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1 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.

1.1 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.

1.2 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.

Flow/Mor Wave Water Quality Ecology Particles/Oil

Overall Menu

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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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

1.3 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 Water quality module

2.1 General introduction

The transport of substances in surface and ground water is commonly represented by the
so-called advection-diffusion equation. The water quality module, D-Water Quality, is based
on this equation and it offers different computational methods to solve it numerically on an
arbitrary irregular shaped grid, on a grid of rectangles, triangles or curvilinear computational
elements. D-Water Quality can be applied just as easily on 0D, 1DV, 1DH, 2DV, 2DH and 3D
schematisations of a water body. D-Water Quality includes the complete natural cycles of C,
N, P, Si and O2, as well as cohesive sediments, bacteria, salinity, temperature, heavy metals
and organic micro-pollutants (see Figure 2.1).

Atmosphere

Water

Sediment

Salinity

Chloride

Temperature

Conservative 

Tracers

1 2 3 4 5

Coli Bacteria

E.Coli FColi TColi

pH

CO2 Alkalinity

Decayable 

Tracers

1 2 3 4 5

Nutrients

NO3 NH4 PO4 Si

Adsorbed PO4

Phytoplankton

C N P Si

Organic Matter 
(particulate)

C N P Si

Organic Matter 
(dissolved)

DOC DON DOP

Dissolved Oxygen Oxygen Demand

BOD COD

Inorganic Matter

IM1 IM2 IM3

Heavy Metals

As Cd HgCr Cu

Ni Pb V Zn

Organic micro-

pollutants

Atr BaP Diu Flu

HCB HCH PCB-153

Organic Matter 
(particulate)

C N P Si

Inorganic Matter

IM1 IM2 IM3

Heavy Metals

Organic micro-

pollutants

Micro-
phytobenthos

C N P Si

Grazers

C N P Si

Sediment Oxygen

Demand

Figure 2.1: General overview of substances included in D-Water Quality. Substances are
organised in functional groups indicated by a grey header, except for some
substances that form a group of their own. Major processes between sub-
stances are indicated by arrows; note that many links are omitted

To proceed one step in time (t + ∆t), D-Water Quality solves equation 2.1 (a simplified
representation of the advection-diffusion-reaction equation) for each computational cell and
for each state variable.

M t+∆t
i = M t

i +∆t×
(︃
∆M

∆t

)︃
Tr

+∆t×
(︃
∆M

∆t

)︃
P

+∆t×
(︃
∆M

∆t

)︃
S

(2.1)

The mass balance has the following components:

1 the mass at the beginning of a time step: M t
i

2 the mass at the end of a time step: M t+∆t
i

3 changes by advective and dispersive transport:
(︁
∆M
∆t

)︁
Tr

4 changes by physical, (bio)chemical or biological processes:
(︁
∆M
∆t

)︁
P
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5 changes by sources (e.g. waste loads, river discharges):
(︁
∆M
∆t

)︁
S

The basic principles of D-Water Quality are the same whether you have one state variable
and only two computational cells, or you have several tens of state variables and thousands
of computational cells. The only difference is the number of times that D-Water Quality has to
solve equation 2.1. D-Water Quality is capable of describing any combination of constituents
and is not limited with respect to the number and complexity of the water quality processes.

Water quality processes are described by linear or non-linear functions of selected state vari-
ables and model parameters. Many process formulations are available in the form of a library,
which smoothly interfaces with the water quality module. The library contains over 50 wa-
ter quality process routines covering 140 standard substances. A graphical user interface
within the WAQ module enables you to select any combination of substances and associated
water quality processes. Also, for less experienced users pre-defined sets are available to
jump-start the water quality modelling.

2.2 Module description

D-Water Quality simulates a physical system that consists of a surface or ground water body.
Strictly speaking, it models a body of a medium that is able to transport passive constituents.
In this respect, "passive" means that the influence of the concentration of the constituents on
the transport coefficients may be neglected.

The transporting medium is characterised by its spatial and time dependent content (mass) of
the modelled constituents. Some are transportable; some are non-transportable. An example
of the latter is the bottom sediment in a surface water model. The concentration of the trans-
portable constituents is computed by dividing the mass by the water volume. The mass is the
state variable and the model is mass conserving by definition.

