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Abstract: The design opportunities made possible through leveraging dredging infrastructure have 
been a point of interest for designers, academics and government bodies. Sea level rise, increased storm 
surge frequency and intensity caused by climate change mean that the 80 % of the world’s population 
living in coastal communities face the effects of land loss, flooding and erosion. Landscape architects 
have begun to explore the possibilities of working with dredging resources through engaging with sci-
entific data and employing engineering methods of physical and digital testing as part of an evidence-
based design process. This paper explores the potential of using a Computational Fluid Dynamics 
(CFD) simulation tool (Autodesk CDFD) in design experimentations for proposing solutions, which 
leverage vast resources of contemporary infrastructure dredging systems. Through design explorations 
and scenario testing, a new dredging paradigm was proposed for a selected site at the Gippsland Lakes, 
located on the South East coast of Victoria, Australia.  

Keywords: Dredge landscapes, coastal ecologies, performative design, Autodesk CFD, Gippsland 
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1 Introduction 

Large scale sediment management and intentional forms of earthmoving have been predom-
inantly considered an engineering practice; however, landscape architects are increasingly 
engaging with the design possibilities of sediment movement practices. This shift has been 
underscored by a change in perception of such practices from linear to cyclical, which has 
re-framed the potential for sediment transport practices such as dredging. A number of proj-
ects have emerged in the Netherlands and North America which explore the potential of using 
dredge material for creating socio-ecological benefits, including the Times Beach in Buffalo, 
New York, Dike 14 in Cleveland, Ohio (BURKHOLDER 2016), the Sand Motor near The 
Hague, Netherlands (HOEKSTRA & KERSTEN 2014), as well as speculative projects such as 
Dredge Landscape Park (DE VRIES & HERREBOUT 2007). These projects provide important 
lessons and insights for designers in understanding the vast possibilities of dredge landscapes. 
However, to date there are very few projects that reveal design methods that integrate digital 
technologies in creating landscapes of dredge that are performative and embody adaptive 
capacities, with the exception of projects such as the North American based Dredge Research 
Collaborative work on the Mississippi River, and the Adaptive Devices workshop organised 
by Bradley Cantrell and his team, which explored the manipulation of sedimentation through 
prototyping techniques (CANTRELL & HOLZMAN 2016, WALLISS & RAHMANN 2016). 

Landscapes of dredge are indeterminate, and closely tied to geological, ecological and hy-
drological dynamics. Therefore, creating new land forms using dredge material requires a 
careful engagement with hydrological and ecological scientific data and a comprehensive 
understanding of the visible and invisible forces that influence the formation and performance 
of constructed forms. Computational Fluid Dynamics (CFD) modelling offers an important 
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tool for engaging with water dynamics and flow in conceptualising and testing design inter-
ventions in fluvial and coastal systems. It enables the designer to work with site-specific data 
and engage with natural forces, which are often difficult to perceive through alternative de-
sign practices. 

Autodesk CFD is employed for the purpose of exploring speculative design scenarios in the 
Gippsland Lakes system, in Victoria, Australia. Detailed articulation of the design experi-
ment presented in this paper provides important insights on the use of digital simulations and 
prototyping as fundamental tools for systematic interventions in landscape infrastructure sys-
tems. The insights resulting from this project build on an emerging body of knowledge on 
digital landscape architecture with a focus on landscapes of dredge. 

2 Materials and Methods 

2.1 The Case Study Area and the Current Dredge Regime 

The Gippsland Lakes system, located in the South-eastern coast of Victoria, Australia, is a 
natural reserve consisting of an extensive network of coastal lagoons and fringing wetlands, 
which are sheltered from the southern ocean by a sandy beach barrier. The lagoon system is 
divided into four interconnected coastal lakes, which are fed by seven major rivers. The hy-
drological function of the Gippsland Lakes has undergone human introduced changes since 
the Lakes were first settled in the 1840s (WEBSTER et al. 2001). New land use patterns sup-
planted the existing grasslands, grassy forests and woodlands and riverine shrub land, altering 
catchment runoff and stream flows. The lakes were artificially connected to the seas of Bass 
Strait at Lakes Entrance in 1889, which resulted in the entire ecosystem being affected by 
increasing salinity and changes in water levels. In addition, a continuous dredging regime 
was introduced as the protected back-barrier waters of the lakes were utilised by ships seek-
ing refuge from the rough seas of Bass Strait (Figure 1).  

