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Abstract
Wastewater for Resilient 21st Century Cities

Retrofitting cities with decentralised wastewater infrastructure

Combined waste and storm water infrastructure causes water pollution 
in urban streams. The project explores how to retool the existing 19th 
century combined waste and storm water infrastructure which pollutes 
the waterways with untreated sewage during flood events.

Design to explore and redevelop the cities aging infrastructure to improve 
the water resilience of cities. A new smart neighbourhood infrastruc-
ture with supporting natural landscapes is the key focus. The research 
exploration considers how new technology could adapt a new waste-
water infrastructure model for cities applied in a neighbourhood water 
infrastructure precinct. Recycling potable or fit for purpose water from 
the combined waste and storm water network. This alternative waste 
water system is considered for a macro, city wide or micro neighbour-
hood application. Developed into a new synergistic buddy wastewater 
management system decentralised and distributed nodes around parks. 
A development strategy around parks, using clustered neighbourhoods at 
node points.

The Resilience strategy with sustainability principles explores the “zero 
waste” approach to resource use, recycling waste-water in the neigh-
bourhood. Additionally low impact design principles are used as waste-
water infrastructure doesn’t use low impact design. The exploration 
considers how new water purification technology can be fitted into the 
traditional wastewater infrastructure network. The key is the use of a 
ecological cyborg designed to purify and reuse the wastewater from the 
combined waste and storm water infrastructure. 

The test case for a new urban city form. 

Term
Ecological Cyborg is defined as integrated technology and ecology which 
extends the limitations of man made systems by integrating with non man 
made systems (Reed, Lister, 2013). 
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1. Research Question

This research project re-imagines the 21st Century Auckland city as a 
holistic, resilient, blue and green city with an infrastructure strategy that 
uses urban parks as nodes for urban growth, applying a utopian neigh-
bourhood concept to the themes of work, live and play.

This strategy would create city population growth around parks. The 
sustainable renewal of neighbourhood infrastructure around parks is 
the densification strategy, a vehicle to re-image urban parks and create 
around them a rezoned, retrofitted, high performance neighbourhood. 

At present the city’s urban growth is intensified around the transit cor-
ridors. In the future population growth in the central city will need parks 
to become important urban green space buffers. Amenities like parks 
will need to be optimised for social and cultural needs. The research key 
idea is to re-imagine the neighbourhood zoning by combining public and 
private land assets (resources). 

Auckland  Planning Development Strategy
Auckland City Unitary Plan outlines the projected 2050 urban develop-
ment for the Greater Auckland Region in which city development is 
focused around transit lines.  This project proposes that urban develop-
ment could be around parks. The Council proposes higher population 
densities around some parks, but the unitary plan could inspire an alter-
native urban development around parks. This park node strategy could 
develop the city form with intensified population growth distributed and 
decentralised around neighbourhoods. 

Existing water infrastructure in modern cities is based on a 19th Century 
model. This system of ageing infrastructure sends city wastewater, a 
mix of domestic sewage, industrial wastewater and storm water, to large 
scale central processing industrial infrastructure. This water infrastructure 
conveyance system has an override system where untreated sewerage 
empties into the sea during storm events. Increasing population densities 
adds pressure to the city infrastructure and it becomes more and more 
inefficient. 

The provisional Auckland City Unitary Plan indicates source control of 
pollution in water networks and this is where the exploratory research is 
considered (Auckland City Council, 2013).  The project will focus on the 
uses of reclaimed water from waste and grey water, to analyse the best 
practice outcomes for ecological functions. This exploration will consider 
how a best practice approach opposed to a most practicable approach 

for the water network infrastructure management currently used by Auck-
land. 

Prof. Jackie Clarke’s submission (2013) to Auckland Watercare stated 
that the central interceptor project that A.E.C.O.M. redesigned for the 
existing waste and storm water infrastructure around Mt Albert, used 
outdated infrastructure principles. Additionally the following statements 
directed this project to consider strategies to change wastewater infra-
structure network design. “Globally large water infrastructure projects 
are being redesigned to use smaller sized gray infrastructure by using 
operationalised landscapes in conjunction” (Department of Environmental 
Protection, 2006).

New Wastewater Management
Water resources can be divided into a source for potable consumption 
i.e. suitable for drinking, and a source for non-potable consumption i.e.
not suitable for drinking. Recycled water from the combined waste and
storm water drainage could be used for the increasing population’s water
needs. Developing technologies could redefine the water infrastructure
networks changing the existing water infrastructure of the city to use the
non potable water resources. In this research project, the neighbour-
hood water network is the focus and this is where the main change to the
developing city densification model is perceived. The research explora-
tion considers operationalising green and blue water landscape networks
using parks and alternative water systems.

The new city of the twenty first century could now plan city infrastructure 
development to consider that “new technologies may redefine water 
infrastructure networks, changing the linear infrastructure of the city to 
create a neighborhood cluster city,” (Novotney & Brown, 2007; Water, 
2009). A Cluster City model described by Furamai (2007) could help re-
define city form and shape the necessary new infrastructure. A  key clue 
for a development strategy for research is “Cities of the future will be 
designed as semi autonomous, a system which has low energy needs 
and can be partly self sufficient, interconnected in cluster neighbour-
hoods.” (Novotney, 2008) and a principle I find important is sustainability 
as described by Novotney in this statement ”The new systems will com-
bine sustainable infrastructure, ecologically and hydrological functioning 
landscape.”(Novotney 2008)

This research exploration considers how the city will change and adapt 
with the future population growth as a resilient city, which needs to be 

more efficient with its resources. The projected population growth will 
change the existing urban fabric of the city and create new ecological 
needs for the affected city communities. 

The exploration will consider a synergistic park and neighbourhood 
infrastructure model which could be applied to the city in a new park 
strategy model. The city will then develop into nodes of macro and micro 
form (Bogunovich, 2009). This retrofitted infrastructure is retooled and 
supports the ageing cities infrastructure, optimised and hybridised along 
green nodes which are redesigned to work synergistically around the  
surrounding neighbourhoods. 

1.1 Introduction

Figure 1.1  100 year old combined waste and storm water infrastructure 
empties untreated wastewater into the sea during flood conditions
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1. How can potable and non potable decentralised water networks
improve resilience in 21st century cities?
This research question is important because of increasing world wide city
water shortages. The increased population of the 21st century city will
change the natural water networks and infrastructure function.  Lister de-
scribes resilience as “the ability of an ecosystem to withstand and absorb
change to prevailing conditions” (p14, 2015).  Resilient cities reduce vul-
nerability to extreme events and respond creatively to economic, social
and environmental change in order to increase long term sustainability
(Resilient cities,2015),(Haas,2012). A city resilience strategy would be to
recycle wastewater. “From an environmental perspective, water reuse
can reduce demand for fresh water resources, diversify water sources
and enhance the reliability of the resource; it can reduce the volume of
wastewater discharged into the environment” (p.5, O.E.C.D., 2009). By
diversifying existing resources recycled water could be reused in the ur-
ban environment, contributing to greater resilience in 21st century cities.

2. Can the city be retrofitted with development nodes around parks,
with new ecological cyborg infrastructure?
This reassessment is to optimize water infrastructure, with holistic land-
scape ecology and inspire a densification model that uses resources
more strategically. The investigation considers how new technological
changes in water purification, could be retrofitted to upgrade the existing
water network infrastructure.

1.2.1 Aims and Objectives
The primary aim of this research is to design a resilient and sustainable 
water network management system, retrofitted to an existing Auckland 
urban site.  

The following objectives are integral to this design research:
• To investigate and reassess the traditional water network infrastruc-

ture.
• To investigate an alternative design to retool the central interceptor,

part of the Auckland’s 19th century water infrastructure.
• To form a flexible and adaptable supportive infrastructure connected

in neighbourhood clusters.
• To recycle water in green urban spaces and create nodes for urban

development around them.
• To determine whether alternative design could reduce the wastewater

flows into the into the tunnel infrastructure and in turn reduce the size
of the proposed central interceptor project.

• To determine how the proposed new waste and stormwater pipeline

might influence the project site in other ways.
• To reduce the size of the traditional required infrastructure (loading)

for new population development hub around the parks. Or, as a sup-
plement, a new hydrological model (using dedicated separate waste
and storm water infrastructure), to reduce the infrastructural require-
ments of the wastewater network when future city population growth
is added.

• To understand other professional water disciplines and develop the
research on a pluridisciplinarial basis (Cracium,2014), demonstrating
in this approach problem solving and philosophy in the practice of
landscape architecture.

1.3  Summary
This project proposes to retrofit a high functioning combined grey and 
alternative wastewater system infrastructure. This investigation, us-
ing a neighbourhood density model, is a researched design exploring 
the updates for wastewater infrastructure in the ageing city. The project 
will research infrastructure developments and will consider the reuse of 
reclaimed water as a resource in the neighbourhood. Densification nodes 
around parks, the vehicle to change the water network infrastructure as 
we know it, is the application considered as a solution. Using this com-
bination in conjunction, parks become part of the treatment process - a 
new smart neighbourhood infrastructure with supporting natural land-
scapes. 

The challenge is how to use black water safely to create a design which 
uses low impact infrastructure with urban landscape practice. The new 
design needs to be a flexible and adaptable hydrological system. New 
technology could develop the existing combined waste water infrastruc-
ture. To use the new technology to retool the network, a new combination 
of technology and ecology needs to work together. 

The density nodes around parks could be applied city wide around the 
Central Interceptor model. The ecological cyborg design with new density 
nodes around parks could be used to recycle potable and non potable 
water from wastewater, which would change the cities wastewater re-
quirements for the grey infrastructure tunnel of A.E.C.O.M.’s design (Wa-
tercare,2013),(2017- 2027). This projects research objective would both 
update the existing infrastructure and also work with the new A.E.C.O.M. 
design (2017- 2027). 

The design scenario could be nodes connected by a green “necklace” 
of green and blue natural and artificial infrastructure. In this case study, 
Auckland is retrofitted with this mosaic of urban redevelopment. This 

multi-node innovation explores the creation of a mega system using 
artificial hydrology with diversified energy centres in support of the neigh-
bourhood precincts. This could support higher population densities in the 
central core of the city with efficient and sustainable reuse of the existing 
water resources. The theme for this research exploration is the concept 
of zero waste with existing infrastructure hubs designed into this 21st 
century interface with a theme of work, walk and live re-imaged into the 
urban fabric. 

This exploration considers a best practice approach using ecology as the 
barometer opposed to the current water network infrastructure manage-
ment used by Auckland City. The research project focus is on reclaimed 
water uses from waste water resources. The best practice planning 
controls for water network infrastructure and the effects of this change 
includes ecological strategies for using the recycled water in the neigh-
bourhood. 

1.4 Outline of the Project
Research
This project is divided into two parts. The first identifies the relevant lit-
erature regarding planning, privatization and development of a decentral-
ised water infrastructure network. Additionally the investigative literature 
reviews ecological cities and technological infrastructure site applications 
described as an “ecological cyborg”. The literature review is formed into 
relevant sections to include precedents and theorists. 

Analysis and design
The second part of the project is formed around test cases, analysis, 
matrix and refined design sections with conclusions. The infrastructure 
pilot site shows the researched changes for the Auckland 21st city cen-
tury city pilot model. The final conclusions outline the recommendations, 
limitations of the research and identifies future research areas.

1.2 Research Questions
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2.1  Introduction

This literature review is in three parts. The first part reviews historic and 
developing city forms with planning influences from water hydrology. 
Resilience is explored, and the creation of different decentralised and 
distributed city forms through infrastructure design. 

Secondly the review looks specifically at how aging waste and storm 
water networks can be combined with new technologies within the 
developing city of the 21st century.  The development of a new strategy, 
an ecological cyborg, is investigated as a medium to hybridise the waste 
water infrastructure. 

In the third section the review of the literature firstly presents Singapore 
as a case study example of a large infrastructure project using alternative 
and natural landscapes with linear water network infrastructure. Sec-
ondly, it reviews specific precedents for design techniques from a variety 
of projects around the world.

“While cities are testing approaches that combine some hybridisation in infrastructure (con-
veyance and infiltration), hybridization in governance remains less explored. Most impedi-
ments to sustainable urban water management practices are institutional not technical”
(Brown & Farally, 2013).  

“Worldwide examples of large infrastructure projects show that alternative and natural land-
scapes can work with linear water network infrastructure, examples of these can be seen in 
Singapore with natural landscapes replacing concrete canals for example in the Singapore city 
reservoir system” (Public Utilities Board, 2013). 

“Globally large infrastructure projects are being redesigned to use natural landscapes in con-
junction with grey infrastructure” (DEP, 2006). 
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2.2  City forms

2.2.1  The Resilient city

Planning History and Development
The resilient city will use recycled water as a resource for potable and 
non-potable uses (Novotney, 2008). Future population growth will de-
mand a city that is more efficient with its resources with optimal land 
performance. Resilience is described as smart, sustainable and robust 
adaptability (Haas T. ,2012). This study considers how using new technolo-
gies could retool and change water network infrastructure to create a 
city with less focus on big infrastructure networks. Analysis from interna-
tional precedents show new uses for recycled wastewater. This literature 
exploration shows examples of the way in which integration of natural 
landscapes and recycled water infrastructure can aid in the densification 
of the 21st century city. 

Water resources can be divided into a source for potable consumption 
and a source for non-potable consumption. The recycled water from the 
combined waste and storm water drainage could be used for the increas-
ing populations water needs. Melbourne and Adelaide use neighbouring 
agriculture to make use of recycled wastewater. Traditionally China and 
India have always used wastewater recycled for example aquaculture, for 
example (Beder,1997). Sydney, Australia uses wastewater recycling for 
residential reuse or third pipe reticulated water to new housing estates.

The ecological barometer influences the systems using best practise for 
ecology as the key principle. Not the existing approach good enough, 
which is the standard practise, which wastewater engineered systems 
use. The reuse of the hydrological resources in artificial and natural land-

scapes is tested in the design of infrastructure and city systems for this 
project. The improved water way health is the ecological barometer and 
this will be an important city indicator for sustainable waterways

From public to private water infrastructure privatisation
Changing social attitudes are influencing the design for storm water to 
include approaches that integrate urban greening, energy conservation 
and private responsibility for infrastructure (Water, 2013). Changes to the 
current management system for water infrastructure networks have to 
start with city planning to resolve issues for holistic interpretation of water 
network infrastructure, as seen in New York City’s planning (DEP, 2006). 
Holistic water systems are described as integrated natural and artificial 
systems by Berger (2007). Planning precedents from the cities of Copen-
hagen and Melbourne, reassessing water resources, consider all water 
(including recycled) as a resource for city use (Binning et al, 2006). It is 
noted from the research that infrastructure needs to have forward plan-

ning before the city will use operationalised water network infrastructure 
with natural landscapes effectively in the 21st century city. 

Research shows that the planning management of the cities of Copen-
hagen and Melbourne developed city water infrastructure systems in 
phased stages:
Stage 1 - Dissatisfaction with the water quality.
Stage 2 - Stabilization with new technical led solutions.
Stage 3 - Opportunity for pilot schemes, privatisation 

of the recycled water market. (Binning et al, 2006).

Globally privatization of water networks has become a factor in the sec-
ond and third phase strategic development of city planning. 

Using increasing economic growth to facilitate infrastructural changes in 

neighbourhoods is discussed in the article by (Maas, Bodurow, Hoback, 
Martin, Creech, 2008). This article discusses the joint benefit of using a 
value added infrastructure with ecological connections as the facilitator 
for their urban design.
A high performance planned infrastructure described by NYC govn(2013) 
desribes that best practise and high performance infrastructure needs to 
consider 

Limiting waste and hazardous materials

Efficient resource and material use, so sustainable
Reducing the adverse impacts to the natural city
Multifunctional infrastructure using for example street spaces which re-

duce the effects of pollution from combined wastewater and storm water 
infrastructure creating urban revitalization. 

The key is that existing water infrastructure in modern cities is based on 
a 19th century model. Historic, planning and the ensuing development  
of commercial water hydrology precedents will change and how to apply 
this is considered. The medium to redevelop the cities ageing infrastruc-

ture using densification nodes as a key strategy to produce resilience 
in cities. The main investigation strategy is to use water infrastructure  
developments with forward planning. Key thinking is that planning will 
then use operationalised water network infrastructure with natural land-

scapes effectively for added resilience in 21st century city.  Researched 
analyse of different city forms and how the precedents and theorists have 
developed nodes in precedent cities analysis is developed further in the 
following Section 3 : Methodology. 
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2.2.2 Nodes

Nodal Theorists
Intersections between elements – meeting points -  usually offer the rich-
est and most interesting experiences. Jenks (1995) asserts that vitality 
stems particularly from meetings or crossing, and therein lies the clue to 
the success of much of urbanism.

Density is not a mathematical summary - it is about understanding the 
balance between housing, people and activities at an appropriate level to 
fit the aspirations to make a neighbourhood work.   

Centreless city where multiple centres are forever reforming, collage 
(Jenks,1995.)
Suburbs can be reconfigured to have higher densities they need diversity 
and diversity requires greater density (www.densityatlas.com)
Buddhism treats time and ” space as interrelated”,”Shinto city is discon-

tinuous, autonomous parts of disparate scales. ”(page 51 para 2),(Shel-
ton, 2010)

Nodes combine with Linear City : Technology
Technological changes for linear infrastructure of cities could modify 
traditional linear system water networks to create neighbourhood cluster 
cities (OECD, 2009; Water, 2009; Novotney and Brown, 2007). 

Node City
This research suggests the densification model for resilient cities may 
use a remodelled urban form that considers Biophyllic (water network 
design of cities), Eco-cities (zero waste) and distributed (cluster neigh-
bourhood) city networks. Newman, Beatley and Boyer (2009) discussed 
in resilient cities “recommends a compact mixed-use urban development” 
(p.19). They described that in the resilient cities, distributed water net-
works uses principles from water sensitive design. 

