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1.1

1.2

Introduction

Deltares has developed a unique, fully integrated modelling framework for a multi-disciplinary
approach and 3D computations for coastal, river, lake and estuarine areas. It can carry out
numerical modelling of flows, sediment transport, waves, water quality, morphological devel-
opments and ecology. It has been designed for experts and non-experts alike. The Delft3D
framework is composed of several modules, grouped around a mutual interface, while being
capable to interact with one another.

Delft3D can switch between the 2D vertically averaged and 3D mode simply by changing the
number of layers. This feature enables to set up and investigate the model behaviour in 2D
mode before going into full 3D simulations.

Areas of application
Delft3D can be applied, but is not limited, to the following areas of applications:

¢ flows due to tide, wind, density gradients and wave induced currents;

<& propagation of directionally spreaded short waves over uneven bathymetries, including
wave-current interaction;

advection and dispersion of effluents;

online morphodynamic computations (local scour, short time and length scales);
sediment transport of cohesive and non-cohesive sediment;

water quality phenomena including ecological modelling, the prediction of heavy metal
concentrations, interaction with organic and inorganic suspended sediment, interaction
between the water and bottom phase (such as sediment oxygen demand), algae blooms;
particle tracking, including oil spill and dredging plume modelling;

initial and/or dynamic (time varying) 2D-morphological changes, including the effects of
waves on sediment stirring and bed-load transport.

C OO0
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Delft3D framework overview

Delft3D is composed of a number of modules (see Figure 1.1), each addressing a specific
domain of interest, such as flow, near-field and far-field water quality, wave generation and
propagation, morphology and sediment transport, together with pre-processing and post-
processing modules. All modules are dynamically interfaced to exchange data and results
where process formulations require. In the following chapters these modules are described in
more detail.

Overall Menu
Flow/Mor Wave Water Quality Ecology Particles/Qil
Tools

Figure 1.1: System architecture of Delft3D

All features are embedded in Graphical User Interface suitable for Linux or the MS Windows.
An application (model) can be completely defined, inspected and analysed through a menu-
driven, user-friendly, graphical interface.
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1.3

Introduction

The basic processes covered by each of the modules are:

Delft3D-FLOW and MOR 2D and 3D hydrodynamic, salinity, temperature, transport and online
sediment transport and morphology

Delft3D-WAVE short wave propagation (using SWAN)

D-Water Quality general water quality

Delft3D-SED cohesive and non-cohesive sediment transport

Delft3D-ECO complex eutrophication and ecological modelling

D-WAQ PART particle tracking, oil spill modelling

Utilities
The following utility programs are available for pre-processing and post-processing:

RGFGRID: for generating orthogonal curvilinear grids, in Cartesian or spherical co-ordinates

QUICKIN: for preparing and manipulating grid oriented data, such as bathymetry, initial condi-
tions for water levels, salinity, constituents and other parameters

Delft3D-TRIANA: for performing off-line tidal analysis of time-series generated by Delft3D-
FLOW

Delft3D-TIDE: for performing tidal analysis on time series of measured water levels or veloci-
ties

Delft3D-QUICKPLOT: for visualisation and animation of simulation results

GISVIEW: ArcGIS extension to export GIS-coverages to Delft3D format and to read, visualise
and process results from Delft3D (ArcGIS is not included)

Delft3D-MATLAB: user interface and Matlab functions to read Delft3D files and to visualise or
process results in Matlab environment (Matlab is not included)

D-WAQ DIDO: interactive grid aggregation editor for coupling FLOW with WAQ models
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2.1

Hydrodynamic module

The hydrodynamic module, Delft3D-FLOW, is a multi-dimensional hydrodynamic simulation
program that calculates non-steady flow and transport phenomena resulting from tidal and
meteorological forcing on a curvilinear, boundary-fitted grid. In 3D simulations, the hydrody-
namic module applies the so-called sigma co-ordinate transformation in the vertical, which
results in a smooth representation of the bottom topography. It also results in a high comput-
ing efficiency because of the constant number of vertical layers over the whole computational
domain.