 

Fig. 1: Aerial image showing the Gippsland Lakes system and the Dredge zone at Lakes 
Entrance 

The Gippsland Lakes support vibrant tourism and fishing industries on which the local com-
munities are dependent, they also contribute significantly to the cultural and social values of 
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the area. The Lakes are characterised by a dynamic water column, which ranges from pre-
dominantly fresh at Lake Wellington, to hypersaline water where the lakes meet the sea at 
the coastal town of Lakes Entrance. This unique water column supports an extensive system 
of estuarine, fresh, brackish and coastal wetlands, as well as abundant fish species, seagrass 
beds and resident/migratory birds. Nearly the entire lake system is internationally recognised 
under the Ramsar Convention due to the high conservation value of the wetlands it supports 
(BMT, WBM 2011, RAMSAR 2016). Loss in the lake system’s water column variation due 
to hypersaline oceanic water intrusion, is projected to radically increase over coming decades 
as climate change continues to impact sea level, ocean turbidity and freshwater flows. This 
is expected to dramatically influence key estuarine fish species, including the Black Bream 
(Acanthopagrus butcheri), which is extremely important to recreational anglers and commer-
cial fishermen alike (JENKINS et al. 2010). 

The introduction of the artificial entrance drastically altered the existing freshwater hydrol-
ogy, causing chronic salinization and significant changes in water levels within the lakes 
(BOON et al. 2016). It required constant dredging to ensure that it did not close due to sedi-
ment transport caused by the high energy tidal forces of the southern ocean (WHEELER et al. 
2010). The reduction in lake inflow caused by the development of numerous water impounds 
within the lakes catchment, significantly increased sediment accretion at the flood-tide and 
ebb-tide delta zones, as the regularity and intensity of high flow events which would transfer 
sediment from inner channels at the entrance zone out to sea was significantly reduced. These 
changes resulted in a steady increase in dredging demand in direct correlation with water ap-
propriated from water compounds across the catchment.  

In 2005 a breaking point was reached as it became clear that the current dredging regime was 
only marginally keeping pace with the amount of sediment accumulation in the delta zones. 
In response, the Victorian government announced a funding allocation of 31.5 million dollars 
to Gippsland ports to explore the capacity of a number of operational measures and improve 
the effectiveness of the dredging operations for providing ocean access to boating vessels 
over a 5-year period (GIPPSLANDS PORT 2013, 2014). This program led to the implementa-
tion of a Trailing Suction Hopper Dredge (TSHD) regime at Lakes Entrance. This was a far 
more intensive sediment transfer method than the previous dredging regime, which used a 
combination of Side Casting Dredges (SCD) and the Cutter Suction Dredge (CSD). Currently 
the dredge material from the TSHD is being dumped offshore at two dredged material 
grounds DMGs (Figure 2), which are located approximately 1km east and west of the channel 
respectively. Spoil from the CSD is being directly pumped onto the beach via pipelines which 
discharge on both the east and west sides of the channel. 

The current dredging cycle of disposing dredged material at coastal DMGs is justified as 
being the desirable method, as the material ‘remains in the coastal system’ (BURKHOLDER 2016, 
16). This rationale however fails to recognise how anthropogenic sediment transport has al-
tered the existing system in such a way as to require the disposal of dredged material in the 
first place. By interrogating the design potential of the dredge cycle and reusing the dredge 
material at Lakes entrance, it is possible to establish how a previously considered infrastruc-
tural background process can be re-appropriated for the purpose of environmental and com-
munity regeneration. It becomes possible for individuals, communities and the environment 
to adopt the dredge cycle by re-contextualising it in this way. Such an intervention would 
mean shifting from a maintenance and operative condition to one of regeneration and im-
provement based on co-evolution (MANG & REED 2012, 20).  
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Fig. 2: Maps showing dredge zoning and locations as well as disposal location/methods 