“The municipal storm water and sewage management is expected to 
be decentralised into city clusters” (Novotney, pg.20, 2007).  Nodes of 
Development Cluster cities recommend nodes of 10,000 to 50,000 in size 
(Smartwatercluster, 2013). The premise is that cities wastewater recov-
ery and subsequent energy production is optimised in this size model. 
The 30,000 people node is an example considered for use as a recom-
mended amount for a population density node to make the intervention 
sustainable. Water recycling units for this small population intervention 
concept is recommended in the smart city population node (Smartwater-
cluster, 2013). Operationalised as a cluster network node green and blue 
water landscape networks using parks and alternative water systems, a 
flexible and adaptable supportive infrastructure connected in neighbour-
hood clusters. New technology which could be used to buddy infrastruc-

ture networks into a case study community neighbourhood. The hydro-
gen, wastewater MFC - PEC system (Li, 2013) which produces hydrogen 
solar energy is a possible energy resource. This technology which may 
be more prevalent in the future adds to the ethos for the purification sta-
tions commercial concept.

The Japanese model (Shelton, 2012) uses a nodal city, developed from 
the agrarian node. That is, patch nodes or a mosaic of sites, connected 
by time. This is decentralised in its basic premise. The Western city is 
more linear, as western thinking is visually influenced. Visual thinking 
creates order by forming city networks into linear systems - more like the 
hierarchical master and slave relationship (Fig 2.3). Traditionally planners 
and landscape designers, influenced by how the eye surveys, places the 
linear design as a system for ordering their designs. Or like the Renais-
sance’s design, an axial order which is geometric.

Rob Roggema’s theoretical node planning method of urban design using 
nodes is the same way as the ancient node system (Maki, 2010). Shelton 
(2010) Roggema (2013) describe the use of node theory in the identifica-
tion of adaptive patterns.  The designed nodal resources are formed into 
a management resource at the node points.  Dynamic ecological systems 
have adaptation nodes on the edge i.e. the dynamic system changes 
are at the intersections of elements. So as Roggema’s lecture consid-
ers his swarm node theory, includes this as an adaptive node point, an 
unplanned space, where changes can be made for the planned design 
(Roggema, 2013). 

Ancient cities developed around the transit lines, where society traded 
resources e.g. goods and labour, this inherently is the same system. 
Density interventions create the strategies for the neighbourhood 21st 
century nodes. Like the 2009, A+1 density article, which discusses the 
use of urban density strategy to create utopian sustainable communities. 
The literature review from the example in A+1’s report (2009), forms the 
basis to consider energy efficiencies from wastewater creating renewable 
energy, resource recycling for the community.  An adaptation with sus-
tainable ‘green’ credits or (renewable energy) is the key literature influ-
enced design for adding a value system to the neighbourhood city node. 
This new city model could instead follow a localised clustered system. Or 
decentralised, distributed around parks (Fig 2.1) and existing infrastruc-
ture would be retooled around the new 21st century city growth nodes. 

Fig. 2.1  Node Data Analysis showing visual node network differences. Fig. 2.2  The Japanese city model with soft centres and built up edges, compared to 
the Western linear city form an adapted diagram(Shelton,2010).

Fig. 2.3  Node Data Analysis showing visual node network differences in a master 
and slave network on the left, a decentralised  network in the centre and a distributed
network on the right (Vaki, 2013).
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2.2.3  Distributed and decentralised city

Japanese Urbanism provides an abstract idea for system or network 
thinking that is not steeped in western thinking. The attributes of Japa-
nese urbanism, discussed by Shelton (2012), could be used to shape 
design thinking. They are:
• Decentralised
• Patchwork (rather than network)
• Horizontal (more than vertical)
• Piecemeal (over integrated)
• Shifting and cloud like order (over integrated)
• As distinct from fixed and clock-like
• Temporary (versus permanent or ephemeral)
• Flexible (more than fixed)
• Content (over physical context)
• Vague (as opposed to clear boundaries between object, building

or city and surroundings)
(Para 2, page 129, Shelton, 2010)
The underlying principles are:
• Areal-over linear and sequential organisation
• Fragmentation over integration
• Transformation and metamorphosis over static or unchangeable
• Autonomy over interdependence of parts
• Flexible and indefinite over the fixed and finite
• Superimposition – juxtaposition and coexistence of unlike parts; com-

promise and integration (Para 2 page 130, Shelton, 2010).

Japanese cities are generally less centralised (Shelton, 2012). Western 
cities are more likely to have a central primary zone. Japanese cities are 
likened to a hard shell and soft inner zone in which central city zones 
have lower buildings and quieter inner streets (Shelton, 2012). The 
edge, in the Japanese city is adaptable to ‘use,’ more so than the interior 
spaces. So in a Japanese city complexity is built into the system. 

Architect and theorist, Maki (2010), likens systematic networks to a clock 
and chaos or dynamic systems as cloud, ever changing. Maki explains 
city network systems as being adaptable, ephemeral like the ecological 
dynamic systems. 

I have compared this to the Japanese city, where the outside edge of 
inner city zones is the place where change can be made. Inherently, the 
design can alter at the meeting and crossing points. This is the basis for 
my early nodal design around the parks which is the planning skeleton 
for the project’s case study. As discussed by Rod Barnet’s writing (2005), 
his theory on nodes is – the movable point, the point of change, the rich-
est place for design interventions. The edge, in the Japanese city de-
scribe by Shelton in 2010 is adaptable to ‘use,’ more so than the interior 
spaces. So in a Japanese city complexity and difference is considered 

and this adaptable edge is built into the system. It is noted from the litera-
ture reviewed infrastructure needs to have forward planning before the 
city will use  a different or operationalised water network infrastructure 
with natural landscapes. 

Auckland Unitary Plan
“The Auckland Plan does not recognise the difference between infra-
structure that shapes the growth of urban structure and infrastructure 
which simply responds to demand” (para 2, page 54, S.G.S., 2013).  The 
plan does briefly mention this distinction but does not use this framework 
to articulate the key strategic city shaping infrastructure projects, beyond 
the CRL.

The Unitary Plan Nodes or Development areas are at present central-
ised around the transit lines. The Auckland City Unitary Plan outlines the 
projected 2050 urban development for the Greater Auckland region. The 
Auckland unitary plan anticipates that 70% of the population growth is 
going to be in the city. The future population development nodes follow 
transport growth hubs, for example Morningside. The Council proposes 
higher population densities around some parks. The research project out-
lines wastewater infrastructural changes to propose densification planned 
with clustered neighbourhoods, an urban development strategy around 
parks. The key idea for the research is to re-image the neighbourhood 
zoning by combining public and private land assets (resources). A new 
synergistic buddy wastewater management system is investigated in the 
densification model to create a new resilient and sustainable urban city 
form. This whole idea is a medium to redevelop the cities ageing infra-
structure using densification and produce a decentralised city.
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2.2.4  Networks

Network City : Technology

Technological changes for network infrastructure of cities could modify 
traditional systems in water networks to consider alternative water 
network systems. This is reflected in the OECD article in 2009 “Alterna-
tive systems are flexible and adaptable to changes in population and 
consumption, land use and technologies” (OECD, p.5,2009). Novotney 
(2007) also discusses this change, describing new drainage switching 
from strictly engineered systems (sewers) to ecological systems such as 
rain gardens, surface wetlands, ponds restored and day lighted water 
bodies. “New developing technologies will change current practice for 
combination linear centralized and ‘alternative’ water “ (Water, 2009).

Water management researcher and engineer, Tony Wong, from Monash 
University, focuses on a combined approach to water infrastructure man-
agement systems for cities. Wong has researched alternative green and 
blue water infrastructure for city water networks using I.U.W.M. (Inte-
grated Urban Water Cycle Management) and W.S.U.D. (Water Sensitive 
Urban Design). 

The literature review of the use of geothermal energy for passive power 
uses describes how the heightened temperature of wastewater in the 
network pipes could be absorbed from the heat pump system which 
harvests energy from the wastewater network. Geothermal purification of 
the wastewater is possible as shown in the Spanish precedent example 
(Arllen Dev, 2014). In this example renewable energy is created from the 
geothermal layers of the underlying volcanic structure and similar tech-
nology could be used in Auckland. 

Technology could be used in the intervention as discussed with the envi-
ronmental engineer DeSilva (2014). The design has both a sustainable 
and  low impact design aspect. The low impact design minimises piping 
sizes, as the length for the transportation of the recycled water does not 
have unnecessary costs, in construction and  in the lifespan of the inter-
vention. Mixed development zones could be arranged around parks in 
a similar decentralised system. The site becomes a node, a hybrid zero 
waste precinct. Novotney states in his article of 2008 “Cities of the future 
will be designed as semi autonomous, a system which has low energy 
needs and can be partly self sufficient, interconnected in cluster neigh-
bourhoods” (Novotney, 2008).

Dynamic Analysis in Architecture

Bernard Tschummi described his plan for Parc la Villette as a “decentred 
dynamic of unpredictable events. These are tactical superimpositions 
to sustain diverse activity and create surprises described by Tshummi 
(Bradbury, 2013). Don’t think with grids and lines, think with algorithms, 
like you’re playing chess” (Reflection). Tschummi begins the change of 
design paradigm for architecture with this developing design strategy 
which moves away from static design to a more dynamic and changeable 
approach.

The geometric design methods which originates from the Renaissance 
city creates a linear system. The nodes of a linear network city a con-
trolled, fixed, and singular dating from the pre-industrial revolution (Shel-
ton, 2010). 

The evolutionary design development of architecture and engineering 
development produced the industrial revolution’s mechanical systems 
which then produced traditional wastewater treatment as we know it now. 
The progression of design in the late 1900’s developed with dynamic 
systems thinking for architecture, as opposed to reductive design theory. 
This dynamic systems analysis is an important change to architectural 
thinking. Time phasing, mapping and dynamic systems analysis directly 
follow these examples. 

This ‘reductive’  method of design developed with a means to reduce dy-
namic systems into a method for dissipative design. Dissipative designed 
networks are when the components of the network are considered at dif-
ferent scales, levels and include rhythms with different levels of structure 
(Reed,2014).  “It maybe that it is possible to use the characteristics of the 
network itself as operational devices” (Barnett, 2005). 

A synergistic park and neighbourhood

The wastewater or black water is reusable in the form of hydrogen gas 
which is recyclable from wastewater. A clustered city, with created nodes 
for 30,000 people is considered the size of the commercial network 
intervention which is investigated in the literature review. The production 
centre, or node for the wastewater purification intervention should be 
close to a residential housing area (Postel, 2012; Veolia, 2014). The Mel-
bourne cities research team, from Monash University, has developed the 
city water model using these methods from W.S.U.D. and I.U.W.M. The 
strategic water management reviewed from Monash university (Johnston, 
Jaler, de Haan, Ferguson & Wong 2013) has a similar direction to this 
research, focused on the combination of W.S.U.D. and I.U.W.M., but not 
at a neighbourhood level for city densification. 
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2.2.5 Ecological Cities

Ecological function is the final “barometer “ for healthy cities (Boganovich, 
2009).  Increasing city density will change ecological functions of land 
and water. For example the ground water levels and aquifer recharge 
of the natural water systems will become less efficient, caused,by the 
increased non-permeable land cover created from the increased built 
environment. Water runoff from the changing city fabric will change from 
the natural hydrological flow patterns. Less water infiltration will cause 
soils to become less productive. 

Landscape strategies such as the  artificial use of reclaimed water for 
ground water recharge can improve ecological land (soil) performance.   
Historically parks have been used as landscape framework for urban 
ecological changes. Fresh Kills Park and Downsview by James Corner, 
are examples of hydrology, infrastructure and ecological changes en-
meshed Into the park’s complex environments (Waldheim, 2006). Wald-
heim (2006) suggests “that designers of the built environment, across 
disciplines, would do well to examine landscape as the medium through 
which to conceive the renovation of the post industrial city” (p.48).

Smart technology enables water recycling and this sustainable method is 
an option to improve the polluting 19th century city infrastructure model. 
Urban sustainability described by Yang, 2008 could include “water con-
servation and solar availability” measurements in the future. This influ-
ence adds to my sustainable  streams strategy and is the basis for the 
streams ecological health, the total key to the overall project. The project 
demonstrates this using tactile interventions and how this is applied in a 
neighbourhood redevelopment (refer to the matrix and case study tests). 
the future city for optimal land performance, when higher population den-
sification affects the city environment for example urban heat, smog, less 
ground water recharge, city and coastal salt-water infiltration damage to 
coastal arable landscapes (Novotney, 2010). 

The holistic and environmental use of reclaimed water reuse in the en-

vironment is the final focus of this study.  Similar research to this pro-

posal is the master thesis by Christensen and Hakansson, “Living closer 
together infill urbanism in the inner city of Copenhagen,” describes using 
a combined densification model for infill urbanism and a strategy using 
neighbourhood infrastructure. The Copenhagen densification neigh-

bourhood in this example, uses constructed rain gardens as part of the 
infrastructure system, with pocket parks alongside the proposed urban 
infill mixed-use development, reducing grey Infrastructure by doing so 
(Christensen & Hakansson, 2013).

New York City
New York city  uses green infrastructure to reduce the traditional grey 
infrastructure. New York have a hybridised green infrastructure plan to 
reduce the combined traditional and alternative storm and wastewater 
infrastructure. This combined system has proven to reduce the size and 
overall costs of the traditional pipe infrastructure by using green infra-
structure at less cost. 

New York City also illustrates the use of a high performance best practice 
approach to the planning for new infrastructure. The basic key  principles 
are ; limiting waste and hazardous substances; using resources efficient-
ly; and reducing detrimental impacts from the water, soil vegetation and 
air with the use of multifunctional landscapes which are used to optimise 
the infiltration, pollution control of storm water management.

Documented pilot projects in Seatle show the reduction of 20% of con-
struction costs for the conversion to  green streets as opposed to the cost 
of a conventional street. NYC streetscapes are cost effective, reduce the 
sewer overflows and provide heat island and greening city environmental 
benefits.  A pilot scheme from Philadelphia uses vacant lots to reduce 
C.S.O.’s and promote urban revitalisation. Chicago used trees to improve
air quality and energy use reductions (heat island effect) and storm water
management, providing habitat and a means to control storm water run-
off (NYC.,2011).

This new city network model could reform the current Auckland city infra-
structure model. The implications’ of this research could be a reduction in 
the the city’s reliance on large linear infrastructure. The challenge is how 
to use black water safely from design which uses low impact infrastruc-
ture for urban landscape practice. 

Low impact design principles and practices:
• Integrate storm water management early in site planning.
• Use natural  hydro-logic functions as the integrating framework.
• Reflection the design example for the site flow form analysis.
• Focus on prevention other than mitigation.
• Emphasis on simple, non structural low tech and low cost methods
• Manage as close to source as possible which is sustainable planning
• Distribute small scale practise throughout the landscape in tested
interventions
• Rely on natural features and processes
• Create multifunctional landscapes (www.nrdc.,2014)

Emission control, which is a strategy for source control of water pollu-
tion can be added to this sustainable city model. Speculation will be that 
better overall water quality of rivers and watersheds will ensue by using 

the proposed reclaimed water as a resource on site. Purification of the 
waste and grey water at the source of pollution will result in water body 
improvements to watersheds, rivers, streams and ponds. 

Allen (2007) discusses environmental uses for recycled water to restore 
natural hydrology and ecology for land functions. “As technology contin-
ues to advance and the reliability of wastewater reuse systems is widely 
demonstrated, wastewater reclamation and reuse will continue to expand 
as an essential element in sustainable water resources” (Asano & Bahri, 
p 70, 2011). ”The new systems will combine sustainable infrastructure, 
ecologically and hydrological functioning landscape.”(Novotney 2008).  
Developing new technology, recreating wastewater infrastructure with  
“ecological cyborgs” could adapt the existing network. 

Pennant Hills Golf Club is an example of a resilient water infrastructure 
with smart ecological technology, remodelled within a neighbourhood 
precinct.  This is a wastewater irrigation programme, where 1000 houses 
waste water is recycled for use on the neighbouring golf club. The waste 
water can be treated to either to a potable or non potable standard us-
ing membrane bio-reactor purification technology. The golf club does 
not have to use municipal potable wastewater for irrigation. Using this 
recycling system reduces the golf club’s potable water requirement by 
92%.The intervention saves 70 mega litres per annum (Postel, 2012). 
Fertiliser use is reduced because of the nitrogen in the recycled water. 
Using recycled wastewater, creates saltiness in the soil. This is remedied 
by adding gypsum (Postel, 2012). 

70% of the flow from the piping is mined, leaving the remaining 30% for 
continued use for the municipal supplier (Veolia, 2014). A 400mm exist-
ing infrastructure pipe is the easiest size to mine from, without  needing 
engineered interventions. Bigger infrastructure piping size will need an 
engineered intervention (Watercare, 2014). People generate approxi-
mately 50 litres of black water per day and the combined water 
allowance in Auckland is 150 litres supplied from Watercare the 
Municipal provider. 
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2.3 Ecological Cyborg
“Ecological cyborgs” are described as being used to hybridize infrastruc-
tural function and ecological responsiveness by diverting waste resourc-
es from industrial operations (Reed, Lister, 2013). 

Water sensitive urban design (WSUD) refers to the “integration of urban 
planning with the management, protection and conservation of the urban 
water cycle that ensures that urban water management are sensitive to 
natural hydrological and ecological processes” (Johnston, Jaler, de Haan, 
Ferguson & Wong, 2013, page 27-29).

Integrated Urban Water Cycle Management (IUWM) refers to the man-
aged hydrological cycles and systems of a water sensitive city (Johnston 
et al, 2013). “IUWM can be achieved entirely by pipes and underground 
structures but as green infrastructure WSUD adds additional benefits 
of storm water and water drainage with densification” (Johnston et al, 
p.27, 2013). This project identifies the infrastructure network with green
spaces and water systems that delivers multiple environmental, social
and economic value with services. Parks, reserves, backyards, gardens,
waterways and wetlands, streets, transport corridors, pathways and
green-ways, farms, orchards, squares and plazas, roof gardens, living
walls, sport fields and cemeteries can be included as part of the city wide
water network infrastructure (Wong, 2011; Harris, 2014).

Melbourne city’s research team from Monash University, has devel-
oped their city water model using methods from WSUD and IUWM. The 
direction for this research is to apply WSUD and IUWM principles to the 
neighbourhood, applying the infrastructure to a catchment level strategy 
which could be transferred to the city using all of the green spaces avail-
able. 