Module description

The hydrodynamic module is based on the full Navier-Stokes equations with the shallow water
approximation applied. The equations are solved with a highly accurate unconditionally stable
solution procedure. The supported features are:

¢ two co-ordinate systems, i.e. Cartesian and spherical, in the horizontal directions

< two grid systems in the vertical direction; the boundary fitted sigma grid and the horizontal

layer Z-grid

domain decomposition both in the horizontal and vertical direction

tide generating forces (only in combination with spherical grids);

simulation of drying and flooding of inter-tidal flats (moving boundaries);

density gradients due to a non-uniform temperature and salinity concentration distribution

(density driven flows);

for 2D horizontal large eddy simulations the horizontal exchange coefficients due to circu-

lations on a sub-grid scale (Smagorinsky concept);

< turbulence model to account for the vertical turbulent viscosity and diffusivity based on the

eddy viscosity concept;

selection from four turbulence closure models: k-¢, k-L, algebraic and constant coefficient;

shear stresses exerted by the turbulent flow on the bottom based on a Chézy, Manning or

White-Colebrook formulation;

enhancement of the bottom stresses due to waves;

automatic conversion of the 2D bottom-stress coefficient into a 3D coefficient;

wind stresses on the water surface modelled by a quadratic friction law;

space varying wind and barometric pressure (specified on the flow grid or on a coarser

meteo grid), including the hydrostatic pressure correction at open boundaries (optional);

simulation of the thermal discharge, effluent discharge and the intake of cooling water at

any location and any depth in the computational field (advection-diffusion module);

the effect of the heat flux through the free surface;

online analysis of model parameters in terms of Fourier amplitudes and phases enabling

the generation of co-tidal maps;

drogue tracks;

advection-diffusion of substances with a first order decay rate;

online simulation of the transport of sediment (silt or sand) including formulations for ero-

sion and deposition and feedback to the flow by the baroclinic pressure term, the turbu-

lence closure model and the bed changes;

¢ the influence of spiral motion in the flow (i.e. in river bends). This phenomenon is espe-
cially important when sedimentation and erosion studies are performed;

< modelling of obstacles like 2D spillways, weirs, 3D gates, porous plates and floating struc-
tures;

<& wave-current interaction, taking into account the distribution over the vertical;

< many options for boundary conditions, such as water level, velocity, discharge and weakly
reflective conditions;

¢ several options to define boundary conditions, such as time series, harmonic and astro-

o 0 < C OO0
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Hydrodynamic module

nomical constituents;
<& option for linear decay of conservative substances
¢ online visualisation of model parameters enabling the production of animations.

2.2 Applications areas
Delft3D-FLOW can be applied to the following application areas:

salt intrusion in estuaries;

fresh water river discharges in bays;

thermal stratification in lakes and seas;

cooling water intakes and waste water outlets;

sediment transport including feedback on the flow;
transport of dissolved material and pollutants;
short-term sediment transport including feedback on the flow;
storm surges, combined effect of tide and wind/typhoon;
river flows, meandering and braided rivers;

floodplains, with or without vegetation;

reservoir siltation and degradation below dams;

bottom vanes, spurs, groynes, bridges, weirs and levees.

CO O OOV OOOOO0

2.3 Coupling with other modules

The results of the hydrodynamic module are used in all other modules of Delft3D. The results
are dynamically exchanged between the modules through the use of a so-called commu-
nication file. Basic (conservative) water quality parameters like concentrations of dissolved
material and pollutants, can be included in the computations. But, for more dedicated wa-
ter quality simulations, the hydrodynamic module is coupled with the far-field water quality
module (D-Water Quality) , the nutrient phytoplankton module (Delft3D-ECO) and the near-
field particle tracking module (D-WAQ PART). A coupling with the sediment transport module
(Delft3D-SED) is available to simulate cohesive and non-cohesive sediment transport pro-
cesses, e.g. in the case of erosion and sedimentation studies. For wave-current interaction a
dynamic coupling is provided with the wave module (Delft3D-WAVE) and for morphodynamic
simulations the hydrodynamic module is integrated with the wave module and a sedimentation
and erosion module into a morphodynamic module.

