help
out File : =]

SCALE BASE (M) = 0.1000E+04

GRID ROTATION, TRANSFER AND DIMENSIONS:
0.0000E+00 0.0000E+00 0.0000E+00 0.1125E+06 0.5550E+05

POLYLIMES = 0
R CONSTANT FILE NOT GIVEN #####4#4#44##
R LOAD FILE NOT GIVEN ######4#44#

### NUMBER OF CONSTANT FLOW AREAS NOT EQUAL IN COMTROL AND FLOW
FILES ###

described in Chapter 18 “Troubleshooting”.

CO The most common trouble shootings, when running the model, are

12.2 BaTtcH

This function allows you to run several model simulations automatically one after each
other. The user can select the models to run by selecting Model — Batch... and the
following window appears

| Mobatchrun x|

Files Files ta run

M amS ongkhram. fid
rizk_newd_sedifid

rizk_newd_tracer fid Cancel |
tizk_newE. fld

nzk3.fld

nzkd.fld

The models need to be in the same folder to be able to batch them. Follow the steps
below to batch the models:

1. Select first the files you want to batch keeping ctrl pressed down or move them
there separately repeating steps 1 and 2

| Mobatchrun x|

Files Files ta run

rizk_newd_tracer fid Cancel |
ewB. fld

2. press >>> button to move the files to “Files to run” section of the window
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| flobatchrun 20
Files Files ba run
tizk_newd_tracer fid MamSongkhram.fid 0k |
rizk_newt. fld nzk_newd_sedi fid
rizkd fid k3 fid Cancel |

3. To move file(s) back to “Files” section of the window, select the file(s) to be
moved and press <<< button

4. Press OK to run the batched files

12.3 OPERATING IN THE MODEL COMPUTING WINDOW

The user is able to zoom in, zoom out, and see the model simulation in different
vertical layers in model computing window while the model is computing.

End Stop QpenGl  Info
~
~

Il E1IA model

End Stop OpenGlL Info!

Il poin

DUTFUT DEPTH: 0.50 M

¢ Delete window — terminates the computing process and closes the computing
window

« Save window — stop computing but leaves the image on the screen

Stop:

» Halt — will pause the computing
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Resume — continue the computing if it was halted

OpenGL:

Under OpenGL menu the user can find instructions how to manage the OpenGL
window as shown below.

| Openal  Info
' Copy ko dipboard: F1
Align: F2

Ilpdate: F3

select laver: press 1,2,...,9,8,6,...

Foorm iny press left mouse butkon and drag ko the right
Zoom auk: press left mouse butkon and drag ko the |left
Rotate: click rigth mouse butkon

Release particles: double click left mouse butkon

The first three items in the menu list work also when clicking them. After those items
the menu offers only instructions.

Copy to clipboard: F1 — copy the window capture to the clipboard

Align F2 — align the view again to horizontally plane if user has used the 3D
rotation

Update F3 — update the view for the current time. In animation options (see
Section 10.3.1 Animation options) user can select the animation frame step (h)
which defines how often the animation frame is updated.

Select layers — user is able to see the simulation in different vertical layers.
Use numbers from 1-9 to layers 1-9, alphabets a-z for following layers starting
from 10-. Number O is used for bottom layer, i.e. it shows the bottom layer
simulation no matter in which layer the bottom is

Zoom in — user is able to zoom in to the simulation window by pressing left
mouse button and dragging from left to right

Zoom out — press left mouse button and drag from right to left

Rotate — user can rotate the 3D view. User is able to define other parameter for
the elevation and other for the colour (see Section 10.3.2 — Advanced
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animation options). Below example where the elevation shows the water level
and colour salinity concentration.

* Release particles — double click left mouse button in the location where
particles needed. The following options should be checked on that this work

o time step for particle calculation

o particle animation checked on in advanced animation options (see
Section 10.3.2 — Advanced animation options)

Info: information of the model engine and contact information of the model developers.
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13 MODEL OUTPUT ANALYSIS TOOLS | Bnalysis Help  Windaw

“relds.. |
Skatistics fields, .. I
2D fields. ..

. I Sections. .. I

animatian, ..
animation ko brp. ..,

Picture timeseties. ..
Table timeseries. ..
Timeseries reparks. ..

13.1 To GET STARTED

184

Field analysis draws 2D picture of computation end state concentrations. It enables
also drawing of model grid and pre-computed flow fields.

With the field tool it is possible to present the results in different form and do
calculation. It is possible to use different masks to e.g. calculate the net sedimentation
in each landuse class or elevation zone (only available in 2D fields).

The basic setup of different windows in the field analysis tool is presented in figure 15.
To start the analysis tool, there are two options:

» Select the Analysis and Fields, Statistics fields or 2D fields option

o« Start the analysis tool by open the wanted *exv file (e.g.
.\Tonle\analysis\1998_2d.exv) and the “Field draw and Compute” window will
appear:

These options open the “Field draw and compute”-window. The three types of
model output field files are:

» Fields — computation end fields; these are defined as presented in Chapter
10.1.

« Statistic fields — user needs to select the option to compute the 3D statistics
fields from the “Statistic parameters” window (see Chapter_10.2).

o 2D fields — user needs to check on the Output 2D fields from the “Statistic
parameters” window (see Chapter 10.2).

These files are allways Ascii (text)-files in contrast to dynamic fields that can be either
binary or Ascii.

The basic use of the analysis tool is described in Section 13.2 — Draw and compute. In
addition to the basic analyses the user is able to do more advanced analysis by using
Set compute option which allows the user to use following tools:

* Mask — by using mask the model area can be divided to sub-areas based on
landuse, elevation or other parameter of the model

* Region — the model area can be divided to regions based on coordinates

¢ Formula — user is able to do calculations e.g. between different variables using
the formula tool.

This chapter is divided to the four parts:

* Draw and compute — basics of the draw and compute options applicable in
each field analysis option
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Different fields — describes the differences between the field analysis available
in EIA 3D model system

Set compute — advanced options for analysis under 2D fields analysis tool

Sections — describes the section analysis tool

13.2 DRrRAW AND COMPUTE

Basic steps to draw and compute analysis are:

1.

o o M w DN

Select variable from the Variable drop-down menu

Set up the Options as scale, length scale, draw options etc.

Add header and background map if needed

Press Draw & Compute button

The results appear on separate graphics (and numerical results) windows

The result can be copied as a bitmap or metafile to the clipboard and then
attach to word document by using the following tools in the toolbar:

a. Copy as metafile @

b. Copy as bitmaplﬂ.’I

C Best settings for draw option are different for each application and

thus, the best result can be achieved by trying different values for the
options you want to use.
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The “Field draw and compute” window is presented below with the default settings

for each parameter.

Field Draw and Compute

Data
Draw & Compute Concent. field:
Flow file:
Set Compute
1 Vaniable:  [zRiD
$ Nestfile:
Scales
Scale Max:

Number of colors:

Color palette: defautt -

v Autoscale

[ Draw scale [~ Horiz scale

Concentr. file
Flowy file
Set meas. data
Select nesting

| | Drawmeas.

v Draw nested

Draw type
* |sofil " Bitmap " lsoline
Draw options
Grid level (m): 1 -
[~ Draw flow Set flow data
Flow scale:

[ Depth intearated flow

Scalstils: | | [ Const.box size v Lows off

Scalefile: Erowss ¥ Shorsbox W XShorebox | Box boundary

Scale size: Text size: Colors

Scale skip: Scale wi: Gnd lines Flow amows EI

Grid water Land color

Lengh scale

[~ Draw length scale Kpos stepsize nsteps

Unit ypos w divigion height
Zooming Map

* Defautt Map file: | | Browse

£ Zoom1 " Zoom2 £ Zoom3 [V Map coordinates in latdon
Header and borders

Text size: [ draw borders
Depth integrate | Export |

Figure 15.

The variable value and location in each point of the analysis drawing can be seen in

next to the toolbar as illustrated below:

186

The basic setup of different windows in the field analysis tool.
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File Edit - ‘Window

2917.8938(57.3.177.8) w=253.87

Add layer | ‘D'ln'ar F_SPSAY Ievel 1

LI

Concent. field — shows the used concentration file (*.exc) if used. Press Concentr. file
button to load another concentration file. This is special water quality model
output file.

Flow file — shows the name of the used flow file (*.exv) if used. Press Flow file button
to load another flow file.

Variable — user needs to select the variable she/he wants to draw and analyse. The list
of the parameters with explanations is presented in Chapter 27 — Parameters in
EIA 3D model.

Nestfile — name of the nesting information in case of nested model

Set meas. data/ Draw meas. — if checked, draw measurements of the selected variable
as circles inside which the measurement value is indicated with numbers. Set the
options by clicking Set meas. data button, which opens the following dialog
window.

Select measurements o ]

— Graphics option

Paint size: % picture height
Wariable bo draw: TEMP

r Time zelection

gy mm dd clock

Starttime:
Endtime:

—Area
Mirie: D M 100000000
. Cancel |
binr D b asir® 100000000
Depth range: EI - (1000 m ok |

User can specify circle size as fraction of total figure height, measurement
variable name and time, topographic and depth range of measurements to be
shown of total measurements.

Draw nested — Draw as nested or each nested grid separately. Set nesting definitions
file by clicking Select nesting button.
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13.2.2 Scales
Drawing scale option:

Scale min — scale minimum either from model output (autoscale checked) or given by
user (autoscale not checked)

Scale max — scale maximum from model output or given by user
Number of colours — defines the number of colours used in the figure
Colour palette — user can select the colour palette used:
¢ Default — normal colour palette from blue to red giving blue to smaller values

e Inverted — inverted colour palette (from red to blue) giving red for smaller
values; use e.g. for dissolved oxygen

« Jet —more vivid colours

* Inv.jet —inverse jet scale

¢ Hsv - hue, saturation, value scale

« Grey — grey scale from white to black

* Inv.grey — grey scale from black to white

Autoscale — if checked on (Default), the minimum and maximum values are the min
and max values in the results. If not checked, the user can define the min and
max values for the illustration.

Draw scale — draws the scale

Horizontal scale — if checked, scale will appear on bottom of the figure in horisontal
direction, if not checked the scale appears on right from the figure in vertical
direction

Scaletitle — title for the scale, appears on top of the scale bar

Scalefile — instead of given palette selections user defined scale palette gan be given
in a file

Scale size — scale bar size (impacts also on length scale)
Scale skip — the number of scale classes to skip in labelling
Text size — defines text size in labelling and titles

Scale wi — scale bar width

Scales

Scale Mit: I:I
Scale Max: 250

Murnber of colors:
Color palette: Im

[ Autoscale

V¥ Draw scale ™ Horizscale
Scaletitle: |\-"e|c|cit_l,.l [emds] |
Scalefile: il Browse |
Scale size: Test size:
Scale skip: Scale wi
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Figure 16. Example result of the field draw with the options described above.

13.2.3 Length scale

Lengh zcale

[ Draw length scale Hpos stepsize 10000 nsteps
Unit ROz 9000 division 1000 height

Draw length scale — if checked, the length scale will be drawn on the bottom left corner
of the figure

unit — km if the division is 1000 as above, m if the division is 1

xpos — x-coordinate location of the length bar in meters (in grid coordinate system)
from the origo

ypos — y-coordinate location of the length bar in meters (in grid coordinate system)
from the origo

stepsize — length of the one step in the scale bar in meters

division — defines the unit of the length scale (1000 for kilometre, 1 for meter, etc)
nsteps — number of the steps in length scale

height — height of the length scale bar

13.2.4 Draw type

Diraw type
’7 " zofil " Bitmap " |soline

There are three different draw types to select:
» Isofill — vector based filled draw type
e Bitmap — raster based draw type
* Isoline — vector based non-filled draw type

Each of the draw type is presented below:
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Isofill: Bitmap: Isoline:

13.2.5 Draw options

190

— Drraw options

Grid level [m): |-| vl
[ Dirawe flow Set flow data |
Flow zcale: 100000

[~ Depth integrated flow

[ Const box size ¥ Lows off
¥ Shorebox [V #Sharebox [ Bow boundary

In draw options the user is able to
« define the grid level for the analysis (in Fields and Statistic fields only),
* define whether the flow arrows will be drawn or not,
« select Depth integrated flow to be used and
» definitions for the illustration box

More detailed description for each of the options follows:

Grid level — in field and statistic field analysis user can define the grid level from where
the results will be drawn. In 2D field analysis user can select only surface, middle,
and bottom layers, those are eligible already in the variable drop-down menu.

Draw flow — the flow arrows will be drawn if checked.

Flow scale: scale for the flow arrows, best scale depends on the flow velocities and the
size of the applications.

Depth integrated flow — the results will be drawn as depth integrated flow. The layers
to be included can be defined by clicking the Integrated flow button on the bottom
of the “Field draw and compute” window.

Const. box size — leave to default value
Lows off — leave to default value
Shorebox — leave to default value
XShorebox — leave to default value

Box boundary - leave to default value
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Figure 17. Flow field for the Chaktomuk model application in Cambodia.

13.2.6 Colours

Calars

Girid lines Flow armaiws EI
Grid water Land colar

In Colors section user is able to change the colour of the grid and flow features. The
numbers correspond to the following colours:

0 - black

1 - dark blue 4 Palette o =[]
2 - dark green

3 - dark green % ]3 = gg]
4 - dark brown — REN  BE
5 - dark violet I i s
6 - olive =11=27
7 -light gray —
8 - dark gray I .
9 - blue [ ; o3
10 - light green = g = %?
11 -cyan B 0
12 - red N ; B
=
14 - yellow o 15
15 - white

16 - light blue

17 - gray

18 - dark blue

19 - light green
20 - dark green
21 - orange

22 - orange

23 - gray blue
24 - dark green
25 - dark blue
26 —31 black

User is able to select the colours for the following features:
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e Grid lines

¢ Grid water

¢ Flow arrows
¢ Land colour

13.2.7 Zooming

Zooming

&+ Default
" Zoom " Zoom2  Zoom3

Analysis area can be redistricted to certain zoom area:
e Default: the whole model application area

e Zoom1 — Zoom3: user can select the zoom area to zoom. See Section 6.1 —
Zoom for more information of the Zoom areas and how to set them up

13.2.8 Map

M ap

Map file: | | Browsze

[+ tap coordinates in lat-lon

User is able to use background map in the analysis drawing. The map should be *.dig
file (see more about that file type in RLGis manual). The map can be browsed by
clicking the Browse button. If the map is in lat-lon system, check the “Map
coordinates in lat-lon” check-box. If UTM (X, y) coordinate system is used, uncheck
the box.

Example of using the map file in the field analysis drawing is presented in Figure 18.

Figure 18. Example of using the background map in the field drawing.
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13.2.9 Header and borders

" Header and borders

| Teut size: [ draw borders

In this section the user can define a header for the analysis drawing by typing it to the
empty text field. The text size can be defined and borders added around the drawing.
Example of using the header and borders is given below.

| Chaktomuk model application | Text size: [ draw borders

" Header and border.

model application

13.2.10Depth integrate and Export

Depth integrate I Esport I

Depth integrate — define layers that will be integrated/ averaged for output

Depthintegrate f'5_<|

integrate layers [from.to; O=surface]?

e

k. | Cancel |
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Export — not functional

13.2.11 Set compute

With “Set compute” tool the user is able to use masks and formulas to do more
advanced analysis for the data. Press Set Compute button in the “Field draw and
Compute” window to open the “Compute setup” window.

Field Draw and Compute

Data
Draw & Compute | Comcent. figld:  “ e e
— — Fliowy file: Ihzoenanosiwgschd]99742chd1397_2d ex Elow
l Set Compute I . E—
— — \ariable: GRID j

Cloze | Mestile: ¥ Diraw nested Select

|—Scales I rDraw type

The following window will appear

e
r— Drata transfiarm
Multiply: |'| | Add: |D | oK
— Report
Shaw | Clear | Save az | Open ather | Lancel

—Mask definitions

[ use mask Maszk load | Mazk edit | I ask save |
[ use regions Region load | Region edit | Region zave |
t azk wariable: IGHID ,l

r— Use fomula
FLOfarmula: | |
'wllfarmula: | |
Exarples: WVARTMARZ20 : meelmulb[“wahil e WART™ 0 WARZ]
Usge LWEL for . WWEL for %, WAEL for '

Under Set compute tool there are three main functions as described in more details in
the following sections:

* Using the masks in “Set compute”
¢ Using the region in “Set compute”

* Using the formula in “Set compute”

13.2.12Using the masks in “Set compute”

By using mask the model area can be divided to sub-areas based on landuse,
elevation or other parameter of the model. This can be used for looking the specific
model results for e.g. each of selected elevation zones or landuse classes separately.
To use the mask follow the instructions below:
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1. Activate the mask by ticking the use mask box

—Mask definition

V¥ uze mask tazk load | tazk edit | Mazk save |

[~ use regions Reqion load | Region edit | Region save |

b ask wanable: IDEF'TH vI

2. Load the mask by clicking the Mask load button and select the mask file you
want to use (*.msk)

If you don’t have any *.msk file available, you can create new file
O following the steps below:

» Create an empty txt-file with e.g. notepad

» First line defines the matrix’s dimensions (n*3), following lines
includes the data as shown below where example of 7*3
matrix of using elevation as mask

matrix(7 3
-9999 130 1
130 140 1
140 145 1
145 150 1
150 155 1
155 160 1
160 500 1)

» Save the file as *.msk (e.g. elev.msk)

* Load the file as defined in step 2

3. To see the mask file click the Mask edit button and the following window

appears
I 1o/
lo lim hi lim weight
1] -9999 130 L
1 130 140 L
2 140 145 L
g 145 180 1
4 | 180 158 1
5 1585 160 1
(3 160 Lan 1

a. You can add rows by clicking the right mouse button on the place
where you want to add row

b. You can delete row(s) by selecting the rows to be deleted and clicking
right mouse button, and select Remove row(s)

c. When you have done the editing, press Store in the toolbar

4. If there is a need to save the mask file with different name, select Mask save,
browse for location and name the file as wanted
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196

5. After the mask file is loaded, the Mask variable need to be selected from the

drop-down menu in the “Compute setup” window. Click on the arrow and select

the variable your mask is based on:

a. Landuse based zoning select F_LU

—Mask definitions

¥ use mask Mask load | I azk. edit | b ask save |
[ useregions Region load | Region edit | Region save |
I ask wariable: =

b. Elevation based zoning select F_GRELEV

—Mask definition

¥ uze mask b azk load | I azk edit |

I ask save |

[ use regions Reqion load | Region edit |

Fegion save |

I &gk wanable: F GRELEY

Now you can follow the instructions from Draw and compute section of this

chapter to select the variable and draw that

As a result you get the picture as in normal analysis but also the table which
describes the parameter you are analysing zone by zone as presented below.

a. The first rows present the results zone by zone

b. the final 2 rows (only one region in use) present the total for the whole

modelled area.

c. The values of Area of the zone and Average, minimum, maximum and
standard deviation of the parameter are presented.

. D¥ar F_CSA_OXYG level 1

=10 x|

=10l
Begion L-limit U-limit Weight Area kmZ Average Min Max Std Dew

ot 993 1 1 1500 4.984951 1.45521  6.20708  0.033L051
1|1 1 2 1 2232 4.318406 0.951381 6.19022  0.0336970
2 |1 2 3 1 889 2.13279 [0.721252 | 5.86016  0.0348480
3|t 3 4 1 850 2.00541% 0.657436 5.5256  0.0304103
= 4 |1 4 5 1 1181 1.64563  0.420484 4.82367  0.0266374
5 |1 5 & 1 1366 1.219629 0.21154 4.63972  0.0242272
& | L & 100 1 2185 0.8820651 1.32317e- 5.27071  0.0231817
7|1 o o o 10213 2.572215 1.32317e- 6.20708  0.0230978
g8 |o o o o 10213 2.572215 1.32317e- 6.20708  0.0230978
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The formula calculating and mask tool cannot be used at the same
o time. However, the mask and region tools can be used parallel.

