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Acronyms and Abbreviations

BwN Building with Nature

DMZ Demilitarised zone (network outside firewall)
EDD Eco-dynamic Development and Design
GUI Graphical User Interface

IDT Interactive Dredge Planning Tool

NEA National Environment Agency

OBS Optical Backscatter Sensor

PAR Photosynthetically Available Radiation
SDWA Singapore i Delft Water Alliance

SRC Species Response Curve

SSC Suspended Sediment Concentration
S-structure Internal data (structure) used in IDT
TASS Turbidity ASsessment Software

TSHD Trailing Suction Hopper Dredger

Ul User Interface
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1. Introduction

During dredging operations, fine sediments are released in the water column. These fines
have a very low fall velocity and can therefore be transported over significant distances under
influence of the ambient currents. The suspended fine sediments or deposition of this
sediment may impact sensitive ecosystems (such as coral reefs and sea grass meadows) in
the vicinity of the dredging operations.

Ecological impact criteria for dredging activities nowadays are typically fixed (turbidity)
thresholds. Present thresholds for tropical areas are mostly estimated or copied from other
(non-tropical) areas due to a lack of scientific research in this area. To obtain more location
dependent and ecologically relevant criteria for different species of corals and seagrass, other
research projects are carried out in the Building with Nature (BwN) and SDWA programs.

Instead of using arbitrary turbidity thresholds that are imposed in the vicinity of the dredging

vessel, the BWN program introduced ecologically relevant indicators near the sensitive

ecosystems for use in dredging projects. Therefore, the ecosystem responses under

dredging-induced (and natural) stressors have been studied, in which the intensity and also

the duration of the stressors are considered. The response of these species to different stress

levels are summarisedinso-c al | ed Species Response Curves (SRCO6s)
example is presented in Figure 1.1b el o w. These SRCbdbs are determined i
and form input to the ecological impact assessment.
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Figure 1.1 Example of Species Response Curve

In order to make practical use of this approach in dredging works, an adaptive dredging

process can be used. In this approach, the expected stressors (suspended sediments A light

attenuation and sedimentation) are being assessed with models and field measurements for

the full trajectory from the dredging vessel to the ecological sensitive areas. Subsequently,

the expected ecologicalresponse i s assessed with the SRC6és and i
can be made to the dredging process to reduce ecological impacts. The effectiveness of this

adaptation can then be assessed by means of the same models and/or monitoring and

S R C 6 s . contdptua model of the adaptive dredging cycle is presented in the figure below.
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Figure 1.2 General layout of the adaptive dredging cycle (conceptual model).

In order to use this adaptive dredging cycle in practice (e.g. in the project design phase or
managing the construction phase) by contractors, legislators or consultants, it needs to be
available in an operational form. Therefore, an interactive tool is developed that can be
applied in the planning phase of a dredging project, allowing the user to get a preliminary,
rapid insight of the potential effects of a specific dredging operation, phase or project on the
ecosystem surrounding the dredging site.

The prototype version of this Interactive Dredge Planning Tool (IDT) will serve as proof-of-
concept and demonstration. This modularly set up tool allows for easy expansion in future
with further developments and functionalities. The components that are embedded in the tool
are graphically explained in the next section. The subsequent sections elaborate on which
components are embedded in the prototype of the tool and which opportunities there are for
future developments.

The set-up, assumptions, methods etc, in the development of the prototype dredge plume
modelling tool will be included in these guidelines to facilitate the set up of such a tool for
other applications or locations and as a basis for further development. The present
development is aimed at an operational prototype Interactive Dredge Planning Tool applied
for the Singapore region.

Note to readers

It is noted that the rapid-assessment Interactive Dredge Planning tool is developed as a
flexible, modular and generic tool framework for this type of tools and that this framework
can easily be adapted and extended and that the IDT can also be prepared for application
in other geographical areas. However, in order to obtain a demonstrable tool, the
prototype was applied to the Singapore region. This document therefore contains
descriptions of the generic modules and functions of the tool, as well as some more
specifics regarding the Singapore application of the tool. To facilitate the distinction
between the generic parts and Singapore prototype-specific parts, these specific parts are
placed in coloured text boxes.
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1.1 General description of the Interactive Dredge Planning
Tool

The Interactive Dredge Planning Tool (IDT) is able to perform a rapid assessment of the
expected, initial ecological effects caused by interactively defined dredging operations. For
this, the IDT makes use of rapid assessment dredge plume modelling, a database with
hydrodynamic and background conditions and a database with ecological information;
locations, species and species response information.

