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Figure 1.0 Juncas sp. at the Royal Park Wetlands, Melbourne, Australia.
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Wastewater Wetlands

1.0 Introduction

An impending water crisis has been identified as one of the greatest 
challenges to human welfare in the 21st century (Chartres, Varma 
2011). Landscape architects, urban designers, engineers and 
architects are confronting this challenge by imagining alterative 
futures central to a growing global sustainable development 
agenda. Sustainable development is a philosophical concept that 
is defined as “development that meets the needs of the present 
without compromising the ability of future generations to meet 
their own needs” (UNGA 1987). Sustainability can be indicated 
by “separate or weighted combinations of reliability, resilience and 
vulnerability measures of various criteria that contribute to human 
welfare. These criteria can be economic, environmental, ecological 
and social” (Loucks, Gladwell 1999, p. 3). Designing for the 
sustainable development of cities and the natural environment has 
been a part of the urban design programme for decades resulting in 
an international objective to make cities “greener” (Mitchel 2006). 
This sustainable development approach is a response to the future 
uncertainties of climate change, population growth, and availability 
of food, energy and fresh water.

Landscape architects have the mind set and skills to offer ecological 
and sustainable design alternatives that collect, treat, store and 
recycle urban water streams (Steinfeld, Del Porto 2004). Urban 
water cycle 1 strategies that address the growing demand for fresh 
water and the way we deal with storm, grey and black water 2 have 
recently been evolving in a number of cities worldwide (Wong 

2007). Of all of the players in the field of urban design it has been 
said that landscape architects effectively “own water” (ASLA 
2012). This statement refers to stormwater as the primary stream 
that landscape architects “own”. However, the design expertise of 
landscape architects when paired with wastewater wetlands that 
treat grey and black water streams through natural processes could 
offer durable, acceptable and sustainable solutions to wastewater 
collection, treatment and reuse in an emerging ecological 
paradigm.    

The City of Christchurch, New Zealand has been presented 
with a unique opportunity in the form of a tragic event. A 7.1 
magnitude earthquake in September 2010 was followed by a 
series of aftershocks. On February 22, 2011 a shallow, magnitude 
6.3 earthquake directly under the city devastated much of 
Christchurch’s infrastructure and buildings, killing 185 people. 
Instantly the urban landscape changed forever. Central to the 
redesign of the city is a reconfiguration of the city’s severely 
damaged sewage network. While temporary repairs are being 
made, the City is looking to wastewater alternatives to be meet the 
city’s needs for the next 10, 30 and 100 years and unconventional 
systems are being considered (Beca 2011).

This thesis examines the role landscape architects can play in an 
interdisciplinary collective of professions that seek to address the 
issues of wastewater in a rapidly changing world and has applied 
two design investigations to the city of Christchurch. While the 

1. Sustainable land planning, engineering and design approaches to water sheds 
and drainage is known in Australia as Water Sensitive Urban Design (WSUD), 
In New Zealand as Low-Impact Urban Design and Development (LIUDD), in 
North America as Low-Impact Development (LID) and in the United Kingdom as 
Sustainable Urban Drainage Systems (SUDS).

2. Blackwater is water from toilet and urinals. Greywater is water from other 
domestic uses not containing faecal matter like laundry and baths. Stormwater is 
surface water from rain. For the rest of this thesis combined grey and blackwaters 
will be referred to as wastewater and stormwater will be indicated as stormwater. For 
more information on wastewater streams see 2.4.

“Sustainability can be indicated by “separate or 
weighted combinations of reliability, resilience 
and vulnerability measures of various criteria 

that contribute to human welfare. These criteria 
can be economic, environmental, ecological and 

social” 
~Loucks, Gladwell (1999 p. 3).
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scientific processes and engineering requirements of wastewater 
wetlands is well understood, there is a gap in the understanding of 
the spatial implications, social and design opportunities of land-
based wastewater treatment technologies in the urban landscape. 
This thesis examines the potential for ecological wastewater 
treatment systems to help structure community resilience and 
environmental sustainability.

The main research questions are:

•	 Can	landscape	management	of	wastewater	wetlands	
offer a more environmentally sustainable model of dealing with 
wastewater in the urban environment?

•	 Can	a	decentralised	network	of	wastewater	wetlands	
enhance resilience to future uncertainties in an earthquake prone 
city?

•	 Can	landscape	design	utilising	wetland	technologies	
provide multiple ecological and social benefits?