13.2.13Using the region in “Set compute”

Addition to mask or separately from it the model area can be divided to regions based
on coordinates given by user. To use the region option, please follow the instruction
below (here the option where both, mask and region, are used):

1. Click set compute on the main analysis window

2. Activate the region by ticking the Use region box

i
r— Data tratsfarm
Fl ultiply: |'| | Add: |D | 0K
— Report
Show | Clear | Save as | Open ather | i

— Mask definitions

¥ use mask Mazk lnad | tazk edit | Mazk zave |
W use regions Region load | Fregian edit | Fegion sawve |
Maszk wariable: IF GRELEY vl

— Use formula
FLOfarmula: | |
willfarmula: | |
Eramples: VAaRTVARZT0 ; moellmult][wghfl.exy WVART1TT0 AR 2)
Use UVEL for U, WWEL For ', WAEL for

3. Load the mask by clicking the Region load button and select the mask file you
want to use (*.rgn)

If you don’t have any *.rgn file available, you can create new one
O following the steps below:

» Create an empty txt-file with e.g. notepad

» First line defines the matrix’s dimensions (n*4), following lines
include the data as shown below where example of 2*4 matrix
of the region definition

matrix(2 4
0 0 138000 198000
138000 0 264000 198000)

» Save the file as *.rgn (e.g. northsouth.rgn)

» Load the file as defined in step 2
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4. To see the mask file click the Region edit button and the following window
appears. Here the user can edit the region boundaries by setting the grid
coordinates (meters from the origo) for it.

I 101 x]
=0 ¥O m ®x1l m vl m
i} 1] 0 138000 198000
1 133000 0 264000 198000

|+

You can add rows by clicking the right mouse button on the place
where you want to add row

You can delete row(s) by selecting the rows to be deleted and clicking
right mouse button, and select Remove row(s)

When you have done the editing, press Store in the toolbar to save the
edits

5. If there is a need to save the region file with different name, select Region
save, browse for location and name the file as wanted

6. Now the setup is ready and you can accept the setup by clicking OK button on
the window and that will return you to “Field draw and compute window”

7. Now you can follow the instructions from Draw and compute section of this
chapter to select the variable and draw that

8. As a result you get the picture as in normal analysis but also the table which
describes the parameter by regions you selected.

a.

198

Here both, region and mask load were used and thus the mask results
are divided for those two region

The first rows present the results zone by zone for he region 1 and the
final row for that region present the total

The final row where region number is 0, presents the total for the whole
modelled area

The values of Area of the zone and Average, minimum, maximum and
standard deviation of the parameter are presented
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=10 x|

_ol x|
1 L-limir T-limir feight Ar i |

0 |1 -999 1 1 769 6.012526 5.21689  6.20709  0.0067596

1|1 1 2 1 1012 3.805586 0.951381 6.19022  0.0552586

z |1 2 3 1 327 1.832085 0.812427 5.86016 0.0579939

Zonel 3 |1 3 4 1 438 1.816609 0.789831 5.5286  0.0340432

4|1 4 5 1 682 1.313964 0.49898  4.82367  0.0244391

N 1 5 & 1 742 0.9287546 0.272242 4.63972  0.0233137
611 8 100 1 1074 0,4852265 1,32317e- 4.64383  0,0227040 ||

Total regionl L 0 0 0 5044 2.374315 1.32317e- 6.20709  0.0304015
] ~503 T T 31 5. T8 1. p . I

= 9 |2 1 2 1 1220 4.743794 0.972574 6.18258  0.0370457

Region? 10 |2z 2 a 1 562 2.307754 0.721252 5.20231  0.0418565

£ = 11 |z 3 a 1 a1z 2.206141 0.657436 4.90013  0.0493626

iz 2 4 5 509 2.090024 0,420484 4.80573 0.0462063

13 |2 5 & 1 624 1.565508 0.21154 4.49407  0.0411256
o g 100 1 1l11 1265687 - 5.2707 |

Total leg10n2 sl 2 0 0 0 5169 2.765329 6.8033de- 6.20517  0.0399541
Total ———> & [0 ] ] ] 0213 TITZIIT L.aC3lve- ©.20700  0.0352302 |

time. However, the mask and region tools can be used parallel, but

0 The formula calculating and mask tool cannot be used at the same
also separately.

13.2.14Using the formula in “Set compute”
One option in Compute setup is to use formula for analysis.

With formula the user is able to e.g.
* multiply the results (e.g. if user wants to change the unit)

r Use formula

FLOformula: |F_ESA_E|><'YG 10 |

e formula: | |

Examples: WARTAARZ0 ; meellmult] wahfl e WARTT0WARZ)

Usge UWVEL for U, WWEL for W, WWEL for W

e add value to the parameter or then calculate the differences between two
variables from same run (e.g. bottom and surface oxygen)

r Use farmula

FLOfamula: |F_ESA_D><YG-F_CBA_D><YGI |

i Dfarmula: | |

Examples: WARTAARZ0 ; meellmult] wahfl e WARTT0WARZ)

Usge LWVEL for U, WWEL for W, WAYEL for W

» calculate the differences between two model runs (e.g. scenario — baseline)

r Use formula

FLOformula: | Suwgschbll 997ecBLTII7_2D ewv F_CSA_DXYG +F_CS.’-‘«_D>‘|

i Dfarmula: | |

Examples: WARTAARZ0 ; meellmult][ wahfl. e WARTT0WAR2)

Usge LWVEL for U, WWEL for W, WAWEL for W
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Below there are steps to use the formula
1. Write the formula to the FLOformula field
2. After the formula is written, click OK and the main analysis window appears
3. Select FL_COMPUTED for the variable and select Draw & Compute

Field Draw and Compute

Data
Draw & Campute Concent. figld:  *exc
Flow file: fhzoenaniosiwgschd] 9974echd1997_2d &
Set Compute .
Variable: [ COMPUTED x|
Clase Mestfile: ¥ Diraw nested
~Scales 1 Draw type

4. The result of the formula will be drawn to as a result

4 Computed, level 1 ;IEI il

-y 03

i e A
: _; 05
a7
. 08

-1

The formula calculating cannot be used at the same time with the
o mask and/or region tool(s).

13.3 SecTions

With the sections analysis tool user is able to draw fast cross section fields in any
directon (top — down, west — east, south - north) and step through the water body.
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Selectiong Analysis — Sections options open first a selection of a variable to be drawn:

Select variable x|

SEDIBOTS

Cancel |

After that a drawing window with a view from top opens. User has the following options
to select sections to be drawn:

LRSS

The boxes with a yellow wall show output selection direction: leftmost box select north-
south cross-sections, middle box selects top view and right box selects west-east
cross-sections. + - control advances and — decreases section or layer.

The resulting view is presented below. In it is a west-east cross section from row 183
out of 202 rows.

File Vview Window
[ M) m| v @SR 453 253

Add layer

4 Matdraw / chaktomuk_50m-3-static_wast.exv WAST

Time selection Range

(yyyy mm dd hhimi )

\W-E sections, level 183/202 scale 0 - 0.000192841

(E3

www.eia.fi/wup-fin 201


http://www.eia.fi/wup-fin

Lower Mekong Basin modelling project (WUP-FIN), Mekong River Commission

14 ANIMATION Analysis  Help  Window
Figlds. ..
Skatiskics fields, .,
2D fields. ..
. . . . Sections. ..

This chapter includes the instructions how to see r —

the stored animation and use the animation tool. Animatior. ..

The chapter is divided to two parts: | #inimatien to bmp. . I

14.1 Seeing the animation ARG H T oo
Table timeseties. .

14.2 Animation to bmp-file

Timeseries reparks. ..

14.1 SEEING THE ANIMATION

202

User is able to store the view of the running model as a TEK-animation file. The
animation can be seen when selecting Analysis — Animation... from the main menu.

checked on in the Output files section of the “Animation parameters”
window (Model — Animation... - Animation options) as defined in
Section 10.3 — Animation options.

CO To be able to display the animation, the TEK-animation should be

I loixl
File  Edit - window
N[ A N=10] ﬂ@{
M _d wq\namsongkhram.tek I [=] |
o
Nam Songkhram
Time selection Range 9
v

[s99y men b i) B ™ \

1.5.012:00

™
OUTRUT DEFTH: 050 hi L
B
scaEqom
M wa 2 s m s s e e

The animation shows the concentration of animated variable as a colour from blue to
red. Animation timeseries, if defined to be shown, is visible on the right side of the
picture. The black dot in the animation picture shows the timeseries point location.
Date is displayed in the box on the left bottom part of the picture.
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The animation output can be controlled through the toolbar shown below:

QUSIMER] | ol | e P&

a) b) c) d) e) f) g) h) i) j)

The following functions (labelled below the toolbar) can be used:

a. Zoomin

b. Zoom out

c. Pan

d. The animation returns automatically to the beginning if the animation

window is not the topmost window on the screen

e. Start animation/continue animation after it has been stopped
f. Pause the animation

g. Go one animation frame forward

h. Go to beginning of the animation

Change the colour of the background from white to black and vice
versa

j- Set the time lag between animation frames

The animation can be started also directly from the TEK-animation file. TEK-animation
files, all other output files, are stored to the Flow directory (defined in “Application
setup” window under Source data — Application setup).

| ns_training_febz00e, TEK 342 KB TEK File 20{02 /2006 14:20
| nska TEK 42,122 KB TEK File 16/02/2006 10:10
| sk, TEK 19,320 KE  TEK File 13/02/2006 14:58
| nske_1,TEK 58,221 KB TEK File 13022006 09:35
| sk _newz, TEK 1,957 KB TEK File 06/03/2006 11:57
8| nsk_new. TEK 50,676 KB TEK File 14/02/2006 13:26
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When opening the TEK-animation file (double click the file name), the following
“TekShow” window appears.

RI=I

File ‘Window

4 TekDraw d:modelstm5-nsk' eia3d_model'test'wq'ns_Eraining = IEI il

MewvProject

a, "‘\,_'
FEEN

',-.h“j " %
MF '7,‘3h

OUTPUT DEPTH:

In “TekShow” window user has the same tools to manage the animation as described
above.

The animation returns automatically to the beginning if the animation
0 window is not the topmost window on the screen.

14.2 ANIMATION TO BMP=FILE

User is able to save each animation frame as a separate *.bmp (Bitmap Image) file by
selecting the Analysis — Animation to bmp... from the main menu. The similar
animation window and tools are available for the user as defined in section 14.1
“Seeing the animation”.

Each frame the user will go through will be saved as *.bmp to the same folder where
the *.fld is located as shown below.
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me -loix
File Edit YWiew Faworites Tools  Help | i';'
eBack - \_;J - 1?’ /.._ ) search H_:‘ Folders '

Address Ilﬂ S e LIP-FINE ymodel 0 MS-nski ETASD_modelitest

8

Falders X | Hame + size | Type | Date Madified I
5 23 modeln ;I [C)Data Filz Folder 03/03/2006 11:54
) bathymetry (Dhwq File: Folder 08032006 11:57
) bkk_rmayos '_nsk_newz.ﬂd 180KE FLD File 08032006 11:45
@ chaﬁtomuk C‘étekDDDl.bmp 1,190 KE Bitmap Image 09/05/2008 08:21
) Coherens () tekooz.bmp 1,190 KB  Bitmap Image 09/05/2006 08:18
3 compilers (] tekoo3.bmp 1,190KE  Eitmap Image 09/05 2006 0F: 15
@ dambreak S | C‘.itekDDDﬂt.bmp 1,190 KE Bitmap Image 090512006 08:18
D devel (24 tekoos. brmp 1,190 KE  Bitmap Image 09/05{2006 02:18
[C3) DSF-scenarios () tek0oos.bmp 1,190 KE  Eitmap Image 09/05/2006 05:18
= kunna w | (% teknoo? brop 1,190 KE  Eitmap Image 09/05/2006 03: 18
4 | 1 » . Lel mp 1,190 KE Bitmap Image 090512006 03:18

|Type: Bitmap Image Size: 1.16 MB Date Maodified: 09/05/2006 08: 15

[1.16mE

|‘:J Local intranet

2

The *.bmp files can be further used by exporting them for different types of animation
files (*.gif, *.avi, etc). This can be done by e.g. Jasc Animation shop by Jasc software.

One *.bmp file can be rather large (0.5-2.0 MB) and thus, user should
be careful not to exceed the capacity of the hard disk when

transferring hundreds of frames to *.bmp files.
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fnalysis Help  Window

15 TIMESERIES OUTPUT Fiolds...
Skatistics Fields. ..
20 Fields. ..
Seckions. .,
This chapter includes the instructions how to [
present the timeseries data and use the Animation to bmp. ..
timeseries analysis tool. |
Picture ti ies...
The chapter is divided to four parts: T": T8 TTEsaTEs I
able timeseties. .,
15.1 Picture timeseries I Timeseties reports.,. |

15.2 Table timeseries
15.3 Timeseries reports

15.4 Timeseries analysis tools

15.1 PICTURE TIMESERIES

15.1.1 Picture timeseries parameters

By selecting Analysis — Picture timeseries... user is able to use plot the results of
selected parameters for all the timeseries points defined in Model — Timeseries —
Points/Options (see Section 10.4 — Timeseries handling and options for more
information of how to add new timeseries point, and how to select the timeseries
output variables).

Other option to start plotting the results of selected timeseries point is to click left
mouse button on top of the TsPoint in the main model window and select timeseries
from the menu list

m;;;|“1---H-'|:;;:H. .,
point lewvel 1

timeseries

uim

=]
hia
¥
E H
N

The Timeseries format (below) window appears. To start plotting the results, check
Picture and press OK.
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=

akK
' Picture " Tahle ;l
Catcel |

By selecting either the Analysis — Picture timeseries... or Picture in Timeseries
format window, the Timeseries window nr. # appears as presented below.

i
T sFaintd: [55.99.1] 1] |
v |
_w |
oz |
SEDI |
LO&AD |
SEDE |
Starttime (yupymmdd]: 20030825 1200
Endtime [pppmmdd]: 20030629 1500
— Flow [L] options
& component © vector LCloze
— Measurement option: Transform data
™ add measurements [~ draw meas. with line MUl
 alldepths  © range below % from point data
Depth range [m): ||j | - |1gggn Add: D

The Timeseries window nr. # window is divided to six categories:

List of timeseries points — on left part of the window there is a list of the
available timeseries points (Ts point)
Variables — on the right from the list of the Ts points, the variables selected by

user (see Section 10.4 — Timeseries handling and options) for analysis are
listed. The parameters’ abbreviations and units are listed in Section 27.2 —

Output selection symbols (in GUI and graphics files).
Start and end times - user can define the analysed time period
Flow (U) options — options for flow

Measurement options — if the timeserie point includes measurement, the
measured values can be drawn to the same figure

Transform data — the data can be either multiplied by certain factor (e.g.

change of unit) or user can add certain value for each dataset (e.g. change
reference level)

Follow the steps below to plot the timeseries picture
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208

6.

7.

Select the timeseries point from the “List of timeseries” you want to use the
information from

Select the start time and end time for the data plotting. Default time period is
the whole simulated time

Set up the other options (Flow, Measurement, Transform) if needed

Select the parameter to be plotted (see Section 27.2 — Output selection
symbols (in GUI and graphics files) for more information of the parameters) by
clicking the parameter button

The timeseries picture appears on the main application window

S o
File Edit View Compute Window
) E®|#| 20000717 161307,1002.140015
Ak aper |
@z rent e
FIKT: (11513111 B u
KCHI: (204.23.1] B
KGLT: [15268.1) v
PKMT (217,3.1)
o BKF1d: 63142.2) _w |
KGL2d: (155.71.3)
™ PNK1d (115191.2] _ume |
KCH1d: (20423.3)
= KGL1d: [152693) Ve
PKM1d (217 36) DIRE
o PBG2: (162.76.1]
PG4 (162,76.3] SPED
m FBG: (16251.1]
PBRTd (16251.1) z
. KGL3: (15068.1)
KGL3d: [15066.2) SEDI
Time selecti YSIT: (161.78.1]
ime selection Rangs e G
TsPaintd: (204.30.14)
min ToPoint: [£8.142,14) i SEDB
T<Paintd: [115,131.12
tmex (20010501 1200
new: (67,126.1)
new 2 (57,126.2)
[ ywwy mm dd b mi | hewl 2.3 (67.196.0)
Chm (169,831
TsPointd: [163.83.3] =l

5pL
Starttime [yymmmdd]: 200005071 1200

Endtime [uyyymmdd] 20010601 1200

Flow (U] optiares
’76 component " vector Close |
1t optiar: Trarestorm data

© aldepths ¢ rangebelow & from point data

Depthrange[ml: [0 - [to0o0 Add o

™ addmeasirements [ draw meas with line

User can compare the results in different locations/depths by selecting another
timeseries point and selecting the same variable to be plotted

File Edit View Compute Window

Add |
_tuow | -5

m Z TsPointd: [156.71.14)
m Z TsPointd: [204.30.14)

B #5888 8

g8

2000 o

Time zelection Fange |
tmin 20000501 1200

31052000 o
30062000
30082000
29092000 —
30/102000
29/112000
30122000 o
20012001
01032001
31032001
01052001

3107

More about the timeseries picture management can be read from the following
chapter.
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15.1.2 Timeseries picture management

The timeseries drawn in the picture are listed in the small window on the left.

1.

4.

6.

The timeseries can be deactivated and activated by clicking the square on the
left of the timeseries name. The circle in the middle of the square tells if the
timeseries is active or not. Only active timeseries are shown in the picture.

To select a timeseries click the left mouse button on top of the timeseries name
so that the background turns grey.

To save the timeseries, select the correct timeseries by clicking that timeseries
in the window in the left and press the right mouse button. Select Save as from
the menu, give a name to the timeseries and press Save.

File Edit WYiew Compute ‘Window

O G | < /|| EF*| &7 20000114 073637 6703848877
et | IO/
|E Z TPointd: [156.71.14]

Z TPointd; [204,30 141
m Editr
EditData

Remaove
Maovellp
MoveDown

Deselect

B #8588 8 B

]

Time selection Fange |
tmin [20000501 1200

To manage the timeseries select the correct timeseries by clicking that
timeseries in the window in the left and press the right mouse button. From
hear he timeseries can be edited (Edit), removed entirely (Remove) and their
order can be changed (MoveUp and MoveDown).

The timeseries window can be managed using the timeseries window tools,
which are described in following section. The appearance of the timeseries
window (line colors and types, axis etc) can be modified using the Picture

properties tool .

The picture can be saved as an image by clicking the copy as metafile tool

E’l while the correct picture is activated. The picture can then be pasted to
appropriate application (for ex. MS Word) by selecting paste in that application.
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15.1.3 Timeseries window tools

Timeseries window shows the output data timeseries as picture.