To simulate a model defined on a curvilinear grid system, an orthogonal grid must be provided.
To generate such a grid the program RGFGRID is provided, though the grid can be generated
by any grid generator program as long as the grid is delivered in the prescribed (ASCII) file
format. The generation of a curvilinear grid is an important and somewhat complex task.
Along with the main model parameters, the grid will ultimately determine the accuracy of the
final model results.

To prepare the bottom topography or other grid-related data, such as a non-constant initial
condition file, the program QUICKIN is provided. This program interpolates the scattered,
digitised chart data to depth-values at the grid points in the model. Many powerful interactive
processing options to further adjust the topography are supported, e.g. manual adjustment
of the values at individual points, selection of the domain of influence, group adjustments,
and smoothing. The output of this program (ASCII-file) can be imported into other Delft3D
modules.

Analysis and interpretation of a hydrodynamic simulation in terms of tidal quantities can be

performed by the program Delft3D-TRIANA. Delft3D-TRIANA performs off-line tidal analyses
of time-series of either water levels and/or velocities. The results from these analyses can be
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Hydrodynamic module

subsequently compared with observation data supplied by you.

In case the open boundaries of a (detailed) Delft3D-FLOW model are located within the model
domain of a coarser Delft3D-FLOW model, the coarse model can generate the boundary
conditions of the detailed, nested model. The offline generation of boundary conditions is
done by Delft3D-NESTHD.
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3 Pre-processing and post-processing

3.1

3.11

In this chapter several pre-processing and post-processing programs available in Delft3D are
described in some details. These programs concern visualisation, grid generation, manipula-
tion of grid related data and data analysis and manipulation.

Visualisation

QUICKPLOT

The post-processing program Delft3D-QUICKPLOT allows you to easily plot and animate data
from most output files and some input files of Delft3D and several other software packages of
WL | Delft Hydraulics (such as SOBEK and PHAROS). Furthermore, it supports some simple
ASCII formats such that you can combine model output and measurement data in one plot,
and it is possible to load bitmap data as a backdrop for your 1D or 2D plots.

Typical plots created using Delft3D-QUICKPLOT are 2DH or 2DV plots and time-series plots,
although it also has basic support for 3D plots. Scalar results may be presented using con-
tour lines, contour patches, grid cell based patches, interpolated continuous shades, coloured
marker or value fields. Vector results may be presented as vectors, coloured vectors or nor-
malised vectors or as scalar quantities by selecting a single component (e.g. x-component,
y-component, magnitude, direction) of the vector.

Data sets can be linked to animate single or multiple data sets in a figure. Animation frames
can be stored in various bitmap formats. Data sets can be exported to various in-house or 3rd
party formats.

Delft3D-QUICKPLOT is a standalone program based on technology of The MathWorks Inc.
It can be seamlessly integrated with the MATLAB environment via the Delft3D-MATLAB inter-
face.

Figure 3.1: Example QUICKPLOT figure: 3D view of bed level
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Pre-processing and post-processing

depth averaged velocity (m/s)
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Figure 3.2: Example QUICKPLOT figure: Depth-averaged velocity vectors and drying
and flooding

3.2 Grid generation

RGFGRID is a program to generate orthogonal, curvilinear grids of variable grid size, that are
to be used in combination with each of the modules of the Delft3D suite. The grid-generator
includes a graphical interface and an orthogonalisation module, providing easy control of the
grid generation process.

RGFGRID supports the following features:

graphical user interface;

generation of grids in Cartesian or Spherical co-ordinate systems

display of grid features as orthogonality, smoothness, aspect ration etc.;

several user-functions have been implemented to provide easy control over the grid shape;
keyboard and mouse driven events are supported;

iterative way of working, each cycle providing more definition in the grid shape.
generation of multi-domain interfaces.

GO OO OO0
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3.3

3.4

3.5

Pre-processing and post-processing

Grid data manipulation

To create, visualise and modify grid based data, such as bathymetries, and other grid related
data the program QUICKIN is provided. QUICKIN is used in combination with the modules of
Delft3D.