This thesis addresses the subject of impending future uncertainties 
by applying sustainable wastewater technologies in the context 
of Christchurch. The landscape implications and opportunities 
of a decentralised, wetland treatment and wastewater recycling 
system are examined through design investigations and theoretical 
approaches to waste landscapes in an ecological era. This work 
does not seek an ecological utopian model, but accepts that heroic 
landscape interventions underlie other urban systems and cannot 
magically “heal ecological, social, economic and political scars” 
(Richardson 2011, p. 67).

1.1  Background

Fresh water, the most fundamental element to life, is a dwindling 
resource (Frerot 2011). While famine and drought plague much of 
Africa, the glaciers, lakes, braided rivers, and pristine aquifers of 
New Zealand’s South Island give the impression that this country is 
in no danger of supply exceeding demand. However a water crisis 
is on the horizon and water-rich countries like New Zealand may 
soon become as exasperated as water-scarce countries (Chartres, 
Varma 2011). Wastewater, which is traditionally thought of as a 
problem, could be part of a solution to the growing global demand 
for water, food and energy if it is used to its full potential.

1.2 Global context

Population increase, industrialisation, urbanisation and 
globalisation are rapidly and unsustainably increasing the demand 
on the world’s resources. Globally populations are booming (Fig 
1.1). The 7 billion people on this planet are projected to grow to 
9 billion by 2050, increasing the demand on global water supply 
for food production and as we pass peak oil for biofuel crops . 
“Peak water” is a term now used to describe the tipping point 
where the physical, economic and environmental demands of 
fresh water exceed the supply, and the availability of freshwater 
begins to decline (Palaniappan, Gleick 2008). “Making water 
last while satisfying the needs of mankind is without a doubt 
one of the greatest challenges to emerge in the 21st century, 
(Frerot, 2011, p. 30). The overarching approach most commonly 
referred to address this challenge is to use the basin (watershed) 
as a unit of measurement in landscape planning (Frerot, 2011, 
Palaniappan and Gleick 2008, Brichiere-Colombi 2009, Jamieson 
& Fedra 1996, Loucks 2005). This approach forgoes the traditional 
compartmentalisation of different water resources and instead 
adapts an integrated water resource management (IWRM) system 
that promotes the coordinated management of water, land and 
related resources to maximise the social, economic and ecologic 
benefits.
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Figure 1.1 Overpopulation and Urbanization. A crowded street near the weekend 
market in Bangkok, Thailand.

Figure 1.2 : Water intensive agriculture near Hanoi, Vietnam.

for water-thirsty agricultural lands coupled with an increasing 
number of mouths to feed has propelled the creation of policy that 
examines the alternatives to existing agricultural practices. The 
United Nation’s Millennium Development Goals (UNGA 2000) 
addresses water use and its management in a changing world. This 
identification has led to a World Health Organization (WHO) 
document advocating that “the [safe] use of wastewater, excreta and 
greywater in agriculture and aquaculture can help communities 
to grow more food and make use of precious water and nutrient 
resources. (WHO 2006 p. vii). 

There are several types of wastewater recycling and treatment 
technologies which will be explored in Chapter 2. However it is 
important to note the global variation of scales, technologies and 
applications of wastewater wetlands and how they are addressing 
the issues of water quality, scarcity and reuse. Developed and 
economically endowed countries have been embracing a controlled 
environment aquatics model that requires an intricate network of 
tanks, pumps, greenhouses and wetland cells to purify wastewater 
(Fig 1.3). These systems represent a significant advance that links 
ecological engineering and biological understanding and have 
been termed Living Machines®, Solar Aquatics System TM and Eco-
machines TM. Places like The Norder Zoo in the Netherlands, The 
Omega Centre for Sustainable Living in New York and the Port of 
Portland Building in Oregon (Fig 1.4) have installed living machine 
models to not only purify wastewater, but as a key design feature 
and attraction (Fig 1.5).

The land use most heavily associated with water use is agriculture. 
Agriculture accounts for almost two thirds of the world’s water 
use (Fig 1.2) (Frerot 2011). As the era of abundant energy quietly 
passes and human kind crests the wave of peak oil, the demand for 
bio-fuels will compete with food production for agricultural lands 
and water (Chartres, Varma 2011). This increase in the demand 
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Figure 1.3 Schematic of wastewater wetlands at the Omega Centre for Sustainable 
Living. Image courtesy of Living Machine®. Figure 1.5 Controlled Environment aquatics or Living Machine®. 