File Edit View Compute Window
C LS| | AP E* 2% 20010825 062230,1063.680908

Add |
_tuow | RE

m Z TsPointd: [156.71.14)
m Z TsPointd: [204.30.14)

B #5888 8

g8

oooooooooooo
. . -4 1B B3 3 83 2 83 3 838 3z 3 5 1
Time selection Range 8 85 & § &8 8 5 4 a a
| 8 5 @ 3 9 8 8 &

& & @& = = = & © 9 g

. o 2 8 2 8 § § 5 3 & = = Z
tmin 200005011200 | 0 moo®m o omoo®m d mod ®m d o8 m B

The picture handling tools are available when the timeseries window is active. The
tools for picture handling are

The first three tools from left a are the same as in EIA 3D model main window toolbars
(see Section 4.2.2 — Tools menu bar). The functions of the other tools are

Tool Function

Picture properties. Displays a format window, where picture
properties (line colour, type, name etc.) can be modified.

metafile.

Copy as bitmap. Copy the picture to the clip board as a
bitmap.

Copy as text data. Copies the picture data in text format to
clipboard. Works only for timeseries pictures. Can be used,
for example, to transfer picture data to spreadsheet.

El Copy as metafile. Copy the picture to the clip-board as a
i
L

Picture properties can be changed with the Picture properties tool .&I A format
window, where the outlook of the picture can be managed will open.
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B 2 x|
— lternz — b atriz Wiew
[ Meaz. Flow Ban Title: |Meas.Flow Ban Tha Kok Daeng =
1:Comp.Flow Ban_ Cancel
2 CoordSystem —Colors——————— |
MI Line color: - Tope
(]| T e C oy
" Area " FlowD5
Fill colar: " Bar Line wi: [0
[ — -] | C Do Dot type: o
[~ Sumdats Diobsize: [001

The window shows all the timeseries drawn in the picture in the window on the left.
The timeseries being managed can be changed from the window in the left hand
corner of the main window. The colour of the timeseries can be changed from Colors
Line Color and Fill Color (for dots and areas). The timeseries can be drawn as line,

bar, column or line and the sizes and widths of these can be changed from the right
hand corner of the window.

To change the coordinates of the picture choose CoordSystem from the list.

B 2 x|

— ltemnz — Coordinate System

(:Meaz Flow Ban_
1:Comp.Flow Ban

Cancel

] I
Header:  [Flow at |

ZCoordSystem [ Show line explanations

Hemwel T ;
Title: [ i Date: W Wertical
Min: [19830101 00 Max[15520707 00 [a/mmdymm = |

— Y-axiz
Title: | [ Grd
Min: 0.5 Maw|522 4

The Header of the picture can be given from Header.
The titles of the x-axis and y-axis can be given from Title.

The minimum and maximum values of the x- and y-axis of the picture can also
be changed from Min and Max.

The picture can be saved as an image with the copy as metafile tool El or copy as

bitmap tool |E| While the correct picture is activated press the copy as metafile
button. Then go to the application where you want the picture to be (for example a
Microsoft Word document) and select Paste. The picture will appear in the application.

15.2 TABLE TIMESERIES

15.2.1 Table parameters

By selecting Analysis — Picture timeseries... user is able to use see table of the
results of selected variables for all the timeseries points defined in Model -

Timeseries — Points/Options (see Section 10.4 — Timeseries handling and options
for more information).
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The Timeseries results window is presented below.

Timeseries results

TzPaintd 55 99 1

fdir

=101

fzpeed

The list of the timeseries points is on the left and list of the stored variables on the
right. Follow the steps below to see the table of the wanted TsPoint and variable by

using Timeseries results window.

1. Select the timeseries point from the list

2. Click the variable you want to include into the table and the table appears as

illustrated below.

Filz  Edit - Window

Store |Cance|| Menu |

Add layer |

Time selection

Range |

=1of x|
daynum SPED «|
o o 0.012L5
1 | 0.04l63528 48.99
2 | 0.08323528  40.83
3 | 0.1249653  52.87
4 | 0.1666653  145.2
5 | 0.2082653 58,54
& | 0.2499653  50.17
7 | 0.z916653  36.04
8 | 0.3332653  40.7
g | 0.3749653  60.46
10 | 0.4166653  56.57
11 | 0.4582653  102.3
12 | 0.4s99653  s3.z6
13 | 0.s416653  90.07
14 | 0.s5832652  64.93
15 | o.szase53 71,94 =

3. The explanation and unit for each variable can be found from Section 27.2 —
Output selection symbols (in GUI and graphics files)

4. The table management is explained in the following section

212
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Other option to see the timeseries results in table format is to click left mouse button
on top of the TsPoint in the main model window and select timeseries

H T
N ,
o #
ﬂd 5o
e e o8 i
point level 1

The Timeseries format (below) window appears. To see the table of the variable
defined (Section 10.4 — Timeseries handling and options) the results check Table and

press OK.

Timeseries format

=101

The following table appears

EEEE—— =10l x|
dayrum u cn/s ¥ _cnfs W _Ccn/s Al
0 i} 0 -0.01215 -1.581e-10
1 0.04163528 38.04 -30.87 0.1795
2 0.08329528 -35.66 19,88 0.01361
3 0.1249653 -45.93 20.04 0.06202
4 | 0.1l666653 -120.9 g0. 36 0.07625
5 0.2082653 -43, 53 31.22 -0.01629
& 0.2499653 -39.98 30,33 0.08598
7 0.2916653 -26.82 24,07 0.03207
8 0.3332653 -27.62 29.9 0.00328
9 0.3749653 -41.43 44,02 0.02Z06
10 0. 4166653 -43. 16 36. 56 -0.01354
11 0. 4582653 -80. 57 £53.04 0.01654
12 0. 4999653 -55.03 40, 38 0.01007
13 0. 5416653 -70.02 56,66 -0.02135
14 | 0.5332652 -d43, 52 41,99 -0.03044
15 0.6249653 -54, 22 47,28 0.01l669
1a 0. 6666653 -35.52 33.01 0.04247
17 0.7082652 -51.01 46, 55 0.003977
18 0.7499653 -51.82 45,72 -0.0241
19 0.7916653 -60.29 50,43 0.001141
20 0.8332652 -86.09 45,52 0.01073
21 0.8749653 -55.32 47,69 -0.0007163 _:J

Where the first column is the time (either date if those used for calculation or then time
started from the 0). The variable columns follow the time.

15.2.2 Table management

When the table is activated the following buttons appears on the toolbar

Store |Cance|| kenu |
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Store — save the made changes in the table and closes the table window
Cancel — closes the table window without saving the possibly made edits

Menu — opens the menu to operate with the table data as illustrated below

File Edit - \Window

Stare |Cance|| Menu | ’

Add layer | Data 4
Calculate » =10l x|
Plot 3 B H i!

Lo

0 169
1 1657741 165. 5
2 L 3323741 169
3 4950741 1639,
4 LB65T774L 169,
5 8323741 169,
3 . 9990741 168,
7 166074 168,
i 332074 165,

499074 167,
LBAE074 167,
32074 167.
.995074 167,
166074 167.
L 332074 166,
LA99074 164,
LBAE074 165,
32074 166,
.999074 166

SO By I

Time selection Range | ig
18

| tmax
Menu/Data — user has options to do the following actions:

» Create matrix: creates an empty matrix
»  Write to file: write the table to txt or txd file

[ SR Y- R N R T R e

o
IHMMENBMBNMNME R R DODODOD

Menu/Calculate/Statistics — user can calculate basic statistics for the selected table

variable
ETTTEEE— 1ol x]
T Sum v 32 mwin max
1] an 6l9l.272 65.791%92 1590.9534 0.01215 145.2

Menu/Plot — user has several options to plot the selected data from the table

e XY dot
e XYline
e Area
 Line

e Bar

Below some the example plots have been presented:

o " 140

120 4 120

100 1 . 100

80 o Ta 807

604 =w" €0

40 4 .- - " 40

20 4 20 1

04 = 0+
T T T T T T T T
0 1 2 3 0 1 2 3

XY dot XY line
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IR0

20 30 40 5 60 70

Area Bar

15.3 TIMESERIES REPORTS

Timeseries reports are a way to define and draw a large number of time series
automatically. Typically this can be used as a help to output timeseries for repeated
scenario runs, calibration, or periodical reporting.

When user selects Analysis — Timeseries results, a Reports window is opened. After
selecting Add-button, user can select variable to be drawn:

— Report name

|Speed |
Cancel
V' Add timeseries for variable
DIRE A
: =
ZLEV b

[ Compare tofie(s)

|HDHE
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By default all timeseries points are selected for drawing. User can remove
unneccessary points and define drawing options for each point separately:

C BKP1:69,142 1/5PED
M KGL-1txd/SPED

C KGL2:155,71 1/5PED
M KGL2/5PED

C PMK1:115,131 1/5PED
M PNK1 £ed/SPED

C KCH1:204,25 1/5PED
M KCH1£ed/SPED

C KGL1:152,65 1/5PED
M KglL1txd/SPED

C PKM1:217 3 1/5PED
M PEM1 td/SPED

C BKP1d:69,142 2/SPED
M BKP1ted/SPED

Report item
Data

Paint: Select Point

Variable: Select Var
Filename: | Select File

Settings

Starttime: |1 55011 |

Endtime: [1990 1231 |

Depthrange: - oo m  Scale: X™ 1 +
P ] [ ] L]

Action
Grouping: |n0ne j

[ add to previous picture
Compute: |"'°“'3 j ts-avg points: D
Outtype: |t3““'3 ﬂ Histogram nstep,min,max
ltem title: | | |D ||D ||D

At the moment setting of reporting tool options is not totally automated, and user may
need to specify directories and variables by hand.

15.4 TIMESERIES ANALYSIS TOOLS

When one or more timeseries have been drawn and a timeseries window is selected,
users has following options available for timeseries analysis:

mg Window

] One timeseries 4

Twao timeseries 4
Selected timeseries  #
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One timeseries analysis contains following options:

| Moving average
(Gaussian average
Grouping statistics
Depth/other average

Linear transform
Temporal transform
Interpolated series
Cumulative series
Split

Select using depth

Dir&Speed to UEY
&Y to Dir&Spesd
Dir&Sspeed transform

Differentiate self
Autocorrelation

Partial autocorrelation
FastFourierTransform (FFT)
Lag plot

Predict

Two timeseries have following options

r~2 of common points, computed first

get common points, interpolate from first

get nearest points between +-x days from first
substract

sum

multiply

join two timeseries with same times

Selected timeseries options has following options:

Sum

Statistics
Correlation
Goodness of fit
Reset boundaries

Comparison tests

Different tests and comparisons can be performed for the results while in the
timeseries result window with the options of the Compute menu. There are several
options and only the most commonly used one’s are described below.
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Lvmodz =10/
File Edit View | Compute ‘Window
Y [~ w E One timeseties 3 Maving average
Two timeseries » Gaussian average
Add | Rediav  Selected timeseries » Split =
aeng £ bt
- Cumulative series 2 . —IEI—I
[ river ha2901 02 ted DirtiSpsed to L
m griver Ban_Tha_Kok_Da Select using depth
Same time average
Lingar transform
Dir&Speed transform
Grouping statiskics
Differentiate self
Autocorrelation
Partial aubocorrelation
FastFaourier Transform (FFT)
2 Lag plat
Min: 139530101 0000
#Add to e
Maw: [13920703 0000 Flowspider
Split using day in year —
Minfmaz: limits
Histogram
Clarofyll-Biomass
=2} o o = = o o
s} =1 & =) = o o
& @ & =i} & =2} =2}
= = = = = = =
= = = = = = =
2 2 2 2 =2 =2 2
= = =1 =) =1 = =
=l

The timeseries that is evaluated has to be chosen by clicking the name of the
timeseries on the left window (press control to select more than one). The timeseries is
selected when it appears in grey background.

For Compute - One timeseries the actions available include for example

1. Cumulative series. This action produces a new timeseries in the picture
showing the cumulative value of the timeseries chosen.

2. Grouping statistics. With this action you can calculate for example monthly
and yearly averages, maximums, and minimums. You can also group the
timeseries to winter and summer (or this action can also be used to group to
dry season and wet season) and change the start dates of these periods.
Choose the time period and statistics you want to evaluate from the dropdown
menus in Grouping and in Statistics. Then press OK. The action will produce

a new timeseries in the old picture.

SIS
— Computations
Ok
Grouping: I motth j
LCancel

Statistics: I avi

Summer winter grouping
Sumrmer ztart day [MMDD];
Wirnker start dayp (MDD

&

3. Histogram. Produces a histogram of the selected timeseries. In the Histogram
parameters window opening, the number of divisions, minimum and maximum

limit can be changed if necessary.
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Histogram paramekters \ El

MHurmber of divizions, minirmum and mazinaen limit

|101.2 720

)4 Cancel

a. The histogram will be drawn in a separate window. The properties
(colors, titles etc.) of the histogram picture can be managed with the
picture properties tools in the same way as for timeseries pictures.

4 Ts4 Comp.Flow Ban_Tha_Kok_Daeng i |EI|5|

histogram of Comp Flow Ban_Tha_kaok_Daeng

g

- B HHEEEEEBE

For Compute - Two timeseries the options are for example

1. r*2 of common points. Calculates the r2 measure of fit between the two
timeseries chosen in a result window. The r2 measure of fit can be used to
evaluate the model performance when it is used between the measured and
the calculated series. The r2 fit will appear in a TsComputeReport window.

Il TsComputeReport o ]

r'2=0.895186 [obs=Meas.Flow Ban_Tha_Kuk_DaEng,cump=Cump.FIu\-;|

#
4] | il

2. subtract. Subtracts the second timeseries from the first and produces a new
timeseries in the picture with this subtraction. Can be used to evaluate the
differences between the two timeseries.
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4l T3 Meas.Flow-Comp.Flow Ban_Tha_K,Meas.Flow B: 3 o ] S

700

0 -
0 -
g 4
0 -
o0 -
100
o -
-0 A

g10719589
01011990 -
01071990
o1011991
o1oTAeal
g101A992
g1o7A99z -

3. x-y plot. Plots the two timeseries selected in an x-y plot in a separate window.

4l Ts5 Comp.Flow Ban_Tha_Kok_Daeng = |EI|5|

=3 500 4

=

z #. ::'.' =gl Sga g
=3 50~ :ﬁlw
=

w LU

rul

(= 3

l:I

om0

c

= 1m0 4

1

m

o -

2 o

T T T T T T T T
o 100 an 3m oo S0 [0 1] T

Comp.F low Ban_Tha_kok_Dae g

For Compute - Selected timeseries (one, two or more)

4. Statistics. Calculates the statistics (average, standard deviation, minimum,
maximum) of the selected timeseries in a separate results window.

I _iBxi

Il Sum ang std min Iax
0 1283 | 1l62321.3 126.517 177.0243 0.5 L6z
1 1283 1439z24.9 112.1784 165.9311 1.169 716.9

| | i

5. Correlations. Calculates the correlation between the selected timeseries in a
separate result window.
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16 USING HELP

Help  ‘Window
About
. Contents
This chapter includes the instructions how to use
the help in the model.
The chapter is divided to two parts:
16.1 About
16.2 Help in model software
16.3 On-line help
16.1 Asour
By clicking the Help — About user is able to see the version of the EIA model system
abox L]

Hydradynamic modelling system

Interface w21 (o] ElA Ltd, 1998 - 2004
Model +E.6 [c] El& Ltd. 1990 - 2004

El& Lbd.
Teknikantie 21 B
02150 Ezpaa, Finland

16.2 HELP IN MODEL SOFTWARE

User can open the contents of the help system built into the model by selecting Help —
Contents. The following window appears. User is able to follow the link to the issue he
wants help for.
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% EasyHelp/Web Example ;Iglll

File Edit Bookmark Options Help
Qontentsl Index | Back | FErrint | 45 | 23 | Exit |

Table of Contents

A short introduction to humerical hydrodynamics

Flow model is used to model water flow in changing environmental conditions.
How to set up and run a model simulation
Source Datal/Grid
Source DataMind
Source Data/Constant flowis

Source Data/Additive flows

Source Data/Constant concentrations

Source Data/Discharges

Source Data/Data files

Source DatafApplication Setup
ModelVariables
Modelinitial values

Model/Computational parameters

ModelOutput parameters/Timeseries

Model/Output parameters/Animation

[

If user wants to use Index or Find she/he needs to click Index on the toolbar in
EasyHelp window and following Index / Find window appears.

Help Topics: EasyHelp/Weh Example llﬂ

Index |Find |

1 Twpe the first few letters of the word pou're looking for.

2 Click the index entry you want, and then click Display.

A ghort introduction bo numerical hedrodwnamics
Adding nes meazurements

DatasFiles

Data/Markers

Datasfanables

D atalizible data

D atamap

Flowy model

How to zet up and run a model simulation
Mapitdap layers

Measurement data

Measurement database

kodel/E atch

M odel/Computation time

Model/Computational parameters

M odel/nitial walues

Model/Output parameters AAnimation LI

Diisplay I Eint.. | Cancel |

16.3 ON-LINE HELP

Under progress...? will be available in future under address www.eia.fi
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17 WINDOW MANAGEMENT | windows

| Cascade
Tile
Arrange Icons
Close all

This chapter describes the window
management tools. v 1 MewProject fow modelinsk_newz
2 wainsk_newz . kek

Under the Window-menu in main menu the user has following window management
tools

+ Cascade — cascades the open windows

dra JRI=TEY
File Settings Wiew Help wWindow
5 | | | G € [ ] | 211,40 vlue: -328 depth: -328
e JRETE
— | e i |
""" JRTEEY

Time selection Rangs

[y mm dd hhymi ]
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e Tile —tiles the open windows

POl

File Settings Wiew Help ‘Window
BP0 | ]| outsicle madel area

st i

i NewProject flow model/nsk_new2 =101 x|

Time selection Range

[y e dd kb i ]

sk_new2.tek o ] P3}

¢ Close all — closes all the windows

* Active window — shows the list of the open windows and which one is active.
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18 TROUBLESHOOTING

226

There are two basic ways how user interface recognises error situations. The first
checking is done when user interface creates input files for the model. Preprocessor
does some basic checking, such as existence of input data filse. For instance user
prescribed flow data file may have been removed, and the preprocesor would give
following error notification:

eror x|

\!}) Missing flowdatafile datainanwesk_1985_2003 . txd, point name vflo

The point name indicates in what flow data point the missing file has been defined.
Because of this it is good practice to give proper names for all control areas and
points, unlike in the example the name “vflo”.

The second way for the user interface is to check model out-file. Successful model
output results in specific output in the end of the file. If such end is not found user
interface presents out-file error message, if present. Observe that messages
“CONSTANT FILE NOT GIVEN” and “LOAD FILE NOT GIVEN" are usual warnings
and not errors.

P Aowrun.err - Notepad 10l =|
File Edit Format View Help
but file : =]

SCALE BASE (M) = 0.1000E+04

GRID ROTATION, TRAMSFER AND DIMENSIONS:
0.0000E+00 0.0000E+00 0.0000E+00 0.1125E+06 0.5550E+05

POLYLIMES = 0

R CONSTANT FILE NOT GIVEN #####4#4#44##

R LOAD FILE NOT GIVEN ######4#44#

### N;QEER OF CONSTANT FLOW AREAS NOT EQUAL IMN CONTROL AND FLOW
FILES

|

Error messages can also be printed in ERROR.ERR-file, which user interface also
presents. Numerical errors such as numerical overflow (instability) can output in
different ways depending on the compiler, linker and operating system characteristics.
For instance “n/a” and “pov overflow” can signify model instability and numerical
overflow.

