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Bertram, Murray and Ramírez-Lovering18 Expanded Design Research

mounds and terrain, and historic geological 
surveys revealing the locations of clay, silt and 
peat. The drawings and sections of early 
surveyors such as John Septimus Roe and 
others helped to paint and ‘truth’ this detailed 
picture of the wetland grounds. These 
reconstructions have great relevance in our 
contemporary urban environments. They reveal 
the memories of the landscape, where sumps, 
ovals and built-up urban areas now reside, they 
reveal places of high groundwater and align with 
stormwater drainage, the persistent pathways of 
water through the contemporary city. This view 
of the city is of great importance as we consider 
where and how we design the urban spaces, 
surfaces and buildings which make up our 
cities, a process which is often erasing rather 
than preserving or working with these remnant 
hydrological landscapes.

3. Collaboration: engaging, expanding

Contemporary urban design and architectural 
practice is frequently limited in scope to the 
physical arrangement of buildings, spaces and 
streets, transport, land use and so on with 
respect to current political, spatial and 
administrative boundaries. By actively seeking 
input from disciplines outside the conventional 
urban designer’s repertoire, our understanding 
of the city’s systems and relationships between 
these systems can be challenged. Throughout 
the process of developing this work we have 
read widely and sought input from a variety of 
disciplines: geomorphologist, ecologist, 
geologist, civil and environmental engineers. 

In the design research process for Perth 
and the Canning River area, we established 
relationships with environmental engineer 
Professor Carolyn Oldham and her CRCWSC 
research team, who pointed out local features, 
new knowledge and data to us and also 
highlighted the difficulties that high 
groundwater conditions pose to Perth’s 
expanding urban footprint. This data and 
specific disciplinary knowledge both allowed 
and inspired us to construct new types of 
drawings, to seek new ways to describe the 
opaque underground condition, and to reflect 
through design experimentation on how this 
might influence the way we think about the city.

These discussions gave us an 
understanding of how groundwater depth and 
geology produce a range of conditions that 
require urban responses unique to Perth. 
Findings from the research of Carolyn and her 
team reveal how flows through groundwater can 
threaten sensitive ecological wetlands and 

rivers which harbour significant biodiversity. 
These groundwater issues directly concern the 
design of the built environment and raised many 
questions for us. Groundwater-rich conditions 
can be considered as a quality included in the 
process of design rather than a technical or 
geotechnical problem to be overcome. In Perth 
the typical response to high groundwater sites 
has often been to fill with many metres of sand 
to establish a stable footing, erasing the rich 
hydrological conditions rather than treating 
them as opportunities for water-sensitive urban 
design.

Solving complex, real-world problems 
requires bringing together insights from 
multiple disciplines, and integrating water 
management into urban agglomerations 
presented one such challenge. The long and 
structured program of the CRCWSC provided a 
good framework for interdisciplinarity. The 
effectiveness and understanding between 
disciplines grew over time and we identified key 
cycles of work – from monodiscipline periods of 
work followed by multidiscipline engagements, 
leading to significant combinations in true 
interdisciplinarity. This was important in 
developing both depth of knowledge and then 
achieving the breadth required by integration. 

However, this type of research – working 
with engineers, social scientists and ecologists –   
was found to have high transaction costs, 
requiring significant periods of collaboration 
between teams to establish common ground 
and agree on directions. Each discipline’s 
contributions to the questions at hand were not 
always apparent in emerging knowledge 
production. This required an open and inclusive 
comportment and unless systematically 
structured into the collaborations there is a 
danger that transaction costs can be seen to 
outweigh the benefits. 

Language and terminologies required 
definition and articulation. Finding common 
terminology to discuss our processes and 
approaches was crucial. Even the most 
fundamental terms to our discipline, such as 
the term ‘design’, were understood differently 
by different groups. 

In order for our design research 
engagements to be more broadly understood, 
articulated and mainstreamed, our teams 
engaged with other CRCWSC researchers in 
the joint production and dissemination of 
project outcomes and methodologies. 
Interdisciplinary, jointly authored conference 
papers and presentations, industry workshops 
and seminars allowed our design-led research 
team to understand more fully the way in which 
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Series of diagrams showing highly varied Cretaceous 
period coastlines of the Australian continent in times of sea 
regression and transgression 145–66 million years ago, in 
relation to current continental outline (after Frakes et al, 1987).
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Murphy and Bertram The Swampy Lowlands of Melbourne88

close to rivers used for industrial waste and transport, recurring sites of industry 
and infrastructure such as airports, water treatment plants and oil and gas 
storage located on the flat floodplains of river deltas or coastal plains, and rail 
and road transport connecting these areas to the surrounding city and suburbs, 
utilising the natural topography of continuous creek and river corridors.