Image courtesy of Living Machine®.

Figure 1.4 Living Machine® at the Port of Portland building. 
Image courtesy of Living Machine®.
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Figure 1.6 That Luang Marsh receives  untreated wastewater in Vientiane, Laos. 
Constructed wetlands provide a basic level of treatment before wastewater enters the 
natural ecosystem. Note: the layers of land use, from left to right: golf driving range 
(recreation), aquaculture, agriculture and residential.

Recreation -
Driving Range

Constructed 
Wetland

AgricultureAquaculture Natural
Ecology

Residence

materials can be produced, social opportunities can be increased 
and cultural values can be enriched (France 2003, Barlow, Clarke 
2002, Azous, Horner 2001).

1.3 National context

New Zealand is overall a water-rich country with, in many regions, 
extremely high rainfall, glaciated mountains, rivers, lakes and 
groundwater stores. Hydroelectricity accounts for nearly 60% 
of New Zealand’s energy generation. But not all regions of New 
Zealand are as water-rich as others. The impacts of globalisation are 
far reaching, and the water resource of New Zealand is no longer 
simply satisfying the needs of the country’s 4.5 million people. 
Global demands are growing and the small island country is faced 
with mounting pressures on its water resource for energy and 
agriculture.

“No country is truly an island.”
~ Helen Clark (2012), former NZ prime minister and 

administrator of the UN Development Program.

At the other end of the scale some developing countries are using 
wetlands, either existing or restored, as a means to filter and safely 
reuse their wastewater. Vientiane, the capitol city of Laos has a large 
natural wetland on its eastern edge. The That Luang Marsh (Fig 
1.6) provides employment and food security for the communities 
around it who use the wetland for agriculture and aquaculture. The 
That Luang Marsh is the receiving environment for a large portion 
of untreated urban storm and wastewater. Constructed wetlands at 
the inflow points of the city’s wastewater into the marsh provide a 
basic level of treatment which has significantly improved the health 
of local people as well as of ecologies (WWF 2011).

It is important to note that wastewater recycling is consistently 
identified as a solution to the issues of water scarcity (Chartres, 
Varma 2011, Lal, Priyangshu 2007, Spataro, 2011, Van der 
Ryne,1999, WHO 2006). By integrating wastewater wetlands into 
the urban water cycle biodiversity can be enhanced, energy and 
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Water-intensive dairy products are the New Zealand economy’s 
number one export, grossing $11 billion dollars in 2011 (Statistics 
NZ 2012). However the dairy industry threatens New Zealand’s 
surface and ground water with the potential to exceed sustainable 
extraction levels while polluting the surface and ground waters 
with contaminated effluent to a point that it presents a public 
health concern (NIWA 2012). New Zealand’s longest river, the 
Waikato River in the North Island, has been polluted to a point that 
it is unfit for human contact as a result of intensive dairy farming 
(Ministry for the Environment 2012) and Lake Ellesmere in 
Canterbury has suffered from eutrophication since the 1970s due to 
dairy and other farming activities. 

The dairy industry is an economic giant, continuing to grow 
to meet the increasing global demand for New Zealand’s dairy 
products, especially in Africa and Asia. Managed properly, dairy 
effluent can safely return resources to the land and constructed 
wetlands can treat dairy effluent as efficiently and passively as they 
can treat urban wastewaters. However the expense of implementing 
effluent treatment technologies often outweighs the penalty for 
not complying with district regulations and in 2010 over a third 
of New Zealand’s dairy farmers did not comply with their effluent 
discharge consent.

In some regions of New Zealand, particularly the North Island’s 
Waikato and Taranaki Districts (Fig 1.7) the water supplies are 
being contaminated, and/or stressed to a point where the physical, 
economic and environmental demands exceed the supply, also 
known as peak water. While major infrastructural projects such as 
dams located high in catchment zones and large irrigation canals 
and pipes are being considered, the short-term economic benefits 
may have long-term environmental and social consequences (Jobin 
1999).

In New Zealand, wastewater streams are dealt with differently in 
every city. Most cities are near the coast and operate a centralised 
or satellite conveyance structure, treating wastewater with energy 
intensive, mechanised systems then discharging treated effluent 

Figure 1.7 Dairy cows in Taranaki, New Zealand. Source: http://www.naturespic.
com/NewZealand/image.asp?id=29663

directly to the ocean or surface waters. Many of these systems are 
old and in need of upgrading or reconsideration.