The IDT consists of a map platform (Google Earth), in which dredging operations can be
defined in an easy way. Based on the defined dredging operations and selected background
conditions, the resulting stresses at the ecological areas are determined into so-called effect
regimes.

This modularly set up tool makes it possible to use any type of sediment (plume) dispersion
model and ecological assessment that is suitable for the area of application. Furthermore, the
definition of effect regimes is flexible and can be adapted to the amount of ecological
response information available or applicable regulations in the area. The IDT platform is
suitable for the presentation and communication of the rapid-assessment results to
demonstrate the expected effects on ecology to different stakeholders. Furthermore, the IDT
is suitable to perform easy sensitivity analyses on the rapid assessment results or for
dredging design purposes (suitability maps).

The generic rapid-assessment framework of the tool is in fact usable for many more
applications than the present dredge plume dispersion application. It can also be used to
perform rapid assessments with other models for other purposes in an ecodynamic design
process.

z]
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Figure 1.3: Example of the IDT user interface with the defined dredging operation (white line), maximum
suspended sediment concentration footprint, and resulting ecological impact assessment (green and
orange exclamation marks).
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1.2 IDT components

The following components, schematized in a workflow diagram in Figure 1.4, are embedded in
the tool. The diagram also indicates what kind of input is required from the user and what kind
of output the tool provides.

- Dredging operation
- Dredging location(s)
- Sediment characteristics

Selection of
ambient condition scenario

User input
y A4
: { Madels N Information on ecology:
Information on -Species
dredge plume source term -Species Response Curves
(user specified or N Flume dispersion -Lacations
wia a model, e.g TASS) model
MapTable N 1
tool Vs ~ _ Ecological assessment
Information on Sediment transport (via SRtC, eflfet;t re_gltmes and
. . . > ranslation into
naturaldvadrlabél!ty lnt model ecological stressors)
suspended sediments
(e.g. via models)
Tool output ’

Spatial presentation (on map) of;
- Effects on ecology
- Advice on monitoring

Figure 1.4: Workflow diagram of the IDT components

1.3 Functionality prototype version of the Interactive Dredge

Planning Tool (IDT)

This section describes the general way of working of the prototype version of the IDT.

1.

The user specifies the required input parameters of the dredging operation (location(s),
schedule, sediment characteristics, spill rate, etc.) and selects the ambient conditions
scenario (e.g. normal conditions, storm or a particular season). The location(s) of the
dredging operation can be defined interactively, e.g. by drawing points or a polygon on
the map (white line in Figure 1.6). In the prototype version of the tool, the sediment spill
rate and characteristics of the dredging operation will be entered manually. For the
prototype, the source terms are specified directly, i.e. in S(x,y,z,t) [kg/s]. This can be
improved with a more detailed coupling to the dredging operations (via TASS model) at a
later stage.

When the required input is given, hydrodynamic and sediment plume models embedded
in the tool will rapidly assess the sediment plume dispersion in combination with the
background sediment concentrations and determine the expected stresses (suspended
sediment concentration (A light attenuation) and sedimentation) at the locations with

10
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sensitive species in the form of 6ti me
printdéd of the dredge plume extent <could
area indicated by the contours in Figure 1.6).

The locations of the ecologically sensitive areas and species and associated Species
Response Curves are included in a database in the tool (XML format, so it can easily be
extended and edited). To be able to use the SRC in practical applications with the tool, it
will be mapped onto a discrete number of effect regimes, distinguishing (initially 3, but this
can be adapted to match the available ecological information or regulations) different
timescales and (relative) intensity levels. In the ecological assessment module of the tool,
the model results in ecologically sensitive areas which will be mapped to the same effect

seri
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the different species for the different timescales, see Figure 1.5.
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Figure 1.5: Mapping of model results and species response curves to effect regimes

The expected effects on the ecological areas, expressed in terms of the considered effect
regimes, will show up in green (ok), orange (sub-lethal) or red (mortal) on the map, see
Figure 1.5 and Figure 1.6. For each of the considered timescales for which an effect is
expected, a monitoring advice can be provided by clicking on the highlighted ecological
areas (markers) in the map. In the present prototype of the tool, the functional provision
(in the software) for this monitoring advice is implemented, but since the actual
descriptions are not fully available, these have not been included.

11
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Figure 1.6: Visualisation of dredge track (white line) and expected effects on ecology (green and orange exclamation
marks

1.4 How to use - getting started requirements

The IDT is available in two different forms:

1. as a stand-alone tool locally installed on the user's PC, in order to be used for the
planning of dredging operations;
2. as aweb-based tool, to be used for demonstration and communication purposes.