New York City High Performance infrastructure demonstrates an alterna-
tive water network precedent.  Parks and wastewater government depart-
ments work together to move away from traditional linear water system 
infrastructure (Brown et al, 2005).  New York city uses a team of waste, 
storm water engineers, ecologists and landscape architects to redesign 
infrastructure using alternative landscapes at different scales. They have 
a hybridized green infrastructure plan to reduce the size and overall costs 
of the traditional combined storm and wastewater infrastructure (DEP, 
2013). “Globally large water infrastructure projects are being redesigned 
to use smaller sized grey infrastructure by using operationalized land-
scapes in conjunction” (DEP, p.68, 2006). 

As discussed by Novotney & Brown (2007), the new technologies may 
redefine water infrastructure networks, changing the network infrastruc-
ture of the city to create a neighbourhood cluster city model. 

Ecological Performance Infrastructure Precedents
Turenscape
Kongjian Yu, from Turenscape, designed the performance of NAME  
park, a terraced water wetland park, to purify 2,400 cubic meters of water 
per day from the polluted Huangpu River (grade 5 reduced to grade 3 - a 
Chinese grading system). The planted wetland has a flow through treat-
ment which takes a week by the artificial wetland designed system. The 
design also makes use of the one meter gradient change to optimise the 
benefits to the polluted water (Yu, 2007).

Reflection
The cyborg could be added to the wastewater infrastructural changes 

with the densification plan using clustered neighbourhoods within an 
urban development around parks. 

Sustainability “Cradle to cradle”
By using the black water from the neighbourhood for energy or agricul-
ture, reclaimed water enters the realm of “cradle to cradle” sustainability 
(Bogunovich, 2009). This exploration, gives an example of how hybrid 
green and blue infrastructure (DEP, 2006) can be designed for future 
resilient industrial and residential community needs. Beatley discusses in 
his article of 2003, that cities will need to limit public money spending for 
infrastructure and planning. Sustainable cities will consider the concept of 
efficiencies in the effective management of urban city development. The 
sustainable renewal of neighbourhood infrastructure around parks is a 
key design principle. 

The combination of both grey and artificial infrastructure. 

This is an example of “cyborg ecology” described by Reed, Lister (2014). 
This urban ecological or eco-tech urban strategy,  is  an example of the 
eco-tech design described by Bogunovich in his article of 2009. Technol-
ogy and green ecological design is melded to form a smart infrastructure 
design. The designed use of the ecological cyborg to create a sustain-
able water network adds a new influence, for wastewater resource reuse 
opposed to sending the untreated wastewater into the sea. 
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2.4  Case Studies

2.4.1 Singapore City Case study

Traditionally cities are naturally planned around hydrology networks.
Hydrology influences the city infrastructure and creates the development 
pattern of urban form.  Singapore is described as being a Biophillic city 
i.e. developed around water sources.

Singapore has long-term water shortage problems and uses reclaimed 
water (Public Utilities Board, 2013). The Government agency PUB 
(Public Utilities Board) with community, business and industrial coopera-
tion, has created a recycled water network system that captures ninety 
percent of all water from urban runoff, waste and storm water within the 
island. The development of Singapore’s water networks over the last 10 
years has created potable and non potable sources of water for industry. 
Industry uses 55 % of Singapore’s water and 65% of this is from recycled 
water. The purification process recycles the sewage and wastewater to a 
potable standard and is fed back into the potable water network system. 
The reclaimed water is of better quality than the original water supply 
which flows out of the taps (Pub, 2013). 

Singapore, is an example of planned  water infrastructure network inten-
sification which was redesigned by landscape architect, Herbert Dreiseitl. 
The Singapore Island water network design is regulated at Government 
policy level (Dreiseitl, 2012); parks have been redeveloped to convey 
storm and wastewater with operationalised natural infrastructure. Bishon 
Park, Singapore, designed by Dreiseitl is an example of this.

Singapore retrofitted an existing city adding separate potable, non-pota-

ble reclaimed water infrastructure with new technologies for community 

wastewater recycling and fit for purpose water purification. Developing 
the cities existing water infrastructure with hybrid green and blue infra-

structure. Adding resilience to the water systems for the industrial and 
residential city. The redesign of urban form, with potable and non-potable 
decentralized water networks re-imaged the existing water infrastructure 
of Singapore city. An example of traditional linear infrastructure updated 
with productive natural landscapes in a connected urban water network 
is Bischon Park, Singapore by Landscape Architect Herbert Dreiseitl 
(2012). 

The Singapore city was dissociated from water because of the canali-
zation of its waterways. The people had to be reunited with water both 
socially, culturally and this was done by changing the landscapes to be 
more connected. Teaching the people via the A.B.C. plan (PUB, 2013) to 
save water and recycle was the planned initiative by landscape architect 
Herbert Dreiseitl. Culturally educating the community to recycle water at 

a neighbourhood level  has enabled the island to be more sustainable 
with its water supplies.

This sustainable strategy is shown in Singapore with improved neigh-
bourhood water infrastructure links with a value added meaning for the 
local community. The re-imaging of parks adds a “rich” or sustainable, 
resilience to the neighbourhood community.  Their key strategy is to 
buddy infrastructure, communities and parks to update city planning with 
new technologies. The incentives for the proposed park and rezoned 
neighbourhood, is to create higher population zones and community 
water recycling for wastewater credits in a commercial network (similar to 
private power network incentives for energy generation). 

Planning Conclusion
The Singapore Island water network design is regulated at government 
policy level (Dreiseitl, 2012). Likewise, precedents from New York City 
High Performance infrastructure, shows change from the traditional linear 
water system to alternative holistic infrastructure (Brown, Caputo, Carna-

han & Nielsen, 2005). Privatisation of water networks becomes a factor 
globally in the second and third phase strategic development of city plan-

ning. (Binning, Hauger, Rygaard, Eilerson & Albrechtsen, 2006).
Singapore  is an example of this. 

Singapore actively planned the industrial and residential urban redevel-
opment which required recycled water (PUB, 2013). Because the city 
cannot produce enough water for its needs and imports 40% of its water 
requirements from Malaysia (PUB, 2013). This resilience strategy for wa-
ter is directed by the island’s economic influences. Population and eco-
nomic growth is directly influenced by water availability. The integration of 
recycled water infrastructure aided Singapore city for a new densification 
strategy. 

Recycled water technologies can retool and change water network infra-

structure and create a city with less focus on big infrastructure networks 

as shown in Singapore.  Analysis from precedents for example Singa-

pore show new uses for recycled wastewater. This literature exploration 
shows how 

2.4.2 Aquifer recharge 

Perth city uses Wastewater, treated  and stored  in the underlying city 
aquifers, as a water bank for future mitigation of drought. Wastewater is 
returned to the sub surface aquifer via wells. The Craigie Plant, which 
cleanses wastewater to a potable standard, uses the reclaimed water 
to recharge the Aquifer by 7 billion litres per annum (Morris, 2014). The 
Perth plant has the potential to increase this to 28 million litres per an-
num, creating a water bank, which can be seasonally adjusted to reuse 
the stored water in case of a drought. 

2.4.3  Sewer Mining

Tenix, Australia (Yarra Park Masterplan, 2014).
Below  ground, the pumping station is situated on a 25 metre by 31 
metre site. The plant treats 180 million litres of wastewater per annum, 
recycled and reused for irrigation and toilet flushing and reducing the 
potable water requirements by 50%. The tank is 8m x 28m tank, situ-
ated 600mm below ground (top of tank). The foot print of the  supporting 
plant is two buildings each 3.5m x 6m in size. The  buildings include the 
stairwells into the tanks which are  below ground (Tenix, Australia, 2014), 
(Yarra Park Masterplan, 2014). The process designed by Tenix, Australia 
(2014), for the Melbourne Cricket grounds could be adapted for use in 
the waste-water system proposed in this project, and would include:
screening and grit removal, biological treatment  and filtration, ultra 
filtration (M.B.R. system), phosphate removal, and disinfection via UV or 
chlorination (Yarra Park, Masterplan, 2014). The infrastructure require-
ments are:
• Storage
• Maintenance
• Process Area
• Division and transfer of raw sewage
• Underground sewage treatment plant
• Treated water delivery to the storage tanks
• Irrigation plan
(Yarra Park, Masterplan, 2014),(Tenix, Australia, 2014)
Another example of Sewer Mining is the Pennant Bay golf club in Syd-
ney. The golf club uses recycled water from wastewater from 1000
houses to irrigate the 22 ha golf course. Up to 70% of the water flow can
be harvested from the current wastewater network pipes (Postel, 2012;
Veolia, 2014). People produce 50 litres of black water per day black wa-
ter making residential zones the most compatible with sewer mining and
water recycling.
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The wastewater network in Mt Albert is a combined waste an storm water 
network, meaning that peak flow times, such as floods, the untreated 
wastewater is sent into the waterways . The network is a rhythmic flow 
system as there is flow peak times for the greatest amount of flows which 
is the sewerage mining’s niche. Residential sewer mining uses the high-
est levels of flow and recycles the wastewater twice per day from the 
existing wastewater network. 

The sewer mining purification technology uses a membrane bio reac-
tor. Residential wastewater is considered to be the best quality for this 
purpose, reducing the purification process necessary for the M.B.R. 
system. Seventy percent of the flows from the piping can be mined, 
leaving the remaining 30% for continued use for the municipal supply 
to function properly (Veolia, 2014),(Marlenia N, Gray S, Sharma A, Burn S,  

Muttil N.,2013). A 400mm existing infrastructure pipe is the easiest size to 
mine from, as this size doesn’t require an engineered intervention. Bigger 
infrastructure piping sizes will need an engineered intervention (Water-
care, 2014). 

The project site, serviced by part of the central interceptor, was selected 
because it is close to a residential sewer node for mining, and can be 
used to mine at the highest levels of flow twice per day. 

2.4.4  Commercial network

Privatisation of water networks becomes a factor globally in the second 
and third phase of strategic development of city planning.
(Binning, Hauger, Rygaard, Eilerson & Albrechtsen, 2006). 
Singapore Bischon Park designed by Herbert Dreistl is a redeveloped pu-
rifying stream for the island’s natural watershed. The Singapore Islands 
hydrology network was reformed from the canalised network. The canal 
has been redeveloped with a recycled waste and storm water network 
throughout Singapore. Ninety percent of the waste and storm water from 
the island of Singapore is reused. The island hydrology is a reservoir for 
recycling water, the natural hydrology and artificial municipal water is 
recycled. The island’s water needs are met in four ways, precipitation, 
desalination of sea water, treated recycled waste and storm water and 
imported water from Malaysia. The water is mixed together to create a 
potable supply. As described in Todds (2008) Eco machine wastewater 
systems uses tropical plants in a hydroponic 36 hour treatment plan to 
reduce the black water to a potable standard. John Todd’s, New Alchemy 
Institute uses 4500 sq. feet glass houses and a solar powered system to 
create a method to fully treat the wastewater. 

2.4.5  Urban forest

Discussed earlier in this section, New York city  uses green infrastructure 
to reduce the traditional grey infrastructure; Turenscape’s planted wet-
lands purify  water from the polluted Huangpu River. 

Eco machine wastewater systems use tropical plants in a hydroponic 
36 hour treatment plan to reduce the black water to a potable standard. 
John Todd’s (Todd, 2013) New Alchemy Institute uses 4500 sq. feet glass 
houses and a solar powered system to create a method to fully treat the 
wastewater. Shanghais Houtan Park as described in the literature review 
is a planted living system, an ecological infrastructure hybridised as a 
performance landscape.

2.4.6  Alternative landscape

Project Koh Island, PhiDon
Thailand Built Municipal treatment plant 2006-2007. A vertical and  hori-
zontal flow wetland can treat 400 m3 per day per 6000 square metres of 
planted surface. The initial treatment was a traditional primary treatment 
and the secondary and polishing treatments were constructed wetlands. 
The wetland treatment plant was a mixture of vertical flow sub surface 
constructed wetlands which flowed into the horizontal flow subsurface, 
constructed wetlands, which flowed into the polishing beds and finally a 
seepage drain and the water is used for irrigation (Wallace, 2004).  

Singapore Bischon Park (Dreiseitl, 2012) uses alternative landscapes to 
create secondary infrastructure using natural landscapes. The Bischon 
park system is a natural holding lake with gravity changes to the water 
height. This is mainly a storm water stream and treatment system. The 
storm water and waste water drainage in Singapore is fully treated for 
potable reuse.  

2.4.7  Wetland Polishing 

Osaka city combined waste and storm water network. The
CSO flood control has a 3 stage counter measure for the wastewater 
management in flood.

1. Flood Process change from 3 stages during peak flows
2. Stormwater reservoirs
3. Effective storm water storage (Macauley, 2012)

   .

This strategy was important to consider the reduction in the number of 
processes a traditional wastewater system has thus the wetland polishing 
could be a factor of a CSO strategy.

Density
Japanese cities are generally less centralised (Shelton, 2012). Western 
cities are more likely to have a central primary zone, for example Auck-
land. Japanese cities are likened to a hard shell and soft inner zone 
(Shelton, 2012). Japanese central city zones have lower buildings and 
quieter inner streets (Shelton, 2012). 
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3. Methodology 3.1 Methodology statement
3.2 Design matrix 
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3.1 Methodology statement

In considering a research methodology one needs to understand what 
type of knowledge is generated by a method, and that the stance of the 
evaluation will be quite different depending on what perspective is cho-
sen as the primary lens (Sanders, 2010).

A qualitative approach is used in this research as opposed to a quantita-
tive approach which is the reductive design base for mechanical systems 
usually used by engineers. Quantitative research seeks to be as specific 
as possible, developing a framework to narrow and confine the magni-
tude the study.  Qualitative approaches seek to understand the interrela-
tionships of a system, and its disposition, nature and character (Kumar, 
2011).

Using the combined knowledge base of a interdisciplinary collaboration, 
I have used a pluridiscipinarial approach in this research. Pluridiscipi-
narial means to research an object through several disciplines at once 
(Cracium, 2014). This approach takes the methods from one discipline 
and uses them for new innovations creating a shared knowledge and 
vocabulary between disciplines. Figures 3.1 and 3.2 show the landscape 
architects refined knowledge of problem solving and how the discipline 
can apply this in systems assessments. The combined disciplines of en-
gineering, architecture, town planning and landscape architecture could 
create urban design, with the ethics of resilience and sustainability for 
ecological health. Urban design would then add a reconnection of living 
and human systems. 

This concept is starting to drive design in the 21st century (Motloch, 
2001). 21st century design developments include signs of changing  
public consciousness, which drives sustainability as an important strat-
egy, This new paradigm for landscape creates a sustainable systems 
approach to designing.

This ideal shows that there is a reconnection for people with their natu-
ral environment (Motloch, 2001); that the natural world’s life cycle is 
influencing man with a interconnectivity,   Prior to this new generation in 
design the science and engineering age created a quantitative approach 
to resource management opposed to a qualitative use. This new natural 
world, sustainable resource application to design is fostered by interdisci-
plinary research which adds to the shared knowledge of sustainable use 
of natural resources. “Living systems” is the new paradigm for design; the 
social conscious of society is the driver for ecological and whole systems 
resilience (Motloch, 2001). Ecological resilience and sustainability can 
be an important influence in collaborative design projects. This is the 
main driver for the resilient water strategy used in this project. A systems 
approach creates an understanding of these interrelationships, layering 

to allow another use (Reed,Lister,2014). Systems networks include the 
natural and artificial, focuses on multiple patterns, and as with dissipative 
design considers the complexity of networks with new interconnections 
(Eoyong, 2004),(Sanders,2008). This dissipative analysis of dynamic 
ecological networks is used to consider the possible adaptations and 
rhythms of the larger city water network infrastructure in the landscape 
analysis. 

The systems methodology analysis was tested and used in three ways:
1. Evaluation practice (Landscape architecture)

Design Mapping, analysis, problem solving
2. Systems concepts (Landscape architecture)

Design Test Cases
3. Systems methodology is primarily a problem solving strategy and

uses the literature review, precedents and research to inform the
project. (Eoyong, 2004)

The outcomes are shown in the design test cases, refined design evalua-
tion process, a developed master-plan and the exegesis report, using an 
inductive approach which is inventive in application. 

This analysis enables speculatory predictions to be made on paper, for 
better overall water quality of rivers and watersheds. This is tested in 
terms of design, rather than in a built form, forming the pilot project case 
study based in Chamberlain Park, Auckland City. The infrastructural in-
novations in the case study test cases demonstrates this problem solving 
and philosophy from landscape architecture practice. This design explo-
ration does not have a scientific or mathematical formulae; nor are moral 
or financial judgements part of the design process. 

3.2  Design Matrix
Resilient is not just showing how strongly the system performs  but how 
it adapts to change. Most of Auckland’s infrastructure and water supply 
relies on large networks for example power, water, wastewater - robust 
networks at first glance, but on reflection, able to be decimated at one 
major point, so not resilient. To be resilient is to be robust and able to 
adapt. Thus to be high performing, networks have to be adaptable. But, 
can networks be re-organised to become decentralised, at node points, 
adapting with new 21st century infrastructure? To be resilient, Auckland’s 
city water supplies could diversify to use an alternative commercial 
network. The recycled waste water could supplement the existing water 
network. This could be fed into the potable water network with recycled 
wastewater supplementing the historic Western springs supply. The 

historic water supply for Auckland city and the existing lake water from 
Western Springs could be reused. The wastewater could be stored in 
the aquifer and could use the treated wastewater from the waste and 
storm water network. The inner city water network includes reservoirs at 
Karangahape Road and Mt Eden. New recycled water could  supply this 
existing network connection and could be developed into a larger supply 
with the treated waste water from the combined waste and storm water 
network. Alternatively the water supply could be a “fit for purpose” source 
for non potable water to be used for third pipe residential or industrial 
water (See Commercial network intervention). New technology can cre-
ate for waste-water, as in this example  “ecological cyborgs” which could 
adapt the linear network. These adaptations could be retooled into the 
existing aged hydrology network. The network changes could be made at 
designed node points. 

Roggema’s (2013) swarm theory considers designed analysis of envi-
ronmental Impacts and where they will occur and have the most change. 
This exploratory analysis of node theory - resource rich sites, unplanned 
space and ecological adaptation formulates the original case study. My 
analysis of the hydrology and central interceptor infrastructure, directs 
the design mapping to consider the flexibility and the future development 
of the case study site. This exploratory design considers the use of low 
impact design principles to develop the design e.g. close to the problem, 
tactile small interventions which use natural landscapes as an interven-
tion.  