New Zealand is a bicultural country and the Polynesian indigenous 
people, the Mᾱori have strong views on how water should be 
treated. These views are based in the Mᾱori’s rich mythology that 
links the physical and spiritual worlds. The purest water is called 
waiora, which possess life giving properties that can counteract 
evil. The spiritual essence of waiora is called mauri and this mauri 
can be affected by a number of events and action on earth. When 
the mauri of water has been disrupted it can be restored by passing 
through vegetation or the earth. Wastewater wetlands can help 
restore some mauri to water. 

In 2002 there were more than 80 wastewater wetlands in operation 
in New Zealand. Most of these operated on a small scale servicing 
either individual households or small communities (Tanner 2002). 
The largest scale wastewater wetland is the Taumarunui wastewater 
system in the Ruapehu District. This system services approximately 
5000 people (1603 households) and discharges its treated water to 
nearby agroforestry plots.
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1.4 Regional context

Christchurch City exists within the Canterbury District which is 
the South Island’s most populated region. The Canterbury Plains, to 
the east of the Southern Alps, are a vast, relatively flat alluvial shelf 
blessed with braided rivers (Fig 1.8), deep aquifers and 650 mm 
of rain annually (Te Ara 2011). The Canterbury region contains 
almost 70% of New Zealand’s freshwater (Creech. et al. 2010). The 
grasslands of the Canterbury Plains are suitable for moderately 
intensive livestock farming however the region experiences 
drought, due to periods of dry northwest winds. Canterbury’s vast 
areas of relatively flat topography make it ideal land for agriculture 
and traditionally it has been a sheep farming region. However 
recently the world’s demand for dairy products and its improved 
returns has led many to farmers to convert their farms to dairy. 
Canterbury is now New Zealand’s third largest dairy-producing 
region and the country’s fastest growing (Dairy NZ  2010).

Figure 1.8 The Waimakariri River, a classic braided river in the Canterbury Plains, a 
vast patchwork of forestry, dairy and sheep farms.

Canterbury has just short of one-million dairy cows, each 
drinking on average 115 l/day of fresh water (Omafra 2012). This 
consumption does not take into account the amount of water 
needed to grow grasses and crops to feed cattle or for cleaning 
sheds etc. To both cope with this demand and to allow further 
growth of dairying there are two water plans in progress, the 
Hurunui River Project and Central Plains Water Enhancement 
Scheme. These proposed developments aim primarily at damming 
a portion of Canterbury’s surface water and diverting it through 
canals and pipes for irrigation. There has been widespread 
public opposition to these projects. The Canterbury community 
organisation Our Water, Our Vote is in opposition to agribusiness 
appropriation of public waters and claims that Canterbury’s water 
resources are under threat of being privatised (Tobin 2010). 

Environment Canterbury (ECan) is the regulatory body that 
oversees Canterbury’s freshwater resource. ECan could be the 
principal management agency in the implementation of IWRM 
systems. In 2009, the Ministry of the Environment commissioned 
an investigation of ECan as suspicions were arising regarding 
the high percentage of consent approval. This report, dubbed 
the Creech Report (2010) cited several short-comings in the 
performance of ECan and its inability to properly manage 
Canterbury’s water resources. In March 2010, the finding of the 
report resulted in the firing of ECan’s elected councillors who were 
replaced by National Government-appointed commissioners. 
Many Cantabrians demonstrated against this intervention and 
sacking of elected officials. On June 12, 2010 a thousand people 
gathered in Christchurch’s Cathedral Square to show their 
opposition to governmental interference and to profess their 
passion for the protection of Canterbury’s waters (One News 2011). 
    
The use of municipal wastewater to meet the growing needs of 
the dairy industry has not yet been exploited. A dominant dairy 
industry, thirsty for freshwater for irrigation could potentially 
make use of a city’s treated wastewater. This scenario could 
provide a safe and sustainable solution to two problems; the need 
for irrigation in the Canterbury Plains and the need to find a 
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suitably treated wastewater disposal method. The lands around 
Christchurch identified by Meinzinger (2003) as being suitable 
for land application of treated wastewater could become areas of 
intensive dairy farming as they would have a reliable, year-round 
supply of irrigation. The safe application of treated municipal 
wastewater to the land can help close the loop of several urban 
systems, providing enhanced resilience against drought, creating  
more reliable food producing systems and closing natural cycles 
by returning nutrients to the soil and freshwater to the water cycle 
(WHO 2006, SIWI-IMWI 2004).