Known issues in the model user interface and model execution are:

e FLOformula option using two output exv-files works unreliably in Field Draw
and Compute.

e Timeseries Reports-feature functions only half-automatically and requires
user specifications
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e If user interface crashes a copy can remain in the memory; this can be killed
from Windows Task Manager (right click task bar and select Task Manager, go
to Processes and Kill viv.exe)

e In some older graphics cards OpenGL graphics doesn't work properly when
display hard acceleration is on. For instance model can go into state where it
consumes computation time without advancing in actual model simulation. In
these casese user should decrease hardware acceleration to basic level or
switch off 3D OpenGL graphics in Model — Animation — Animation options...
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19 EXAMPLES OF MODEL SET-UP

19.1 COMPUTATION OF STATIC FLOW FIELD

A static flow field is computed from an arbitrary initial state (usually no-flow) keeping all
the external forcing constant, computing the flow until is converges to a stable pattern.
This is typically the simplest computation type since there is no need to set up time-
varying external forcing and discharges.

Static flow field computation is useful to check that all the computational options are
correctly configured and that the model computation does not get unstable after a long
period of computation. Static flow fields can also be used in water quality model.

Typical static flow computations include situations where wind is constant, or there is a
constant flow through the model area, or a combination of these. Note that a single
constant flow coming into or leaving from the model area cannot be regarded as a
static situation, since the amount of water in the model area either decreases or
increases.

To compute a static flow field you need to (in addition to setting grid and computation
parameters)

» Set a constant wind value using Source data/Wind dialog or
 Set a zero wind value and a constant throughflow through the model area

using Source data/Constant flows dialog. Note that the sum of flows leaving
and entering the model area should equal to zero

» Compute the model for long enough period (e.g. 100 hours) so that a stable
flow pattern emerges

The stability of the flow field can be seen, for example, from surface height or flow
speed timeseries. When there is no variation in these timeseries (the line is straight)
the flow field is stable. Check timeseries from several locations.

19.2 COMPUTATION OF A DYNAMIC FLOW FIELD

228

Computation of time-varying flow differs from static flow field computation in such way,
that in the static computation the external forcing are constant, whereas in the dynamic
computation the forcing vary with time. Dynamic flow computation can be used, for
example, to compare computed model results to measured flows.

To compute a dynamic flow you need to (in addition to setting grid and computation
parameters)

» Set Time-varying wind data for the period you want to compute using Source
data/Wind dialog

» Set Time-varying boundary flows for the period you want to compute using
Source data /Constant flows dialog

« Set Model initial state for the start of the computation period using
Model/Start- and End fields dialog - or then you can just assume initial no-flow
state and start the computation a bit earlier

» Compute the model for the required time period using Model/Run dialog
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19.3 COMPUTATION OF ADVECTION OF A SUBSTANCE FROM INITIAL STATE

Computation of advection of substances from initial state is usually performed using a
dynamic flow field. This kind of computation can be used to find out, for example,
where to a specific water mass moves to during a given time period. Also the
exchange of water between different areas in different conditions can be explored

To compute advection of a substance from initial state you need to

Set up computation of a dynamic flow field as above

Set up a computation variable that describes the substance transported in the
water using Model/Variables -dialog

Set up the variable initial values either using Model/Initial values or
Model/Variables dialogs.

Compute the model similarly as in the above dynamic flow field case

19.4 COMPUTATION OF SPREADING OF A SUBSTANCE FROM A NON-MOVING SOURCE POINT

Computation of spreading is usually performed using dynamic flow field and initial
values for the spreading variables. This kind of computation can be used to follow the
spreading of one or more substances from one or more source points.

To compute spreading of substances you need to

Set up computation of advection of substances from initial state as above

Set up discharge point locations and discharge amounts using Source
data/Discharges dialog

Compute the model similarly as in the above dynamic flow field case

19.5 WATER QUALITY

Set the water quality variable and its parameter values:

Go to “Model/Variables”

Either “Edit” or “Add”

Prescribe variable name (“Code” with 4 capital letters, for instance SEDI)
Select “Active”

Don't select “affects density” other than for “SALI” (salinity) and
“TEMP” (temperature)

select “sediment budget” in case of sediment simulation when needed

prescribe “Settling coefficient” (cm/d), “Initial value” (mg/l) and “Initial sediment
value” (g/m2).

For statistical output, select “2d-statistics”

3 water quality variables can be prescribed. More can be prescribed by
changing the model executable.

Set additional parameter values for oxygen (“OXYG”):

Go to “Model/WQ parameter” and in case of land use data “Model/Land use
related parameters” and prescribe parameters.

Select time steps:

Go to “Model/Time steps”
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e Select “Advection” and “Advection multistep”. Prescribe maximal advection
time step, for instance 3600 s.

e For settling substances select “Settling” and time step.
e For oxygen select “Water quality” and time step.
Set up of boundary values and loads:

e Select “Add item”-button from the control button row (yellow and green button
with a +-sign)

e Click either one point or select an area with the mouse and select the control
(“Concentration” or “Load”)

Set up animation options:
e Go to “Model/Animation/Animation options”
e Select “Variable” from the list.

e Select appropriate scale.

19.6 FLOATING SUBSTANCES (OIL, FISH LARVAE)

Go to “Model/Time steps”, check “Particle calculation” and prescribe time step (e.g.
100 s)

Go to “Model/Animation/Advanced animation options” and check “Draw particles” in
the “Particle animation” box at the bottom of the dialog window.

Select “Add item”-button from the control button row (yellow and green button with a +-
sign), click grid point where spill location is and select “Particle release”.

In case of continuous release check “continuous release”. Observe that in this case
number of particles (“nparticles”) can't be large, because in each time step
(“dtrelease”) “nparticles” are released.

Prescribe water and oil/larvae density.

When particle calculation time step and animation are defined, it is also possible to
double click the interactive OpenGL-animation window to release particles.

19.7 SALINITY INTRUSION

230

Define variable “SALI” (see 5.1).

Select “affects density” (see 5.1).

“Settling coefficient” and “sediment budget” should not be checked.
Define k-e turbulence model (see 3.).

Prescribe boundary salinity values (see 5.1).

Go to “Model/Time steps”:

e check “Advection” and “Advection multistep” and give maximal time step (e.g.
1000 s)

e check “Density calculation” and prescribe time step (e.g. 100 — 1000 s)
e check “Diffusion” and give time step (e.g. 10 — 100 s)

e check convective mixing and give time step (e.g. 100 — 1000 s); this mixes
water column when heavier water is on top of lighter one.
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Go to “Model/Physical parameters/Density and concentration computation” and
prescribe “Horizontal diffusion”. In tidal areas diffusion can be high, for instance
600'000 cm2/s.

Select animation parameter to “SALI” (see 5.1).

19.8 SEDIMENT (BED EROSION, BED LOAD, SEDIMENTATION, BANK EROSION, MUD/ COHESIVE SEDIMENTS)
For the definitions including sedimentation follow instructions for water quality.

Go to “Model/Time steps”, check “Erosion” and prescribe time step (e.g. 100 -500 s).
Even if flows are read from a dynamic field “Bottom friction” time step needs to be
checked.

When impact of waves on erosion is required:
e click “Model/Physical parameters/Fetch”-button and check “dofetch”

e click “Model/Physical parameters/Waves”-button and check “dowave”; select
“SPM 1984” (Jonswap is for deep water).

e Click “Model/Physical parameters/Erosion”-button:
e check “doerosion”
e select eroding variable (“SEDI”)

e prescribe critical velocity for erosion (e.g. 10 cm/s); this depends on the quality
of the sediment and what kind of flow fields are used: averaged dynamic fields
smooth out flow peaks!

e prescribe erosion speed (g/m2/d).

At the moment bank erosion is not explicitly simulated, but work for adding bank
stability and erodability in the model is in progress. It is observed that bank erosion
seems to correlate strongly on river channel flow, both horizontal and vertical. In order
to see vertical velocities go to “Model/Animation/Advanced animation options” and
check “Draw vertical velocities”. Prescribe “Vertical scale” in micro meters per second
(for instance 400'000 um/s). Vertical velocities are shown either as circles (upward
velocity) or crosses (downward velocity). The vertical arrows can be also seen by
rotating the animation and seeing the picture sideways.

Bed load and cohesive sediment (mud) simulation has to be turned at the moment in
the model code. These are new developments without user interface support.

19.9 STRUCTURES, DREDGING AND OTHER STRUCTURAL MEASURES

Blockages such as embankments or roads as well as dredged areas can be
accommodated by changing the grid elevations:

Go to “Model/Grid depths”
Select either “Map” (graphical editing) or “Tabular” (table editing)
In “Map” option select with mouse area and prescribe elevations.

When “Settings/Relative depths” in checked in the “Map”-option, the prescribed values
will be added to the elevations. This enables for instance easy dredging for a
prescribed depth or definition of a road embankment to a prescribed height. Observe
that in the model elevations are negative.

Dikes, gates and dike and dam breaks can be also prescribed through (i)
“Model/Control structures” and using either graphical or tabular editor, (ii) GIS-files or
(iii) specific description files. For the methods and input values see the model manuals,
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for instance 123D-EIA Model Manual. At the moment graphical editor reads the
controls but doesn’t show them. This is because the graphics interferes with other user
interface functions. The limitation is intended to be corrected in the future model
versions.

19.10 Comeinep 1D/2D/3D simuLATION

232

For detailed instructions see 123D-EIA Model Manual. Below is only a rough outline:

Change to RNet 1D model user interface with VivDirSetup.exe programme. Select C:\
EIAModels\VIV-VMod folder.

Set up the 1D model to accommodate the river and channel network

Change to 3D model user interface with VivDirSetup.exe programme. Select
C:\EIAModels\VIV folder.

Set up the 2D or 3D model that accommodates large rivers, floodplains, lakes,
reservoirs and coastal areas (change to C:\EIAModels\VIV interface folder with
VivDirSetup.exe programme).

Define structures for both 1D and the 2D/3D models.
Calculate grid combination file with the RNet user interface.

Define specific structures (gates, dikes etc.) that connect the channels to the
floodplain.

Run the combined model from the 3D model user interface (model executable has to
be combined 123D-executable).
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PART Il - MODEL EQUATION BACKGROUND
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20 BASIC MODEL EQUATIONS

20. BASIC EQUATIONS

20.1 Flow model

First three basic equations which describe the motion of a fluid are introduced:

I continuity equation

Dp
— D=0 20.1
TR (20.1)
Dp  8p
“r_ 0 v/
pi o Y
D=V-u,
where p is the density and u the velocity vector. % is the total time derivative or the material

derivative and D the dilation. This equation states the conservation of mass.

IT momentum equation

p?‘; —pf —Vp+ V-7, (20.2)
or alternatively
8%pu
ot2
where f is the volume force per unit mass, p is the pressure and 7 is the stress tensor.

+V-(pu-w)=pf —Vp+V- 7, (20.3)

III energy equation

De

pﬁ+pV~u:®7V~Q+Se (20.4)
o Dh D
p .
— ——=%-V. S 20.5
" " i Q+ S (20.5)
where
e is the specific internal energy
h=e+p/p is the specific enthalpy
b=1-V is the energy dissipation due to irreversible viscous work
Q = —krVT is the heat transfer rate
Se, Sh are the source terms
kr is the thermal conductivity
T is the temperature.

The ideal gas equation is
p = pRT. (20.6)

For air R = 0.287 kj/kg°K. For ideal gas and for solids and liquids
cp,VI'=Vh, (20.7)
where ¢, is the constant-pressure specific heat. When ¢, is constant (20.7) simplifies into

b= (T — Toup), (20.)
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This equation can be used to eliminate either temperature of enthalpy in (20.5). A steady state, ideal
gas, low-velocity flow with negligible viscous dissipation and constant specific heat would be described
by the equation

kr

Cp

S,

V- (puT) = V- (“LVT) + ?h (20.9)
?

When equation (20.2) is solved numerically some kind of time averaging is needed. The time

averaging practice starts from the idea that the flow can be represented by
u =71+ u, (20.10)

where 7 is the time averaged value and w the turbulent fluctuations. The first problem with this
approach is that the the mean flow and fluctuations depend on the time scale of integration. The
second problem is that the time averaging process gives rise to additional terms, the so called Reynolds
stresses, which can be solved only by more or less intuitive means. A popular approach is to model
the turbulent stress in analogous way with the laminar viscosity terms, that is the stresses depends on
the velocity differences. E.g. for the x-momentum equations the Reynolds stresses could be described
by

B Ju
U = g
S
— = —— 20.11
P PYi g, (20.11)
Ju
— W = Pl
P 144 e

The difficult task is to determine the turbulent eddy viscosity (or diffusivity) i4,. One has to utilize
more or less ad hoc methods. One can use constant values, introduce some simple density, scale
etc. dependent expressions or apply sophisticated turbulence models such as the k-e—model (k is
the dissipation of the turbulent energy and = the turbulent kinetic energy). The expression for the
turbulent diffusion (or mixing) coefficient can also be derived by dimensional analysis, see [20, pp. 17
— 19 and p. 50]. According to this analysis diffusion coefficient depends on the mixing length

Vew = K, L% (20.12)

where K, is a constant. According to the measurements in natural water bodies the exponent in
(20.12) is slightly smaller than 4/3, sometimes even 1.

When the liquid is incompressible the partial time derivative of the density can be set to zero.
Often it can also be assumed that the density variability is appreciably smaller than velocity variability,
lu-Vp| < [pV - u] (the Boussinesg-approximation). Then the equation (20.2) reduces to

V-ou=0 (20.13)

When hydrostatic assumption (in the equation for the vertical velocity component other terms than the
gravitational force and pressure are negligible) is valid the equation of the vertical velocity component
reduces to P
£ — —gp. (20.14)

The force-term in the horizontal momentum equations usually contains only the Coriolis-force. It is
also usually assumed for the estuarine and marine flows that in the horizontal momentum equations
a constant density po can be substituted for the density p. po is most appropriately chosen to be the
average density.

The validity of above mentioned assumptions can be tested with a order of magnitude analysis.
For most estuarine and marine flows these assumptions are well justified ,see e.g. [20, pp. 15 — 16].

After introducing the simplifications mentioned above the equations used in the current 3D marine
and estuarine flow model can be summarized:

du 1dp o Ju 0 ou I} ou
% o T %(vhora—) + a—y(vhora—y) + E(Vmﬁ) -—u-Vu (20.15)

E@z T
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v 18 a v a v a v
9 = T T e T gy (aeg,) T g Weg,) Tus Ve (2010
% = —gp (20.17)
V.ou=0 (20.18)
u is the velocity vector
U, W are the x, y and z velocity components (m/s)
t is the time (s)
P is the pressure (Pa)
Do is the reference (average) density (kg/m®)
f is the Coriolis coefficient
g is the acceleration of the earths gravity (m/s?)
Vhor > Vver are the horizontal and vertical turbulent

momentum diffusion coefficients (m?/s).

In the above mentioned equations the momentum advection, (u- V)u, can usually be ignored. The
cases when it cant be ignored are for instance high velocity jets. The horizontal and vertical momentum
diffusion coeflicients are indicated separately to stress the usual order of magnitude difference between
their values. Pressure p can be divided into the barotropic (outer) and baroclinic (inner) parts:

po= petp: (20.19)
Pe = 9GP0t Pa

¢
o= gf Ap dz,

where ( is the surface elevation, p, the air pressure and Ap = p — po the density difference. Quadratic
boundary conditions are usually assumed on the surface:

Tex — Ksloaua\/ ug + Ug (20 20)
K pavar /Ul + v2, '

where 7., and 7,, are the surface wind stress components, K, is the wind friction coeflicient, p, is
the air density and u, and #, are the wind velocity components. The wind stress is often the most
important forcing factor in water circulation and thus the accurate modelling of it is of primary
importance. First of all the wind velocity u, should be accurate in every point. This would require
extensive measurements and a wind model because the wind may vary considerably from one location
to another. Also the friction coeflicient K, should be modeled accurately. For instance surface
roughness (short waves and ripples) affect the friction coefficient. Often modelling is done however
without proper knowledge of the real wind velocities over the water body. Then the wind friction
must be correlated with wind measurements on some nearby locale (usually a weather station or an
airport) through the wind friction coefficient. In this case the wind friction coeflicient should take
into account the wind measurement height, surface roughness (different wind velocities e.g. for water,
field, forest), the distance the wind has traveled from the shore (wind fetch), the angle the wind turns
on the boundary between land and water etc. In Finland Juha Sarkkula has studied the wind stress
in natural basins based on extensive current and wind measurements and modelling applications [9].
Bottom stress formulation has been either linear or quadratic. The quadratic form is

The = Kbqpoum

Tsy

20.21
e~ Ko iE 0 (20.21)
and the linear one
Tow — Kblu (20 22)
Toy — Kbl’U. ’
The linear bottom friction coefficient can be a constant or a depth dependent function e.g.
r
Ky= 4 (20.23)
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or
Kbl = 7”1‘17 (2024)

where H is the depth. Bottom friction depends also on the bottom inclination and turbulence, see [7,
pp. 74 — 75] for the formulations. According to the Delft Hydraulics Laboratory the usual approxi-
mation should be replaced with a more accurate one where the profile of the stress is approximated
near the bottom, see [7, pp. 528 — 530].

The principal tool chosen for the Bothnian Bay study was the 3D model introduced by T.J. Simons
[15], [16], [12]. The simple idea behind the model is to divide the calculation of the velocities into two
parts. First part (vertically integrated currents) contains the free surface elevation calculation. The
second part (velocity differences) doesnt contain the free surface equations and is computationally
much more cheaper. The model is explicit, which implies easy programmability and correct time
behavior. The model was chosen mainly because of the possibility to change the code easily and
because of the very reasonable computer costs required by the model. The computer costs were main
concern because of the large time spans of the Bothnian Bay simulations. The optimal computer costs
of the model were verified by comparing the model computer time consumption with that of two 2D
models (explicit Hansen model (VTT) and one implicit model (VITUKI)) and a 3D model (Phoenix).

20.2 Temperature model

Mathematically the concentration changes in the water bodies are described by the equation

de g Ge
—=—u-Ve+ V. (D;WVC) + @(Dvera)

Lot S, 20.25
6t + Lot (20.25)

where ¢ is the concentration, Dy, horizontal and D,,, vertical eddy diffusion coefficient, L. biological-
chemical-physical processes and S, contains the sinks and sources. This equation is applicable for
temperature, salinity and the various water quality factors.

For the temperature modelling the important factor is L, in equation (??). This will be studied
in the next sections.

The mathematical model for the temperature modelling will be developed now. The principle of
energy conservation leads into the following equation

e K
St Llwel) = 2Tt (2 )+
local transport turbulent molecular source and (20.26)
change diffusion diffusion sink term
is water temperature (°C)
1/ is density of water (%)
c is specific heat of water = 4.2103 (ﬁ)
I is laminar viscosity (kgg -8)
o} is laminar Prandtl number
U is velocity ()
x; is space coordinate (m)
Sy is source and sink term (ﬁ)
Turbulent heat transfer is modelled analogous to the laminar viscosity:
— Ou T
e (20.27)

pust = 8_0',50$]

where ¢, is the turbulent Prandtl number. Laminar viscosity in environmental flows is insignificant
compared to the turbulent viscosity. When water density is assumed to be constant equation {20.27)
is simplified into

oT aT 4 1 O T Sy

E +uj(97$j = 8715, E@Tsj( )) + pc (20.28)

where v (m/s) is kinematic eddy viscosity. See [17] for detailed derivation of u; and o.
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Tab. 20.1: a and b in equation (20.32) as functions of high clouds [1].

cloudiness 0-5% 5 - 55% 55 - 95% 95 -100%

1.18 2.20 0.95 0.33
b -0.77 -0.97 -0.75 -0.45

o

20.2.1 Source and sink term

a
Sp = - (Rsre) = BRgre™

dz

The source and sink term Sy consists of internal absorption of solar radiation and heat discharges /sinks
(cooling waters, heat pumps). The infrared part of solar and atmospheric radiation is absorbed within
1 m from surface so that it is taken into account by the boundary values. The incoming shortwave
radiation Re; (W/m?) is absorbed exponentially:

(20.29)

where 3 (1/m) is extinction coefficient and z vertical coordinate. 3 depends strongly on the clarity of
the water and can be estimated by secchi disc value dg (m) [13]

B =1.65/ds. (20.30)
The incoming shortwave radiation Rgy depends on the reflectivity of the water surface [4]:

Rsp = (1-rohs (20.31)

Te = aozz

a, = arcsin(sin@sinoy+ cos¢cosoycoshy)

s 27
= 2345— —(172—-D
7d 150 “(355¢ )
T 4

a = 2204 7T

CoT (AT 0.4)?