QUICKIN supports the following features:

graphical user interface;

several interpolation options (averaging, triangulation, diffusion);

suitable for different ratios of grid-density versus sample-density;

various display possibilities: isolines, dots, perspective, etc.;

implementation of various user-functions to provide easy control over the final bathymetry;
sample data from different sources can be interpolated in sequence, thus, starting with
the best quality data available, an optimal bathymetry can be created.

<& Definition of dredge and dump sites with their characterristics.

<
<
<
<
<
<

Grid aggregation

The program DIDO enables you to span coarser, irregularly shaped, grid segments for water
quality modelling, starting from the fine grid of e.g. the grid used by the hydrodynamic model.
For ecological modelling with large numbers of state variables, a coarser schematisation, fol-
lowing ecological and transport separation lines rather than grid lines, is often preferable. The
fine grid of the hydrodynamic model serves as input, integer multiples of the input grid are
used for the description of the coarse grid. The procedure is fully mass-conserving. Aggrega-
tion is only supported in a plane surface.

DIDO provides the following features:

zoom in locally;

separate a working area from the remainder of the schematisation;

aggregate regularly (e.g. every 2 segments in the one and 3 in the other direction);
aggregate irregularly (by rubber band lines comparable to the bulls hide);

fine tune by point and click on single elements;

select a subset of the hydrodynamic area for water quality modelling;

display information of a selected segment;

save intermediate results on the fly;

resume unfinished work from saved files;

save the final result for water quality simulation.

CO OO0 OCO0

The final result of DIDO will be used as input to the coupling program between the hydro-
dynamic module Delft3D-FLOW and the water quality module D-Water Quality enabling the
latter to run on a coarser grid using the fine grid hydrodynamic database. Water quality simu-
lations are converted back to the fine grid in post-processing software. This gives spatial plots
with the fine resolution (although aggregated areas will still show equal concentration values).

Tidal analysis and comparison with observations

Analysis and interpretation of a hydrodynamic simulation in terms of tidal amplitudes and
phases can be performed by the program Delft3D-TRIANA. Delft3D-TRIANA performs of-
fline tidal analyses on time-series of either water levels and/or velocities. Moreover, Delft3D-
TRIANA compares the results from these analyses with observation data supplied by you.
Amplitude ratios and phase differences as well as objective statistics are determined.
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3.6

3.7

Pre-processing and post-processing

Tidal analysis and prediction

The program Delft3D-TIDE is used for the analysis of tidal recordings and the preparation of
tidal predictions.

The main module TIDE/ANALYSIS performs tidal analysis on time-series of water levels or
currents. A variety of features is included, such as:

<& the coupling of closely positioned astronomical components;

¢ the simultaneous analysis of successive records of different instruments;

¢ the discrimination of sub-series to account for gaps in measurement recordings;
< the appreciation of linear trends and an accuracy analysis.

In a tidal analysis of a time-series of one year with a 10 minutes interval, 100 or more tidal
constituents can be prescribed simultaneously. The constituents are selected from the internal
database that contains 234 constituents that may be important at locations world-wide.

The module TIDE/FOURIER performs Fourier-analyses on any type of time-series. This fea-
ture can be used to investigate the series of residual levels or velocities which has been
identified during the tidal analysis on remaining tidal components.

Using a set of tidal constants, such as computed in the analysis module, the TIDE/PREDICT
module predicts water levels or tidal currents as a function of time.

The module TIDE/HILOW may provide the production of tide tables with the dates, times and
heights of the High and Low Waters. Using a word-processor or desktop publishing software
package, the basic tide tables can be processed further and combined with other relevant
information like tidal stream data.

Whereas in the regular analysis part of the package you pre-define the constituents that will be
considered, the program also features an option (TIDE/ASCON) to compute the astronomic
arguments and node amplitude factors for all 234 internally defined constituents.

The package is accompanied with a comprehensive User Manual, exemplifying the use of the
program and its scientific backgrounds. A number of examples is added in the form of input
and data files.