2.2 CFD Modelling and Design Iterations 

Autodesk CFD was used for two main purposes: First, to understand the hydrological dy-
namics, invisible forces and systems that have shaped and continue to shape the landscape 
over time, and second, to examine design performance through scenario testing and itera-
tions. Autodesk CFD software is designed for the testing of fluid interactions in machines 
and environments. This program allows for accurate stream flow and tidal data to be used in 
an iterative testing process that demonstrates the interaction of landforms and water within 
the lakes. 

The core intentions of the project were to preserve and enhance aquatic habitats by leveraging 
the infrastructure of the pre-existing dredge cycle, and support the livelihood of the coastal 
communities who heavily rely on fishing and tourism in the area. This was achieved by com-
bining landscape architectural design methods with hydrodynamic engineering methods and 
principles, giving clarity to the possible benefits of transitioning from a maintenance and 
operative condition to one of regeneration and improvement. 

By creating new land forms with the dredge material at Tambo Bay near the community of 
Metung it was hypothesised that it may be possible to isolate the bay area of the Lake King 
from saline intrusion within the Gippsland Lakes. This hypothesis was based on studying the 
bathymetry of the lakes and interrogating both tidal inflow and stream flow data. The location 
of the intervention was also determined by the proximity of nearby communities and infra-
structure. This was important to the design proposal as the proximity would enable recreation 
and community use on the proposed landforms once they were fully established. To achieve 
the desired outcomes, a backward thinking process was proposed to test different scenarios 
leading to practical outcomes (GROSE 2014).  

It was necessary to gather accurate topographical information in order to establish a founda-
tion on which any experimentation with the hydrological function of the lakes could be based. 
This was done by combining satellite data from NASA, sampled at 1 arc second with sonar 
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bathymetry information of the lakes to generate a highly accurate digital elevation model. 
This model was imported into the Rhinoceros 3D modelling software, which was used to 
generate both an inverse mold, which was needed to complete physical testing, as well as an 
enclosed bathymetry mesh which functioned as the basis for the CFD testing. 

Using a CNC Router, a 1:20.000 inverse scale model of the lake system topography and 
bathymetry was cut, from which a plaster model was cast. This formed the base of which to 
test whether introduced landforms could potentially reduce salinity inflow into the Tambo 
Bay. The Model was filled to the lake's water line with freshwater, Saline water (2.5 % salt 
mix, equivalent to seawater) was then poured into the entrance channel with a tube and funnel 
simulating tidal inflow within the lake system. Blue dye was used in the saline water which 
allowed the stratification that occurs within the lake system to be easily visible (Figure 3). 
By using clay to shape a barrier that joined significant rises in the lakes bathymetry, a saline 
barrier was created that was intended to block intrusion into the Tambo Bay area. Several 
tests showed that this barrier could be effective in both preventing saline intrusion within the 
lake system, whilst also harnessing the freshwater outflow of the Tambo River within Tambo 
Bay itself. Importantly the Tambo Bay was still connected to the Lake System as a whole but 
because of the 1 it did not intrude into the Bay area. 

 

Fig. 3: Physical model tests showing the effect of introducing landforms to prevent saline 
intrusion in the bay 

While the initial concept had been tested and proven to be effective based on the results of 
the physical modelling and testing, it was not yet possible to gain an understanding of how 
these introduced landforms may interact with and impact the hydrological function of the 
lake system. The Crude Barrier that was introduced in the physical modelling process also 
needed to be further refined in order to maximise the potential regenerative scenario. It was 
essential that the resulting landforms were resilient to potential high flow flood events and 
also maximised the potential ecological benefit they could provide. Given these factors, a 
three island structure was conceived as it would allow for flushing between the landforms in 
high flow events and would also provide progressive reduction in saline intrusion as the forms 
became established over time. 