4.0 0.16
b L9 COT(C0T —0.4)2
BRI T I Y
Or = 1- RS/RSmaz

Rg is shortwave radiation reaching the water surface (W/m )
rg is reflectivity of the water surface
a, is solar altitude (rad)
@ is geographic latitude (rad)
hy is local hour angle of the sun (rad)
he is standard time (h)

W is distance between the meridian of the observer and the
standard meridian of the time zone (deg); east longitude
= —, west longitude = +

o4 is declination of the sun (rad)

D is number of the day (1 — 365)

Reman is theoretical maximum solar shortwave radiation.

Rsmas can be computed by an empirical formula [10], [11]:

RSfmaa: == Rse(0.9970.17m0)

Rge = I,sina,

In the equation for h +-sign before 12 is taken before noon and —-sign after noon. Constants a and b
depend actually on the cloud cover [1], but the expression in question has the advantage that no cloud
information is needed when shortwave radiation is measured. Table 20.1 gives the averaged values of
a and b for different cloud covers.

(20.32)

Mo = 1/[sinag + 0.15(c, + 3.885) 7%
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Rge is extraterrestrial radiation

I is the solar constant 14.0 - 102 W/m
g is solar altitude (rad)

Mo is optical air mass.

When total radiation values are available Rg can be approximated by
Rg=1,R; (20.33)

R, is total radiation reaching the ground
Te ~ 0.6 [6].

Rg can be also calculated from total radiation and amount of longwave radiation (section 20.2.2).
Widely used formula is due to Kennedy [10]:

Rg = Rg.(1 — 0.65C7) (20.34)
R, is extraterrestrial radiation
C is cloudiness (0 - 1).

20.2.2 Boundary values

Boundary values for temperature calculation consist of heat fluxes into the surface water, bottom and
banks. Shortwave radiation was discussed on the section 20.2.1 as it affects the whole water body.
Atmospheric longwave radiation is absorbed within the first meter from the surface and can be thus
modeled as a heat flux through the surface. According to the Stefan-Bolzman law longwave radiation
is

Ry = e,05(T, +273)* (20.35)
Ry is amount of longwave radiation (W/m?)
€q is atmospheric emissivity
OB is Stefan-Bolzman constant = 5.67 - 10*8%
T, is air temperature (°C), usually measured 2 m above the water surface.

Various empirical relations have been developed for £,. Generally ¢, is expressed as a function of
the air temperature and/or humidity. The frequently used Swinbank formula doesnt depend on the
local temperature-humidity regime of the locale [18],[8]:

Eq = U B a1 . .
0.9371075(T, + 273)? 20.36

Brutsaert has proposed theoretical vapor pressure dependent equation which is in good agreement
with empirical formulas [5]:

£, = 05537 (20.37)
eq = Hieg
6108 ( 17.27T, ) 119
fas = DAVOORD 037 4y
Ca is the vapor pressure of the air at the temperature T, (mb)
H, is relative humidity (0 - 1)
Cue is saturation vapor pressure (mb)
T, is air temperature (°C).

Bolz-formula is often used to take into account the effect of clouds on longwave radiation [3]:
£o = ol + k,OF) (20.38)

€, is atmospheric emissivity under clear skies
C is cloudiness (0 - 1)
kq is factor which depends upon the type and height of
the clouds and solar altitude; a mean value of 0.17 can be used.
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The reflectivity of the water surface for longwave radiation is 0.030 so the incoming longwave
radiation is given by
Ryp = 0.970R; (20.39)

The longwave radiation from water body has the largest magnitude among all the heat exchange
components. It is given by Stefan-Bolzman law:

Rio = c,05(T, + 273)* (20.40)
Rro is amount of outgoing longwave radiation (W/m?)
Euw is emissivity of the water surface = 0.970
ogB is Stefan-Bolzman constant
Ty is water surface temperature (°C).

The evaporative heat transfer can be quite considerable. Evaporation consumes energy according
to the following equation:

Q. = pLE (20.41)
I = 925-10° — 23007,
E = (a.+bW){ew — e4)

17.2714,
o = OAESe (Tw T 237,44>

Qe is evaporative heat flux (W/m )
P is density of water (kg/m3)
L is the latent heat of vaporization (J/kg)
E is the volumetric evaporation rate per unit area of

the water surface (m/s)
Ty is water surface temperature (°C)
Qe is the free convection factor,

a, depends on virtual temperature gradient; often a =~ 0
bW is the forced convection factor where W is wind speed (m/s);

b. depends eg. on the wind fetch, but here b, 1.13 - 1072 /mb [14]
when W and e, are measured 2 m above the water surface;
this value is recommended by TVA [2]

q is the vapor pressure of air at the temperature 7}, (mb)

s is surface vapor pressure (mb).

The heat flux carried by the evaporated mass of water is insignificant. Heat conduction through
surface is regularly given by

Qoo = 1Y, (20.42)
rp = Co Pa (Tw 7Ta>
1000 \ eg — e,
Qe is heat conduction through water surface (W/m )
;! is the Bowens ratio
Da is air pressure (mb)
Ce is constant = 0.61/°C .

Heat conduction through bottom can be given as

oT
o=kt 20.43
Qo =K (20.43)
where K; is thermal conductivity between water and bottom (m\fc),
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20.3 Woater quality modelling

Puse - KPa + KPbOP - KPsto(Omor + GA)
Nuse - KNa + KNbON - KNsto(Omor + OA)

P, N, L
R, — K ( use > ( use ) ( ) C
¢ Aort phsat + Puse Nhsa,t + Nuse tha,t + L 4
Rresp - (Kresl + KresZOA) CA

a ((Ksedlx + Ksed% Om) Om)

SED, = 20.44
“ a0z ( )
aC,
8T;OT = —SEDg + Rresp
ac
5 = ~SEDp— SEDuyKpa
ac,
~; = ~SEDN~ SEDuoKnu
¢y
W = —SEDy+ Rgr - Rresp
where:
Conor is the dead algae concentration (mg 171
Cp is the phosphorus concentration (ug 171)
Cn is the nitrogen concentration (ug 171)
Ca is the live algae concentration (mg 171)
Ry is the algal growth rate (mg 17! d=1)
Ryeep is the algal respiration (mortality) rate {mg 17t d~1)
Bise is the phosphorus fraction that can be utilized by the algae (ug 171)
Nuse is the nitrogen fraction that can be utilized by the algae {(ug 171)
Kpao is the phosphorus stochiometric coefficient (ug P/ mg A)
Kp, is the phosphorus utilization constant (ug 171)
Kpy is the phosphorus utilization coeflicient
Kagr is the maximal algal growth rate (d—1)
B is the phosphorus half saturation constant (ug 171)
L is the incoming shortwave radiation (W m=2 d~1)
Koeal is the linear respiration (mortality) coefficient {d™1)
Kreeo is the quadratic respiration (mortality) coefficient (d~'mg™1)
SED, is the sedimentation rate for component x (ug or mg d=1)
Keear, is the linear sedimentation coefficient (cm d=1)
Keean, is the quadratic sedimentation coefficient (cm d=! / ug or mg 171)
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21 MATHEMATICAL DESCRIPTION OF WATER FLOW

21.1 FunpamentaL EquaTions

The motion of a fluid particle on the surface of the earth is governed by the Navier-
Stokes equation of motion (the force balance equation) /1/

P W pFe s 05 pgel- 200X+ pu "0 (1)
dt 0t
Where
s momentaneous flow velocity vector (m s™)
p momentaneous density of water (kg m?)
V4 momentaneous pressure (N m?)
g gravity acceleration vector (m s?)
]: unit matrix of the co-ordinate system (-)
W angular velocity vector of earth’s rotation (s™)
" kinematic, molecular viscosity of the water (m? s™)
t time (s)
[ gradient operator ( grad) (m™)
0C divergence operator (div) (m™)
0?2 Laplace operator (div grad) (m?)

The forces included are (from left to right) local acceleration, advective (or convective)
accelerations, pressure gradient, gravitation, Coriolis force and molecular viscosity.

In addition to this there is the continuity equation (mass conservation equation) /3/

Ly ndpif-o @
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Globe of the earth:

A-A, x-y-plane on the surface of the Earth:

Figure 19. Coordinate system used in the EIA 3D model.

21.2 APPROXIMATION OF 3-DIMENSIONAL EqQuATIONS

244

By fixing a coordinate system on the surface of the earth with z pointing upwards
(Figure 19), the Navier-Stokes equation can be written out explicitly in component
form. By comparing the order of magnitude of different terms in the z-component
equation, it can be decided that all other terms are negligible compared to the pressure
gradient and gravitation. Thus, using this hydrostatic assumption /2/, the z-component
of the Navier-Stokes (Equation 2) can be written as

0p -
A (3)

Due to the uncompressibility of water the density differences are much smaller than
the velocity differences. Thus, according to this uncompressibility assumption
(Boussinesq-approximation /3/), the density variations can be neglected elsewhere
except in the buoyancy term, and the continuity equation gets the form

1 0 7= 0 (4)

By dividing the momentaneous valuesv:, p,p totime averagesV , p, p and turbulent

fluctuations VZ, p',p', the equations (1), (3) and(4) can be integrated over the

observational time period T, which must be supposed to be long compared to the time
scale of turbulent (statistical) fluctuations! , but short compared to the scale of the
dynamical (deterministic) behaviour Az of the flow. By introducing the concept of
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turbulent viscosity, i.e. by assuming the time average of the quadratic fluctuations
proportional to the gradient of the average velocity /2, 3/:

10, » . avﬂ
—f(vividt=v!, —=, a=x,y,z
T.[” $ “fda Y (5)

f=x,yz
the fluctuations can be eliminated and a closed system of equations acquired. Taking
into account the component expansions of the vector and matrix terms (Figure 19), the
following equations result in

ov 0v 0v oV
X+V X+VY X+V X -

0t Y x iy 7 iz
- Lop 20 (chos(/) cod -VYsin(p)+
p dx
00, v D o0 dv ©)
' (Uu ) (U tU )_D+
xH axH g iy 1
H( )avxg
0Vy+v 0Vy+v 6vy+v 6vy:
it “ax Ty 7oz
z Lip_ 20 (V sing - v _cosg cos9)
p oy ,
0 0 maVyUaD, v, i
e R R Lo e R
ixg 7~ dx dyD 0y
a D( )6VYD
aZH N 0z H
d
L g (8)
0z
av“av”aszO ©)
ix dy 0z
where
V.,V V. arethe components of the time-average flow velocity (m/s)
p is the time-averaged density of the water (kg /m”’)
p the time-averaged pressure (N /m?)
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W the magnitude of the earth’s angular velocity (s™')
0] the geographical latitude (rad)
g the angle between x-axis and the East-direction (rad)

Tt

7= (0t 0] defined by (5) (m*/s)

Uﬁ; similar y-component (row) vector of the turbulent viscosity matrix j°

(m*>/5s)

The 3-dimensional flow field can be solved from the above equations (6...9) together
with the boundary conditions

pP=p, (x, y) on the surface of water (z =0 ) (10)
SOV _
e r/p on the surface of water (z = 17 (11)
z
L0V
-Uza—=TB/p on the bottom (z= -h) (12)
z
VsV, at possible river inflows and out flows (13)
where
P, (x,y) = atmospheric pressure on the surface of water (N/mz)
r = wind shear stress vector on the surface of water (N /m?)
. = shear stress vector due to bottom friction (N /m*)
V ver = flow velocities at the river cross-sections (N /m”)
V.o VLT

21.3 DepPTH INTEGRATION

From hydrostatic equation (3) with the boundary condition (10) the pressure p can be
solved.

n
plr.y.z)= p,(x.y)+ gf p e df (14)

z

and substituted into (6) and (7). By dividing the observational time averages V', p, f,

into depth averages u, p, g,V " and vertical fluctuations v:, b, pA,U:; and by taking

into account the boundary conditions (11), (12); a depth integration from bottom (z =
-h) to the surface (z = /1 ) can be carried out, similarly to the previous time averaging.
Incorporating the assumptions of unstratification, small vertical velocities and their
integrals compared to the horizontal velocities and to the total depth, slow rate of
bottom variation compared to the surface fluctuations, and finally the concept of shear
viscosities similar to the turbulent ones (Eq. 5); this yields the following equations
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a_u ua_u+ a_u_ -a_E_aq- OHI- i o+ TBX+

i Cax ay axnp f Hr

0, dun, 0 du (5)
dx0 “ox0 dyp Yy

ov 0y 4V 0 [P [, 4Ty
iy—tsy Lo Rl - fut 2By
ir oy apr— g”% AT

+0_H 0VH+0EU av% (16)

U —_— JR— [
Ixg "oxg dypg Yoy

an, dHu), 3(Hv)

i dx 0y 0 (7)
where

u,y are the depth-averaged mean velocity components (/)

f =2W sin® , the coriolis coefficient

n the surface elevation (m)

H = h+ 1, the total depth of the water column (m)

Tl the X and ¥ components of the wind shear (N /m”)

T T

2
Bx>" By the x and y components of the bottom shear (N /m~)

VsV, 0,0, the elements of the combined eddy viscosity matrix
F=0"+0" +0°  (m*/s)

Concerning the accuracy of the approximations both hydrostatic and uncompressibility
assumptions are physically well justified and in praxis very accurate (o(10™°) and

0(10'3) respectively; the same applies to the neglection of bottom fluctuations

(0(107°) and vertical velocities o(107*) as well. In time and depth integrations the
inaccuracies

T T Ah
oL, ana 02200
oT At OH O
arise, the latter of which can be introduced into the definition of the shear viscosities.
The turbulent and shear viscosities are based only on molecular analogy and on
requirements for the simplicity of mathematical treatment, without any direct,

theoretical support. Nevertheless, in praxis the concept has proved to be quite
adequate.

The use of vertical mean velocities implicitly assumes that the velocities at different
depths must depend on the same factors and be related to each other. The same
applies to the vertical averaging of the turbulent viscosities, too. Thus no clear
stratification must be allowed. For the sake of these implicit reasons the weight of this
limitation is much more important than the purely mathematical accuracy of it. Under
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stratified circumstances the equations (15...17) are valid within each particular layer
with appropriately modified boundary and shear stresses.

The boundary conditions of equations (15...17) are purely horizontal. Especially at
closed boundaries (shore lines) the water flow through the border (i.e. the
perpendicular velocity component) must be set equal to zero. At open boundaries the
conditions may deal either with water levels (e.g. tides) or with velocities (e.g. river
inflows).

21.4 FurTtHER REMARKS oN DiFFerent TERMS

248

In order to solve the set of the equations (15...17) a lot of further information is needed
of the numerical values of physical coefficients and boundary conditions. In this
respect the gravity acceleration g, the coriolis coefficient f and the atmospheric-
pressure distribution pa(X, y) are geographically well known or readily measurable. It is
not an essential limitation (and can easily be amended), if we restrict ourselves to such
small areas (0(100 km)), where constant values for g, f and p. can be assumed. In
addition to these the bottom configuration of the basin h(x, y) is needed for adequate
computation. Similar to the former, the wind shear stress r is mainly an external
parameter, not depending on the computed flow.

The bottom shear stress T, for its part, depends principally on the bottom roughness,
on the type of flow near the bottom which in reality is always turbulent and on the
velocity just above the bottom. In 2-dimensional calculations T, is assumed to be
directed against the mean velocity

(18)

Where the bottom friction coefficient r may depend on the velocity |ii| on the local
depth H, on local roughness and even on assumed velocity distributions. Generally it is
not true, not even at completely homogenous conditions that V*(x, Vs~ h) would be
parallel to ﬁ(x,y). Thus there are no means to adjust the correct direction to the
bottom shear stress, although the correct magnitude can be adjusted. In praxis,
however, the results (including the directions) of 2-dimensional calculations are in most
cases fairly similar to the field measurements. This can be understood, if due to the
vertical and horizontal mixing, i.e. the actual turbulence, the effective bottom friction in
reality, too, is greatly directed against the mean velocity.
Under stratified conditions when a separate layer is considered, the relative velocity
u; - u,,, between two neighbouring layers must be introduced, but simultaneously the
friction coefficient r is highly reduced, many times indeed » - 0.
The combined eddy viscosity (where the effect of molecular viscosity is negligible) is a
dynamical quantity describing the flow and not the fluid. Thus it may considerably vary
with space, time, flow, wind velocity, basin dimensions etc. As a first approximation, by
lack of observations, it is reasonable to assume U as constant (in time), homogenous
(in space) and horizontally isotropic (in direction).
The horizontal boundary conditions may in principle depend on the computed flow
field, or they can be considered together with g, /,A Pa = 0, h(x,y) and T, as a
purely external factor.
Thus in the governing equations (15...17) there are 4 quantities left, for which no
accurate determination nor theoretical formulae are available, i.e.

« the wind shear stress T’
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+ the bottom shear stress T ,
» the eddy dispersion coefficient y-and
» the boundary conditions at open boundaries

The experimental or approximative means for determining these will be considered in
last section of this chapter.

t

Figure 20. Rectangular grid with variable grid-spacings.
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Figure 21. Location of computational points in the space-staggered grid

z-point (central point of control volume for water level)
u-point ( x-boundary of control volume for water level )

v-point ( y-boundary of control volume for water level )

Figure 22.  Placement of computational points in the time-and space-staggered grid.
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22 THE NUMERICAL FLOW MODEL

22.1 SoruTtioN ALGORITHM FOR INTERIOR POINTS

250

For description of the bottom topography and for numerical solution of the flow the
model area is divided into rectangular elements of irregular size (Figure 20).

When integrating the 2-dimensional basic equations (15... 17 in previous Chapter) over
the control volume of each quantity in the space-staggered grid (Figure 21) and

denoting
Teelbhr ) o0 Axptba,
k 1 R 2
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0 20 2
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K K K K
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-4 U+ ————27F ]
ady ﬁAxﬂ‘l + 20 X, + Axn” mn- > Ayn-l + Ayn m,n*EH
2
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where
K
u”,

m+ E,n

+!
K = the basic finite-difference equivalent to %,V,/]

’ VmKn-l ’ Zm,n ’ I_Ir[rffnE
and H as defined by (Egs. 19...23) (m/s, m)
,U:n_l = the corresponding interpolates defined

! K+l
2
2

K+ -
PoLH

VK
by (Egs. 24...27) (m, m/s)
[,/p=Aww,, 1,/p = Aww,, the wind shear components ( N/m?)

bottom friction, Coriolis coefficient, gravity

mt —n

r, f,g,v,A WL Wy Ty
acceleration, combined viscosity (including the effects of averaging
over time, depth and the control volume), wind friction, wind velocity

and its components, respectively.