1.5 Christchurch

Christchurch is the second largest city in New Zealand with a 
population of approximately 380,000. It was New Zealand’s first city 
and has a strong identity as an English colonial city. Christchurch 
is dubbed the “Garden City” and it is blessed with the geographical 
features of the volcanic Port Hills, sandy beaches that meet the 
Pacific Ocean, a port at Lyttelton Harbour, spring fed rivers and 
large supplies of ground water. However the city’s groundwater 
stores face increased stress and threats from reallocation and 
contamination by energy and agricultural industries (Hanson 
2002). Christchurch’s water is considered to be one of the highest 
quality sources in the world. It is delivered to homes untreated 
directly from confined aquifers. 167 wells pump 50 million m3 
of ground water annually through a 15,000 kilometre network 
of pipes. This water is stored in 34 reservoirs which then service 
approximately 117,000 households with additive free, potable water 
(CCC1 2011).

Christchurch’s fresh water delivery and wastewater conveyance 
systems were damaged by the earthquakes of 2010 and 2011. 
Liquefaction† left many citizens without fresh water delivery and 
large potable water tanks were delivered to community hubs to 

supply drinking water. Throughout the South Island any container 
that could hold water, from fuel cans to rubbish bins were sold out 
of stores. To meet their daily water needs rain water was collected 
and in some cases people used their rubbish bins to collect sea 
water to use for toilet flushing. The people of Christchurch, once 
gifted with bountiful amounts of freshwater were suddenly cut off 
from their water supply. Meanwhile the streams, rivers estuary and 
ocean of Christchurch were polluted as raw sewage spilled from the 
city’s ruptured wastewater infrastructure.

Based on 150 year old technology, the current conveyance system 
in Christchurch consists of 1,562 km of large diameter pipes and 
86 pumping stations working day and night to convey sewage 
across distances of up to 20 kilometres to the Christchurch 
Wastewater Treatment Plant (CWTP) (CCC3 2011). The largest 
sewage mains are up to 1.5 m diameter and often buried up to five 
meters deep. The replacement cost of Christchurch’s sewage system 
is $582 million (CCC3 2011, 1). Thirty-six of Christchurch’s 86 
sewage pumping stations have been completely destroyed by the 
earthquake (Fig 1.9). Mobile diesel pumps act in their stead often 

Figure 1.9 A destroyed sewage pumping station on the banks of the Avon River.

†. Liquefaction: The process by which sediment that is very wet starts to behave like 
a liquid. Liquefaction occurs because of the increased pore pressure and reduced 
effective stress between solid particles generated by the presence of liquid. It is often 
caused by severe shaking, especially that associated with earthquakes.



10
Chapter 1 : Introduction

Wastewater Wetlands

Figure 1.10 A diesel pump 
pumping raw sewage into the 
Avon River.

times pumping raw sewage directly into the city’s waterways (Fig 
1.10). At the peak of dysfunction 18,778 m3/day of raw sewage was 
discharged directly into Christchurch waterways (Swiggs 2011). 
10.7 kilometres of main sewage pipes have been damaged beyond 
repair. Groundwater is infiltrating through the untold number of 
cracks and fracture in the pipes. The CWTP has experienced an 
increase in flow of 48% from groundwater infiltration and 60% 
of the flow into the CWTP is from groundwater (Bourke 2012). 
Therefore the CWTP is wasting 60% of its resources on treating 
infiltrated water that before leaking into the systems was potable.

The combined effects of the earthquakes have exposed the 
weaknesses of Christchurch’s wastewater systems and the City is 
working on developing options for future wastewater management 
for the next 10, 30 and 100 years. While the CWTP is still 
functioning, due to land rezoning (see Chapter 6), populations are 
moving farther away from this plant; from the east to the north 
and southwest.  The City has identified several wastewater options 
which include setting a limit on the capacity of the CWTP and 
introducing satellite treatment facilities (Beca 2012). However 
options for these satellite treatment facilities are largely dictated 
by the capacity and acceptance of a receiving environment. The 
discussion of how a new system might function is on-going. 