Waste disposals are specified either as mass units per time unit or as a combination of waste
flow and concentration. They represent either point sources (urban, industrial, rivers) or dif-
fuse sources (run-off, atmospheric deposition). The case of recirculating flows, as with cooling
water studies, is also taken care of: the water that was let in, will have the same quality at the
outlet.

The hydrodynamic characteristics of the transporting medium are expressed in terms of the
volume and the flux of the transporting medium ("flow"). The combination of water volumes
and flows must be consistent, i.e. an increase of the water volume must be balanced by a
difference between inflow and outflow. D-Water Quality repeats hydrodynamic characteris-
tics to extend to simulation times beyond the available hydrodynamic simulation time. Also,
D-Water Quality can combine several hydrodynamic simulations into a single water quality
simulation. For example, a representative neap tide and a representative spring tide hydrody-
namic simulation can be combined to create a complete spring-neap cycle.

As part of Delft3D, the coupling module can derive a set of consistent hydrodynamic flows
automatically from Delft3D-FLOW, but the methods involved can be applied equally well to
third-party hydrodynamic models outside Delft3D.

In many cases, the water quality processes in the model are determined by meteorological
conditions, by other (modelled or non-modelled) constituents or by other (modelled or non-
modelled) processes. Examples are wind, water temperature, acidity (pH), primary production
and the benthic release of nutrients. These entities are referred to as "forcing functions".
Water quality process formulations are often of an empirical or semi-empirical nature and
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contain "model parameters" which are subject to tuning or calibration. Because of this, D-
Water Quality allows complete freedom in selecting the set of water quality processes and the
relevant forcing functions and model parameters may vary between individual applications. It
therefore provides flexible input facilities for constants, spatially varying parameters, functions
of time and functions of space and time.

The physical system is affected by two types of processes:

⋄ transport processes: these processes involve the movement of substances;
⋄ water quality processes: these processes involve a transformation of one or more sub-

stances.

The transport of substances in surface and ground water is commonly represented by the
so-called advection diffusion equation. Advection is determined by the velocity field and dis-
persion by the dispersion coefficient. These basic transport processes operate on all trans-
portable substances in the same way. D-Water Quality offers the possibility to model other
transport phenomena as well which may differ between individual substances. Examples are
the gravity induced settling of particles and the autonomous motion of fish. These additional
transport processes must be expressed as an extra, substance dependant velocity or disper-
sion coefficient.

Water quality processes are incorporated in the advection diffusion equation by adding an
additional source in the mass balance (equation 2.1). Examples of water quality processes
are:

⋄ exchange of substances with the atmosphere (oxygen, volatile organic substances, tem-
perature);

⋄ adsorption and desorption of toxicants and ortho-phosphorous;
⋄ deposition of particles and adsorbed substances to the bed;
⋄ re-suspension of particles and adsorbed substances from the bed;
⋄ mortality of bacteria;
⋄ biochemical reactions like the decay of BOD and nitrification;
⋄ growth of algae (primary production);
⋄ predation (e.g. zooplankton on phytoplankton).

Special attention is paid to the treatment of the interaction with the bottom:

⋄ all suspended sediment is modelled as cohesive sediment that can be transported with
the water flow just like a dissolved substance;

⋄ all particulate inorganic matter can be represented by three size fractions or components;
⋄ all particulate organic matter is represented by separate components, namely detritus

carbon, other organic carbon, diatoms, non-diatom algae (Green), adsorbed phosphorus
and organic carbon from loads;

⋄ the bottom sediment is modelled via two separate layers. Each layer is considered homo-
geneous (well mixed). The different layers can have different compositions. The density
of a layer is variable depending on the sediment layer composition, which is also variable.
The porosity within a given layer is constant (user-defined).