These interventions could be used as an alternative to the wholly engi-
neered design response to the traditional waste water loading. Using al-
ternative interventions with the combined waste and storm water override 
system could be effective in reducing the resulting pollution in the wa-
terways. The literature revue shows this landscape method used in the 
precedent from New York City (NYC gov. 2013). This alternative method 
adds a six minute landscape retention and  infiltration device to the storm 
water engineered hydrology network. The intervention for the storm water 
flooding integrates into the design with a green street intervention, which 
is a landscaped method to create more infiltration.

Node design: Literature Review
The literature review of the case study pre-design analysis using Rogge-
ma’s (2013) swarm theory on nodes is assessed in the matrix( Fig.3.2 ).  
This investigation considers the linear and nodal theorists.  Exploratory 
design and the key influences are shown in the matrices (Fig 3.1, 3.2 and 
5.6).
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Mechanical Design

The future combined waste and storm water central Interceptor project is 
a key element for this case study. The Mechanical systems theory - 
which is engineering theory (deductive and reductionist) is assessed in 
the matrix. The exploratory design case study of this research has a simi-
lar design to A.E.C.O.M.’s, the multi disciplined company. Adjustments of 
the system network loadings are created into the test case interventions. 
Thus the exploratory design adjusts the weighting performance, in other 
words the mechanical parameters of the flow in the network. 

The design thinking of McHarg (1960) produced a pattern analysis map-
ping method. This method is used to analyse dynamic ecological 
systems and divide the landscape into resources. The mapping creates a 
road map, which can be used with parameters for landscape architects, 
plan-ners and engineers to use for land use capability analysis. This 
designed mapping method creates ecological parameters that fit into a 
table.  This method of analysis is used to optimise the designed 
performance of landscapes, creating the ecological design from the 
analysis of patterns. Engineered mechanical systems use deductive 
design to create  opti-mum performance potentials. Engineering designs 
can be reduced into a static system for analysis in this way. This is part of 
hydrology modelling for engineers which measures outputs. Thus 
dynamic systems become measurable and can be placed into a 
mechanical system for designing infrastructure. The added research 
association between disciplines is the important key to add insights for a 
shared knowledge base between landscape architecture and other 
disciplines. 

Fig. 3.1  Design matrix



20

Fig. 3.2  Design matrix
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4. Site 4.1 Introduction: The problem
4.2 Site context
4.3 Site ecology

Fig. 4.1  
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4.1 Introduction: The problem

Infrastructure is considered the invisible structuring element of cities. 
Cities are dominated by water infrastructure which is unseen and lasts 
along time.  Auckland city’s ageing 100 year old combined waste and 
storm water network uses the waterways as an over-ride system in flood. 
The Meola stream has nearly 200 flood events per year when untreated 
municipal sewerage enters the stream. This is approximately 650 swim-
ming pools per annum of untreated wastewater. This outdated over-ride 
system damages the waterways, exacerbated by leakage from the aging 
sewer tunnels (Watercare, 2014). 

The existing central interceptor, built in 1908, is part of this watercare 
network. Currently the central interceptor takes the wastewater from the 
Mt Albert catchment north through Orakei and then south to the Mangere 
treatment plant. The proposed Auckland City central interceptor upgrade 
is a 13 kilometres long combined storm, wastewater infrastructure tunnel 
spanning the catchments from Western Springs to Manakau Harbour, 
designed by AECOM for Watercare to be built from 2017 (Watercare, 
2013). The new wastewater network will be channelled south from the 
Mt Albert catchment instead of North via the Orakei connection network. 
In the future is the Mt Albert area will be cut off from the northern central 
interceptor and flows of wastewater will be sent via the new 13km tunnel 
to Mangere treatment plant. Thus, the existing ‘flow potentials’ will be re-
duced – changing the performance rating and the high loading pressure 
on the system which sends the untreated wastewater into the waterways 
as the over-ride system. This engineered  design intervention reduces 
the weighting performance or load on the mechanical system.

A second project linked to the 2017 interceptor upgrade will connect 
sewer tunnels.  The two projects will take approximately 10 years to com-
plete (Watercare, 2014).  After 10 years the waterways will finally be 80% 
free of the sewer-sheds, which now inundate them during flood. 

This research study is a critique of the whole central interceptor’s waste-
water management system. Breaking the infrastructure into component 
catchments and analysing one of them, I identified new nodes around 
Mt Eden and Mt Albert parks as possible sites for decentralised network 
interventions during the pre-design phase of this project. The project 
includes interventions to show how the new technologies and ecological 
interventions could use recycled water from the waste and storm water 
infrastructure. Local infrastructure development with densification strat-
egy is explored using parks to hybridise the infrastructure. The nodes 
around the parks tested form part of the decentralised infrastructure 
system for water infiltration and emission control of water pollution. 

Fig. 4.2  The watercare combined waste and storm water which surrounds Mt Al-
bert with the proposed A.E.C.O.M. designed tunnel draw in purple. The red nodes  
are the important sewer shed points and which is my considered node to change 
the existing network. 

Fig. 4.3 The watercare combined waste and storm water imposed on the Mt Albert 
area which suggests to me the resource rich space for the water network is Cham-
berlain park. Note at this point the sewer shed points of the network yellow points.
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4.2 Site context

4.2.1  Background context

The key objective of this study was to explore a resilient and sustainable 
water network management system by retrofitting an existing Auckland 
urban site for increased urban population requirements, adding separate 
potable, non-potable reclaimed water infrastructure with new technolo-
gies for water purification. 

Identifying new Nodes around Mt Eden and Mt Albert parks as pos-
sible sites for the decentralised network interventions was part of the 
pre-design phase of this project. Mt Albert was selected as the research 
site for several reasons.  It is in the biggest catchment from the central 
interceptor network. The natural drainage for this catchment flows into 
the Waitemata Harbour whereas the new central interceptor tunnel sends 
this drainage into the Manakau harbour which is much shallower. I was 
interested in how changing this natural drainage would effect the Mt 
Albert region. The area is also an old established area of the city which, 
in the case of a natural disaster, is considered more vulnerable and less 
resilient than other areas of the city. 

Findings were developed into an alternative infrastructure management 
idea to use population growth in the neighbourhoods surrounding parks. 
The literature review shows how a hybrid infrastructure can use non-
potable water systems, through new technologies for water purification 
and the ecological uses for recycled water. The function of parks and the 
neighbourhoods being developed around them could be used as the ve-
hicle to change the water network infrastructure as we know it. Using the 
combination of parks and water infrastructure, parks could be part of the 
water treatment process. Ten percent of park land is a feasible amount to 
be used for alternative land use to adjust the loading on the linear pipe-
line infrastructure (Novotney,2009). This key idea is the theme for this 
case study design - is to explore the concept of zero waste with existing 
infrastructure hubs designed into this 21st century interface.  A re-imaged 

neighbourhood, which adds new urban values to the urban fabric is to 
retrofit new infrastructure to upgrade the site of Chamberlain and Fowlds 
Parks. The project includes interventions to show how the new technolo-

gies and ecological interventions described in the literature review uses 
the recycled water.

The project includes interventions to show how the new technologies and 
ecological interventions reuse recycled water. The recycled water from 
the sites waste and grey water design is tested in these tested interven-
tions. 

• Analysis of the site researched, GIS analysis of rivers and
parks in the catchment (Meola catchment from the area of

• Albert and Mt Eden) is developed, using green and blue
network infrastructure nodes (Fig 2.1). The designed recycled
water uses are shown in the projects case study pages .

• Mapping and analysis shows how the interventions impact the
land use and includes the data from the landscape assess-
ment. Mapping with G.I.S. - Site drawings and photos, historic
maps for the site context, were collected and analysed for the
final report (Moustakas,1990).

• Design is finalised  in the conclusions to show the strategy to
re-image the neighbourhood. The retrofitted new infrastructure
upgrades for the site of Chamberlain and Fowlds Parks are
shown in the master-plan.

Catchment
Analysis is on primarily the Meola Catchment. Mapping analysis from 
the parks, waterway connections and population densities are explored. 
The catchment site of Meola was identified as the primary site for the 
case study to show the watersheds which are simulated to show flooding 
conditions. Analysis provides the basic design tools for the sites tested 
interventions. Sites identified in the background analysis, are considered 
for the emission control analysis from the water pollution in the Meola 
stream. The existing wastewater sewer-shed points along the Meola 
stream Fig  5.34 are from primarily residential sewage which flows from 
the central interceptor infrastructure network. 

Precinct Neighbourhood
The final scales in the refined design are tested to provide the neighbour-
hood strategies. The key outcome, tactically, the neighbourhood ecologi-
cal cyborg is important as the key influential node to show the wastewa-
ter infrastructure city changes. This exploration includes density, ecology 
and technology.

4.2.2 Auckland context
The population of Auckland city is 1.4 million with a projected population 
growth increase to 2.2 million people by 2050.

Auckland’s existing water supply currently comes from
• Hunua Dams 60%
• Waitakere Dams 25%
• Waikato River 10%
The supply is treated to potable quality which is suitable for consumption.

The future water source potentials are from 
• Waikato River
• New Dams at Riverhead or Hunua
• Secondary water source

Reflection
Using recycled secondary water for non-potable uses, for example car 
washing or toilet water can save approximately 40% of potable water.

Zoning comparison to Auckland Mixed use Zone
Business Zones - Mixed Use zone - According to the Auckland City Plan, 
the criteria for this zone is as a transition zone for land use in relation to 
the residential areas adjacent to them. The city centre mixed use areas 

Fig. 4.4 Aerial view of the Mt Albert pilot case study site for this research.
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are expected to include an increase in density. These mixed use areas 
are expected to fulfil ‘diversity’. Usually an increased use of the land for 
amenity. These rezoned mixed use sites link to public transport centres 
and are usually part of the transit links (Auckland City Council, 2014)

Existing Watercare Network
The Central Auckland Metro system watercare water network supports 
1,260,000  people. By 2031 it is expected that there will be 
1,650,000 people. The Western Interceptor, combined waste and storm 
water infrastructure (Western, Metro Auckland area) supplies one third 
of the total Auckland capacity for wastewater to the treatment plant at 
Mangere beside the Manakau Harbour. The existing Central Interceptor, 
the existing Orakei main trunk sewer line, was built between 1908 -1914 
and is predominantly brick lined. The suburbs it services are Mt Albert, 
Three Kings, Pt Chev, Ponsonby, CBD, Newmarket, Remuera, Ellerslie 
and Meadowbank (Watercare, 2014). 

Fig. 4.6  The project’s case study area, Chamberlain Park and surrounding neigh-
bourhood in brown, outlined in blue.

Fig. 4.5   Watercare projected density Map 2062 which shows that the density 
around Chamberlain Park is in the medium density range.

Fig. 4.7  The Chamberlain Park density node pre-design mixed use area outlined in 
blue.

Fig. 4.8  Eden Albert statistics and final population density conclusion.
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4.2.3  The Site Context
Site
The proposed site for this pilot case study is situated in the catchment 
of Meola, part of the Mt Eden/Mt Albert catchment extending from the 
Three Kings volcano in the south, east to Mt Eden, west to Mt Albert and 
north to the Waitemata Harbour at Meola Reef. The research case study 
includes the surrounding parks and the rezoned, intensified neighbour-
hood. The urban catchment is 1,290 hectares in size and drains north-
wards into the Waitemata Harbour at Meola Reef. 

(Fig.4.9 Plan of the  site & Fig. 4.20 shows the Meola and Motions Catch-
ment). The smaller scale site intervention tests will demonstrate how 
neighbourhood densification and recycled water would work in an urban 
neighbourhood, using Chamberlain (32ha) and Fowlds Parks (12ha). 

Chamberlain park is the node for development.  Chamberlain Park was 
selected for several reasons. It is a central, resource-rich unplanned 
space close to the central interceptor infrastructure.  It is adjacent to 
Highway 16, which will soon have a southern link to the motorway (ACC, 
2014). This intensification of the surrounding transit points could allow 
this area to be rezoned as a mixed use high density zone. Chamberlain 
Park is close to amenities like Western Springs stadium, the Auckland 
Zoo, Motat, Eden park and the future redeveloped St Lukes commercial 
centre. 

Figure 4.11 shows the Meola catchment. The north point is situated at 
the Meola reef area and the catchment watersheds enter the Waitemata 
Harbour via the Meola, Oakley and Motions streams. The Meola stream 
which has its headwater at Mt Albert is fed by the aquifer via springs and 
contains approx 34% municipal water and storm water runoff (Sinclair, 
Knight, Merz, 2002).The Meola stream is 2.6km long, reaching the sea at 
Meola Reef (ACC, 2012). The reef is fringed by mangroves and  is 
considered an important ecological node for wading birds (ACC, 2014). 
The Meola stream is sixty percent channelled  with basalt or concrete 
(Shephard, Rainford,Dafoe,Suryaningtyas,Lan,2013). The average rain-
fall for the Mt Albert area is 1030-1300 mm per annum (ACC,2013). The 
catchment has a high percentage of residential zones including the early 
settlement areas of Auckland, Mt Eden, Dominion Road and Mt Albert. 
There are commercial, school and university education zones. 

The average age of the people of this area is 34 years. Three percent of 
the population walk or cycle to the central business district (Statistics NZ, 
Census 2006).The Meola catchment (Fig 4.11), is an important node for 
the central interceptor, the combined waste and storm water infrastruc-
ture which services this area (Fig 4.12). 

Fig. 4.9  Aerial view of Mt Albert Node with the catchment boundaries.

Fig. 4.10  Aerial of Mt Albert Node with the central interceptor 
tunnel and the existing major waste and storm infrastructure 
water nodes and pipeline.

Fig. 4.11 Meola and Motions catchments.
Fig. 4.12 New and existing Central interceptor map im-
posed on the aerial view of Mt Albert node.
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Fig. 4.13  Mountain to Sea greater 
Mt Albert Area.
1:5000 Original  Scale
urban parks, existing infrastructure.
Analysis: Water hydrology natural 
and artificial

Fig 4.14  Urban green spaces, Parks in 
relation to simulated watersheds. 
Analysis: Problem solving mapping, nodes 
for the developing water interventions.

Fig. 4.15  Catchment analysis in relation to 
simulated watershed

Fig. 4.16 Meola and Motions Catchment 
Mapping Analysis in relation to the Built 
Environment.

Fig. 4.17 Green Spaces and parks in 
relation to the Meola, Motions and Oakley 
Streams (creeks).

Fig. 4.18 Analysis of the site case studies 
in relation to the Transit line - Roads (grey) 
and Rail (red).
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Fig. 4.19  Mountain to Sea greater Mt Albert Area.
1:5000 Original  Scale
Simulated watersheds, streams, urban parks, existing infrastructure.
Analysis: Water hydrology natural and artificial
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Fig. 4.20  Catchments in relation to the 
simulated stream
Meola catchment - pink
Motions Catchment - yellow
Scale 1: 5,000

Fig 4.21  The elevations (lightest is the 
highest) with the contour lines, existing 
services, rivers, simulated flows 
1:15,000

Fig. 4.23  Elevations (lightest - Volcanoes) 
in relation to the urban green spaces 
(pink) Simulated water bodies, including 
the Meola stream Section 1:10,000 (Mt 
Albert-Mt Eden)

Fig. 4.24 Contour lines, elevations lightest 
is highest 1:15,000

Fig. 4.25 Existing Wastewater Pipes, 
Elevations analysis 1:15,000

Fig. 4.26 Elevations, Contour lines 
1:15,000
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4.3  Site Ecology
The Meola  stream flows between Mt Albert and Mt Eden volcanoes to 
the sea at Meola Reef, Waitemata Harbour. Fringed by mangroves the 
reef is considered an important ecological node for wading 
birds(ACC,2013). 

The surrounding catchment is formed from the underlying geomorpholog-
ical form, created from the southern Three Kings Volcano.  At inception 
lava from the Three Kings volcanoes flowed northwards into the Harbour 
forming the Meola Reef (Mann, 2010). The volcano formed an under-
ground aquifer in the Meola Catchment ( Mann, 2010). The mouth of the 
Aquifer is the lake at Western Springs. Springs from the aquifer feed into 
the Meola stream. The head-water of the Meola stream is at Mt Albert. 
The stream’s main spring exits from the underlying aquifer approximately 
40 metres above sea level at Mt Albert flowing approximately six kilo-
metres to the sea. Unfortunately, the combined waste and storm water 
infrastructure built in 1908 uses this stream as the overload system when 
the surrounding areas flood. That is, the untreated wastewater from the 
surrounding areas spill into the stream approximately 180 times per year. 
The flooding comes from the storm water as it filters from the surround-
ing watersheds. It is estimated thirty percent of the Meola streams flow is 
from the municipal water supply (Shephard, Rainford, Dafoe, Suryaning-
tyas, Lan, 2013). 

The basalt cover over the aquifer at the Three Kings volcano has been 
damaged by quarrying (Cayford, 2013). The quarrying damaged the 
aqui-fer, when the affected crater was capped with unclean fill. The 
damaged crater’s natural  water filtration cover allows precipitation to run 
through the unclean fill and Infiltrate the aquifer below.  Naturally the 
basalt aquifer should have fifty meters of cover. Quarrying in the last 100 
years has damaged this natural protection. Precipitation infiltrates 
through the unclean soil which could have arsenic and heavy metals in 
the fill (Cayford, 2013). This affects the quality of the aquifer’s water 
recharge. The aquifer’s water is considered to be polluted and is unable 
to be used 
as a potable water supply(ACC,2013). The water is put to non potable 
use. Thirty percent of the aquifers  water recharge capability is used for 
commercial non potable supply (see Aquifer intervention). The aquifer is 
managed to keep the ground and aquifer water recharged which is 
necessary to keep the streams that flow from it at a certain level. The 
aquifer’s internal sys-tem needs to be maintained and ground water 
recharge is a necessary requirement of the careful management (para 1, 
page 13 TP171,2002).

Meola Stream
The Meola stream is polluted by heavy metals, nitrogen from the munici-
pal water, hydrocarbons from runoff, zinc from roofs (ACC, 2014). The 
animals, plants and insects are affected by the municipal pollution which 
enters the streams at the sewer-sheds.  The native species from Western 
Springs lake are also affected by the health of the aquifer. The edges of 

the streams that feed into the lake would be improved with fauna and in 
turn this would help the water quality. Native species could migrate north-
wards into the case study area if the stream edges had more hospitable 
edges. The natural fauna and insect, crustacean, fish and animals would 
be able to survive if the streams were revitalised. Urban Forest interven-
tions are a design response to this issue. 