This thesis examines the opportunity for Christchurch to 
implement sustainable wastewater management technologies and 
configurations that use wetlands as a treatment component in 
IWRM systems. It explores the spatial and design implications and 
opportunities of structures that exploit wastewater as a resource 
for communities and ecologies while more resiliently providing 
essential urban services in a safe and culturally acceptable way.

1.6 A new paradigm.

Faced with future uncertainties such as climate change, peak 
oil, water scarcity and food shortages and the growing impact 
cities have on these futures has led to a global consideration of 
the possibilities of entirely new urban models and typologies 
(Lehmann 2010). These new models represent a change in 
paradigm, a tipping point from the auto-centric sprawling 
developments of the 20th century to a socially and environmentally 
sustainable urban development known as green urbanism 
(Lehmann 2010).  Green urbanism does not compartmentalise 
the elements of a city, isolating functions and space allocation as 
was the common practice of the twentieth century. Instead green 
urbanism looks holistically at urban system integration seeking to 
design a new urban metabolism where systems share resources and 
waste like an ecosystem (Newman et al 2009).

This new paradigm shift requires “a cooperation and collaboration 
between municipal agencies, various urban actors and stakeholder 
groups” (Newman et al 2009 p. 81). Of these ‘urban actors’, 
landscape architects have always held ecology in their realm 
of expertise and are poised to be leaders in the field of green 
urbanism. Key landscape designers and theorists are confronting 
the true potential of their discipline in the ecological paradigm. 
Landscape can now be envisioned as an “active surface, structuring 
the conditions for new relationships and interactions among 
the things it supports,” (Wall 2000 p. 233). Landscape architects 
can now envision these relationships and interactions, placing 
a renewed value and emphasis on performance design that 
synthesises and optimises the systems of the place. (LAF 2012).
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1.7 Landscape urbanism

To stake a claim in the emerging field of green urbanism many 
landscape architecture firms have rebranded themselves as urban 
designers to increase the amount of work they traditionally might 
have undertaken (Richardson 2011). The ‘new urbanism’ doctrine 
which established itself in the 1980’s saw buildings privileged 
above space and movement; landscape architecture was partially 
supplanted by architecture as the main driver of urban form 
(Richardson 2011). However with a rapidly changing 21st century 
world  “landscape architects have expertise in land management 
and understanding of how a range of technologies can work in 
conjunction with natural processes, other professionals such as 
engineers, architects and “sustainability experts” are starting to 
(fall behind).” (Hargreaves et al 2009 p. 286) The land expertise and 
systems understanding of landscape architecture combined with a 
new paradigm has led some landscape architects to rebrand their 
professional expertise as landscape urbanism. 

Landscape urbanism is defined by Charles Waldheim, chair of 
the landscape school at Harvard’s Graduate School of Design as, 
“a disciplinary realignment currently underway in which the idea 
of landscape supplants architecture as the basic building block of 
city making, especially when contemporary urban conditions are 
characterised by horizontal sprawl and rapid change. (Waldheim 
2006). Landscape urbanism partially adapts Corbusier’s 20th 
century ‘city as a machine’ (Fig 1.11) concept to the context of a 
new rapidly changing world involving emotional impacts from the 
contemporary ecological crisis (Richardson 2011). The evolving 
idea of ‘city as an organism’ (Fig 1.12) injects the notion of ecology 
into Corbusier’s concept, making the city metaphor more attractive 
in the realm of sustainable development. 

The research and design experiments contained in this thesis may 
be more aptly characterised as landscape urbanism. The experiment 
examines landscape features in a system of mixed technologies 
that support and enhance the social, environmental and economic 
sustainability of a city. It represents a “disciplinary realignment” 
that amalgamates landscape architecture with urban planning and 

Figure 1.12 Patel Taylor’s Eastside City Park in Birmingham, London : City as an 
organism. Source: http://landscapeandurbanism.blogspot.co.nz/2008/07/new-landscape-architecture.html.

Figure 1.11  Corbusier Car City : City as a machine. Source: http://worldstreets.wordpress.
com.
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infrastructure as a response to global (and local) change. It seeks 
alternatives that de-compartmentalise and decentralise an old 
and obsolete infrastructure of the twentieth century (Lehmann 
2010). Specifically, the design investigations consider wastewater 
infrastructure; to restructure and activate the landscape surface, 
providing urban communities with a healthier quality of life while 
using minimal resources, closing waste cycles and supporting 
maximum biodiversity. 