⋄ a third (deeper) layer exists (but is not explicitly modelled) which can supply sediment for
upward sediment transport ’digging’;

⋄ sedimentation and resuspension are modelled using the Krone-Partheniades approach
(see the description of the sediment transport module Delft3D-SED).
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2.3 Application areas

D-Water Quality can be applied to the following areas:

⋄ Environmental Impact Assessment (EIA), objective evaluation of alternatives
⋄ Water balance studies, including the identification of the origin of water, residence times

and flushing capabilities
⋄ Swimming water quality, bacterial decay processes;
⋄ Sewage and/or storm water outfall studies;
⋄ Nutrient cycling and eutrophication;
⋄ Sedimentation and resuspension of particulates, dredging plumes;
⋄ Sediment-water interaction (including diffusive and benthic mixing);
⋄ Bio-availability of heavy metals (and organic micro-pollutants;
⋄ Recirculation of cooling water from power and desalination plants including the release of

bio-fouling chemicals such as chlorine

The processes always require input in the form of rate constants and/or simulation results
from other substances. The input could come from:

⋄ one of the other modelled substances;
⋄ a user-specified spatially distributed time function;
⋄ a user-specified time function for the whole area;
⋄ a user-specified spatially distributed constant;
⋄ a user-specified constant for the whole area;
⋄ a process flux originating from one of the water quality processes from the library;
⋄ output from one of the other processes in the library;
⋄ a default value from the database containing default values.

The pre-processor will report the origin of the input for each process. If information for a
process is missing, so that the process cannot be evaluated, it will detail what information is
actually required in addition.

Results can be presented as spatial patterns or time-series. Statistical processing can be
carried out during the simulation for minimum, average and maximum values, percentiles,
percentage of exceedance, geometric mean, etc. These values can be calculated for pre-
selected periods, so that it is possible to calculate for example winter and summer averages.

As a special type of output, mass balances can be generated. These can be used to analyse
the fate of substances (e.g. nutrients or heavy metals) or to quantify the contribution of waste
loads or certain processes to the ambient concentration of a substance.

2.4 Coupling with other modules

Hydrodynamic conditions can be prescribed by Delft3D-FLOW, SOBEK (Deltares 1D software
and SIMONA (2D/3D hydrodynamic model). Transfer of results goes via a so-called communi-
cation file. This file usually spans a representative period such as a tidal cycle, a spring-neap
cycle or even a full year. D-Water Quality is able to calculate beyond the period by repeating
the hydrodynamic cycle. Also, D-Water Quality is able to make use of multiple hydrodynamic
files by either combining them simultaneously or successively. For example, a representative
low river discharge hydrodynamic file and a high river discharge hydrodynamic file may be
combined to simulate all river discharges in between.

The grid aggregation tool D-WAQ DIDO can be used to fit the grid resolution to the specific
needs of the application. D-WAQ DIDO allows regular and irregular aggregation (in the hori-
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zontal) and will reduce the number of computational elements and therefore computation time.
D-WAQ DIDO is frequently used to reduce the grid resolution in areas far away from the area
of interest, while keeping the area of interest at the highest possible resolution.

QUICKIN can be used to generate space-varying initial conditions or space-varying process
parameters (e.g. wind speed).
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3 Sediment transport module

The sediment transport module, Delft3D-SED, can be applied to model the transport of cohe-
sive and non-cohesive sediments, i.e. to study the spreading of dredged materials, to study
sedimentation/erosion patterns, to carry out water quality and ecology studies where sediment
is the dominant factor.

It is in fact a sub-module of the water quality module, that is all processes contained in the
sediment transport module are also present in the water quality module. For a detailed de-
scription of the general aspects we refer to the description of the water quality module.

3.1 Module description

3.1.1 Cohesive sediment

This section describes the implementation of the physical processes in some detail. For co-
hesive sediment transport sedimentation, erosion, burial and digging are taken into account.

For sedimentation the following assumptions apply:

⋄ sedimentation takes place when the bottom shear stress drops below a critical value;
⋄ there is no correlation between the sediment components (i.e. each of the particulate

fractions can settle independently);
⋄ sedimentation always results in an increase of sediment in the uppermost sediment layer;
⋄ the total shear stress is the linear sum of the shear stresses caused by water velocity and

wind effects. Effects of shipping and fisheries can also be included.

The effects of ’hindered settling’ (i.e. decrease in sedimentation velocity at very high sus-
pended solids concentration) can be included.