(Central Interceptor Main Project Works AEE, Para 3,4 Page 88, 2012)

Native Species
The fresh water streams in the Auckland city area have eels, snails, and 
paratya native species. In my observations there are also grey ducks and 
pukeko. The literature review shows that the Western Springs lake has 
native species which include
• Pukeko
• Short finned Eel
• N.Z. Longfin Eel
• Banded Kokopu
• Karahiruhi (Pied Shag)
• Kaucupaka (common shag)
• Parera (common native grey duck)
• Papango (NZ Scaup)
• Other streams in the Western Area have Paratya native shrimp,
(ARC, Allibone,2015)

Natural Vegetation
An isthmus report of Auckland fauna (2013), advises the native forest, 
scrub and wetland ecosystems are approximately 3% of the total land 
use in Auckland central.

Oakley Creek 
A survey of the native fauna surrounding Oakley Creek, shows species 
which should also be on the banks of Meola Stream. Oakley Creek, west 
of this site, has native ferns for example Dodia squarrosa, native herbs  
for example Epilobium pedunculare, Geranium aff. retrorsum ‘Oakley 
Creek’ and aquatic moss Fissidens berteroi. Native mosses and liver-
worts are  examples of vegetation found in the vicinity of Oakley Creek. 
They are effected by the water quality of the surrounding catchment 
(Isthmus, Oakley Creek Report 2013).
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5. Test Cases 5.1  Introduction
5.2  Sewer mining
5.3  Commercial network
5.4  Aquifer recharge
5.5  Alternative landscape:wetland
5.6  Urban Forest
5.7  Irrigation
5.8  Density node
5.9  Matrix

Fig. 5.1  Chamberlain and Fowlds Parks
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Refined designs are tested to provide the neighbourhood strategies. The 
design outcome, the neighbourhood ecological cyborg, is the key influ-
ential node to demonstrate wastewater infrastructure as a decentralised 
wastewater network system. 

The design exploration using the ecological cyborg with interventions 
including strategies for density, ecology and technology. This exploration 
considers how to redirect the wastewater which creates stream pollu-
tion so the untreated wastewater will not reach the sea. The outcome or 
benefit explored is that the natural ecologies, including the coastal edge 
communities, will benefit from the pollution free streams. This alternative 
system may considered for a macro, city wide or micro, neighbourhood 
system. The major sustainable strategy is how low impact design could 
create a new decentralised wastewater infrastructure. 

5.2  Sewer mining 
- Potable and Non-Potable

5.2.1 Proposition

To reduce the black water I propose to install a potable or non potable 
treatment technique using sewer mining to purify the wastewater. The 
network intervention is described as a rhythmic flow system as there is  
flow times for the greater amount of flows which is the sewerage min-
ing’s niche. This site was selected as it was close to a residential sewer 
node for sewer mining and can be used to mine the wastewater during 
the highest levels of flow twice per day. The larger site is the combined 
water node around Western Springs and Chamberlain Park, shown in 
Figure 5.2. The smaller project site for the sewer mining outlined is The 
Plant Barn, St Lukes, which is serviced by part of the central interceptor’s 
combined waste and storm water network.

Size
• Tank below ground meters. Pumping Station and Tank, Plant barn

redevelopment site

Land Use
• Reserve, Norgrove Avenue, St Lukes

Spatial Implications
• Pumping Station and Tanks
• Existing Infrastructure Connections (existing 575 mm and 450 mm

services : Norgrove Avenue)
• Engineered connection Plant Barn, St Lukes or existing Western

Springs site

Landscape Implications
• Reduces need for potable water supply
• Zero waste, use of resources
• Reduces need for larger traditional wastewater infrastructure,
• further this reduces the potable water supply requirements

• Greening city (irrigation) Heat Island Strategy

Urban Implications
• Urban Density
• Urban Agriculture - Permaculture future link to
• Purification Concept Store 30,000 people node
• Commercial Network intervention

Strategic Design
• Low impact design as close to site and low need for storage
• Two levels of treatment, supplies either potable water or non potable

water
• Low storage size for tank storage as twice daily pumping treatment

at peak supply times

5.1  Introduction

Fig. 5.2  New and existing Central interceptor map imposed on 
the aerial view of Chamberlain Park, Western springs node.

Fig. 5.3  Western Springs node
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5.2.2 Precedent

As described in the literature review the precedent comes from the Mel-
bourne cricket grounds and the Pennant Golf Club. The use of at least 
ten percent of the waste and grey water from Chamberlain and Fowlds 
Park and the surrounding neighbourhood is the basis for this study. Ten 
percent as discussed by Novotney (2009) in the literature review is con-
sidered a feasible amount to adjust the loading volume and size of the 
pipeline infrastructure. 

Residential sewer mining uses the highest levels of flow twice per day. 
Approximately 27% of each days combined municipal waste water is 
storm water. This is my analysed data conclusion from the Watercare 
data from the winter months of May to October (Watercare, 2014). The 
sewer mining process does not require large storage facilities and can 
be mined for day-to-day reuse. The water requirements can be directly 
mined from the sewer lines and treated locally. Two qualities of water can 
be supplied from this method  - “fit for purpose” and potable water.  Fit for 
purpose water reuse depends on the standards used for water recycling. 
Final wetland polishing after treatment to either fit for purpose use or 
non potable standards is my design preference. Potable or non potable 
water is the options for the output recycled from the precedent, Pennant 
Hills Golf Club and depends on the water quality necessary to meet the 
standards in NZ. To store the treated wastewater in the aquifer I would do 
as the precedent in Perth does and use treated wastewater to a potable 
standard. The Perth Craigie plant example described in the literature 
review treats the water before consumption, after being stored in the 
aquifer. The aquifer in Perth is used as a safe storage bank for water, 
stored for future droughts.

The sewer mining process designed by Tenix, Australia (2014), for the 
Melbourne Cricket grounds could be adapted for use in this Auckland 
sewer mining waste-water system.  The project would include:
• Screening and Grit removal, Biological treatment  and Filtration, Ultra

Filtration (M.B.R. System), Phosphate removal, Disinfection via UV
or Chlorination (Yarra Park, Masterplan, 2014).

The requirements are:
• Storage
• Maintenance
• Process Area
• Division and transfer of raw sewage
• Underground sewage treatment plant
• Treated water delivery to the storage tanks

 Yarra Park, Masterplan,(2014),Tenix, Australia (2014)

Fig. 5.4  Pennant Golf Club, Sydney. Fig. 5.6 Section MCG Section showing the tank stairwell for maintenance

Fig.  5.7 Section MCG tank and associated maintenance plantFig. 5.5  MCG Water purification building

Fig.  5.8 Plan showing the sewer mining purification plant, buildings and 
services
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5.3  Commercial Network - Potable

5.3.1  Proposition
This intervention considers adding a commercial network which supplies 
potable water to the inner city, linking into the existing water network. 
I first looked at the Nodes or Development areas identifying the nodes 
around Mt Eden and Mt Albert parks as possible sites for the decentral-
ised water network interventions. Further investigations showed exist-
ing water source node points or possible connection points at Western 
Springs, Karangahape Road and Campbell Road south of One Tree Hill. 

The Plant Barn is a Development Site for a 30,000 people purification 
plant (Big brother to sewer mining, with the Membrane 
Bio-reactor purification system) Tanks Size - 800,000 litres for 30,000 
people dedicated wastewater only node Fig 5.17 Matrix). Underground 
storage - water is then pumped two times per day into the aquifer for 
storage or into western springs reservoir lake for distribution into the 
existing historic water network. 
The Mt Albert aquifer lies under the Meola catchment from the Three 
Kings quarry in the south, to the Meola Reef in the north. Artificial re-
charge could use wastewater in the same way as the precedent in Perth. 
Potable water could be used for irrigation or fed back into the potable 
network (See Aquifer intervention page 36,37).

My site is a concept development at the Plant Barn, St Luke’s Road:
• Creating a commercial network strategy to recycle
• waste water;
• Creating a strategy that includes the sewerage mining and
• aquifer storage that links the project;
• Commercial Network which links into the existing historic water
• network for the inner city at Western Springs
• Analyse node connections for the design. Analyse wastewater node

points for recycled water for the Meola catchment and residential
population growth.

Size
• 5600 sq. meters approx

Orientation
• The site faces onto St Lukes Road.
• Eastern orientation,site slopes north and eastwards.

Land Use
• Public Residential Plant Outlet and Cafe
• Spatial Implications
• Site Of Plant Barn, St Lukes Road, St Lukes
• Commercial Network Central Interceptor
• Western Springs Proximity to Historic Link

Landscape Implications
• Renewable Energy Concept
• Less Pollution
• Resilience of Water Supply
• Sustainability
• Research (Future)
• Secondary water source - reduces potable city water requirement
• Ecological improvements from peak flow pollution in the water bodies
• Financial implications for a commercial network infrastructure
• Future Development site - Fertiliser, Permaculture (Using waste

water recycling)
• Future Development site - Green Waste Station, Urban agriculture,

Agriculture (wastewater recycling)
• Nitrogen reduction in waterways

Urban Implications
• Planning
• Urban Density Strategy
• Economic Planning Strategy
• Watercare management Strategy, Commercial

Findings site
• Analysing the current  water network service size and gathering data

on 3 sites,all sewer-sheds at these points:
• Norgrove Avenue, St Lukes
• Pt Chevalier Sewer-shed North, Chamberlain Park Link
• Haverstock Road, Mt Albert

Underground connections 
• Existing
• Norgrove Avenue, 675mm diameter
• Plant barn St Lukes Road, 225mm diameter

Fig. 5.9  Plant Barn Site, 118 Asquith Ave, St Lukes.

Fig. 5.11 Actual location of the Plant Barn (Orange) in relation to the new cen-
tral interceptor tunnel (purple) and the existing sewer sheds nodes (red).

Fig. 5.10 Density Plant Barn 
site

Fig. 5.12 Aerial of Mt Albert Node, with the central interceptor tunnel and the 
existing major waste and storm infrastructure water nodes and pipeline

Water Supply Network 
Nodes:  Potential 

Connection Kyber 
Pass Reservoir

Connection Mt Eden 
Reservoir

Link Potential  
Campbells Road 

Potential 
LInk Aquifer 
Link Treatment Plant
Onehunga

Western Springs

Plant Barn
Connection
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Comparison
Micro:
1000 Dwellings 
4000 people Node park (Chamberlain Park Density Fig 6.16, Fig 6.45 )

Mid-range:
6,000 dwellings (4 people) or 12,000 apartments (Chamberlain, Fowlds, 
Western Springs parks, including Pasadena) Fig.5.13 (Sewer Mining: 
Irrigation Model) : node 1, Fig 5.14

Macro range :15,000 apartments
The commercial network node 2 (Figure 5.14)
The combined irrigation, and commercial network model (Figure 5.14) 
for Western Springs, Fowlds and Chamberlain park (Figure 5.13) shows 
a wastewater node for 27,000 dwellings. This is a combined irrigation 
strat-egy which would provide for the micro model to service the 1000 
dwell-ing model using new dwellings for the projects Chamberlain Park. 
The mid-range irrigation model (Fig 5.13) version for 6000 dwellings was 
the assessed amount using the 40:1 model (40 houses one hectare 
irrigation model).The combined Western Springs Parks Fig 5.14 Node 1

Chev.parks, Masterplan page 73), Fowlds and Chamberlain parks plus 
the plant barn purification terminal (Fig 5.14 :Node 2) gives a node for 
27,000 new apartments or 13,500 existing dwellings (4 people), a 
combined irrigation and purification strategy for the alternative 
wastewater infra-structure concept (Figure 5.12- 5.14).The question 
considered was how to improve and hybridise the existing infrastructure 
using a decentralized system for water recycling and emission control of 
water pollution - a distributed network as opposed to centralised network.

A design was considered in Figure 5.12 using the existing water supply 
network as the connection points with treated wastewater, either stored 
in the aquifer, or sewer mined daily and treated and used for the water 
supply network. The water supplied from the combined waste and storm 
water network, recycled and purified could feed into the node point at 
Western Springs, using either the Western Springs lake or fed directly 
into the water line to be sent into the existing reservoirs. 
This site was also considered for the future as either the new connection 
point by the plant Barn site or Western Springs existing node point (Fig-
ure 5.13 ) at the entrance of the tunnel (Figure 5.12), or at other points 
along the new or the existing infrastructure network which could supply  
either good quality residential sourced wastewater for reuse, or water 
recycled from the combined waste and storm water network. 
The plant barn site was also considered as a possible commercial sales 
site, for example the hydrogen network, which could be aligned with the 
wastewater network. This design explores the concept of zero waste 
within existing infrastructure hubs. The design investigation considered 
how to use current resources sustainably, with a renewable energy hub 
and other associated wastewater networks. The developed design strat-
egy, as tested in the commercial network analysis, includes the sewerage 
mining and aquifer storage described in pages 30,31,35 and 36.

The literature search outlined different strategies to reduce sewerage 
in wastewater and alternatively use the sewerage from the wastewater 
as a renewal energy. Findings page 34 shows some of the data which 
informed this intervention. In this test case, a 30,000 people model is 
the macro or mid range purification node tested. The sewerage mining 
intervention (page 44) is an example for a micro model of 4000 people in 
1000 dwellings. 

This case study investigates the technology developments in three ways. 
1. Renewable Energy Sources from wastewater. Renewable energy

sources e.g. hydrogen from wastewater and those which link to reuse
from the wastewater. Examples are geothermal: passive heat trans-
fer, geothermal purification by steam wastewater reduction, hydrogen
production using MFC: PEC system which cleanses wastewater and
uses a self biased solar energy system (see findings page 46).

2. Wastewater reduction methods, examples include purification by
plants, cellulose mining, fertiliser production.

3. A smart water system which harvests up to 70% from the current
waste and storm water network. 50 litres per day per person is
wastewater.

4. Combined waste and storm  water will not produce as much renew-
able energy as waste water alone. A new infrastructure system could
separate the two components.  As the scope of this intervention be-
came to big for this project I formed the conclusion that this precinct,
neighbourhood model could be part of a citywide macro strategy.  A
new wastewater treatment system could be developed more as new
technology in the future becomes feasible. Developing this concept
into a city wide urban agricultural centre with wastewater infrastruc-
ture could also be a new treatment network system for a future devel-
opment. These ideas could be phased into the city as the technology
becomes available, like the water recycling infrastructure proposed in
the 20 year time frame at the Hunters Corner precedent in Santiago.
Here the provision for the technology is implemented in the urban
design form and will be finished in twenty years. The Seimens report
(The green city index, 2012) identified that energy return from waste-
water is a 1: 4 ratio. Traditional wastewater treatments are estimated
to use 3% of city energy requirements. New technology Fig 5.15
developments could be significant and could be used in this node
model around parks with a residential population growth node.

Fig. 5.13 New and existing Central interceptor map imposed 
on the aerial of Chamberlain Park node

Fig. 5.14  Meola Catchment Commercial Network Node 
30,000 people (Sub-Catchment) 

Fig. 5.15 The Future Wastewater Solar Water Purification Tower Rio de Janario Con-
cept

1. 6000 dwelling Park
Irrigation Node

2. 30,000 People
Purification Plant  node

1. 

2.
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Application Commercial Network 
Preliminary Analysis Output
Network components
• Storage capacity
• Day to day sales of water = output?
• Treatment plant (Onehunga Treatment plant could be adapted to link

the two aquifers for water treatment)

Network setup costs
• Pumps and filters
• Wells x 2 for storage
The literature review shows that recharging the groundwater artificially
can add twice the aquifer storage capacity (Strayton,2005). The aquifer
and the streams can still be maintained as a natural ecological system.
Using a distributed network, opposed to a centralised network which sup-
plies potable water could be adapted with a storage water bank in the aq-
uifer. The literature review notes that at least forty percent of household
water does not need to be potable. Precedents show that of the 110 -150
litres of water each person needs per day, forty percent can be reused,
for example as toilet water.

Recycled Water Network and Connection Historic Western Springs Link
Node, Cluster cities recommend nodes of 10,000 to 50,000 size. 
Developing the case study into a decentralised network uses the com-
mercial network linked into the old network at Western Springs. The new 
or old central interceptor could be used as a resource for the treated wa-

ter with tanks for twice daily sewer mining which could be piped into the 
historic Western Springs link for the potable water supply which would 
be added wither at the node point at the Plant Barn or Western Springs 
whichever is more feasible.

Findings examples 
Renewable Energy Sources
Reduction of wastewater 
• Cellulose Mining 20-30%
• Geothermal energy
• Precedent Wastewater injected geothermal well purification of waste-

water (Arllen Dev, 2014) 20,000 people alternative treatment system.
• Energy
• Self Biased MFC-PEC system (solar and wastewater) = Hydrogen.05

cubic litres per 40 litres wastewater per day (Li,2013)
• Hydrogen from Methane 100% recycling wastewater
• Passive geothermal heat exchange from wastewater pipes

Reduction Methods  
• Alternative agriculture based applications (example only)
• Mine Phosphorous, Nitrogen (added benefit energy efficiencies)

Agricultural Production (Plant Barn redevelopment)
• Calla Lillies,
• Helliconia. Artificial tropical wetland (subsurface flow constructed)

treatment wastewater plant, note Heliconia doesn’t need soil (Dept
Biological Sciences, 2009)

Fertiliser wastewater
• 80% compost (50%) Land Application (soil rejuvenation) 30%

Alternative agriculture based applications (examples only)
• Mix with animal manure
• Mix with leaf litter 67% reduction in wastewater per 36 hours
• Soil enhancer, green vegetation recycling
• Green waste bins worm farms, additives to wastewater pellets

5.3.2 Reflections

As described by Todd’s (2008) eco machine wastewater systems use 
tropical plants in a hydroponic 36 hour treatment plan to reduce the 
black water to a potable standard. John Todd’s New Alchemy Institute 
uses 4500 sq. feet glass houses and a solar powered system to create 
a method to fully treat the wastewater. I consider where to place the new 
technology which buddies infrastructure networks into this case study’s 
community neighbourhood. The hydrogen, wastewater MFC - PEC 
system (Li,2013) which produces hydrogen solar energy is a possible 

energy resource. This technology, which may be developed further in the 
future, adds to the ethos for the purification stations commercial concept. 
Solar power could be radiated into the water purification station to create 
hydrogen from neighbourhood wastewater and reused  as an energy 
resource within the community. Geothermal passive power is absorbed 
from the heat pump system which harvests energy from the wastewater 
network. Geothermal purification of the wastewater is possible as shown 
in the Spanish precedent example (Arllen Dev, 2014), creating renew-
able energy from the geothermal layers of the underlying volcano. This 
technology could be used in the intervention as discussed by the environ-
mental engineer Da Silva (2014).