For the first option, installation of the following software is required: Python, Pylons, the
Matlab wrapper and Matlab. A tutorial on installing these components can be found on
http://publicwiki.deltares.nl/display/OET/Your+own+web+application+-+Getting+started . The
open-source code of the IDPT is included in the OpenEarth tools repository (see
http://publicwiki.deltares.nl/display/OET/OpenEarth) and can be downloaded from there.

The second option is platform-independent and can be used on any computer with the latest
version of Google Earth and either Mozilla or Google Chrome as browser. The Microsoft
Internet Explorer browser experiences compatibility issues with regard to the Javascript parts
on the web interface and therefore the tool cannot be used in this browser. The user can
define a scenario and see the results on the OpenEarth Viewer (http://viewer.openearth.nl).
The tool itself resides and runs on a remote computer that is in contact with the webpage.

Developing a case with the IDT

The set-up of the IDT is generic, such that this software can be used for any site or location.
In the current research program of Building with Nature the tool has been applied to the
Singapore coastal waters. Application at another location requires site-specific data, like:

- adaptation of the tool settings file, which includes settings regarding the geographical
location of the tool application, references to the background conditions, model
parameters, such as the dispersion coefficient, etc.;

- an ecological database with species response curves and locations of vulnerable
ecosystems or species;

- adatabase with ambient hydrodynamic conditions. These hydrodynamic data are in the
present implementation based on Delft3D-FLOW modelling results. These hydrodynamic
conditions can be prepared by running a Delft3D-FLOW model with the on-line WAQ
coupling activated. For convenience, a switch to activate this option has been
implemented in the Delft Dashboard tool, which could be used to set up an initial Delft3D-

12
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FLOW hydrodynamic model. For other use and more details, reference is made to the
Delft3D-FLOW User Manual,

- adatabase with background sediment conditions (optional, if ecological criteria are used
which include this).

The IDT-code is easily adaptable by experienced Matlab users, because of its modular set-
up. If desired, modules can be replaced or added to the workflow and the behaviour and
appearance of the tool can be changed. This flexibility is used, for instance, when making
dredging suitability maps (based on a maximum specified effect) instead of assessing the
effects of a specific dredging operation.

Advice and recommendations

The IDT is intended for rapid assessment of the effects of dredging activities on vulnerable
coastal ecosystems. The first-order estimate of ecological effects it produces cannot replace
more advanced analyses or detailed modelling. The usefulness of the results depends,
among others, on the accuracy of the ecological database, the hydrodynamic and sediment
background conditions and the dredge plume dispersion model. This means that the
computed ecological effects need to be considered carefully, taking into account the possible
uncertainty ranges associated with the complex nature of the chain of operations leading to
the estimated ecological effects. Expert interpretation and explanation are essential for proper
use.

1.5 Future developments

After completion of the initial version of the tool and the proof-of-concept, the tool was
demonstrated and discussed with different envisaged users and stakeholders in a workshop
organised in November 2011. Based on their input and already existing plans, the tool is
extended and improved on various aspects.

Improvements that were collected during the first demonstration workshop of the IDT tool
included:

I The option to produce so-called dredge suitability maps with the IDT. These maps
show the maximum allowed spills within a specified area, in order to remain below a
certain effect level and are very useful for dredge operation design purposes.

1 Develop a link with Delft Dashboard to easily set-up initial hydrodynamic models for
other areas than the Singapore demonstration case.

91 Develop the IDT fully web-based. The prototype includes the web-based features
developed for e.g. the Holland Coast nourishment tool, but also contains stand-alone
(Matlab) features. It is considered useful if the IDT can be used in a web browser and
has the same type of appearance as some other interactive tools developed within
BwN.

1 Development of a Show case showing where the IDT can be used within the dredging
project (and by whom) and also indicating the different steps in the process of the
dredging project, e.g. starting from no background information to gaining more and
more data of the project area. The IDT could then demonstrate how the initial
assessments could improve and change when more/better data and models become
available.

Further ideas on future developments include:

1 The Turbidity Assessment Software (TASS) model can be implemented (in a later
version of the tool) to determine the sediment spill rates (i.e. source terms) as a result

13
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of a certain dredging operation as a replacement of the manually entering of this
information.

1 Improvement on the underlying rapid assessment models; both in performance and
accuracy, but observing the fact that this will remain an initial rapid-assessment tool
to provide first indications and will not replace detailed modelling.