Melbourne has a number of sites that fit this condition, and most major 
sites of current urban renewal development are located in low-lying areas 
of previous swampland or marshy territory.33  Arden Macaulay (discussed in 
the ‘Testing Grounds’ section of this chapter) is typical of this. This site was 
previously a hub of industry, and is being renewed for new ‘smart’ industries and 
high-density housing with significant investment of infrastructure to generate 
the economic uplift. 34

All ports and harbour environments undergo constant siltation that 
requires regular dredging to maintain suitable condition for navigation. 
This perpetual process has been described by North American landscape 
urbanists35  as a productive phenomenon, a continuing process of moving soil 
and sand, a maintenance process that allows for vital logistical operations in 
port cities. Ports are created through a hybrid system that combines human-
made interventions and natural systems. In Port Phillip Bay, ships enter the city’s 
port through a naturally deep channel but one that has been dredged in selected 
sections and therefore still requires constant dredging to keep the levels by 
removing the natural build-up of silt and sand. Without constant dredging, its 
bathymetry would naturally change according to the wind, to the rain and to the 
movement of sand, gradually silting up and then opening up gradually, as it did 
in the pre-colonised past.

The lowlands are inherently modifiable and modified by constant 
manipulation of their topography and bathymetry, swapping of land and water, 
and flow of materials; dredging and depositing under water, and reclaiming 
land above ground. Dredging together with a series of other actions forms 
a continuous urban process, a hybrid of artificial interventions and natural 
processes in modifying lowlands. The actions can be thought of in relation to 
the topographical gradients on which they operate, from the shallow waters 
extending out to the sea, to liminal areas between land and sea, to urbanised 
sections of the low-lying areas, in an extended zone between deep waters and 
high-lying areas. Of these new development areas, the ongoing urban process 
involves filling, dumping, dredging, excavating, cutting and levelling, all of which 
will undoubtedly continue with urban growth and perhaps will be exacerbated 
by existential threat of climate change and rising sea levels. Rising sea levels will 
change the contours of the lowlands, mould and remould their topographies, 
causing destruction on one hand and reshaping new landscape on the other 
hand. By understanding this as a vital and a continuous urban process in low-
lying areas of coastal cities, these actions should be undertaken in ways that 
are more aligned to understanding them as a hybrid of both natural processes 
and artificial interventions that can potentially produce a new kind of hybrid 
infrastructure at territorial scale. 

The cleanliness of the water from the catchment entering Port Phillip 
Bay is key to the health of the bay. Sitting at the bottom of the lowlands system 
and located adjacent to but on opposite sides of Port Phillip Bay, sewerage is 
pumped and gravity fed to the shallow lagoons of Melbourne’s Eastern and 
Western Treatment Plants where is it treated in open ponds; these ponds have 
also become world-recognised for their significant habitat for birds.36  The 
topography of the lowlands enables these treatments to occur next to the bay. 
However, with changing climate dynamics, all metropolitan facilities, such as 
these sewerage treatments, located in lowlands, are vulnerable. In coastal 
cities worldwide, the future of the location of critical infrastructures is being 
questioned: for instance, it is predicted that half of the runways at San Francisco 
airport could be underwater by 2100.37 
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33 
Map by E. Sherbon Hills of 
Port Phillip and Western 
Port ‘Sunklands’, with major 
watercourses and faultline 
structures. The combined sunkland 
extends from Rowsley Fault in the 
west near Bacchus Marsh to Heath 
Hill Fault in the east, near Drouin. 

34
Fragment from Grimes’ 1803 Port 
Phillip Survey Map with notes 
recording the physical features 
around the bay. The current 
suburbs along Port Phillip Bay 
(roughly Middle Park to Elwood) are 
noted as ‘low swampy country’.

35
Permanent opening to Bass 
Strait at Lakes Entrance, 1929. 
The Gippsland Lakes, a complex 
system of rivers, coastal lagoons 
and wetlands, were dramatically 
altered in 1889, when an artificial 
channel was cut to Bass Strait for 
shipping access. The creation of 
this entrance shifted the Gippsland 
Lakes from an intermittently 
open-and-closed coastal lagoon 
system to one permanently linked 
to the ocean, and resulted in a 
change in water levels and chronic 
salinisation of a formerly fresh and 
brackish-waterbody. 