Singapore has designed its water infrastructure into the urban fabric to 
recycle and reuse treated wastewater waste and storm water for indus-
trial and residential recycling. Hunters Corner precedent in the literature 
review describes using a phased design which will develop over time. 
The technology for the water recycling in this design is not available 
now but as the project has a 20 year time frame the design is setup with 
the capabilities for water recycling. Cooper (2014) describes this as a 
planned adaptive management.

Fig 5.16  Plant Barn site, St Lukes Rd, St Lukes

Fig. 5.17  Analysis capacity for wastewater tanks for the sewer mining.



36

5.4 Aquifer Recharge - Potable 
5.4.1 Proposition

• Investigate the aquifer storage concept generally for the Mt Albert
Aquifer strategy to store potable water in the Aquifer.

• Storage of treated wastewater from the combined waste and storm
water network via wells. Consider the precedents and watercare
data.

• Consider the local legislation on aquifer use.
• Investigate sizing and volume links into the existing and projected

city water supply existing aquifer capacity, recycling and standards.
• Analyse aquifer topographic and situate site.

Location
The Mt Albert aquifer (Figure 5.17) lies under the Meola catchment from 
the Three Kings Volcano in the south, northwards to the edge of 
Meola Reef, Waitemata Harbour. 

Orientation
The aquifer orientates topographically northwards from the southern 
edge from the Three Kings volcano, easterly with Mt Eden volcano and 
westerly to the Mt Albert volcano. The waterways are orientated from the 
Mt Albert area towards the Meola Reef. The underlying lava flowed north-
wards, forming this catchment’s orientation from south to north. 

Land Use
This  urban area is part of the Eden, Albert Ward of Auckland City. This 
historic inner city metropolitan suburb is dominated by residential hous-
ing.

Spatial Implications
• Underground Storage

Landscape Implications
• Purifies and cleans Meola Stream.
• Recharge ground Water.
• Salt water inundation strategy for the coastal edge (climate change

strategy - sea level rise).
• Sewer shed nodes improve peak flow capacity reducing load.

Urban Implications
• Greater density in the Mt Albert Area.
• Commercially important for city water economics.

Underground Aquifer 
Western Springs Aquifer  has a transmission flow totalling 9.60 million 
metres per year, a third of this is allocated for reuse - 2.84m meters/per 
year. The maintenance of the Aquifer and its supply for  water quality, 
stream base flow, salt water intrusion and the storm water disposal is 
safeguarded by city ordinances (Auckland City Council, 2002).  

Where
Well access point at Plant Barn Site.

Size of Intervention
• See plan Commercial Network (150mm pipe to artificially recharge

and store recycled water in the aquifer) Fig 5.14, Fig 5.19
• Mt Albert Aquifer strategy to store potable water in the Aquifer

Site 
• Western Springs - Meola Catchment
• Mt Albert Aquifer
• Volcano Mt Albert Owairaka

Fig. 5.18  The Mt Albert aerial. The Mt Albert, Western Springs aquifer lies 
under the Meola catchment from the Three Kings quarry in the south, to the 
Meola Reef in the north. 

Fig. 5.19  The underlying Aquifer(blue) composite map with the combined waste 
and storm water on the Mt Albert Aerial. The Onehunga Aquifer is South (dark 
green).

Fig. 5.20  Mt Albert Volcano Section with  the estimated Aquifer recharge 
zones
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Design Analysis Mapping
• Analysis of the Mt Albert Volcano
• Onehunga Aquifer produces 5% of Auckland’s Water

Onehunga water treatment plant produces water for potable 
consumption and also specialises in industrial water supply.  Western 
Springs Aquifer produces a similar amount which is 5% of Auckland’s 
supply, though at present it is not considered suitable for potable water 
supply.

Water recycling capacity
If this is 5% of Auckland’s supply, and as suggested by the literature re-

view, the recyclable water from the aquifer’s recharge is 30% of the total 
transmission then the literature review suggests that we can recharge 
the aquifer with twice the capacity (Strayton, 2005), that is 100% by two 
if you also include Onehunga. The Onehunga Aquifer could link into this 
wastewater storage strategy. This shows a possible total capacity of 
100% from the Western Springs aquifer and another 30% considered as 
an amount, which maintains the aquifer ecology - a total of 130% storage 
for the proposed commercial water bank as Perth, described in the litera-

ture review, does. This doesn’t account for water in and out. That is the 
daily stored input from the sewer mining intervention from the purification 
concept store in the commercial network which uses wastewater recycled 
from 30,000 people used as the estimated amount for the node consid-

ered in this research. The Western Springs Aquifer has a similar capacity 
to the Onehunga Aquifer storage so = 5% x 2 =10% of Auckland’s total 
capacity. Plus the storage potentials using the artificial recharge strategy, 
the test case waste water recycling (see Commercial Network Page 34). 

5.4.2 Reflection 

Artificial recharge of the Aquifer could use wastewater in the same way 
as the precedent in Perth. Potable water could be used for irrigation or 
fed back into the potable network with this storage facility backup. This 
developed idea with city densification around parks could be the vehicle to 
change the water network infrastructure, as we know it. Using the combi-
nation in conjunction, parks become part of the treatment process. 

Flow Gradient=Speed Stream 

Section 2  

Scale 1:10,000

Section 2

Scale 1:10,000

Fig. 5.21  Meola Catchment with the section through Mt Albert and Mt Eden. Fig. 5.22  Section 2 with artistic precipitation analysis, Mt Albert to Mt Eden and Meola reef, Waitemata Harbour.
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5.5  Alternative Landscape 
       Wetland
5.5.1 Proposition

• Create a plan and sections to show the reuse of grey water and non-
potable water in Fowlds Park.

• Create a strategy to use alternative landscapes in parks for apart-
ments as the land was regarded as too steep for recreational use of
the amenity.

• Creating a test case showing the combined use of public and private
land using ‘buddy’ infrastructure.

5.5.2 Intervention

• Wetland and Buffer Zone
• CSO Wetland and Park Links

The test cases key strategy is to show how to reduce grey infrastructure 
by using a landscape as a device for water reclamation. The key design 
principle is to establish a 10% performative park example.  The strategic 
public park analysis used in this design is to use the park land for apart-
ments as steep banks preclude recreational use, creating in this test case 
the combined use of public and private land using ‘buddy’ infrastructure 
in the park. 

A polishing wetland was designed after assessing with mapping using 
G.I.S. simulated surface watersheds and sinks, streams and storm water
runoff. The wetland will filter and hold grey water from the apartments.
Additional treatment of the storm water will be by the natural wetland and
buffer zone. Subsurface horizontal flow constructed wetlands treats 3 - 5
sq. metres of domestic wastewater per 150 litres per day. Subsurface
vertical flow constructed wetlands are about half the size of a horizontal
flow constructed wetland, regarded as being of equal performance
(Stefanakis,Akrabs,Tscihrintzis,2014). The gravel in the constructed wet-
lands can be basalt which is the best type of medium for water purifica-
tion, or can be limestone, recycled concrete or recycled glass. The gravel
is a medium for mechanical cleansing of the waste water as well as a
medium to encourage micro organisms to improve the wetland function.

The wetlands are used for storage and grey water purification for the 
apartments and for park facilities for example toilets and fit for purpose 
uses. Recycled water can be pumped back to the apartments for second-
ary water uses in the apartment blocks either for example toilet water or 
car washing, air conditioning or alternatively roof garden irrigation.  

A buffer zone design for the wetlands is formulated in the test plan 
assessment. Natural wetlands need 27.6 hectares of wetland space 
per 1000 m3 day for the natural purification of waste water (Kadlec, 
Knight,1996). The design considered this and the 10% of parks strategy 
for infrastructure as the key design specification. The sizing of the wet-
land is and the buffer zone is:

Site 1 

Fowlds Park, Morningside - Total Size 12 Hectare

Size     

Intervention size 2000 sq. meters

Site 2

Chamberlain Park, 
Western development  
       Cross reference with 
       Sewer Wetland 2

Size

Total Size 23 hectare 
       Intervention size 
       2000sq.m

Orientation
• Orientation south west playground and sports field area with buffer

zone on the southern edge of the park.
• Chamberlain Park, Western side of Meola Stream, the land orien-

tates towards the east visually and topographically

Land Use 
• Sports and Community Park
• 18 hole Public Golf Club

Spatial Implications
• 10% of Park
• Reduces need for large infrastructure

Urban Implications
• Planning changes to use the shared infrastructure with mixed use

development - this example is apartments in parks.
• Shared city and private infrastructure to mitigate flooding and pollu-

tion control  (Chamberlain park, Fowlds Park).
• 10% of park for alternative landscape performance use for water

infiltration.
• Urban Density strategy to rezone Fowlds and Chamberlain Parks.

Landscape implications
• Reduces need for potable water use by using secondary or non

potable water.
• Shared infrastructure - wetland polishing for non potable water at

strategic nodes.
• Partial treatment of grey water - recycled water with natural purifica-

tion method.

Fig. 5.23  Fowlds park aerial showing wetland site and sports field
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Fig. 5.24  Watersheds Fowlds Park imposed on G.I.S. site plan and the simu-
lated sinks in blue.

Fig. 5.25 Site analysis for wetland position and flow analysis.

Fig 5.27 Section through hillside showing design apartment block.Fig 5.26 Watershed analysis of site and water catchment Fig 5.28  Watershed analysis of site and water catchment site flows.
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5.6 Urban Forest - Non-Potable

5.6.1 Proposition

After the Central interceptor project, the Norgrove Avenue site will con-
tinue to receive untreated wastewater in flooding events and untreated 
waste water will infiltrate into the Meola Stream up to 6-12 times per 
annum.

The initial pre design strategy was to plant the total riparian zone (80 
metres was the considered buffer zone surrounding the stream)  from the 
headwaters to the mouth of the stream at Meola Reef, creating a buff-
ered edge with mixed wetlands and a four-layer, designed urban forest. 
The secondary research on the sewer-shed points were mapped and a 
design to strategically add a layered mixed planted and wetland strategy 
for the node points was considered for a 10 year phased design.

The proposition is to plant exotic trees planted on islands to intensify 
the nitrogen fixing capabilities of the tree species and to re-mediate the 
wastewater from the sewer shed. The planted, layered riparian zones 
around the remaining waste and storm water sewer-sheds would be ma-
ture within 10 years of growth and will be an effective strategy to purify 
and infiltrate the remaining 6-12 x per annum CSO’s. 

Plants add a high performance strategy as a first line infiltration method 
for flood control via transpiration.
• Create buffer zones around the sewer sheds.
• Create a 10 year phased plan concept scoping a 10 year mature tree

buffer plan for the project’s sewer sheds.
• Researched river concepts to revitalise the Meola Stream - a pre-

design step for the refined design of wetland polishing.
• Concept Plan uses a 4 layer system – worst case scenario flood and

sewer damage strategy drives the idea into the design phase

The scope of the project limited the identification of the plants to a re-
searched list, but this could be analysed further for a final planting plan 
with a specification list. 

Where
• Urban Forest the site is situated on the sewer shed points outlined in

the Watercare Maps, Rawalpindi and Norgrove Avenue.

Final Intervention Site
• Sewer shed node Norgrove Avenue.
• Sewer Wetland Chamberlain Park West (down river from Rawilpindi

Avenue CSO Sewer-shed)

Size
• Buffer zone 80 metre riparian planting around sewer-shed site Nor-

grove Reserve.
• Riparian planting approx. 80m x 200m development South west

side of Chamberlain Park 2000 sq. metre approx site which is on the
northern bank of Meola Stream and the south west Chamberlain golf
Club area.

• Wetland CSO mitigation using sewer mining from sewer line, western
Chamberlain Park

Land Use
• Reserve Norgrove Avenue, St Lukes.
• Existing Golf Club, Chamberlain Park West.

Spatial Implications
• Meola Stream riparian edges buffer sewer-sheds which pollute the

stream at peak flow flood conditions. That is the spillage points from
the combined waste and storm water network.

Landscape Implications
• Filter and Purify water from Spring and Sewer-sheds
• Urban Edge Pollution
• Ecological improvement of the Stream (plant,insect,animal,water,soil)
• Patch - Forest - city wide connection link
• Historic connection from Mountain to sea
• Heat Sink
• Natural Ecotone amelioration
• Reduce precipitation runoff
• Erosion control of edge of stream
• Natural Processes, for example transpiration
• City forest -effects on urban smog and air pollution
• Riparian Buffer

Urban Implications
• Amenity - healthy respite (pedestrian)
• Pedestrian Access.
• Passive Recreation.

Biological Methods (Materials)
Basalt 
• (60% of Meola Stream is lined with basalt)
• Action: mechanical action, recycled for edge flow forms constructed

wetlands, paths.
Limestone  
• Paths and constructed wetlands, gabions.
• Action: micro organisms, mechanical action, absorption layer, sweet-

ens sewer shed Ph.

Norgrove Avenue

Future Sewershed Node

Fig. 5.29 Site adjoining Meola Stream from Mt Albert to Pt Chevalier, Waste 
and storm water Central Interceptor sewer shed node at Norgrove Avenue.
See Fig 5.34 and 5.35 Meola stream sewer shed nodes

Fig. 5.30  Plan Norgrove Avenue, St Lukes Urban Forest Buffer Zone
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80 m.
Urban forest 

Buffer zone

Fig 5.31  Section 1:300 Wetland, Urban forest design development

Fig. 5.32  Plan Urban forest Buffer Zone Analysis Fig. 5.33 and 5.33a The Planed Urban forest Buffer Zone is Analysed. The Orange 
nodes are the sewer shed points after the central interceptor project 2027. The 
widened blue areas fig 5.33a show the naturalised and 80 metre buffer zones of the 
Meola stream considered, 
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5.6.2 Planting List for Sewersheds

Toxin neutralising Plants
• Alder, Willow, Poplar, Reed - Bioremediation (use of special bacteria); Phytoremediation (plants)
• Acorus gramines - root structure establishes treatment bacteria
• Dicentra flormose - root structure establishes treatment bacteria

NZ Native plants     
• Apodasmia similis oioi, jointed rush; conditions salt, estuarine, wetland
• Baumea articulata jointed twig rush 
• Baumea tenex sedge and rush like conditions, swamps, estuarine, scrub
• Baumea teretifolia sedge
• Pakiri rush sedge and rush like conditions, acid, poor soil, wetlands, river margins, sheltered wetlands, not salt water
• Baumea rubignosa orange nut sedge, sedge and rush like conditions, swamp, lake margins, scrub land. Tolerates wet and dry con- 

     ditions, acid and poor soils, sheltered wetland, stream edges
• Carex secta purei, green swamp tussock, wetland, brackish/ fresh water
• Optismenus hirtellus basket grass, conditions under trees, wetlands, rain gardens, pond edges
• Plagianthus divaricatus salt marsh ribbon wood shrub, conditions coastal swamp (salt), sandy banks, will survive in soil with salt water,  

shell banks
• Leptospernum ericodes kanuka, conditions fringe wetlands, reforestation, nurse crop, hardy in wet feet
• Dysoxylum Spectabile kohekohe tree, conditions coastal and low land forest and revegetation
• Triglochin striata streaked arrow grass, aquatic perennial herb, sedge and rush like conditions, salt marsh, coastal edges, ponds, 

saline wetlands
• Rewarewa Knightia excelsa (honey production) reforestation, environmental design
• Myoporum laetum ngaio, conditions lowland forest margins, hardy, wetland, scrub reforestation, wind tolerant, outer edge
• Astelia banksia lily, conditions coastline, reforest, wetland edges, well drained
• Whau Entelea arborescens, conditions coastal, lowland forest, sheltered coastal, base of trees, sheltered gullies
• Leptospermum scorparium Manuka tree, reforest, wetland , nurse crop, re-vegetation lowland
• Pittosporum crassifolium Karo Reforest, Mid range  tree, favours steam edges, forest margins
• Raupo Typha orinetalis bulrush, wetland, tolerates submersion, oxygenates, Nitrification : eutrafication absorbs nasty minerals, filters  

sediment, absorbs up to 15x weight of water
• Pittospurnaum tenuifolium Kohukohu Reforest, Wetland edges, copes with wet or windy areas
• Coprosma pedicellata Swamp mingimingi : Shrub, conditions lowland scrub , coastal swamp, forest, scrub banks of streams, creeks,  

stony places
• Dodonaea viscosa akeake, hardy coastal, poor soils, low forest, wetland edge
• Baumea juncea Blue coastal sedge, conditions tolerates poor water logged soils, stabilises banks, erosions, waterways, re- 

     vegetation
• Griselinga littoralis Kapuka, conditions open coastal
• Kahikatea dacrycrpus Dacrydiodes forest or wetland edges. Re-vegetation
• Muehlenbeckia ephedoides Low edge plant, Brackish edges, salt laden winds
• Phormium cookianum whararaki, Mountain flax 1.5m wetland revegetation, swamp, copes with salt laden winds

Fig. 5.34  Before the central interceptor 
the override sewer sheds are in purple 
and affect the Meola stream with flood 
events up to 180x per annum. 

Fig 5.35  Sewer sheds, Post Project 
2027 (Watercare, 2013)
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Fig 5.36  Preliminary design analysis of flooding on Chamberlain Park at Rawilpindi Reserve
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5.7 Irrigation - Apartments Chamberlain 
Park

5.7.1 Proposition

1. Plan and analysis of topography and suitability of the concept.
2. Research Soakage levels and other affects.
3. Research Watercare network .
3. Discuss with Watercare Sewer mining potential in NZ.

Interview project manager Watercare 2014.
4. Analyse data maps GIS, Historic maps, Watercare catchment

maps.
5. Mapping Analysis:  site.
6. Design final outcomes for the test case : site.
7. Nodes for development of the Proposed .
8. Consider outcome, irrigation concept tested with existing

density and new density.
9. Irrigation plan and designed irrigation analysis plan with the

Pumping Station Norgrove Avenue, South Chamberlain Park.