" row respectively

X, Y, = the coordinate of the Z’f;% point (m)
n

the mesh sizes of m" column and

(= dimensions of the control volume for Z}f;]i ) (see Figure 22)

Ax, 0y, =

At = the time step, (s) and
_ 00 if the advective terms are _neglected

5adv - D . .
! if they are included

The equations (28...30) can readily be solved for the highest time values

3
K+>
K+1 2
, Vm,n-l s L

UK+1
1
m 3o 2

yielding an explicit one-step 2-level algorithm /4/.

22.2 Bounpbary CoNDITIONS
Through closed boundaries no water is allowed to be transported, i.e.

K+1 - Ax
Um+l,n =0 at x-boundaries parallel to the y-axis, x = x,+ —=

K+l A
Vm,n_i "0 at y-boundaries parallel to the x-axis, y= y, - %

2
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By drawing the model boundaries through the perpendicular velocity points only, no
other conditions are needed. This is a considerable advantage of the grid system
used.

Also at open boundaries the Dirichlet-type conditions can be assumed, i.e.

H Z:fn ’f:f = QX+1 (t) at x-boundaries (y = constant) (33)
7 E,H m 5’"
K+ K+1 Y .
R0 Ve =0 I(t) at y-boundaries (x = constant) (34)
-3 m,n-E m,n-E
K+ ,
7 2 =S (t) at any boundaries, (35)

where 0% (m*/s), Q" (m*/s) and S (m) are externally given values for the x-flow,

y-flow and surface level, respectively. As an alternative - if proper estimates for
boundary values are not available - they must be extrapolated from the results
computed in the interior of the model area (Virtanen 1977 /5/). This, however, results in
serious difficulties with the model stability and must be carried out very carefully.

22.3 FormaL Accuracy AND CONSISTENCY

The formal accuracy of each finite-difference term - the order of their truncation error in
terms of Ax,,Ay, ,At compared to the corresponding partial derivative, and the
consistency in the meaning that the truncation error approaches zero with
Ax,,Ax, ,0¢ - O -canbe checked by Taylor-series expansion /4/.

For the practical point of view the formal accuracy is of little importance compared to
the behavioural errors of the finite-difference scheme /4/ but this does not apply to the
consistency.

In respect to time the equation of continuity (30) is totally based on central differences,
and is thus second order accurate o(A tz) - if the use of H K3 instead of H X*! is not

taken into account (this is only first order accurate o(A¢), but as the water level
fluctuations are small compared to the total depth this detail is of no practical
meaning). Similarly in the equations of motion (Equations 28, 29) the surface gradient
and the wind shear, which are the dominating terms in wind-induced circulation, are

strictly of o(A #? ); whereas the other terms as forward- differences are only first order
accurate o(A ¢ ).

Strictly taken the total truncation errors are
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_ 10( U) _LV(HV)A 2_10’7
24 9x° "24 0 0y° Y 2403

. 1dn Eau GVHAt

29 fax 0y
1 02H 1 0°H
- — (Ax _Axm_l)__ v (Ayml_Ayn—l (36)
2 0x?
1 0°H Ddu 0
- 132 H—Ax (Ax Axm_l)H
10°H Ddv 0
- = — Ay (A A
4 ayz Hay yn( yn+l yn-])%
3 3
fuzl Drau fav 0°u 6u+

_—U ——U -
BHoor oo Moaxdr vyt

[
t— 6 H auH 0 EV a—uHDAt
0t dxO d¢ Y0

N

*Eé xyg;fiv %H (83, =0y,

L N NI E

t 21—4 E' g%”f 20 g;? - du STME (Axm2 tAx Ax, . +Ax, .’ o
e

+4ng_uwg;?_2v%% (Ayn] thy, by,

byl + 30y, by, + 3y, by,

o ((8x,, - 0x,), [y, - by, ): (bx, dx,). (B2,
( B Y IR T I Y B (S
(Aym ) By, by,.); (a1))

which illustrate the importance of the variable mesh sizes.

&+

As the truncation errors (36), (37) - and ¢, completely analogous to (37) - approach

zero with decreasing time- and space-incrementsA¢,Ax, ,Ay, - 0, all the finite-
difference approximations have been proved to be strictly consistent.
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22.4 StaBiLITY AND CONVERGENCE

The stability of a two-dimensional finite-difference scheme- especially with nonlinear
terms- can strictly be determined experimentally only. From linearized, simplified and
even one-dimensional considerations some useful guidelines may be received.

According to the Lax' equivalence theorem the stability- the non-increase of the round-
off error- and the convergence- the approach of the finite-difference solution to that of
the partial differential equations- are equivalent in case of consistent finite-difference
schemes /4/.

The stability of the algorithm for the interior points can be tested e.g. by the v.
Neumann stability analysis /4/, where the deviations are expressed as Fourier-series
and the stability of each component will be provided. The effects of boundary
conditions can be taken into account by the matrix stability analysis. In both cases the

norm of the amplification matrix Z is required to be not more than unity

0

4 < 1 (“strong” stability)

[=]

Al < 1 + O(At) (“weak” stability) (38)

As the strict solution of the matrix stability conditions is restricted to extremely small
grid nets and to very simple cases, the norm must be estimated upwards or down-
wards yielding to sufficient conditions (the stability is certain if the conditions are
fulfilled) or to necessary conditions (the instability is certain if the conditions are not
fulfilled), respectively.

In general the effects of boundary conditions are crucial for the stability- like for the
formal accuracy, too- but in case of the Dirichlet conditions, the boundary values do
not impair the stability from that of the interior point algorithm. The external wind force
does not either have a direct effect on the stability of the present equations.

With equal grid-spacings the v. Neumann stability analysis after neglecting the
transversal advection and the coriolis terms- results in several conditions, of which the
approximation

1 AxAy

At <
=\/gH o \/Ax2+Ay2

(39)

is of most practical interest. The other restrictions are quite similar to those derived in
connection with the matrix stability analysis.

The equations (28...30) are so complicated that neither the strict solution nor the upper
estimate of the matrix stability conditions render any useful results. The lower
estimate, by contrast, gives the necessary but not satisfactory conditions.

H vty - finH
PRI Y S ] (40)

= Op % Ax, +A0x,,, Ax, +0x,., [

D mt—,n D
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] vk, -uk, o
beo< ol 2 +0 — 0 “7)
= %H K:E Axm + Axm+1 Axm + Axm” 0
H X Axm tAx
5adeU m+—nH_ H i:%n r
, Ax, +Dx,,, 4 Axm+Axm+12 (42)
Hayt 03, 05 ay, + by,) B B
2 2
) HVK H M
ade — mn+7H_ K+,
m,n- (43)
Ayn-l+Ayn ol +M2U
%(Axm_ﬁAme%(Axm*'Axmﬂ) Ayn-lAyn

The expressions (40, 41) are usually not restrictive compared to (39). The
expressions (42,43), by contrast, are of special importance, because they reveal a
source of static instability, which cannot be eliminated by reducing the time step, like in
the previous dynamic conditions (39) ... (41). This was why the additional advection

coefficient 0 ;. was introduced into the equations (28), (29).

With variable mesh sizes the above expressions, including (39), still preserve their
instructive validity, although the strict conditions have not been derived. In order to limit
the truncation errors (36, 37) it may be further advisable to restrict the ratio of adjacent
increments.

1 X

3¢ <2 (44)
xm+l

I (45)
yn+1

although the instability in the opposite case has not been proved.

22.5 NumericAL PROPERTIES OF FINITE-DIFFERENCE ScCHEME

256

The inaccuracies of a numerical solution may arise from the truncation of the Taylor-
series or from the round-off due to the limited number of bits in the computer. The
origin of the errors can be analysed, but it is not as important as the effects of the error
on the behaviour of the solution /4/.

The most important dangers in computation of the natural water flow are related to the
conservative property that the fluid must neither disappear nor increase in the finite
difference scheme and the avoiding of overshoot - that the frictional forces must not

MRCS/WUP-FIN --- February 2008



EIA 3D Model Manual

turn the flow direction opposite to the original one /4, 5/. The equations (28, 29) are
strictly conservative for their most important terms. Only a minor inconservativeness is
included in the treatment of the viscous, advective and coriolis terms. The elimination
of overshoot is taken into account by the conditions (40, 41).

The amplitude and phase errors are, fortunately, often most important by the less
significant short wave lengths only /4, 5/. The transportive errors and the numerical vis-
cosity are mainly due to the advective terms only. In simulation of flow they are usually
small compared to the external forces: wind, surface slope and bottom friction. For the
sake of the central differences for advective terms, the scheme (28), (29) is not strictly
transportive /4/, but in water flow computation the effects of this like several further
type of errors can be totally ignored.
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23 TRANSPORT AND DISPERSION MODEL

23.1 FunpamenTAL EquaTions oF TRANSPORT

258

The transport and dispersion of any quantity ¢ in a flow field ﬁ(x, v, z,t) is governed
by the transport equation /3/

‘Z—j:-muau)muzz (46)
where

0 = gradient operator (m‘)

02-= Laplace operator and (mz)

D, = (molecular) diffusion coefficient (m2 /s) of the quantity in question.

The flow field v:(x, V, z,t)(m/s) is the momentaneous local flow velocity of Equation

(1) (Section ). In order to get the transport Equation (119) consistent with the model
velocities of Sections and integrations similar to those of Section and Equations
(19)...(21) are subjected to Equation (119). The quantities considered ¢ (mg/1) are the
concentration of oil in the surface layer and the concentration of dissolved material in
the whole water column.

When integrating Equation (119) over the observation timescale T an equation similar
to itself is obtained for the smoothed time variation ¢ with Dn replaced by the eddy

diffusivity tensor f)+ D f
t m*

b, 0 0f
D 00

D,=00 D (47)
0 0
00 0 D.Lg
where
T —
DL :-ljv;c'dz/a—c (48)
To dx
T f—
D!, :-lfv'zc'dt/a—c
To z (49)
17 oo 0c
D, =-—v, cdt/—
N (50)

V. V, V., =components of V*(m/s)

¢ = average concentration during the observation time-scale (mg/1)
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Ve Vi, V. ¢ = turbulent fluctuations of V. Vo V", ,C respectively
around their time-averages V .V , V_c.
1 0 OH

]:= unittensor [0 1 0f
Ho o 1f

The integration over the layer depth H further yields

H0—6--Hua—c-Hv‘)—C+‘)—D (D,.+ D, + D)2

it Ix byl dxfl

00 — dcl
+ 2 Hip, +D. + D )%

ayH ( Hy ty m)axH (51)

Where ¢, u and v are now the depth averaged concentration and horizontal velocity
components and where the shear fluctuations now result in dispersion coefficient [)H
with its diagonal elements fully analogous with the eddy diffusivities (Equations

123...123), viz.
= 0D,, O
H E O DHyE (52)
1
D, = -z (53)
’ H -n 0x
D _ _i} " ”d /6_0 (54)
Hy H - dy
1 N
— 55
H f (99)

?? =the depth — averaged value of the eddy filtered quantity a, with @ = U,V for
a=v,, V,and a =cfor a=c

[

a' = a- a= the shear fluctuation of the quantity a for a=u,V.c, je. its
deviation from its depth-average, and finally

I D!, dz (56)

D,: L
H -

>

| A
w " H_I D), dz (57)

With these operations the quantities of the transport Equation (124) are consistent with
those of the depth-averaged equations of motion (in 16, 15 in the previous chapter).
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23.2 NumericaL SoLuTioN

For numerical solution of the two-dimensional transport Equation (124) the principle of
fractional time-steps (the time-splitting method or multistep procedure) /4/ will be
utilized. It describes in a realistic way the simultaneous advection and dispersion from
the very beginning and can take advantage of the time-scales of both processes inde-

pendently of each other. With the time-steps A ;, for advection and A, for dispersion
the solution algorithm reads /5/

0 10, 9 I
et - Hy 4 Hy —7C
dt Hpo dx dyQ
UA ¢ [
for p=1,---,0—2%/2p and
ode,
. _0Ae, O DAth+l (58)
or p= RN I
= Hme b i r
[ O |k+ plA
L L L TS L T P
0t H pdx D x0 0Oy 0y
f LU 1 (59)
or p=
PrDne -
Where
[A] = largest integer less than A
“PE 2 value of the expression a at the time
t = (k + pd ).A . after the beginning of the simulation
k = integer time-step index
p = fractional time-step index and
A =1/ (1+[0e, /02, .

The time-derivatives are estimated with the forward-time differences /4/

delk+ pld 1 .
__ - —|C t(pthH _ Ck+p»A +Ol0t 60
where
0 OA¢, O 0A¢, O
0 = HD_dD+ IHA t, whenp=—%n+1
0 0be¢, o g2thz,
Az, i
ﬁ = At otherwise.

For integer values of k+ pl the time-splitting (Equations 131 ... 133) is consistent
with the continuous Equation (124) and only these values have a physical meaning.
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The advective terms are estimated with the up-wind differences /4/, /5/

k+ plA
E— Hull -y a—cH P
dx dy m,n
0 [ ktph _ ~ktpd
_ l TH k+1i.A D; Uk+ 7.A _ Uk+11;A HD 0 Cm+l,n Cm,n
2 a mt oo i mt m+ —n Ha Axm
[ M g ktpd _ k+ p.h
+ l DH k+t 1;.A ) ;Uk+11).A + Uk+ Il;,A HD 0 m,l,n Cm n
2 ﬁ m- E,n : m- E,n m-—,n H@ A xm (61)
0 i no ktph _ vkt pd
+ l DH k+ p,Al D=Vk+plA + Vk+ p‘lA 00 Dcm,n-] Cm n
2 Q m,n-E : m,n-E m,n—E :ﬁ Ayn
M M ktph _ kipd
- l HH k+ p~A1 D;Vk+ 17~1A - Vk+ 17~IA ;% 0 Cm,nlzl Cm np
2 Q m,n+5 : m,n‘rE m,n’rE :@ Ayn

+ofax, Ay )

And the dispersive terms with space-centered differences, /4/

19 der 3 demp|"
12 Hup, s —EHDy—CED -
ndx0 dxJ dy dy ol
D TH K+ pb k+ pld _ kt pld
X m,n [dr]:np,A (_ 1,0) 0 Cm-l,n Cm,n
Axm ’ Axm-l * Axm
2
k+ pld k+pm%
+ Cm+ln - Cmn
+dl Pt (1,0) =2 :
b ol e
2 i
D, H ko - kpl kel
+ y m,n Dd,l:np.A (0’_ 1) Dcm,n-l Cm,n
Ayn D j Ayn-l * Ayn
g 2
k+ pld k+pm%
+ Cmn+1 - Cmn
+d, 7 (0,1) 1= i
> ( ) Ayn+1 + Ayn D
2 i
+ Olbx, - bx, . Bx,. - bx,, by, - by, by, - by, ., bx 0] (62)

where the dispersion cross-section d,’;tn”'A (i, j) has been defined as the common
water surface of two grid checks /5/

dyr (i, )= min{H 500K L H (63)

N mti,nt j
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It is to be noted that the total dispersion coefficients D., D, include - in addition to
the molecular diffusion D, to the eddy diffusion 5, and to the vertical shear dispersion

Dy - terms D,, from the horizontal shear within the grid check. Their definition is
analogous to that of Dy in (Equations 125...128) and then

D =D

X As,x

+5H,x+5x+Dm (64)

D =D

v As,y

+D, +D, +D (65)

where the bar(s) in EH refer to the horizontal grid-check average and in 3 to the
horizontal and vertical grid-check average.

( rktp.d kt p.A
1 b V 1
mt—,n m,nt —

2

The flow-velocities are obtained from the flow models.

CH (b

m,n

Equations (64, 65) are then solved for at the highest level of time index

at each point (m, n), then for the next index k+ (p+ 2)A and so on. The solution
procedure is explicit and therefore its stability can be maintained only if /4, 5/

b,

1/ max ‘A’”pm‘
[
Ahz,

m,n

1/ max ‘Bk”’m‘

m,n

(66)

[[IEAN e

Where 4" 7* is the sum of all the factors multiplying CH7in (Equation 134) and

B kmtf'A is the same for C,f;np'A in (Equation 135). In the simulations e.g. values like

At,=120s and A ¢, =1800s have been typically utilized.

The formal accuracy of the solution was indicated in Equations (133...135)

23.3 InimiaL AnD Bounbpary ConbpiTiONs

262

To start the simulation with Equations (131), (132) an initial distributon C, , is
needed. For point releases this will be.

M
. 5 at _the loading place
Cm,n = DAxm DAyn DH m,n (67)
H 0 elsewhere
when
M = amount released (kg)

H fn,n = depth of the layer receiving the discharge (m)

Thus the finite-difference model assumes an immediate mixing into the whole grid-
check volume. During the time when the horizontal extension of the discharge (e.g. a

dye patch) is less than the grid-spacing Ax,, Ay, its advection can be traced in the

flow field as a solid particle. Its dispersion must then be estimated with analytical
expressions.
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On the closed boundaries of the model area no concentration is allowed to be
exchanged with the shore. The advective exchange (Equation 134) is blocked by the
boundary condition of the flow models (Equations 31, 32), the dispersive exchange
(Equation135) is blocked by the dispersion cross-sections (Equation136) /5/.

On the open boundaries the extreme possibilities in the dilution are a) immediate
dilution into the immense water masses of the Red Sea, i.e.

Cy™ =0 (68)

and b) dilution with the same rate as within the model area which results in exponential
decrease near the boundary

Chrt = Gl fin | [Chrn sl ) (69)
where the subscripts
B = finite-difference space coordinates (m, n) of the open-boundary
point
1,12 = coordinates of the grid-point locating one and two grid-spacings,

respectively, from point B towards the interior of the model area
perpendicularly to the boundary

As,,As, = grid-spacing between the points B...I1 and I1...12, respectively.

The expected dilution lies somewhere between the two extremes and in the model the
following condition was used:

Chrt= ) Ock™ + (1- 4, ) (70)

where Cg: is obtained by (Equation142), Cg: by (Equation 141) and/ . = (0...) 0,5...0,8.

The solution is relatively insensitive toA . which indicates that the model area has been
sufficiently wide for the transport simulation.
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24 DETERMINATION OF PHYSICAL PARAMETERS

24.1 WinD SHEAR STRESS

The wind shear stress T, can be directly measured or calculated on the basis of wind

velocity profiles, Bengtsson 1973 /9/. Most commonly the stress is related to wind
velocities at fixed height above the water surface by Lick 1976, /10/.

n-1

Tl = A W (71)
where

A = wind friction coefficient =p ,C,,/p

Cp = wind drag coefficient

P, = density of air (kg/m?)

w = wind velocity vector at given height (m/s)

n = 2.

The values of the parameters 1 and n will depend on the measuring height and on the
roughness of the water surface, which further is a function of wind. Due to these the
scattering of the reported values for 1 (with n = 2 fixed) has ranged from 1.6-107"°
(Elomaa /11/, Virtanen et al. /12/), 1.875 10° (Bennett /13/), 2+10° (Sarkkula and
Virtanen /14/) and 2.06-10° (Haq et al. /15/) to 3.2-10° (Sundermann /16/) and
3.75+10° (Simons /17/).

In addition to the parameter values the wind velocity itself is a further source of
uncertainty, because direct measurements above the water surface are seldomly
available. The meteorological observations often take place on-shore and the local
variation of wind above the sea surface is usually unknown.

Here the wind data observed in the harbour was directly used as the forcing function.
For wind friction its lowest estimate 1 = 1.6-10° was used in order not to overestimate
the water exchange.

24.2 Bortom SHEAR STRESS

264

The form and direction of the frictional bottom shear stress T; has already been fixed

by the assumption (18). Thus further consideration shall concern the determination of
the bottom friction r only.