1 Adjustment possibilities of the SRC/computed stresses to determine the sensitivity of
the rapid-assessment result to the possible range of outcomes in the assessment.

1 Validation of the IDT results against field measurements.

It is noted that apart from the above further improvements i.e the suitability maps, the show
case, the link with Delft Dashboard and the fully web-based user interface have been realised
in the last part of this project.

14
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2. General design of the Tool

The Interactive Dredge Planning Tool (IDT) has been set up in a very modular way, so that it

allows for easy extension and modification by other users and for other use. In the design

process, this was considered an important aspect of the tool, also since the tool is available

as open source software and further developments, extensions and fixes are very much

encouraged. In general, the tool operates withso-c al | ed O6wor kfl owsd, which are
run independently from the user interface once all required user input has been collected from

the user interface.

Furt hermore, to make the tool (and more importantly
set-up, the full tool behaviour and appearance is specified in a single settings XML file. In this

XML file, the workflow is defined, as well as specific settings that are used in the different

modules of the workflow. This way, different functionalities can easily be added to the

workflow, or a substantially different workflow can easily be specified, while still using the

generic tool framework. Furthermore, the appearance/definition of the graphical user interface

(GUI) is specified in this settings file (also as XML). This makes it possible to use the tool

framework for creating a very different tool and application, although some resemblance with

an O0ind emapxd& iwoul d be obvious (but not required).

This flexible set-up has already been utilised in the presently implemented functionality of the

tool where the tool can work in the 6forwarddé | oop
operationanddeter mi ni ng its effects on ecolDoedge) or in Orev
Suitability map mode (i.e. starting from a maximum accepted effect regime/class and

determining the maximum spill budgets in a user-defined area). In the latter case, the

workflow needs some different modules and order of execution, which could easily be

implemented in this framework.

As mentioned above, the IDT consists of a number of modules with specific functions. These

modules are called by generic functions in the Matlab backbone of the tool framework and

use the workflow specification in the settings file to call subsequent modules. The modules

themselvesc onsi st of an éinterfaced at the start and enc
functionality in between. This could be the Delft3D-PART model (stand-alone and executed

by Matlab) that is encapsulated in thRARModul eds int
input file and reads the output files. An alternative could be that the functionality of a certain

module is taken care of by Matlab functions, but still encapsulated within the interfaces.

These interfaces make sure that the common data structure is read from the global memory

and that its results are stored back in this memory.

Operation mode (or dorwardéloop mode)

The present IDT (forward loop) application consists of nine different modules, see Figure 2.1:
1. Graphical User Interface (GUI)

2. Matlab backbone

3. Dredge Input

Start workflow

4. Hydrodynamic and sediment background conditions (database)

5. Dredge plume dispersion

6. Ecology input: location of ecology and the associated species response curves (database)
7. Translation of increased turbidity and sedimentation into ecological stresses

8. Ecological assessment

9. Presentation module

End workflow
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Figure 2.1: Workflow diagram of IDT tool modules

The sequence of these modules (Modules 4 i 9) forms the workflow in the tool. The other
modules are not directly part of the workflow, but are supporting and take care of user input,
visualisation and communication. The first module is the graphical user interface (GUI). The
GUI contains a web-based part (JAVA script) with Google Earth as main feature for
visualisation and presentation of the input and dredge plume, see Figure 2.2. The remaining
parts of the GUI are built in Matlab in the prototype version of the tool, but are also made fully
web-based (i.e. JAVA script) in the latest release of the IDT. The GUI is a relatively thin layer,
in which the user specifies the required input data. Module 2 is the Matlab backbone, which
will direct and connect all other modules. The communication between the Matlab backbone
and the web-based part of the GUI is established in Python. In the fully web-based version of
the tool, the communication between the GUI and the Matlab workflow is arranged via XML
files (see Chapter 3).

The user-defined dredge input is, together with the hydrodynamic background conditions, the
input for the dredge plume dispersion simulation. In the dredge plume dispersion module the
actual dredge plume spreading is simulated with a rapid-assessment particle tracking model
(Delft3D-PART). At the ecologically sensitive locations/areas (specified in the ecology
database), time series of relevant abiotic parameters (in the present case suspended
sediment concentrations and sedimentation rates) are extracted from the modelling
simulations. These time series are translated into ecological stress time series, by translating
the abiotic parameters to ecologically relevant stresses (i.e. light attenuation). The ecological
stress time series are then mapped to the same effect regimes as where the species
response curves have been mapped to (which are stored in the ecological database). From
this mapping, the expected ecological effects become clear, which are subsequently

16
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presented as indicators in the ecological areas on the Google Earth map (via KML files), see
Figure 2.2.