For resuspension the assumptions are:

⋄ the bottom sediments are homogenous within a layer. Therefore, the composition of the
resuspending sediment is the same as that of the bottom sediment;

⋄ the resuspension flux is limited based on the available amount of sediment in a sediment
layer for the variable layer option. The resuspension is unlimited if the fixed layer option is
used;

⋄ as long as mass is available in the upper sediment layer, resuspension takes place from
that layer only;

⋄ resuspension flux is zero if the water depth becomes too small.

Burial is the process in which sediment is transferred downward to an underlying layer. The
sediment layer is assumed to be homogeneous, therefore the composition of the sediment
being buried is the same as that of the (overlying) sediment layer.

Digging is the process in which sediment is transferred upward from an underlying layer. The
sediment layers are homogeneous, therefore the composition of the sediment being trans-
ported upwards is the same as that of the (underlying) sediment layer. A third and deeper
layer allows for an unlimited ’digging’ flux to the second layer. The quality of this third layer
must be defined by you and is not modelled by Delft3D-SED.
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3.1.2 Non-cohesive sediment

For non-cohesive sediment (sand) the transport rate is calculated according to the transport
formulae of Engelund-Hansen and Ackers-White. These (semi-)empirical relations describe
the total transport (bed load and suspended load) in the situation of local equilibrium.

The implementation recognises two options: unlimited supply of sand via the boundaries and
the presence or absence of bedrock.

3.1.3 Limitations

To apply the sediment transport module the following limitations must be observed:

⋄ in the sedimentation process, there is no correlation between the cohesive and non-
cohesive components, i.e. between sand and silt; each is treated independently;

⋄ the effect of short waves must be taken into account through the hydrodynamic module
or through a localised wave effect estimation (that is, the waves are considered to be in
equilibrium with local circumstances);

⋄ Delft3D-SED should only be used for short- or medium-term (days, weeks, months) mod-
elling of erosion and sedimentation process as the changes on bottom topography and
its effects on the flow are neglected. For long-term processes (years), whereby the flow
changes induced by changing bottom topography is significant, the separate morpholog-
ical and sediment module (Delft3D-MOR) should be used. This module has advanced
online coupling capabilities with the hydrodynamic flow and wave modules.

3.2 Application areas

Delft3D-SED can be applied to the following application areas:

⋄ effects of dredging on the environment;
⋄ sedimentation and resuspension of sediment in general;
⋄ sand transport.

3.3 Coupling with other modules

See Section 2.4.
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4 Ecological module

The far-field water quality module D-Water Quality models algae using an approach based
on Monod kinetics and is routinely included in the process library. The Delft3D-ECO module
contains the more sophisticated algae model BLOOM II (Los, 1991, 2009a,b) that is based on
an optimisation technique.

4.1 Module description

Delft3D-ECO distributes the available resources (nutrients and light) in an optimal way among
the different types of algae. A large number of groups and/or species of algae and even dif-
ferent phenotypes within one species can be considered. In the same way, algae living in
the water column (phytoplankton) and algae and water plants living on the sediment (benthic
species) can be included with their specific ecophysiological characteristics. With BLOOM
II, apart from the calculation of biomass concentrations, the dynamics of algae communi-
ties including competition for light and nutrients, adaptation to environmental conditions and
species composition can be simulated. The eutrophication processes in Delft3D-ECO can be
combined with the general water quality processes in D-Water Quality.

Delft3D-ECO can be used to calculate eutrophication phenomena, including:

⋄ the competition between several groups of algae species;
⋄ adaptation of algae to changes in the environment, in terms of stoichiometry and growth

characteristics. (This can be of particular importance if the simulation of possible devel-
opment of nuisance algae is an aim of the modelling.)

⋄ steep gradients in algae biomass due to temporal or spatial variations;
⋄ phytoplankton blooms;
⋄ chlorophyll concentrations;
⋄ species composition;
⋄ limiting factors for algae growth;
⋄ oxygen kinetics, including daily cycles;
⋄ nutrient concentrations.

Algae blooms usually consist of various species of phytoplankton belonging to different taxo-
nomic or functional groups such as diatoms, microflagellates and dinoflagellates. They have
different requirements for resources (nutrients; light) and they have different ecological prop-
erties. Some species are considered to be objectionable for various reasons. Among these
are phaeocystis, which causes foam on the beaches and various species of dinoflagellates,
which among others may cause diurethic shell fish poisoning. To deal with these phenomena
it is necessary to distinguish different types of phytoplankton in the algae model.