Nesting of Delft3D-FLOW models

At the open boundaries of a Delft3D-FLOW model, boundary conditions are required for the
vertical and/or horizontal tide and the substances if applicable. In case these open boundaries
are located within a (coarser) overall Delft3D-FLOW model, then the overall model can be
used to generate the boundary conditions for the detailed model. In this case we say the
detailed model is nested within the overall model.

The procedure to generate nested boundary conditions consists of 3 steps:

1 Using the program Delft3D-NESTHD 1 a list of monitoring stations in the overall model,
needed for the interpolation, will be generated. In addition to this, the program generates
the nest administration, i.e. the link between the boundary support points in the detailed
(or nested) model and the monitoring stations in the overall model.

2 Run the overall model with the list of monitoring stations generated by Delft3D-NESTHD
1.

3 The actual boundary conditions for the nested model are generated by Delft3D-NESTHD
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3.8

3.9

3.9.1

Pre-processing and post-processing

2 using the history file of the overall model and the nest administration.

Nesting of D-Water Quality models

The transfer of data from an encompassing or ’overall’ numerical model to an embedded
or 'nested’ numerical model is called nesting. In general the overall model has a coarse
resolution of grid cells, whereas the nested model has a higher resolution. At the boundary
locations of the nested model the results from the overall model are required as boundary
conditions for the nested model. The boundary conditions can be water levels, currents,
fluxes or discharges in case of hydrodynamic models, and water quality parameters in case
of water quality models.

The procedure of nesting through concentrations between D-Water Quality (or D-WAQ PART)
models is performed by the system D-WAQ NESTWAQ. In this procedure two steps can be
distinguished which are handled by separate subsystems:

1 D-WAQ NESTWAQ 1, for the determination of nest segments and nest weights in the overall
model. The concentrations at these segments are used by the next subsystem.

2 D-WAQ NESTWAQ 2, for the generation of boundary conditions for the boundary segments
in the nested model from the results at the nest segments in the overall model.

Interfaces with other programs

It should be emphasised that even though these extensions can be quite useful as a sup-
plement to the Delft3D tools, real benefits are gained mostly if you are familiar with both the
Delft3D environment and the external environment.

Interface to GIS

While pre-processing and post-processing can be done quite adequately using the specific
tools offered by Delft3D, recently a link have been established with ArcView. The link is in-
tended as a supplement to the existing tools rather than a replacement. It adds the ability to
view and manipulate model results and model input in a different environment.

The link to ArcView implies:

¢ exporting a GIS line coverage as land boundary outline and depth data as contained in
Arcinfo/ArcView map layers to a format suitable for RGFGRID and QUICKIN;

¢ importing the model grid and the corresponding depth field as generated by RGFGRID
and QUICKIN, so that they can be presented in a geographical context;

< importing the grid-based model results (scalar and vector quantities) with a user interface
quite similar to that of Delft3D-QUICKPLOT in the ArcView environment for presentation
or further analysis

All data files are read directly by this ArcView extension and stored as shape files. There is
no need to convert or process the model result files.
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Pre-processing and post-processing

3.9.2 Interface to Matlab

In a similar way as with GIS it is possible to import the results produced with Delft3D directly
into Matlab. This gives the opportunity to visualise or use the results for further analysis using
the facilities offered by Matlab.

The Delft3D-MATLAB interface allows you to seamlessly integrate the simplicity of simulation
data access by Delft3D-QUICKPLOT with the flexibility of the MATLAB environment developed
by The MathWorks Inc. The combination of these two tools allows you to use the full power of
MATLAB for analysing, processing and visualising the simulation results.

depth averaged velocity (m/s)
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Figure 3.3: Example QUICKPLOT figure: Depth-averaged velocity vectors and tidal ellips
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4 Hardware configuration

Delft3D and its accompanying programs is supported on the following platforms:

¢ Windows 64-bit
¢ Linux AlmaLinux 8

Configuration item Minimal Preferred
Processor 1,5 GHz 3 GHz or more
Internal memory 2GB 4 GB or more
Free hard disk space 10 GB 100 GB or more
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Hardware configuration
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