Control Panel «
User Session +
¢/ Bulding with Nature -

&l (] Holland Coast
() South West Detta
) () MarkermeerdJseimeer
=3 Singapore
& (Jdata
& (_Jmodel
2 Jtool

=] Interactive Dredge Planning Tool
Result Panel
I Tool result manager
2 Interactive Dredge Planning Tool
2™ Operation 1
Trackt
Maximum concentration footprint
[E]V Expected effects
" 2/
Google earth
« -
B kustliinzorg * ¢ ..
3 vicore .

Figure 2.2: Visualisation of IDT assessment results in Google Earth via KML files

Suitability map mode (see also Chapter 12)
I n addition t g @trhebé ofpfea ravieeratirtingdoach e Gpecified dredging
operation input towards the expected ecological effects), the IDT has been extended to be

able to produceso-cal | ed ¢ésuitability mapsd, which show the
a certain area while remaining below a user-specified maximum ecological effect class. These

maxi mum source terms at the different | ocations wi
budgetd that is allowed and a dr eddorthegpesified t abi | ity

dredging area. In Figure 2.3, an example output of the suitability model is presented and
Chapter 12 describes this mode of the tool in more detail.

Interactive Dredging Tool Building with Nature v1.01

R
[sumer -esstrost.. ¥

=

Ready

Figure 2.3 Example output of the Suitability map model of the IDT, indicating the maximum allowed spill budget (i.e.
sediment source term) within the indicated area (in white) in order not to exceed a specified ecological effect class.

In the below chapters, the different modules of the IDT are described in terms of their
functionality, interfaces, implementation and limitations and possible future improvements.

17
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3. GUI (Module 1)

3.1 Functionality

The graphical user interface (GUI) is the interface in which the user can define the dredging
operations, start the model to simulate the dredge plume scenario and view the plume
dispersion including the effects on the ecology when the simulation has finished (see Figure
2.2). The implementation of the input fields of the GUI can be found in Chapter 51 Dredge
input. The tool can be used in three different ways, being:

- standalone;

- web based; and

- local host.
Each method requires internet access, because all of them use Google Earth for visualisation.
Therefore the visual appearance of each method is similar. However, the technical
i mpl ementation of the each GUI b6s is differ

Standalone tool

The GUI of the standalone version of the tool consists of standard MATLAB GUI elements
with a web application embedded into it. The web application is based on the OpenEarth
Viewer (http://viewer.openearth.nl). Its main feature is a Google Earth interface that allows for
insightful visualizations both in space and in time. In the IDT a very thin layer of the web
application is used. For more information on the general set-up of the web application, the
reader is referred to the user manual of the OpenEarth Viewer
(http://publicwiki.deltares.nl/display/OET/Your+own+web+application+-+Getting+started).
Obviously the GUI allows the user to trigger the model to start the simulation once all the
required model input is provided. A DOS window will appear indicating the progress of the
simulation. The presentation of the outcomes are visualised in the Google Earth viewer.

Web based

The web based version of the IDT contains a fully web-based GUI that can be approached
from a web browser, at the website: http://viewer.openearth.nl. This website includes all web
based tools developed within the Building with Nature research program. The GUI on the
website is similar compared to the standalone GUI, but does not contain all functionality of the
stand-alone version. Figure 3.1 shows two snapshots of the GUI of the web based tool. The
main difference is that all input fields are in javascript code instead of Matlab. The interface on
the website allows the user to define the input and output. The user defined in- and output on
the website is stored in XML files on the FTP-server. The actual computation is done on an
external Matlab computer. The XML files are used for the communication between the server
and the Matlab computer.

18

ent


http://viewer.openearth.nl/
http://publicwiki.deltares.nl/display/OET/Your+own+web+application+-+Getting+started
http://viewer.openearth.nl/

&
EcoShape

Building with Nature

Figure 3.1: Two snapshots of the GUI of the web-based tool, showing an input field (upper) and the output (lower).

Local host

The local host version of the tool is similar to the web based version. The main difference is
that the web and FTP server and the Matlab computer are on the local computer. This means
that the in- and output files are stored locally and the simulations are performed local. This
allows for more insight in the computations and the outcomes, i.e. the process of the tool
computation can be tracked by the input and output files that are generated (which e.g. allows
for more debugging when the tool is further developed). This installation option will most likely
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