33

34
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35

36

36
Diagram of four key geological types around Port Phillip and 
Westernport bays: silurian rock to the east, volcanic plains 
to the west, sandstone towards the south, and alluvial sandy 
deposits around coastlines and low-lying areas. Melbourne’s 
CBD is at a hinge-point between three different geological 
conditions.
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The agricultural abundance was fed by the superficial aquifers. From 
the 1970s, with increasing population and declining dam reserves, Perth 
began to tap these groundwater resources in increasing quantities for scheme 
water supply and for agricultural, public and private irrigation needs. Perth 
has never had access to the more extensive surface water resources found 
in the hinterlands of Sydney, Melbourne or Brisbane, or connection to large 
interregional water supplies. In addition, Perth has also witnessed four decades 
of declining rainfall, and the coincident but sharper declines in streamflow to 
dams.21 As a result, it came to rely on groundwater reserves, and more recently 
on desalination.

Ruth Morgan’s history on Perth’s water supply, Running Out?, has 
documented the region’s consistent fear of running out of water. This fear 
has led to the dominance of ‘Big Water’, the guarantee of supply through 
technocratic and infrastructural means,22 and labour-intensive projects: the 
damming of rivers, the piping of water to Perth from the Darling Scarp in the 
1890s, and pumping from the Darling Scarp nearly 600 kilometres inland to 
the wheatbelt. Later in the twentieth century, the ‘Big Water’ enterprise led to 
groundwater, and in the twenty-first century Perth has begun manufacturing 
drinking water through desalination.

These dependencies upon groundwater have been problematic for 
Perth. The sinking of garden bores in backyards, licensed bores for horticulture 
and increasing groundwater abstraction for scheme water alleviated 
the pressures on dams in the face of declining rainfall and streamflow.23
Groundwater enabled Perth’s water consumption, which was (and remains) 
the highest in Australia, to continue.24 Irrigation remains the significant drain 
on the superficial aquifers: local governments watering ovals and public areas, 
for horticultural irrigation on the fringe and through nearly 200,000 regulated 
but unmonitored garden bores in backyards. As a result, the levels in the 
superficial aquifers have declined significantly in recent decades.25 The health 
of the superficial aquifers is critical to the health of the wetlands and the wider 
regional ecology.

An increasing population, and further declines in rainfall, streamflow 
and dam reserves brought about by the drying climate, have led to the rapid 
uptake of desalinated water since 2006. Desalination is described by the Water 
Corporation as a ‘climate independent’ water source26 and in 2018 accounted 
for just over half (53 per cent) of water entering the Water Corporation’s 
Integrated Water Supply Scheme, and groundwater just under half (47 per 
cent). Perth’s desalination groundwater mix makes it unique among other 
Australian capitals highly dependent upon surface water. At the same time, 
there remains a public perception that Perth’s water comes from rainfall in 
dams.27 Recent media campaigns from the Water Corporation are beginning to 
educate the public about desalination and Perth’s water supply, although the 
most accessible statistics on the Water Corporation website still foreground 
rainfall, streamflow and dam levels.28

A continuous concentration on guaranteeing an abundance of potable 
water has emphasised the provision of water inputs rather than changing 
consumption patterns, or the collection and reuse of water outputs. By turning 
to groundwater and desalination in increasing quantities, Perth made few 
changes in patterns of consumption or irrigation despite a changing climate 
and radically declining streamflow. As a comparison, Adelaide took a different 
approach. Without significant groundwater stores, Adelaide adopted strenuous 
water restrictions, generous subsidies and regulations for rainwater tanks. 
With an average annual rainfall of 550 millimetres, 49 per cent of houses in 
Adelaide have rainwater tanks. These contributed to a 34 per cent decrease 
in scheme water use between 2000 and 2010.29 There remains a perception 
that Perth’s climate cannot support rainwater tanks; with an average rainfall 
of 850 millimetres and comparable summer rainfall patterns to Adelaide, only 
9 per cent of Perth households are storing it.30 Even more optimistically, in 

WSC_Manual_11.02.19.indd   162 12/4/19   8:43 pm

Martin and London 163The Deep Waters of Perth

79

79
The Swan Coastal Plain is a basin and is the 
sedimentary bed of the city; the Darling Scarp 
to the east forms the edge of the Yilgarn Block. 
Both basin and block can be read clearly in this 
topographic drawing.
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130

130
This scheme on the sandy Bentley site explores 
the potentials of an interconnected infiltration 
landscape between detached dwellings.

131
This sandy-low-groundwater design proposition 
increases the permeability of the Bentley site, 
while revegetating and enabling a higher density 
of dwelling.
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Kedron Brook / Cabbage Tree & Nundah Creek Catchment

Norman Creek CatchmentNorman Creek CatchmentNorman Creek Catchment

136

135 (pp. 230–231)
Aerial view of Rocklea, Brisbane, during the flood 
of 2011.

136
Brisbane’s urban agglomeration within the 
Brisbane River catchment.

137
Norman Creek catchment and urban context in 
relation to the Brisbane River.
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