To maximise the effectiveness of these islands in terms of flood resilience and maximising 
potential dynamic hydrological interactions beneficial to aquatic life, Autodesk CFD was 
employed as a computational fluid dynamics software designed for the testing of fluid inter-
actions in machines and environments.  
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Accurate stream flow and tidal data were used in an iterative testing process. In order to 
undertake the simulations within Autodesk CFD, a Rhinoceros base model was used to export 
an enclosed mesh of the Gippsland Lakes bathymetry, which was created from previously 
collected sonar data. The exported mesh had an interface that allowed for particular areas to 
be designated as inflow and outflow points (Figure 4). These areas were to represent the tidal 
inflow/outflow of the artificial lake entrance and the inflow of the Tambo River. The Auto-
desk CFD data was then exported by way of raster images, which were imported back into 
Rhinoceros 3D and converted to a height field of points. The points represented velocity 
intensity and allowed for a visual indicator of how the design was altering velocity and flow. 
As the points were aligned exactly to the 3D model space, they could directly inform the 
alterations that were made to each design iteration. 

 

Fig. 4: Mesh of Lake Bathymetry in Rhinoceros (top image) and a screenshot of Autodesk 
CFD interface running a simulation on the imported mesh 
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Fig. 5: Results from the initial CFD simulations ran on the mesh of the existing lake condi-
tions: the images depict vectors showing flow direction as well as velocity intensity 

Initial simulations were used to gain an understanding of the current hydrological processes. 
These initial simulations informed the final set of simulations that were later developed to 
most effectively test the landforms. Four simulations in Autodesk CFD were recognised as 
being optimal to gaining an understanding of how introduced landforms would interact within 
the lake hydrology (Figure 5). Three scenarios representing typical spring/summer condi-
tions, autumn/winter conditions and a typical flood condition. The latter was drawn from 
streamflow data from the most recent serious flooding of the lakes in 2007. 

The orientation of the forms was tested based on the hydrological performance principles of 
three types of groynes. These included attracting, deflecting and repelling groynes (Figure 6). 
Rhinoceros 3D was then used to develop three different island configurations based on these 
principles and new meshes for each form were created to be imported into Autodesk CFD. 
After running the simulations it became clear that the attracting groyne based island config-
uration was the most effective form in terms of achieving dynamic variation in water veloc-
ities, whilst also minimising excessive mixing between the newly created freshwater pro-
tected area and the saline waters of Lake King. Multiple versions of the attracting configura-
tion were then refined through the CFD simulations in order to decide on the final formation. 

 

Fig. 6: CFD Simulation results showing flow direction and velocity for the three different 
landform configuration scenarios 

The final established forms were optimized in order to generate the most dynamic and effec-
tive potential aquatic habitats, while still achieving the primary function of saline barrier. 
Based on research into the fish species which are most important to the Gippsland Lakes 
communities, and the aquatic habitats they inhabit, it was possible to determine where diff- 
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erent species may colonise the modified lake system environment with introduced landforms 
(Figure 7 and 8). 

 

Fig. 7: Graphics showing different lake wetland typologies and the typical depths and ve-
locities of which they form within the Gippsland Lakes 

The new aquatic habitats and saline barrier displayed a new paradigm, where by the back-
ground process of dredging is leveraged to boost fish stocks within the lakes system. These 
three island configurations have an inbuilt adaptive capacity due to their dredge disposal for-
mation process. The dredging process allows for control over where and how the islands 
grow giving a unique control to how aquatic habitats may form and take hold.  

The following images display established island forms which are speculated to establish by 
2100. They are the realisation of a new regenerative process which would see local stake-
holders co-opt and leverage the Gippsland Lakes dredge cycle to benefit communities, as 
well as the wider ecosystem of the Gippsland Lakes (Figure 9, 10 and 11). 