Delft3D-ECO is based upon the principle of competition between different species, or groups
of species. The basic variables of this module are called types. A type represents the physi-
ological state of a species under strong conditions of limitation. Usually a distinction is made
between three different types: an N-type for nitrogen limitation, a P-type for phosphorus limi-
tation and an E-type for light energy limitation. Usually for each (group of) species the three
different types are modelled.

The solution algorithm of the model considers all potentially limiting factors and first selects
the one, which is most likely to become limiting. It then selects the best adapted type for
the prevailing conditions. The suitability of a type (its fitness) is determined by the ratio of
its requirement and its growth rate. This means that a type can become dominant either be-
cause it needs a comparatively small amount of a limiting resource (it is efficient) or because
it grows rapidly (it is opportunistic). Then the algorithm considers the next potentially limiting
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factor and again selects the best adapted phytoplankton type. This procedure is repeated
until it is impossible to select a new pair of a type and limiting factor without violating (i.e.
over-exhausting) some limiting factor. Thus the model seeks the optimum solution consisting
of n types and n limiting factors. The optimal distribution of biomass over the types cannot
always be reached within one time step due to growth and mortality limitations. Special time
dependency constraints are imposed upon all types to take their potential growth and mortal-
ity rates into account. As they represent different stages of the same species, the transition
of one type to another is a rapid process with a characteristic time step in the order of a day.
Transitions between different species is a much slower process as it depends on mortality
and net growth rates. It is interesting that the principle just described, by which each phyto-
plankton type maximises its own benefit, effectively means that the total net production of the
phytoplankton community is maximised.

4.2 Applications

The BLOOM model has been extensively used to model the Southern North Sea and has
been validated for 25 years of data in the Dutch coastal zone. Furthermore the model results
have been validated for a wide range of both freshwater and marine systems. The following
(groups of) algae or macrophyte species have been modelled using the BLOOM module for
salt waters:

⋄ Diatoms
⋄ Flagellates
⋄ Dinoflagellates
⋄ Phaeocystis
⋄ Ulva (on the bottom)
⋄ Ulva (floating)

For Ulva two life forms are distinguished: Ulva that is rooted in the sediment and Ulva that
floats on the water after it has been cut loose by strong winds or currents. The process of
cutting loose has been incorporated in the model. Up to now 6 types of algae or macrofytes
have been modelled and calibrated. As in BLOOM the properties of the algae are adjusted to
the light climate and nutrient availability, you do not need to adjust the parameters for this by
calibration. The default parameter values obtained by calibration of one model can therefore
be applied in a wide range of other model applications. For this reason, if one needs to
model an area that resembles a water system that has been modelled with BLOOM II before,
choosing the model that has proven successful under those conditions can be particularly
helpful.

4.3 Coupling with other modules

See Section 2.4.
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5 Particle tracking module

The particle tracking module, D-WAQ PART, is a 3-dimensional mid-field water quality model.
It estimates a dynamic concentration distribution by following the tracks of thousands of parti-
cles in time. The model is fit for a detailed description of concentration contours of instanta-
neous or continuous releases of salt, oil, or other conservative or simple decaying substances.
This section gives a brief introduction to the computer module and its applications.

5.1 Module description

D-WAQ PART simulates transport processes and simple chemical reactions of substances.
The module allows the simulation of detailed shapes of patches of wasted material.

D-WAQ PART can operate in a 2.5DH or 3D mode, in which D-WAQ PART is coupled to
a 2-dimensional (one layer) or 3-dimensional (multi-layer) Delft3D-FLOW model. In the 2-
dimensional mode, the flow is extended with an analytical vertical velocity profile for bottom
shear and wind. The module calculates concentrations with a resolution that is higher than
that of the underlying hydrodynamic grid.

In D-WAQ PART, two modules are available:

⋄ Tracer module: simulation of conservative or first order decaying substances;
⋄ Oil spill module: simulation of oil spills with floating and dispersed oil fractions (special

license required).