1.8 Method

This thesis uses a ‘research by design’ approach to the consideration 
of a wastewater problem through the discipline of landscape 
architecture. It employes a traditional structure of hypothesis, 
testing and result but includes a less-traditional element of design 
and critique. A research essay informed the development of the 
research question while a design investigation is reported, critiqued 
and concluded. This thesis is an opportunistic response to a post-
earthquake problem – “a projection of a possible future landscape 
in response to a change of condition or need” (Deming, Swaffield 
2011 p. 49).

Early on exploration of water issues and futures was undertaken in 
a global, national and local context in order to develop a holistic 
understanding of the role blackwater treatment wetlands play in 
an integrated water management strategy for a post-earthquake 
environment of Christchurch. A survey and analysis of the city and 
its existing wastewater issues and opportunities provide a historical, 
geographical and technical context. The product of this preliminary 
research was a spatial, material and systems understanding of 
the requirements ecological blackwater treatment wetlands may 
impose on existing urban structures. This theoretical and technical 
knowledge then informed a design investigation that examined 
the spatial implications of blackwater treatment wetlands in the 
residential red-zone of Christchurch.

The design investigation was developed under the supervision 
of Tony Milne and Wayne Rimmer, two professional landscape 
architects in Christchurch. With their advice and critique as 

well as the advice and critique of visiting ecologists, architects, 
engineers and other relevant professionals the design investigation 
was completed, presented and defended in front of an evaluating 
panel and a public audience. Both the design investigation and 
presentation met the standards for professional competency.

A proposal to focus the design goals more specifically to exploring 
the different approaches and fits of urban blackwater streams 
was developed. Preliminary research on theoretical approaches 
to water treatment landscapes was then undertaken. Several sites 
were visited in New Zealand and Australia to assess the theoretical 
constructs against existing urban wastewater landscape projects. 
The design investigation and preliminary theoretical research 
was presented at the 7th annual Water Sensitive Urban Design 
Conference in Melbourne. The conference provided a cross-
discipline understanding of urban water professional approaches 
and attitude towards this type of research. It was found that 
stormwater was the major focus of design in the professional field 
but that research into alternative black and grey water recycling 
systems was increasing.

A detailed investigation of the problems the earthquakes had 
caused to the sewage conveyance and treatments systems 
in Christchurch was carried out by interviewing several 
professional staff including Robert Meeks, reticulation manager 
for Christchurch City and Mike Bourke, senior technician at 
Christchurch City Council’s Asset and Network Planning team. 
Two invitation-only meetings were attended, sponsored by the 
city council and local engineering firm Beca, to examine possible 
futures of Christchuch’s wastewater management streams. These 
meetings were followed up with further interviews with Mr. Bourke 
and Dr. Andrew Dakers of Ecological Engineering to establish the 
probability of acceptance of a satellite wetland treatment system in 
political, social and scientific arenas.

Population and planning data was acquired to establish the 
trends in a post-earthquake Christchurch. The population trends 
facilitated a change in district planning opening up previously 
identified green field development sites to facilitate the growing 
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need for residential properties in light of the red-zoning 
(decommissioning of residential areas) of existing properties 
and migration of populations from east to west. The growth and 
development of Christchurch City continues to be in a constant 
flux as government policy and decision making is changing day 
to day in light of new and evolving information. Often during the 
course of this research assumptions needed to be made because the 
outcomes of present conditions were as yet undetermined. Some 
data for this research was compiled based on draft documents. 

Geographic Information Systems (GIS) software was employed 
to undertake a spatial analysis of Christchurch residential, open 
space, conservation and rural zones to gain an understanding of 
land use. These spaces were evaluated mainly in terms of density vs. 
green fields in an effort to establish the availability of land needed 
to implement wetland treatment systems to service the associated 
populations. 

Extensive technological research was carried out to understand 
the options and requirements of myriad wastewater conveyance 
and treatments systems, from conventional and mechanical 
systems to ecological and chemical systems. These treatment and 
conveyance options were then evaluated based on their economic, 
environmental, ecological and social sustainability. Several 
technologies were explored through the design investigation and 
redesign. Essentially two wetland typologies were considered, the 
staged planning (tidal flow) wetland and the horizontal subsurface 
flow constructed wetland (HSFCW).

This thesis builds on the spatial and theoretical understanding 
of wastewater wetlands in the urban context and through design 
investigations develops a series of strategies and solutions for their 
potential integration.