Landscape Implications
• Irrigation (ecological improvement of land, fertiliser strategy)
• Soakage data - Chamberlain Park has ideal soil soakage
• levels for the irrigation infiltration (Fig 5.38)
• Irrigation uses wastewater to reduce linear water network
• potable and non potable
• Pumping Station connections into wastewater network
• (Norgrove Reserve, Norgrove Avenue)
• Underground tanks Norgrove Reserve, Chamberlain Park
• Greening city Heat Island Strategy
The precedent for this design is the Pennant Hills Golf Club wastewater
irrigation programme, where the waste water from 1000 is recycled for
use on the neighbouring golf club, discussed in Section 2.

Size Node
• Density Node 1000 dwellings (Mixed Use, Apartments, Terrace Hous-

ing )
• 20 hectares kept as existing Golf club.

Size Site
• 8 x 4 meters above ground Pumping Station (Preliminary Design),

Tank below ground 10 x 33 meters. Pumping Station and Tank, Nor-
grove Avenue, Chamberlain Park

Orientation
• Chamberlain Park is a north western orientated site, with Highway

16 on its northern boundary. The Western side of the park borders
Meola Stream, and this land west of the stream orientates towards
the east visually and topographically.

• Norgrove Reserve Pumping Station orientates South of Chamberlain
Park.

Location 
• Chamberlain Park (Fig 5.36) 46 a Linwood Avenue, Western Springs

Land Use
• 18 hole Public Golf Club, Clubrooms, Maintenance and Storage

Building (Sutherland Road)
• Reserve, Norgrove Avenue, St Lukes

Intervention 
• Sewer Mining Concept
• Mixed use Node (1000 dwellings)

Urban Implications
• Resilience water strategy changes city planning of water network,

Watercare.
• Sustainable reuse of resources and efficient use of infrastructure

network.

Amenity
• Chamberlain Park is the axis point to link pedestrian and cycle con-

nections.

Site Interventions
The public land use for the sewer mining pumping station was analysed. 
My considerations for the design included the site’s visual connections 
to the existing residential area. Findings from the literature review has 
identified and analysed new technology for reclaimed water use within 
the urban fabric. The use of at least ten percent of the waste and grey 
water from Chamberlain and the surrounding neighbourhood is the basis 
for this study (Figure 5.39).

Fig 5.37  Chamberlain Park 32.3 hectare Fig 5.38  Soakage Map shows Chamberlain Park as best infiltration Fig 5.39  Irrigation plan, designed irrigation with the Pumping Station (Red node) in 
relation to the on-site tank at the golf course and the site at Norgrove Avenue, South 
Chamberlain Park
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5.7.2  
Sewer mining pumping station, Norgrove Avenue 
Irrigation - Apartments

5.7.3  Conclusion
The test case intervention plan for the site of Norgrove Avenue and the apartments on Chamberlain, shows the site analysis. The plan and section de-
sign mapping consider the situation of the Pumping Station in relation to the apartments. The public land use for the Sewer mining pumping station was 
analysed. My considerations in this design included the site’s visual connections to the existing residential area and the reserve at Norgrove Avenue. 

Fig 5.40 Plan showing relationship of the sewer mining site and apartment pre analy-
sis in relation to Meola stream

Fig 5.41  Section showing density analysis Chamberlain Park and relationship to the Meola stream with a section of the stream imposed under the con-
cept.
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5.8  Density Node

5.8.1  Proposition: Density nodes around parks

This design is a density strategy for Fowlds park developed to show an 
example of a designed mixed use density strategy using the parks node 
analysis (Fig 2.1 and 2.3). The key strategy is to establish a 10% per-
formative park example. In this example the test case includes a strategy 
to build apartments on the steep northerly banks of Fowlds Park. The 
site was assessed with G.I.S. and site mapping.  A developed design is 
shown in Figure 5.5. I designed a footprint for four apartment blocks but 
this is considered a guide only. They were placed on the steep banks of 
the under utilised park as a design exercise to show the tested interven-
tion (Fig 5.44). A synergistic water hydrology infrastructure is designed 
to be used with the apartments and shared park facilities (Fig 5.45 and 
5.24-5.28).

1. Plan and analysis of topography and suitability of the concept
2. Analyse data maps GIS, Historic maps, Watercare catchment

maps
3. Mapping Analysis:  site
4. Design final outcomes for the test case : site

Size  

• Part of 12 ha hectares (Fig 5.50)

Orientation
• Fowlds Park orientates south west. A large vegetated ridge on the

northerly edge orientates southwards and dominates the site.

Spatial Implications 
• Apartments
• Parks

Landscape Implications
• Infrastructure vehicle - city planning around parks, and greater use of

the amenity.

Amenity
Fowlds  park is the axis point to link pedestrian and cycle 
connections.

Urban Implications
• The Density Strategy in this case study is to change city form

from a Network City to a decentralised node system, by using
parks as nodes for development.

• Parks as nodes for development.
• Apartment Re-zone for greater population density.
• Infrastructure vehicle for development plan to re-image neighbour-

hood at nodes.
• Amenity and city function development.
• Sustainable resource - zero waste strategy by adding efficiencies at

nodes.
• Ageing infrastructure network strategy changes transit based

popula-tion to include parks.
• Links pedestrian access from the Mixed Use from Pt Chevalier

through a new link at Chamberlain Park to Morningside Railway Sta-
tion.

Fig. 5.42  Fowlds park and surrounding area includes Morningside Fig 5.43 Eastern Fowlds park and  Morningside area Fig 5.45  Fowlds Park apartments in relation to the steepness of the built   
environment

Fig 5.44  Section Fowlds park apartments in relation to the steepness of the park and 
the wetland in the foreground
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Fig. 5.46  G.I.S. Contours and existing waste and storm 
water services with an imposed aerial map.

Fig. 5.47  G.I.S. Contours and water sheds and watersinks 
simulated onto the aerial map of Fowlds Park.

Fig. 5.48  G.I.S. Data showing the 15 degree slopes, north-
ern site for Fowlds Park apartments.

Fig. 5.49 Preliminary Density assessment for mixed use 
density zones around Chamberlain Park and  Fig  5.49a 
mixed use area used in the sizing of the Fowlds Park node.

Fig. 5.50  Plan of Apartments on the northern slopes of Fowlds park with the current built environment. 
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5.8.2  G.I.S. Mapping Fowlds Park
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Fig. 5.51  Original Scale 1:5000 Major roads and arterial links and railway line south 
of Fowlds Park.

Fig. 5.53  Fowlds Park Roads and built environment with impervious surfaces and 
simulated water sheds.

Fig. 5.54 Western springs Park green space with built environment, Impervious sur-
faces simulated watersheds node and motorway links for Western Springs.

Fig. 5.55  Western springs node Pasadena mixed use built environment,impervious 
surfaces and simulated watersheds

Fig 5.52  Green space analysis for Fowlds park and Chamberlain Parks in relation 
to Western springs, the water resource node for 5000 dwellings. 

Fig. 5.56  Built environment and impervious surfaces Morningside

Fig. 5.57  Green spaces in relation to parks and impervious surfaces Morningside and 
Fowlds park. Morningside link to the train line south of Fowlds park and the motorway 
north via St Lukes Road

Fig. 5.58  Morningside mixed use built environment and links.



49

5.8.3 Density Node Reflection

If Auckland density strategy is to be intensified around existing parks. 
How can the demand on existing wastewater services be ameliorated? 
This test case model explores how parks and green spaces could be 
rezoned with mixed use development, for example apartments and 
retrofitted high performance infrastructure in a neighbourhood context. 
Intensifying the city density, driving the urban renewal strategy with 
neighbourhood precincts and infrastructure around parks is the key. This 
project shows a local infrastructure development which uses parks to 
hybridise the wastewater infrastructure. As discussed in the literature 
review cluster cities recommend nodes of 10,000 to 50,000 in size.  

 Auckland Unitary Plan
The unitary plan is dissected by S.G.S. Economics and Planning report 
2013 and they believe that Auckland Plan does not recognise the dif-
ference between infrastructure that shapes the growth of urban struc-
ture and infrastructure which simply responds to demand (SGS, 2013). 
Further to this they consider that although the plan briefly mentions this 
distinction it does not use this framework to articulate the key strategic 
city-shaping infrastructure projects, beyond the CRL (SGS, 2013). 

The Auckland Unitary Plan anticipates that 70% of the population growth 
is going to be in the city.  Nodes of development follow transport growth 
hubs, for example Morningside, and commercial centres, for example 
St Luke’s. The Council plan does propose higher population densities 
around some parks. But I believe that this project’s strategy around parks 
could add another facet to the transit line strategy which now dominates 
the proposed unitary plan for urban population renewal. This project out-
lines wastewater infrastructural changes to propose densification planned 
with clustered neighbourhoods; an urban development strategy around 
parks. The key research idea is to re-image the neighbourhood zoning by 
combining public and private land assets. A new synergistic buddy waste-
water management system is investigated in the project’s tested model 
to create a new urban city form. This idea is a medium to redevelop the 
cities ageing infrastructure using densification and produce a decentral-
ised city. 

The study considers a synergistic park and neighbourhood. New tech-
nology for potable and non-potable water is investigated in the previous 
sections.  This part considers how a mixed use zone using park facilities 
might be developed in the future. This project’s node system is a decen-
tralised park node system and forms the vehicle for the water infiltration 
and emission control of waste water pollution. Density around parks is 
shown in my case study of Chamberlain and Fowlds Park (pages 45-47). 
This example is designed for a new density of 10,000 people around 
these parks (Fig. 4.9 a and fig 4.9) to show a mixed use and terrace 
house development. Hubs for mixed-use development included  

Chamberlain Park golf course and pedestrian and cycle links to Pt. 
Chevalier Fig 6.29 and Fig 6.30. 

5.8.4 Site design reflection

I have adapted the model of sewer mining at Pennant Hills Golf Club in 
Sydney, as the irrigation and density case study model for Chamberlain 
Park.  My designed irrigation model creates a recycled wastewater infra-
structure for 40 dwellings per 1 hectare, compared to Pennant Hills which 
uses wastewater from 1000 houses on a 22 hectare site - 45 houses per 
hectare.

This infrastructural intervention is designed for a 1000 house purifica-
tion system. Sewer mining used for irrigation purposes is used in this 
case study as an adaptive system. Combined with the site intervention,  
the population growth densification is formed surrounding these nodes. 
It creates an intervention that is innovative using sewer mining as the 
development model for wastewater management. The infrastructure for 
city population growth is adapted with the wastewater sewer mining for 
recycled water. 

Fig. 5.59 Node pre design development strategy around parks and urban 
green spaces
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5.9  Matrix

Project application analysis 

The final performance weighting is shown and reformulated in this case 
study design for the wastewater flows, using alternative landscapes to 
add additional infiltration to the urban water network and artificial purifica-
tion to cleanse the wastewater for reuse. The wastewater becomes a re-
source recycled from the existing network. Technically the design reduc-
es the weighting or the performance loading on the combined waste and 
storm water network. Local infrastructure development with densification 
could use parks to hybridise infrastructure. The resulting decentralised 
network uses added systems for water infiltration and emission control of 
water pollution. 

Cities will need to limit public money spending for infrastructure and 
planning (Beatley, 2003). Sustainable cities will consider economic ef-
ficiencies in the effective management of urban city development. The 
project’s sustainable neighbourhood infrastructure - urban parks rezoned, 
retrofitted to be high performance high density neighbourhoods - repre-
sents a best practice approach using ecology as the barometer for suc-
cess. The theory to be tested is ecological performance as the sustain-
able water accounting system. 

Fig. 5.60 Matrix design Theorists and practitioner analysis
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Potable water Non-Potable Water
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6. Chamberlain Park 6.1 Introduction
6.2 Site context

G.I.S. mapping
What is happening at Chamberlain
Park?

6.3 Test cases
 Sewer mining: irrigation
 Wetland polishing 
 Stream revitalisation
 Park links

6.4 Density
6.5 Masterplan
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6.1 Introduction

Auckland City Council is developing Chamberlain Park with the western 
area being considered for a public park. The issues are public accessibili-
ty, passive recreation, links between streets, reserves and the importance 
of keeping a large green space for the future (Lee, 2014). How can these 
changes at Chamberlain Park help generate new design possibilities? To 
address these issues I am proposing to develop Chamberlain Park as a 
more intensified park space.  Adding density nodes around the parks can 
use new infrastructure points which could feed recycled treated waste-
water from the existing central interceptor at the node points on the maps 
shown( Fig 5.13). The test case is an example to show how parks could 
be used and retooled for a hydrology model using density intensification 
nodes. 

Firstly I propose to develop the design of Chamberlain Park using three 
ideas from the case study investigation and secondly to employ a strat-
egy to address the park links by developing the design with a new public 
and social space. The investigation will use the population density inten-
sified at this node. The three ambitions of the project are to:
1. Reduce the black water.
2. Make a better public space.
3. Increase density.

To address these questions I have brought forward from the test cases in 
Part 5, three areas to test the refined design. 
1. The black water concept of sewer mining which was developed from

the ecological cyborg in Part 5. By using three design investigations
- irrigation C.S.O.,polishing wetlands and stream revitalisation

2. A strategy to update the parks with a social link or park links to im-
prove the amenity uses of the Western Chamberlain park as a model
which could be applied along the length of Meola Stream.

3. Refining the density model which is developed from the test site at
Fowlds park. The Auckland City Council proposes some density zone
changes in the unitary plan to this area but low to medium residential
zones with a small amount of mixed use zoning. The park has added
importance as a node for the existing Central interceptors infrastruc-
ture which passes under this site.
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6.2 Site Context

6.2.1  Location

Chamberlain Park is close to amenities like Western Springs stadium, the 
Auckland Zoo, Motat, Eden Park and the future redeveloped St Lukes 
commercial centre. The project site of Chamberlain Park is in Mt Albert 
and is serviced by part of the central interceptor (Fig. 5.11). 

Residential areas surround Chamberlain and Fowlds park. Small areas 
of commercial activity dominates Pt Chevalier and Morningside. Historic 
housing density of 10 houses per hectare is renewed by the unitary 
plan for the residential areas south of Chamberlain Park. Some higher, 
mid-level intensity residential pockets are zoned by Morningside Station 
east of Fowlds Park. The current education zones and mixed use areas 
are not intensified by the unitary plan south of Chamberlain Park. Some 
intensification zones are added to adjust the residential one house/one 
site zones east of Chamberlain Park in the unitary plan and this adds a 
small population increase to medium density. The park is a node which is 
close to the central Auckland business district which could provide a link 
for walk ability and cycleways. The existing western cycle lane links West 
Auckland and the central business district (CBD), borders Chamberlain 
Park on the northern boundary.

Fig. 6.1 Site analysis
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Fig. 6.2  Chamberlain Park Plan showing the transit links, impervious surfaces and simulated watersheds 1: 2000
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6.2.2 G.I.S. Maps
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Fig. 6.5 and 6.6  Services Analysis. Shows the sewer shed points in relation to the services. The sewer mining literature review  shows that the 400 mm pipe sizing is feasible 
for 70% of mining from the combined waste and storm water network. Other sizes will have to have some intermediary device engineered.

Fig. 6.3  Scale 1:1000 Slope 
Shows the 15 degree slopes in orange as the worst area zone to build on. 

Fig. 6.4  Scale 1:1000 Elevations.
Hill shade shows the darkest to the lightest . The social area of the wetland complex 
at Western Chamberlain park is on the least shaded side of the hillside.  The points 
for the density nodes are shown to be good examples of shade as they are in the 
lighter elevations.
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Fig. 6.8  Scale 1:1000 Chamberlain Park Contours. Fig. 6.9  Scale 1:1000 Chamberlain Park simulated Watersheds.

Fig. 6.10  Scale 1:1000 Chamberlain Park stimulated watersheds,wastewater ser-
vices with Meola stream passing through.

Fig. 6.11  Scale 1:1000 Chamberlain Park graded simulated Watersheds with impervi-
ous surfaces.

Fig. 6.13  Scale 1:1000 Chamberlain Park graded simulated Watersheds.Fig. 6.12  Scale 1:1000 Chamberlain Park stimulated watersheds with sink areas.Fig. 6.7  Scale 1:1000 Chamberlain Park Mixed use areas south in relation to the 
residential built environment to the south eastern residential zone which is a historic 
housing zone with a density of approx. 10 houses per hectare.
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6.2.3 What is happening in Chamberlain Park?

The council is updating the Chamberlain Park golf course. 
Four designs are being assessed. The plan shown in Fig. 6.14 is an early 
concept plan.  A new design is being considered by the Auckland city 
council at present. 
• The amenity redevelopment of the existing golf course is the major

change being reassessed. This design shows the existing eighteen
hole golf club reduced to nine holes and a driving range.

• The Western Chamberlain Park area which is accessed via
• Sutherland Road, not currently accessible by the public, is being

considered for a public park (light green area).
• A site for sports fields and parking and a recreation centre are shown

in the northern Chamberlain Park area.
• Access through the site via the stream from Pt Chevalier to the

southern areas of the park is an important issue

The central interceptor project of 2017 will also affect the boundary with 
Pt Chevalier. The combined waste and storm water tunnel will be devel-
oped in 2017 connecting to the Western springs tunnel. 

The 23 hectare park is reduced to 12 hectares in this preliminary de-
sign. The Unitary Plan has changed the north eastern boundary to town 
houses. The existing mixed use areas are unchanged. The historic hous-
ing zone to the south is unchanged. 

The North eastern part of the park 
becomes the site for six new  sports 
fields as the area is short of sport 
fields.

A recreation facility is being 
considered adjoining the car park 
facility on the boundary of St Lukes 
Road and the new interchange. 
My findings show the changes to 
the park may include an aquatic 
facility.