The physical components in the system are:

⋄ the water system: a lake, estuary, harbour or river, possibly with open boundaries to other
water systems. Tidal variations are included;

⋄ discharges due to human activities that may be instantaneous and/or continuous;
⋄ chemical substances like rhodamine dyes, salt, oil or suspended solids;
⋄ wind fields;
⋄ settling and erosion of suspended matter;
⋄ concentration dependent settling velocity.

In terms of physical processes or phenomena D-WAQ PART can represent:

⋄ the dynamics of patches close to an outfall location;
⋄ simple first-order decay processes like the decay of several fractions of oil;
⋄ vertical dispersion for well-mixed systems;
⋄ horizontal dispersion due to turbulence. According to turbulence theory this dispersion

increases in time.
⋄ the effects of time-varying wind fields on the patches;
⋄ the effects of bottom-friction on the patches;
⋄ the existence of a plume at the outfall (rather than a point-source) by starting the simulation

from a circular plume with an estimated or field-measured radius.
⋄ settling of particles, where a concentration dependent settling, subject to a minimum and

maximum settling velocity, can be specified;
⋄ transport and fate of spilled oil. Processes that are included in the oil module are: advec-

tion of floating oil by wind and currents, dispersion (entrainment in water) of oil induced by
wind waves (depending on wind speed and oil characteristics), evaporation of floating oil,
emulsification, decay, sticking of oil to the coastline or seabed. Changes of oil properties
(density, viscosity, water content) due to these processes are included in the oil module.
Additional advection due to wind drag is implemented in 3D (for 2D the logarithmic profile
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of the current speed results in a similar wind driven transport), whilst in 3D a deflection
angle is included to represent the Coriolis effect of wind induced advection due to waves.

.

Figure 5.1: Example of a D-WAQ PART oil spill simulation

⋄ the model may be started from a known initial distribution of oil, e.g. a remote sensing
image of an oil spill.

D-WAQ PART can in theory simulate an unlimited number of particles and substances. The
only restriction is the available memory of the hardware. For an application with approximately
400,000 particles and 8 substances, about 64 Mbytes internal (hard core) computer memory
is required. Under these conditions, a computer simulation requires for most applications less
than one hour, and takes most often less than 200 Mbytes of disk space. The requirements
can increase significantly when the numbers of particles and substances increase. Post-
processing is done with the general post-processing program QUICKPLOT. Graphical maps
can also be generated with advanced methods like point spread functions. Visualisation is
off-line. The coupling between the hydrodynamic module, Delft3D-FLOW, and D-WAQ PART
is streamlined, but is off-line.

5.2 Application areas

D-WAQ PART can be applied to cases in which the effects of the discharge from a limited
number of discharge points (sources) are studied and that focus on the behaviour of the
effluent plume within the mid-field range (order of 1-10 kilometers). Simulation periods are
generally in the order of days-weeks.

Note that in all applications the results of a dynamic two- or three-dimensional flow calculation
(including an accurate description of tidal variations), such as from Delft3D-FLOW, have been
coupled with the PART module.

Examples of applications are:

⋄ dilution of conservative tracers (e.g. from effluent discharges);
⋄ dispersion of first-order decaying substances (such as BOD, coliforms);
⋄ dispersion of suspended solids resulting from dredging or dumping operations, including

the effects of settling and resuspension;
⋄ effects of continuous or instantaneous spills;
⋄ oil spill simulations
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6 Pre-processing and post-processing

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.

6.1 Visualisation

6.1.1 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 6.1: Example QUICKPLOT figure: 3D view of bed level
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.

Figure 6.2: Example QUICKPLOT figure: Depth-averaged velocity vectors and drying
and flooding

6.2 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.
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6.3 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.

6.4 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.

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).

6.5 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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6.6 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.

6.7 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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2 using the history file of the overall model and the nest administration.

6.8 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 NESTWQ. In this procedure two steps can be
distinguished which are handled by separate subsystems:

1 D-WAQ NESTWQ 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 NESTWQ 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.

6.9 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.

6.9.1 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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6.9.2 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.

.

Figure 6.3: Example QUICKPLOT figure: Depth-averaged velocity vectors and tidal ellips
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7 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 2 GB 4 GB or more

Free hard disk space 10 GB 100 GB or more
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