3 Discussion 

This project revealed innovations in design research using an intensive physical modelling 
and CFD testing process. Autodesk CFD modelling and site-specific data were used to inform 
a localised performative design outcome. Currently CFD software is primarily used by and 
developed for the engineering field. As a result many of the software programs require a deep 
knowledge base in mathematics and physics to effectively run the software. This currently 
presents a barrier to designers wishing to engage with systems based design. Tools within 
CFD software programs are concerned with stress or performance testing refined structures 
and systems, rather than experimenting with systems for the purpose of influencing design 
outcomes. This highlights the limitations the software currently has in application in a land-
scape architecture context. While it is possible to test whether a model or form ‘works’, it is 
difficult to experiment with how systems and forces being simulated can be harnessed for the 
purposes of performative design outcomes (GRÊT-REGAMEY et al. 2014, LIN et al. 2016). 
Autodesk CFD does represent a more accessible CFD software that can be easily integrated 
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with tools that landscape architects already use such as AutoCAD and Rhinoceros 3D; how- 
ever, further work still needs to be done to modify such programs for the purposes of land-
scape architects.  

One key area for improvement in the modelling and simulation processes, pertains to the 
need to include materiality of the sediment as an important variable in the tests to examine 
the stability of the landforms and their reaction to fluvial and tidal dynamics over time. This 
requires access to precise geological and ecological data. Moreover, engaging with Autodesk 
CFD currently requires working in an iterative process across multiple software platforms as 
seen in this project. This can be time consuming and might result in a lack of required rigour 
to sufficiently justify the system-based function of a design. This limitation might be over-
come with the release of new Rhinoceros CFD plugin, which adds the power of computa-
tional fluid dynamics to the CAD environment, without the need to leave the Rhinoceros 
environment. 

Despite functional limitations, Autodesk CFD software provides landscape designers and en-
gineers the opportunity to work collaboratively on infrastructure projects, where water dy-
namics play a significant role in final decisions. By modelling and testing different scenarios 
of design intervention in the dredge cycle there is also greater potential to engage stakehold-
ers in the particularities of how a design will function over time. This is essential as stake-
holder engagement is key to successfully implementing any regenerative design outcome. 

4 Conclusion 

This project investigated the role of simulation and scenario testing by using Autodesk CFD 
in speculating the optimal spatial outcomes and possible regenerative solutions in the Gipps-
land Lake system. The project aimed to integrate the infrastructure system of dredging, com-
munities and ecologies in a newly formed mutually beneficial regenerative paradigm. The 
design process and methods used in this project provide important insights for practitioners 
involved in infrastructure projects for effectively integrating design creativity, ecological 
thinking and engineering digital tools to propose spatial solutions that are creative, data-
driven and performative. Especially in the context of climate change and complex systems 
thinking, we conclude that there are substantial benefits in applying simulation techniques, 
using CFD modelling and simulation tools in understanding dynamic natural systems and 
speculating responsive design outcomes that engage with ongoing changes.  
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Fig. 9:  
As sea level rise takes hold towards the 
end of the 21st century, fish stocks of  
important estuarine species may need to 
have their stocks boosted through aqua-
culture. This possibility could see the 
emergence of a thriving industry at the 
lakes community of Metung. This section 
shows the establish-ment of an aquacul-
ture farm on one of the newly created  
islands. This shows an inte-gration of  
industry and aquatic habitat.  

 

Fig. 10:  
Sea grass beds and marshes populated 
with Phragmites australis are essential to 
the the food networks of fish within the 
Gippsland Lakes. Marshes with Phrag-
mites australis provide habitat for Zoo-
plankton, which is extremely important  
to juvenile fish species. Sea Grass beds 
provide habitat for breeding, adult and  
juvenile fish, they are essential to the food 
networks of fish within the Lakes as they 
provide habitat to epiphyte and periphyton 
communities. This section shows the inte-
gration of recreation and aquatic habitat 
that could establish on the new islands.  

 

Fig. 11:  
Recent decades have seen mangrove  
(Avicennia marina subsp. australasica) 
populations establish within the Gipps-
land Lakes. This is thought to be due to 
increased temperatures caused by climate 
change. These populations are only pre-
dicted to become more prominent under 
future climate scenarios. Fortunately 
Mangroves do form important environ-
ments for some fish species, contributing 
to food networks and spawning habitat. 
This section shows an established man-
grove beach, depicting an integration of 
aquatic habitat and recreation. 
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