For the friction coefficient numerous theoretical formulae have been presented,
Starosolszky /18/, of which that of manning has been the most popular one

r(H,u) = (n2 Dg/i/ﬁ) 0 (x, y,- &) (72)

where

n = Kutter roughness coefficient (s.m‘ ”3)
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R = hydraulic radius of the cross-section (m) (= wet area divided by
the wet circle, i.e. R~ H

g = gravity acceleration (m/sz)
V*(x, V,- h) = the bottom velocity (m/s)

The Kutter roughness coefficient n is related to the Nikuradse absolute roughness
A (m) by /18/

ny/n:= lg(Ao/A) (73)

where 1, = 0.05s.m™""* A, = 915 ¢m, and A (m) is equivalent to the diameter of the

grains of the bottom irregularities. The n-values for different bed materials have been
tabulated, too /18/. These theoretical formulae are mainly used in river conditions only.

In two-dimensional flow a more direct correlation to H and u is usually looked for. The
experimental methods to determine this correlation may be based e.g. on measuring
the flow velocities at several stationary wind conditions, Noye 1977, /19/; on measuring
the steady-state surface slope under known surface stress; or on the dumping of the
amplitude of the surface waves

Of the practical forms of the bottom friction, the depth- independent quadratic friction
law

r (H ,u) =nu (74)

is most similar to Manning's formula (Equation. 145) and superior in its frequency /10/.
Earlier the proportionality to the water transport Hu was used, too

r (H ,u) =r,Hu (75)
even with r. = f /5 /16/; and recently the linear depth-independent friction law
r (H, u) = 7, (= constant) (76)

has proved its applicability as well, especially in shallow water systems /19/, /14/. In
areas with considerable depth variations a friction coefficient inversely proportional to
depth has been introduced

r(H, u): r,H™ (77)

/151, 15/ which overestimates the [7 '3 -dependence of Manning's formula. In general

the numerical values of r(H, u) reported in literature are of the order of magnitude of

1 mm/s, although adequate comparison is considerably hampered by the scattering of
the functional forms, bottom types, depths and flow velocities. In Finnish and
Australian lakes, it is consistently observed for

u<10cem/s
H ~3---30m
r, = H,r(H,u): 1.5 m.mm/s
/5/,/19/, while in the North-American Great Lakes the value of r, = 5m mm/s

vas used by /15/. If the bottom roughness varies considerably at different areas, then
all the coefficients r,,---7, can further depend on the location similarly to the variation
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of n (Equation 146) in Manning’s formula. In praxis, when the depths and follow
velocities are of the same order of magnitude in most parts of the recipient, the
difference between Equations (147...150) is not very crucial and the experimental
test between them may not be sensible enough. Here the linear friction rule

(Equation 149) will be accepted with 7; = 0,2 mm/s .

24.3 DispersioN COEFFICIENTS

266

The determination of the turbulent viscosities can principally be carried out by
measuring the actual time series of the velocity components at fixed points, and
thereafter calculating the viscosity directly on the basis of the governing equations (5):

T
s b ) v e Y e (78)
07T o 7 0x

Instead of the fixed point velocity measurements, the position of floating buoys can be
determined /20/. The relative distance between the buoys then gives an estimate of
the length scale of the turbulent eddies influencing the dispersion. Using the
observation of the vertical velocity profiles, the total dispersion coefficient can be
determined similarly to (Equation 151). Poor accuracy, danger of zero denominator
and the tedious field work required are the main drawbacks of this type of definitions.

By assuming the dispersion of velocities equivalent to the dispersion of passive
concentrations, i.e. the combined eddy viscosity ;= equivalent to the dispersion

coefficient 5 the tracer experiments can be used for determining the desired

parameters. In steady flow a continuous tracer release is available. For calculating the
transversal exchange coefficients several formulae have been proposed, e.g. Holley et
al. 1972, /21/.

a B
D, =00~ [v 0clly- y)" dedy (79)
’ 0x o h
Where
B 1
g = coefficient = (1/2 [ [ cdzdy)™ (kg™")
0-h
B = the breadth of the reservoir (m)
Y1 = the position (m) of the maximum vertically integrated concentration

1
c(x,yl) j (x v,z ) dz < c(x,yl);or/22/:

Y,
_ J ucD(y-yl) tana Udy
Dy=-y (80)
[ vty )y -] el - )
Y,
where
a = the angle (rad) between mass flux constant line and the

streamline, and
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Yo Yy, = the practical extreme coordinates (m) of the tracer plume, usually
takenas c(y,) = c(y,)= (0.03---0.05).c(»,).

The longitudinal two-dimensional dispersion coefficients D_ are not easy to determine
on the basis of continuous tracer release. Usually this type of measurements are
applied in river conditions only, where the effect of D, can be neglected.

In the case of instantaneous tracer release, the dispersion coefficients are determined
on the basis of the variances of the tracer patch /23/

S?= ML” ](x- xo)2 ¢ dxdydz (81)
S = MLII [(y-,)  dvdydz (62)

Approximately by

D, = S:/2T 83)
- 2
D, = S:/2T (84)
where
M = the amount of tracer released = [ [ [ cdxdydz (kg)
T = the time elapsed since the discharge (s), and X,, ¥, = the center

of gravity of the tracer patch (m)

[ [[/x-x,/ cdxdydz = [[[/y - y,/c dxdydz=0.
Principally the time-dependence and numerical coefficients of (Equations 156, 157)
are based on the assumption of Gaussian type distribution of concentration, but as a
rule for calculation they can be generally used.

Finally, if no measurements are available, some appreciative formulae have been
developed, e.g. /24/:

D=5 .R.U" ; (685)
Where

uU* = the shear velocity (= @ in rivers) (m/s) s

S =the surface slope = AN /Ax=0dn/dx

R = the hydraulic radius (m), and

5: = a dimensionless coefficient matrix.

For two-dimensional dispersion mainly in river conditions
0,%6-50and ¢ ,=0.2-1.5 In lakes and reservoirs the application of (Equation

158) is not so straightforward and the difference between the two components not so
striking; often a complete isotropy has been assumed.
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The values of the dispersion coefficients j° or 5 depend on the length scale L of the
eddies /23/. In the case of dispersing tracer patch the dependence

D= AOL" (86)

with 4= constant = D,/Ly and m= 4/3

can be theoretically derived /23/, /3/. In praxis, slightly lower values m =1 ... 1.33 have
been observed /25/, /26/.

For the numerical values of horizontal dispersion coefficients, quite similar results have
been reported from all over the world, i.e. corresponding to

L= 1km
D, =D, =1m"/s.

These include the North American Great Lakes /23/, Murthy and Okubo /25/, some
coastal bays of North America, Laevastu /27/, Leendertse and Liu /28/, the North Sea,
Ronday /29/, /3/, the Baltic Sea, Kullenberg /29/, and its Bays /26/.

In transport simulations the dispersion coefficient corresponding to the assumed length
scale of the geometry and its eddies was used, viz.
D =D, =0.04---04m>/s for L= 0.008---0.5km . In the flow model, however,

the stability of the boundary conditions and a reasonable convergence of the solution
required slightly overestimated values for the eddy Vviscosity, Vviz.

v = (1--)10(---100)m> / 5. All these values are well below the limit vA¢/As> < 0.02
which has been found acceptable for reliable flow determination /5/.

24.4 Open BounbpARIES

The boundary values for open boundaries can be obtained from
» Field measurements, Abbott et al. /31/
* Physical models, Svensson /32/
» Large scale numerical models /10/, Adam /33/
» Theoretical assumptions, like analytical type conditions at infinity,
e Waldrop and Farmer /34/
» The physical theory of tides /29/, Heaps /35/, 127/, 128/

Sometimes, if none of these means are available, the boundary values must be
determined by extrapolation on the basis of the values calculated at internal points /5/.

The currents induced by the sea level rise (and decrease, respectively), most of often
determined by tides, are often used in coastal applications.

24.5 Time BeHAaviour oF FLow

268

The model simulation for each flow field was started with a so-called "cold start", i.e.
from still and level water body at the beginning of computation. Thereafter the flow
started to develop with time forced by the external conditions. Under steady conditions
a steady-state flow - independent of the initial situation - finally resulted in. With the
most common eddy viscosity v = 10 m* /s the steady-state (fluctuations less than 2

per cent) was reached in several hours. The approach towards the steady-state was
roughly exponential. Thus the largest fluctuations took place at the beginning of
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computation, and after two hours' simulation the deviations from steady-state values
were usually less than t 15 per cent. This period is short compared with the more or

less regular diurnal variation observed in the external conditions (see Chapter 22).
Thus the model transport with the stepwise changed steady-state flow was almost
identical with that produced by the true time-dependent flow.

Eddy viscosities less than 1 m” /s will enlarge the period of transient fluctuations but

2
do not seriously affect the 2steady-state flow field for v < 0.02 AA% = 50m> /s /5/.In
the present case very low eddy viscosities were not possible because of the wide open
boundaries. Elsewhere it has been shown that even for U = 0 the average transport
during transient period is very near to that driven by steady-state flow /12/, /
36/.Therefore the former procedure was mainly used in transport simulations under
fluctuating conditions
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26 TURBULENCE MODELS

274

(The text in this chapter is obtained from a GOTM (General Ocean Turbulence Model)
publication.)

A standard approach for turbulence parameterization is the so-called eddy viscosity
principle, which has been adopted here. It relates the turbulent fluxes to the gradient of
the transported property by means of an eddy viscosity (for momentum) or eddy
diffusivity (for tracers).

For calculating eddy viscosity/diffusivity, we apply for all turbulence models presented
here the relation of Kolmogorov [1942] and Prandtl [1945], which relates these
turbulent exchange coefficients to the product of a velocity scale and a length scale:

v,= ¢, L (87)
and

U, = ¢, kL, (88)

where k is the turbulent kinetic energy (TKE) in Jkg ' = m’s™*, L the turbulent macro

length scale in 7 and ¢, and c;, are the dimensionless so-called stability functions.

For the relations (4) and (5), different forms are found in the literature. In the well
known publications of Mellor and Yamada [1974, 1982], the TKE is substituted by the
turbulence intensity ¢ = /2k . Therefore, the eddy viscosities and stability functions in

(4) and (5) correspond to K,,.K,,,S,,,and S,, used in Mellor and Yamada [1974,
1982] in the following way:

K,=v, K,=0, S,=¢ /2" S,=c [2". (89)
In the k- ¢ literature (see Rodi [1980, 1987]), the length scale is substituted by the
normalized dissipation rate which has here the unit Wkg™' = m’s™:
3/2
0\3 k
ez () 2 (90)
( i‘) L

with the constant cf = 0.5562 . This has the consequence that the stability functions

in the literature of Rodi [1980, 1987] are by the factor of (cl?)3 smaller than those

given here in this report. The dissipation rate { is also an interesting physical quantity
in the field of turbulence, since it can be directly measured (see e.g. Simpson et al.
[1996], Prandke and Stips [1996]).

In principle, k,L and the stability functions can be calculated independently from
each other. Therefore, we designed a section for each of them. It should however be

considered that standard turbulence models including each a set of &, L,c, and C
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are calibrated and even only slight deviations from that might have the consequence
that the calibration is not valid any more. For the TKE calculation see section 22.1, for
the length scale calculation see section 22.2, and for the stability functions see section
22.3.

Other important parameters in turbulence modelling are the shear production

P=y M’ (91)
and the buoyancy production

B -yN? (92)

with the shear frequency M from (2.21) and the BruntVaisala frequency N defined
by

N?=10.b. (93)

26.1 TURBULENT KINETIC ENERGY

Most of the models found in literature are based on the same transport equation for
turbulent kinetic energy. They differ mainly in the treatment of the eddy diffusivity for
the TKE. The full transport equation is introduced in section 25.1.1, its algebraic
idealization in section 25.1.2.

26.1.1 Transport equation

A three-dimensional form of the TKE equation will not be given here, because even in
many three-dimensional models, turbulence models are used as local water column
models where horizontal advection and diffusion as well as vertical advection are
neglected. Such terms would only be of importance near sharp fronts which cannot be
resolved in most of the present models. The reason for this is that the time scales of
turbulence are generally much shorter than those of the mean flow which drives
advection and horizontal diffusion. In the one-dimensional form, the TKE equation
reads then as:

0,k-0_(v,0 k)= P+ B-¢, (94)

Under only a few modelling assumptions, this equation can be derived from the
NavierStokes equations (for a full derivation see e.g. Rodi [1980]). The eddy diffusivity

relevant for the TKE is calculated as U, = U, forthek-¢ andas v, = 0.283vkL for
the MellorYamada model.
Two theoretically equivalent sets of boundary conditions for %, Dirichlet and flux

conditions can be derived from the logarithmic law of the wall. The Dirichlet conditions
are easily derived from the assumption P = ¢ in the boundary layers. By using the

definition of the bottom friction velocity #” and combining it with the relation of Prandt|

and Kolmogorov (4) and (5) and the definition of (2.34), this boundary condition can
be written as:

<
* o

9
='o
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The analogue surface boundary condition reads as

z=-H. (96)
0,0

ke ﬁ”ﬁ z2{ (97)
Cﬂ

V4
with the surface friction velocity 3’ = (r;/po)2 + (r i/po)2 '
Assuming that there is a boundary layer each at the surface and at the bottom with
P = ¢ and a constant in space value of k , leads to the noflux conditions

0,0 k=0, z=-H (98)
and
v,0. k=0, z=-H (99)

Generally, the Dirichlet conditions are used with the MellorYamada, and the flux
conditions with the k- ¢ model. An advantage of the flux boundary condition for & is
the easy treatment of turbulence near the stressfree surface. The Dirichlet conditions
would lead to an eddy viscosity profile which is not decreasing towards the surface.
The choice of the boundary conditions is even more important for the length scale
equation. The current version of GOTM allows for both sets of boundary conditions. It
should be noted here that the effect of breaking surface waves on near surface mixing
is not yet included in GOTM. Following the approach from Craig and Banner [1994], a
flux of turbulent kinetic energy proportional to the surface friction velocity cubed could
be considered for this purpose. They obtained a good approximation to measured near
surface dissipation rates with a oneequation MellorYamada model, where the near
surface macro length scale increases linearly with depth. Our experiments with the
twoequation MellorYamada model and with the k-model gave such different results,
that we were reluctant to include the Craig and Banner [1994] approach at this stage of
GOTM.

26.1.2 Algebraic form

276

From the local equilibrium assumption,
P+B=¢, (100)

i.e., that production and dissipation of turbulent kinetic energy are in balance, an
Igebraic form for calculating TKE can easily obtained by using (2.34), (2.31), and
(2.32). Together with a lower limit which is necessary in order to avoid unphysical
negative values for the turbulent kinetic energy, k is of the following form:

L ]

k= max J—— (e, M*- ¢, N?), kyy, - (101)

(<) :
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26.2 TURBULENT LENGTH SCALE

The turbulent length scale has always been subject to empirical considerations. One of
its properties which is agreed about among turbulence modellers, is the linear
decrease towards a fixed boundary:

L=k(Z+ z) (102)

with the von Karman constant £ = 0.4, the distance from the boundary, Z, and the
roughness length of the boundary, z, . All length scale parameterizations described

here will follow that law near fixed boundaries, most of them as well near the surface. It
should be already noted here, that the k- ¢ model is the only one which automatically
(by only fixing boundary conditions) fulfils this law.

26.2.1 Transport equations

In oceanography, mainly two different transport equations for a length scale related
variable are in use, the ¢ equation in the k- ¢ and the kL equation in the Mellor-
Yamada model. The structural similarity of these two equations has been shown by
Petersen [1996], Burchard et al. [1998] and Burchard and Petersen [1999].

Since the late seventies, a controverse discussion about the higher physical relevance
of each of the two length scale equation has been carried out. The arguments of the
main protagonists of this discussion are cited here:

Mellor and Yamada [1982]:

While one cannot assert great confidence in [the kL equation], we prefer it
rather than the differential equation for dissipation ...

... It seems fundamentally wrong to us to use an equation which describes the
small scale turbulence to determine the turbulent macroscale. Operationally,
however, after some terms are modelled, the dissipation transport equation is a
special case of a more general length scale equation ...

Rodi [1987]:

The arguments for the relative merits of the¢ and the kL equations are rather
academic because both equations are fairly empirical and, with the constants
suitable adjusted, perform in a similar manner. One difference is that the kL
equation requires an additional nearwall term ... while the kL equation does not.

It is beyond the scope of this report to be more in favour of either or the other
argument. However, on a visit to the Joint Research Centre in April 1998, George
Mellor stated that the £ - ¢ model, as it is implemented in GOTM, is a MellorYamada-
model as well. He said this because we adopt here most of the derivations motivated
in Mellor and Yamada [1974, 1982], and (besides using other stability functions) only
substitute the length scale equation suggested by them by an equation for the
dissipation rate€¢ .

26.2.1.1 The ¢ equation

Similarly to the TKE-equation (2.38), an exact transport equation for the dissipation
rate ¢ of TKE can be derived from the Navier-Stokes equations. However, a
mathematical closure of this equation is only achieved after a number of simplifying
model assumptions with the consequence that three new empirical parameters have to
be introduced:
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de-0_(0,0.6)=—(c,Ptc,B-c,t). (103)

><|m

By means of equation (2.34), the macro length scale [ can now be calculated. The
eddy diffusivity for " in equation (2.46) is modelled as:

<

v, = — (104)

£

Q

with 0, = 1.08 (see equation (3.18) and Burchard et al. [1998]).

The values ¢, = 1.44 and c,, = 1.92 are adopted from Rodi [1980]. It should be noted

that the buoyancy production related parameter c¢,; in the { equation used here
deviates from the standard literature (see e.g. Rodi [1987]) where this value is non-
negative. The demand for a negative ¢,; has recently been shown by Burchard and
Baumert [1995] and Burchard et al. [1998], but the actual value is sensitive to the
stability function chosen. Burchard et al. [1998] calibrated ¢,; by means of a numerical
experiment similar to the KatoPhillips experiment (see section 6.1.2). When using the
Galperin et al. [1988] stability functions, c,; = - 0.4 gave the best agreement between
theoretically derived and simulated entrainment velocity.

A negative value for c¢,; provides a source for dissipation in the case of stable
stratification. This has a similar effect than the lower limit for ¢ , equation (2.72), which
is included into the model in order to parameterize the effect of transformation of
turbulent eddies into internal waves. For unstable stratification, the classical value

¢,5 = 1.0 is used here.

By combining (2.34) and (2.45), a Dirichlet boundary condition for ¢ can be derived,
(105)

By differentiating (2.48) with respect to Z and considering (2.41) and (2.42), an
equivalent flux boundary condition for ¢ can be achieved ? :

o k3/2
—Lg.e=- R
R U e s (106)

where Z is again the distance from bottom or surface, respectively. The reasons for
considering a flux condition for ¢ are the numerical problems caused by high
gradients near the boundaries (see Stelling [1995], Burchard and Petersen [1999]).
The different numerical performance of ¢ boundary conditions (2.48) and (2.49) in
boundary layer flow will be discussed in section 3.5.

26.2.1.2 The kL equation

278

Even more than the ¢ equation (2.46), the kL equation which has been designed by
Mellor and Yamada [1982] is a result of many empirical considerations. After adapting
the notations to those used here in this report, the kL equation reads as:
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0 0 L il
0, (kL)-0_(v,0. (kL)) = LOc, P+ c,;B- 01+ E, =10
0

z

0
el (107)

0
0
il

The empirical parameters in this equations are ¢, = ¢;;= 09 and E,=1.33. In

- -

(2.50), a wall proximity function with a barotropic length scale L_ has to be prescribed

in order to guarantee the loglaw near boundaries, see sections 3.2.1 and 3.2.2 and
Mellor and Yamada [1982]. Two possible profiles which are both included in GOTM
have been tested by Burchard et al. [1998], a parabola shaped one:

(db+zg)(ds+zg)

Lz:k(a’b+zg)+(ds+zg)) (108)
and a triangle shaped one:

L. = kmin(d,+ z).ds+ z)). (109)
Here, d, is the distance from the surface and d, the distance from the bottom.
As boundary values for L , the condition (2.45) is used:

L= k(d,+z), (110)

L=k(d +z), (111)

26.2.2 Algebraic forms

Instead of solving a transport equation to obtain the turbulent mixing length, it is
possible to calculate it from a simple geometric or a more complex diagnostic
expression.

26.2.2.1 Simple geometric forms

Geometric expressions are designed in a way that they fulfill the logarithmic law of the
wall (2.45) near boundaries. Two simple expressions that satisfy this requirement in
the presence of surface and bottom boundaries are the parabolic

L=k (d”+zg)(d‘+23) (112)
(db+ z§)+ (ds+ zg)

and the triangle profile

L= kmin(d,+ z).d + z)), (113)

where d, and d, are the distances to bottom and surface, respectively, and Zé’ and

z, are the roughness lengths of bottom and surface boundaries, respectively (see

(2.1) and (2.2)). Other expressions take into account that the position of the maximum
in mixing length may not lay in the middle of the water column, as observed to occur in
tidal flows. This anisotropy in the profile is obtained by changing the functional form of
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surface or bottom mixing length, as suggested by Robert and Ouellet [1987] (note that
this function is a distorted parabola)

D d |]1/2
L=kld +z0|ql- =2 114
( ", ZO)H DH (114)
or Xing and Davies [1995]
L= k(d,+zy) e, (115)

where [ is a tuning parameter. For (2.57) and (2.58), the logarithmic law of the wall

(2.45) is not any more fulfilled for the surface. This is in order to take into account free
surface effects like breaking waves. Other authors suggest that the turbulent mixing
length should depend on local characteristics of the turbulent flow like TKE. The most
widespread of these methods is that of Blackadar [1962]

-1

[ R
k(d,+z) L

o

(116)

I — - -

[ — —

with L, given by the expression:

( kV?zdz
L=y [ h7 == (117)

0 )
JZ Kz
-H

where ), is a constant in the range from 0.1 to 0.4. In the presence of two boundaries,

the Blackadar mixing length can be written in a form that automatically gives an
approximation to a linear profile of [ near walls:

1

1

L=U— 4 L
kld+z) L

(118)

I — - -
I — - —

with L, from (2.59).

For stratified flow, the mixing length is also affected by stratification. A way of including
stratification into these simple geometric expressions for the mixing length is
multiplying it by a stratification correction factor,

L - LF. (119)

s

Some proposed forms for this factor are based on measurements of the atmospheric
boundary layer, Geernaert [1990]:

I-a0 R, for R, =0

Fe
Tog(1- /BR) selse (120)
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with R, = Nz/M2 , the gradient Richardson number and the parameters 0 (which
can range from 5to 10)and f = 15.

Nihoul and Djenidi [1987] have suggested

Fo=1-R, (121)

with the flux Richardson number R, = - B/ P. Stability functions (introduced in section

(2.2.3)) have a similar effect as this correction factor: they increase mixing for unstable
stratification and decrease it for stable stratification. This makes it difficult to calibrate a
model that uses a stratification-depending functional form of both. Moreover, a
calibration of the model with a given mixing length corrected by a stratification factor
may no longer be valid if stability functions are changed.

26.2.2.2 Complex forms
A more complex diagnostic mixing length is the one proposed by Therry and
Lacarr'ere [1983] and adapted for GOTM from Blanke and Delecleuse [1993]. Two
characteristic lengths, one for dissipation, L, , and another for mixing, L, , are defined

as combinations of two master length scales L,and L, obtained in each point as the

upward or downward distance that a fluid particle placed at that point must travel to
convert TKE in potential energy:

[ (e(2)- bl ) dt) = k()

z

fz-Ld(z)(b(f)'b(Z))df = k(z). (122)

L, and L, are then calculated as
(123)

The expressions for L, and L, are designed such that they take into account the fact

that a strongly stratified region affects diffusion as a wall does, while dissipative
phenomena, even near a wall, are affected by the maximum vertical scale of
convective motions. Deviating from the usual structure of GOTM, in this model, the
dissipation rate (2.34) and the eddy viscosity (2.31) and diffusivity (2.32) are calculated
with different length scales:

L,  for insertion into (2.31),

™

S
3
.
- L, for insertion into (2.32), (124)
[
C

™

‘— L, forinsertion into (2.34),

(&)

{
[
[
d
L=t
{
[
[
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where ¢, = 0.7 and ¢, = 0.1 are constants (see Gaspar et al. [1990]).

In the algebraic mixing length parameterization used in the ISPRAMIX ocean
circulation model (see Eifler and Schrimpf [1992] and Demirov et al. [1998]), three
different regions are distinguished:
the top and the bottom mixed layers and a stably stratified interior layer. After
calculating the height h, of each mixed layer (obtained as the first point from

the boundary with k< k. = 10°Wkg ") ,the macro length scale L in both
mixed layers is obtained from a Blackadar [1962] type formula:
_ kz e
L= —kg(l_ R, )
1+
c,Uh

(125)

m

where Z is the distance from the interface (surface or bottom). Equation (2.68)
predicts an approximation to a linear behaviour of [ near boundaries (see eq. (2.45))
and a value proportional to the thickness of the mixed layer far from the interface,

L= c,h,, where

m

¢, = 0.065 is estimated from experimental data as discussed in Eifler and Schrimpf

[1992]. The factor (1- R, ], with the flux Richardson number R, = = B/P accounts

for the effect of stratification on the length scale. The parameter e is here a tuning
parameter (pers. comm. Walter Eifler, JRC, Ispra, Italy) which is usually setto e = 1.
However, during the simulations of the KatoPhillips experiment, we found that a higher
value was necessary in order to predict the expected mixed layer depth evolution (see
section 6.1.2).

Below the top mixed layer and above the bottom friction layer, a suggestion of
Zilitinkevich and Mironov [1992] is applied to calculate the length scale in the interface
L i between the thermocline and the mixed layer. This formula parameterizes the
penetration of the mixed layer into the stably stratified thermocline by turbulence
diffusion:

1/2
L= c,.k—. (126)
N

The constant ¢; is determined for every specific case (and for both boundary layers)

by making use of the requirement that the length scale in the mixed layer L,, and near

the thermocline must match at z = 4,,. Therefore, we have a matching condition ¢; to
determine c i for each boundary layer:

L NT
., (2

c—ﬁ

In the core region of the thermocline, a constant value of [ typical for stratified
conditions is imposed, where (2.70) would yield too small values. In GOTM, we use

L=0.0lm. Care has been taken that the model behaves well in every possible
situation. Thus, if the two boundary layers overlap, we suppose there is no stably
stratified region, only two boundary layers, with [ calculated from (2.68). The same is
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supposed if only one mixed layer is detected. This way, we guarantee that the length
scale satisfies the linear profile near both boundaries.

26.2.3 Length scale limitation

In order to include the limiting effect of stable stratification, Galperin et al. [1988] found
it necessary to introduce an upper limit for the macro length scale L in stably stratified
flows,

0.56k
<

L*< e for N*> 0. (128)

Applied to the ¢ equation, this corresponds to a lower limit for the dissipation rate ¢ ,
which can be calculated by means of using (2.45) as

£22 0.045k*N*>  for N*> 0. (129)

In section 6.1.2, the effect of these limitations for a simple mixing experiment is shown.

26.3 STABILITY FUNCTIONS

In the literature many different sets of stability functions ¢, and c; are found (see

equations 2.31 and 2.32). They have the function to increase mixing for instable and
decrease mixing for stable stratification.

2.2.3.1 Simple stability functions

The simplest set of stability function considers the stability function for momentum, ¢, ,

as a constant. The stability function for tracers, c; , is related to ¢, via the Prandtl

number P :
¢ = cf = const (see (2.34)) (130)
C_ ¢y
¢35 (131)

For the very simple case, the Prandtl number is a constant of the order of unity.

A gradient Richardson number depending approach had been suggested by Munk and
Anderson [1948]:

oo (1t 3.33R) "

" (w10R)”
B, for R <0

[

forR; 2 0,

0

{
L= 1 (132)
with the constant Prandtl number for neutral stratification, P’.

In the ISPRAMIX ocean model (see section 2.2.2.2.1), another approach is used for
considering stability effects on vertical mixing. The stability functions in this model are
of the form:
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1]

const = 0.5, (133)

C;J . Cuf(Rf) =G %(I_Rf

r

)1/2- (134)

The neutral Prandtl number used there is P’ = 0.7143. The function f(Rf) is
assumed to lay between the values 0.18 (corresponding to a supercritically stratified
situation) and 2.0 (preventing it from growing too much under unstable conditions).

A formulation for (1' Rf) can be derived from the definition of the flux Richardson
number

Q.

R.=

;7R (135)

A
CU

and (2.77) (see Beckers [1995]):

(1- &) = E(iéf”)l/z 'Rig (136)
with
IE,-:%SR,- (137)

where R, is the gradient Richardson number.

26.3.1 Mellor and Yamada [1974]

284

Mellor and Yamada [1974] derived stability functions from prognostic equations for
Reynolds stresses and heat fluxes under the assumption of a local equilibrium of
stresses and heat fluxes.

They obtained the following system of equations for ¢, and c; which is for simplicity
here given with coefficients readily calculated from the empirical parameters used:

2.0424¢ ,, ¢, + (It 1529581 ) ¢, = 1.0465

H

(1+ 253920, + 3.06360 ) ¢, + 8.1142¢ , ¢, = 0.9888.

H

(138)

with the nondimensional shear
0, = —M>. (139)
and the nondimensional buoyancy parameter
L2

0, = ?NZ. (140)
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With the constraints
0y 2-0.064 (141)
and

0, <1.65+250 , (142)

the solutions for ¢, and c'ﬂ are unique and positive (see figure 2.2). If one of the

constraints (2.84) or (2.85) is violated, 0 ,, or @ , will be set to the threshold value and
as such inserted into (2.81).

This might lead to numerical instabilities for unstable stratification.

26.3.2 Galperin et al. [1988]

For the local equilibrium P+ B= ¢, the following relation between nondimensional
parameters can be directly obtained:

e, 0 -,z (0]t (143)

If this is inserted into the exact form of (2.81), then the so called quasiequilibrium
stability functions are obtained, which only depend on the nondimensional buoyancy

parameter 0 ,, :

¢+ 2.1820
c, - . (144)
1+20.400 , + 53.120 2

and

oo 0.6985 "
Yo1+17340 (145)

Also here, we display the equations with the empirical parameters already inserted.
These stability functions are commonly referred to as the Galperin et al. [1988] the
stability functions.

[FIND Figure]
Figure 23. Stability functions (left) and (right) according to Mellor and Yamada [1974].

The constraint for 0 5, given by Galperin et al. [1988] is:
oy >0, =-0.0466. (146)

In the case of convection, much smaller values of @ , may occur. In order to

guarantee a smooth transition into this convective regime, @  is here limited by

oy - max[gNN,aNN-(aNN-ac)z/(aNN+amm-2(16)} (147)
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with §,= [’N?/k* (see equation (2.83)) and 0, > 0 ., min (see Burchard and
Petersen [1999]). For free convection simulations, it was sufficient to use 0 , = -0.02 .
An upper limit for @  is given by 0 . = 0.56 (see Galperin et al. [1988]). The stability

functions ¢, and cL are shown in figure 2.3 for different values of 0 .

26.4 SHEAR INSTABILITY AND IW PARAMETERIZATION

A major weakness of local turbulence models is that they do not take into account the
increasing effect of mixing that shear instability and internal wave activity induce in the
presence of stable stratification. Some simple methods to model this effect in the
framework of a secondmoment closure model have been introduced in GOTM.

26.4.1 Limitation of turbulent magnitudes

The first obvious way of taking into account stable stratification effects is to impose a
limitation on turbulent magnitudes by prescribing an upper limit of the turbulent length
scale (or equivalently, a lower limit of the dissipation rate ¢ ). The conditions (2.71),
suggested by Galperin et al. [1988]

Figure 24. Quasiequilibrium stability functions Error! Objects cannot be created from
editing field codes. and Error! Objects cannot be created from editing field
codes. according to Galperin et al. [1988], but smoothed for unstable
stratification. Curves for different critical stratifications are shown (see also eq.
(2.90)).

Error! Objects cannot be created from editing field codes.
unsmoothed (d). This figure has been taken from Burchard and Petersen
[1999].

and Luyten et. al. [1996a], are optionally used in GOTM. Luyten et al. [1996b] found,
that this limitation only has a noticeable effect on results, if a lower limit for the
turbulent kinetic energy is set. The oceanic observations by Gregg [1987] suggest that
it is reasonable to assume that turbulent kinetic energy tends to a constant limiting
value under stably stratified conditions. The actual value of this constant is obtained by
comparing measurements and model predictions, and can act as a tuning parameter
of the model as illustrated by Burchard et al. [1998].

26.4.2 Mellor [1989]

286

Mellor [1989] suggests to introduce internal wave mixing as an extra term in the
turbulence equations, instead of imposing a limiting condition. The basic idea of the
model is that internal waves induce an additional shear that is added to the mean flow
shear. As internal wave energy is known to depend on, the internal wave shear is

modelled as a term 0 N,, which is added to the shear terms (2.35) in both turbulent
transport equations. Instead of (2.35), for stable stratification

P=v,[M*+a N? (148)

is used.

After estimating the difference between observed shear profiles and modelled ones, a
value of ¢ = 0.7 is suggested.
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27 PARAMETERS IN EIA 3D MODEL

27.1 EXPLANATORY ABBREVIATIONS (IN RUN CONTROL FILE)

HS:
HZ:
HSO:
uv:
Z:
ICET:
ICEZ:
ZL:
TUR:
KINE:
EPS:

TD WAVES/C/:

u:

V:
W:
UA:
VA:
DIR:
SPE:
FLX:
FLY:
FLZ:

Depth at velocity point
Depth at water level point

Bottom level at water level point

Water velocity component at East and North direction

The initial water level elevation
index

index

Layer elevation

Turbulence

Kinetic Energy

Dissipation rate or Kinetic energy
Wave energy

East direction velocity component
North direction velocity component
Upward velocity

East direction velocity average
North direction velocity average
Flow direction

Flow speed

East direction flux

North direction flux

Upward flux

27.2 Ourtpur seLEcTION sYMBOLS (IN GUI AND GRAPHICS FILES)

TEMP Temperature (C )

SALI Salinity (mg/l)

XXXX Other concentration or density variables named XXXX

SURF Water surface displacement from equilibrium or flooding water
depth in a concentration point (cm)

ZLEV Isopycnal layer interface elevation (cm) (at concentration grid
point)

ZPRE Isopycnal layer interface pressure ( ) (at concentration grid point)

DEPS Depth at flow velocity grid point (cm)
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DEPZ
ELES
ELEZ
XVEL
YVEL
XVEA
YVEA
VELL

VELA
SPED
DIRE

DIRA

DIRE
SMAG
ZVIS
ZKIN
ZEPS
FETC
FETS
WHEI
OBVE
OBST
OPER
VEGC
ICES
ICEZ
ICET
DIKE

Depth at concentration grid point (cm)

Water surface elevation at flow velocity grid point (m)

Water surface elevation at concentration grid point (m)

Layer flow component towards grid east (cm/s)

Layer flow component towards grid north (cm/s)

Total depth averaged flow component towards grid east (cm/s)
Total depth averaged flow component towards grid north (cm/s)
Layer flow velocity (cm/s) (=SPED)

Total depth average flow velocity (cm/s)

Layer flow speed (cm/s)

Layer flow direction (degrees clockwise from grid north)

Total depth average flow direction (degrees clockwise from grid
north)

Layer flow direction (degrees clockwise from grid north)
Calculated horizontal viscosity (Smagorinsky) (cm2/s)
Vertical viscosity (cm2/s)

Turbulent vertical kinetic energy (cm2/s2)

Dissipation of turbulent vertical kinetic energy (cm2/s3)
Fetch (m)

Fetch (wind stress) ratio (fetch/maximum fetch)

Wave height (cm)

Orbital bottom velocity (cm/s)

Wave generated bottom stress (cm/s)

Wave period (1/s)

Vegetation coverage (%)

Ice coverage (%)

Ice thickness (cm)

Ice temperature (C)

Dike on/off

27.3 PARAMETERS USED IN THE FIELD DRAWING

GRID
WQGRID
F_GRELEV
F_MAXH
F_AVH

F LU
F_MAXT

www.eia.fi/wup-fin

Model Grid

Water Quality Grid
Ground Elevation
Maximum Depth
Average Depth
Land Used Class
Peak Flood Time
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F_DURT
F_ARRT
F_DRYT
F_SPSAV
F_SPMAV
F_SPBAV
F_SPVAV
F_CSA_SEDI
F_CMA_SEDI
F_CBA_SEDI
F_CVA_SEDI
F_CVMAX_SEDI
F_CVMIN_SEDI
F_BOTSEDI
F_BOTAVSEDI
F_CSA_OXYG
F_CMA_ OXYG
F_CBA_OXYG
F_CVA_OXYG

F_CVMAX_ OXYG

F_CVMIN_ OXYG

etc.

Flood Duration Time

Flood Arrival Time

Flood Drying Time

Speed Surface Average
Speed Middle Average
Speed Bottom Average
Speed Vertical Average
Sediment Surface Average
Sediment Middle Average
Sediment Bottom Average
Sediment Vertical Average
Sediment Maximum Value
Sediment Minimum Value
Net Sedimentation at the End
Average Net Sedimentation at End
Oxygen Surface Average
Oxygen Middle Average
Oxygen Bottom Average
Oxygen Vertical Average
Oxygen Maximum Value

Oxygen Minimum Value
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28 SHORT DESCRIPTION OF GRID GENERATION ALGORITHM

The grid generation starts from the digital depth point and line data. The grid area is
defined as well as final resolution. The depth grid is first calculated to much dense grid,
typically there is 5x5 small depth cells in one final grid cell. It is possible to get more
accurate final grid this way. First, given depths are set to the dense grid.

The basic idea is the inverse distance weight of nearest depth points. The distance
from the nearest depth point is calculated by stepping one cell away. Stepping stops, if
stepping from other depth point will be encountered or depth contour line will be
encountered. The advantage of the stepping method is that points do not affect over
other points, but affect also in the complex canals (Figure 25).

Figure 25. Depth point B affect to the point x, but point A not. B also affect to the point y,
but C not.

Similar stepping is calculated from depth lines. If distance from two different depth
lines is much smaller (given constant) than any depth points, the depth are calculated
linearly from these, otherwise, depth points are also used. Depth lines are not used, if
the nearest points are depth points.

First new depths are calculated to the areas, where only depth lines affect. Then, loop
starts from the longest distance from all depth points. The inverse distance weighted
depth is set, if three or more steppings encountered at the point or point is next to the
depth line or depth is set at the earlier round.

This algorithm leaves empty parallelogram shaped areas. The depth at the center of
parallelogram is calculated from its' border values. The parallelogram is filled linearly
from the central depth and nearest border value. The advantage, compared to the
triangular method, is that the saddle like depth distribution is allowed inside the
parallelogram.

Final grid is calculated by combining cells. If more than 50% of the final cell is water,
the depth is the average of water cells and otherwise depth is zero.
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