Auckland City Council
Design options for the future of Chamberlain Park are under considera-

tion. Following months of public consultation, the Albert-Eden local board 
will meet to finalise the four master plan options for the redevelopment 
of the 32.3 hectare park next to Auckland’s north-western motorway. The 
final design will not be chosen until December, after more public consul-
tation. Four initial design scenarios were made following a public consul-
tation process over December and January. The differences in the four 
options include the configuration of the parks existing golf course - which 
will either be 18 holes or reduced to nine holes with a driving range - and 
the addition of sports fields and an aquatic centre.
The long awaited Chinese garden and performing arts centre is included
in all four design options although it is noted that the proposal needs to 
be further investigated. Earlier this month the Auckland Chinese steering 
committee asked the local board to use a pocket of land on Great North 
road, opposite Motions Road for the garden. Previously it was proposed 
the garden be built within Chamberlain Park’s 18 hole golf course.
All four scenarios also contained common design features such as the 

development of the western end of the park as a recreation area, the res-

toration of Meola creek and a cycling path providing access to the park 

from the north western cycleway and St lukes Road. The development 
of Chamberlain park cannot be guaranteed unless the Albert-Eden local 
board can be secure the funding. There are no funds allocated to the pro-

ject in Auckland Councils 2015 - 2015 draft long -term plan to implement 
development of the park (Edmonds, 2015) 

Haynes, 2015 the Eden Albert as the Local Board Chairman, Auckland 
City Council
Our area has the lowest levels of open space in the Auckland region, 
says board chair Peter Haynes,”We’ve also got one of the biggest short-
falls in sports fields capacity in the region. The Mt Albert, Morningside 
and Pt Chevalier areas are earmarked for intensification. The impending 
population growth and a lack of suitable land for open space mean its 
imperative to make the best use of what is available. given these impend-

ing changes, this is a once in a 30 year chance to plan for future growth,” 
says Mr Haynes
• New walk land cycleways going north-south through the park to

better connect Mt Albert, the North West cycleway, Pt Chevalier and
Western Springs

• Consider whether you would support a small part of the park to be-

come housing to pay for these upgrades to happen sooner with the 
council funding for parks so under threat, otherwise this may stay a 
paper plan 

Campbell live report (Lee, 2014) 
Key Points
• The public doesn’t have access.
• Daylighting Meola Creek and restoring like Oakley Creek.
• Western fringe could become a passive recreation area.
• Allowing connections with current reserves and neighbouring streets.
• Large open green space important to keep in totality for the future.

Western Springs

Pt Chevalier
Sports Fields

 Recreation Centre

Norwestern Motorway
Western Chamberlain Driving Range    
Park

Sutherland Road

    Existing Education  Facility

Rawilpindi Reserve Norgrove Reserve 

Fig. 6.14  A concept map showing a new public park at Chamberlain Park West. The existing 18 hole golf course is reduced to a 9 
hole course and a driving range. The driving range is on the eastern boundary in this plan and becomes the new boundary line for the 
golf club. 
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6.3  Chamberlain Park Test Cases

How can the changes at Chamberlain park reduce the production of 
black water? The design proposes to use the surrounding neighbourhood 
to develop and make multifunctional public spaces.

1. Decreasing black water
2. Improve public space
3. Increase density through building apartments

1. Reducing black water

The proposition is to use the Sewer mining technique to recycle waste 
water treated to either a potable or non potable standard. The first test 
case  showed wastewater recycled for the reuse as irrigation and this 
intervention develops this idea for a polished wetland intervention. This 
alternative site was important as the Western Chamberlain Park plan is 
being developed by the council. The sewer mining site (Fig. 6.22) was 
chosen because of its proximity to the boundary at Sutherland Road as  
a unused space, visually confined and accessible for maintenance. 

Proximity for the site’s services were analysed in the background analy-
sis and the site node at Point Chevalier was analysed as an alternative 
site. Three sites were picked as they were close to a residential sewer 
node for sewer mining and can be used to mine wastewater during the 
highest flow levels twice per day which is a low impact design principle. 
Also the site was significant as the sewer shed nodes for the central 
interceptor are at Norgrove Avenue and Rawilpindi access points to the 
Meola stream which these nodes would be directly influenced by. 

The project’ site of Chamberlain Park is serviced by part of the central 
interceptor infrastructure and the new tunnel project of 2017 described 
in the background research is also central to these areas with the main 
tunnel mouth being at Western Springs.

2. Improve Public Space

The proposition is to improve the public nature of the park by linking 
the park to public spaces and improving public accessibility at Western 
Chamberlain Park. The Auckland City Council wishes to improve the 
amenities of  Chamberlain Park. Improving the use of public space is part 
of the future use of the park under review. The consideration is the public 
access links for the site between Western Chamberlain Park and Meola 
stream through the park. The public accessibility to the southern area of 
the park at Rawilpindi Reserve is also considered in the new Auckland 

City Council reassessment. 

Daylighting the entire stream is under review in this plan but only the top 
Norgrove site has channelled areas. The wider stream edges closer to 
the proposed western Chamberlain Park could be naturalised and has 
been considered in earlier council meetings unfortunately there were 
no allocation of funds available (Auckland City Council, 2014). Further-
more improving the public space by building apartments within the parks 
boundaries is included in this investigation. Investigating the building of 
apartments on parks and adjusting the zones around the neighbourhood 
is the work, live and play density strategy. 

3. Increase density through building apartments.

This investigation intends to adjust the zoning of the Park for a mixed use 
apartment living strategy. The redevelopment of Chamberlain Park by 
the Auckland City Council gives an opportunity to re-examine the uses 
of the green space for increased housing density. The Chamberlain park 
site is part of the larger node which includes Pt Chevalier site  which was 
investigated in the test cases to consider the site’s future sewer mining 
potential node for density for the growing Pt Chevalier area.  Residential 
zones are the most compatible for wastewater sewer mining and water 
recycling. Using sewer mining described in the literature review and the 
sewer mining tests I have adapted the density case study model with 
mixed use apartments for Chamberlain Park West. 
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6.3.1 Sewer mining: Irrigation

Proposition
This proposal is an investigation to show a potential design for the site 
using the sewer mined strategy. I propose to use the sewer mining tech-
nique with an irrigation plan for Chamberlain Park. The design show the 
irrigation sites with the associated pumping station and tank site position.  
The water is sent into the Chamberlain golf club site from the node point 
at Norgrove Avenue from the pumping station to the tanks on Chamber-
lain Park. It is irrigated into the park as per the plan shown in Fig. 6.16.

• Existing Central Interceptor Infrastructure

Where
• Chamberlain Park West
• Sutherland Road border, Chamberlain Park

Orientation
• Chamberlain Park, Western side of Meola Stream - the land orien-

tates towards the east visually and topographically.

Land Use
• Existing Golf Club
• Unused space on edge

Spatial Implications
• Pumping Station and Tanks
• Infrastructure Connections Rawilpindi
• Pump Station - connects network into wastewater nodal infrastruc-

ture
• Sewer Mining Western Chamberlain Park  (Underground tanks site)
• Urban Agriculture - Permaculture future link to purification statio

• Commercial Network intervention

Landscape Implications
• Irrigation (ecological polishing wetlands)
• Zero waste, use of resources
• Reuses wastewater to reduce linear water network potable and non

potable
• Reduces need for larger traditional wastewater infrastructure, and

reduces the use of the potable water supply
• Greening city (infiltration) Heat Island Strategy

Intervention
• Building 8 x 4 meters above ground pumping station
• Tank below ground 10 x 33 meters
• Piping from existing infrastructure to the wetland
• system

Pre design Analysis
• Site position mapping and analysis to consider the existing infrastruc-

ture services.
• Site uses, flow analysis, existing and future intervention size.
• Analysis of the potential site application to consider the site,

slope, boundary, access future maintenance, view shafts.
• Analysis to consider the site links with future park and city links for

residential mining for future wastewater flows.
• The connections link the motorway a major junction and the
• Pt Chevalier community, for example sections  to show the  storm

water drainage.

Site
• Chamberlain Park West
• Sutherland Road borders

Sewer Mining Node
Pumping station
Tank
Irrigation Plan Fig
Polishing wetland Fig

Fig. 6.15  Auckland City Council Plan development pre-design Fig. 6.16  Plan 1:1000 with the Meola stream and recycled water irrigation plan with pumping station and mixed use nodes
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6.3.2 Wetland Polishing

Proposition
To reduce the black water I propose a designed multifunctional public 
park space which has the added benefit of treating wastewater in a wet-
land system. This proposal is to install a non potable treatment wetland 
to purify the wastewater. I propose to use the Western Chamberlain 
Park for the intervention using low impact principles as described in the 
literature review. I am using this site as it is close to the underground 
services for the combined waste and storm water connection point of the 
Rawilpindi serviced junction for the sewer shed. The low impact principle 
is that the site is close to the resource for reuse and the actual wetland 
site is close to the proposed pumping station. 

The membrane bioreactor purification plant on the western Chamberlain 
park boundary is the first part of the wastewater treatment process used 
from the existing Rawilpindi service which passes through the park to-
wards Pt Chevalier. The tested wetland design on Fowlds Park is used to 
update this final tested intervention. The buffered wetlands and planting 
(Fig.5.31 and 5.33) designed in the urban forest intervention influences 
the design of the polishing wetland. Constructed vertical, horizontal and 
natural wetlands polish the fit-for-purpose water for recycling. 

Firstly the recycled water, a second grade water, is transferred into the 
park wetlands from the wastewater pumping station at the corner of 
Sutherland and Chamberlain Park boundary. After the treatment in the 
wetlands the reclaimed water infiltrates into the Meola stream when it has 
reached an acceptable quality. This Chamberlain Park planted wetland 
has a flow through treatment which takes 36 hours to flow through the 
artificial wetland system. The design test makes use of the gradient 
changes of the site to optimise the benefits for the water purification and 
infiltration. The planted and constructed wetlands use mechanical and 
biologic means to improve the water health from the combined waste 
and storm water network. Local basalt is recycled into the constructed 
vertical wetlands for mechanical cleaning of the water in the wetlands 
and limestone blocks are used to add additional effects for enriching the 
water’s pH. 

Site
• Sewer Wetland Chamberlain Park West
• Sutherland Road, Pt Chevalier borders the western boundary

of Chamberlain Park West

Size
• 2000 sq. metres total intervention
• Location Chamberlain Park West west of Meola Stream

Orientation
Chamberlain Park, Western side of Meola Stream.  
The project case studies land orientates towards the east visually 
and topographically. 
Land Use
Existing Golf Club

Spatial Implications
• 10% park for alternative landscape infrastructure
• Infrastructure Connections Rawilpindi

Landscape Implications
• Irrigation (ecological polishing wetlands)
• Zero waste, use of resources
• Reuses wastewater to reduce linear water network potable

and non potable
• Reduces need for larger traditional wastewater infrastructure,

reduces the use of the potable water supply
• Greening city (infiltration) Heat Island Strategy

Urban Implications
• Urban Agriculture - Permaculture future link to purification

station
• Commercial Network intervention

• 
•     Wetland 
• Node

Fig. 6.17  Chamberlain Park 
wetland site.

Fig. 6.18 Hand-drawn analysis using land 
flow forms.

Fig. 6.19  Hand-drawn analysis pre-design.

Figs. 6.20 & 6.21 The Western Chamberlain park’s contours and simulated watersheds 
overlaid to show the landforms in relation to the natural water flows.



63

Intervention
3 Zones
Zone 1  North western Entrance to Park to the Meola Stream edge.
Themed as an elegant wetland and  connects the historic  golf clubs 
pedestrian park links to the new park intervention

Zone 2  Mid way between the entrance at Sutherland Road,  Pt Cheva-
lier and the building on the western edge and down to the Meola Stream 
edge, linking visually across  the stream.
Themed as a Social wetland which links visually by a central pivotal path 
and visual axis to the Eastern side of  the Golf Club. Links to the existing 
Building and the existing bridges (three) links the new social spaces in 
the park 

 Zone 3  Linking south to the Rawilpindi reserve. The natural wetland is 
themed as a wild area with pedestrian links to the bridges and a sewer 
shed buffer zone.  The stream  revitalisation strategy is to widen and slow 
the flooding stream with a widened planted strip which would change  the 
steep contour of the stream edges. The natural hydrology is supported 
with the planted buffered edges.  

Zone	2

Zone	1

Zone	3

Fig. 6.22
Final design showing wet-
land structure.

Fig. 6.22a Final design showing wetland structure.

Rawilindi	Pumping	Station
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Proposition

The final wetland and sewer-shed intervention addresses the ecological 
health of the stream and its habitats by adding spaces for communities 
to colonize during flood events of the stream.  Water ecology influences 
the concept for the revitalisation of Meola stream by using the widened 
stream edge. The design adds gradient changes by the stream widen-
ing and buffer zones (Fig 6.23 and 6.25). Small tactile interventions, for 
example wetlands, would reduce the flooding effects which creates the 
current combined waste and storm water override system. This would 
improve the Watercare infrastructure by reducing the load from the storm 
water from flood which creates the water pollution in the streams. 

The test case intervention design is developed from the urban forest test 
case which had a layered C.S.O. purification function. Revitalisation of 
the edge fulfil the council strategy. Measurements were deduced from 
this design and applied to the refined design. A final engineered hydrol-
ogy plan would supplement this design in real time. The precedent of 
Shanghai’s Houtan park described by Yu (2013) is applied in this design 
to the terraced wetlands with planting and gravity changes for purification 
of the grey water.  

My design includes a natural water flow system which is influenced by 
the topography, watersheds and sinks. The intervention uses an artificial 
flow form system to oxygenate and purify the water after pre treatment 
using the M.B.R. (PUB, 2013) purification  system. Final sections and 
plans show the site examples for the widening of the steam (Fig.6.23 and 
6.25). The stream is fitted between ten metre topographical boundaries. 
The stream is bounded by approximately 30 meters between these ten 
metre topographical basalt edged boundaries. The stream widening, 
a contoured naturalised buffer system, revitalises the edges and fits 
between the natural banks. The streams banks are planted in layered 
natural vertical wetlands. Tree islands, mature trees add ecological 
techniques to purify the pollution from the sewer sheds. The plants are 
also a part of the ecological cyborg which reduce the flood by transpira-
tion using the roots to add infiltration. The plants also reduce the toxicity 
and neutralise some the pollution in the stream reducing the effects of 
the heavy metal, zinc and other pollutants which make up the degraded 
water. This adds a sustainability ethic to this design which adds strate-
gies for water resilience, which is improved by the natural systems gain 
in ability to absorb the untreated wastewater sewer sheds.

6.3.3 Stream Re-vitalisation

Site
• Chamberlain Park West

Size

• Meola  stream 70 meters buffer zones riparian margins
• From the Norgrove reserve to the western chamberlain park  is a

strategy for the entire Meola stream. The Western Chamberlain Park
design has three examples of stream widening and stream naturali-
sation with constructed interventions (page 63)

Location

• 3 sites
• This design shows three examples of stream widening and stream

naturalisation with constructed interventions which link to the garden
themes. The Meola stream site has gradient changes to the stream
body with the naturalisation of the stream edge shown in Fig. 6.22.
The gradient changes add an oxygenating benefit to the water - a
gradient change which is 30 mm deep at each intervention site, a
total of 1 metre of fall from the 3 sites.

• Zone 1.  Elegant
• Zone 2.  Social Space is the theme for this intervention
• Zone 3.  Natural wetland, urban forest, with pedestrian link to the

bridge

Orientation

• Chamberlain Park, Western side of Meola Stream, the land orien-
tates towards the east visually and topographically

Land Use

• Existing Golf Club

Landscape Implications

• Meola stream flooding and pollution from the combined waste and
storm water infrastructure

Urban Implications

• Accessibility - links neighbourhood and sea via the stream

Spatial Implications

• Meola stream flows

Fig. 6.25  Wetland and stream 
widening examples.

Fig. 6.24  Meola stream from Mt 
Albert to Chamberlain park and 
northwards 

Fig. 6.23  Wetland and vertical 
garden with stream widening, 
Zone 2, Section 1.
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6.3.4 Link Design

Proposition

The ethos is the re-imaging of the park for social and cultural amenity, 
providing access to the western area of Chamberlain park which is not 
currently accessible to the public. Connections over the motorway were 
addressed using a new planned link bridge. The design process included 
the Chamberlain Park site’s accessibility to the proposed mixed use 
redevelopment at Pt. Chevalier.  A 10 minute 800 metre walking link time 
fame was considered  between Chamberlain Park and Pt. Chevalier for 
the final design outcome. 

The vehicle transport arterial links this site are via the north western 
motorway. The north, western, southern motorways links closely to this 
central site. A new airport connection via the Waterview tunnel, will link 
the existing  motorways south to the airport when this project is finished 
in 2017.  The existing western cycle lane which links West Auckland and 
the central business district (CBD), borders Chamberlain Park on the 
northern boundary.

The key design features for Chamberlain Park west are: 

• A stroll garden to add a destination experience and connection to Pt.
Chevalier commercial area. The stroll garden links to the walkways
along the Meola stream, south and north.

• A future connection to the cycleway which could cross the motorway
at this point (Fig. 6.30) forging a new connection north to the harbour
bridge and the future sky crossing.

• A connecting board walk eastwards towards the horticultural soci-ety
bridge and gardens which connects to the Museum (Motat) and future
Western Springs development.  Also considered was the poor
connections via the St Luke’s interchange giving the Chamberlain
Park site another link south through to the train station and beyond to
the St Luke’s Commercial development.

• Rawilpindi Reserve link accessing south the connection between
Chamberlain park and the southern neighbourhood which links to St
Lukes (Fig 6.14, Fig 6.16, Fig 6.26, Fig 6.40)

• Stream access via the bridges shown in Figure 6.30 and stream
widening Figures 6.23 and 6.25.

Fig. 6.26  Aerial showing cycle link to new 
Sky Path, Harbour Bridge crossing.
These paths link with the mountain and 
sea (Fig) strategy for seventy metre buffer 
zones along the banks of the stream which 
in the future could be revitalised with the 
whole meola stream being redeveloped to 
daylight the existing channelled areas. The 
case studies example would have the added 
benefit to reduce the flooding velocity of the 
stream. 

Fig. 6.27  Meola Stream from Mt Albert.
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Making new public space link paths 

• Pedestrian and cycle bridge linking over Motorway.
• Connections to board walk and path to Horticultural Society beside

Meola Stream.
• Sutherland Road borders the combined cycle, pedestrian path on the

western entrance boundary.
• Rawilpindi Reserve Link to the Golf Course Path.
• Meola Stream paths (see Fig 6.30) connect to existing bridges.

Site

• Chamberlain Park West.

Orientation

• Chamberlain Park, Western side of Meola Stream, the land orien-
tates towards the east visually and topographically

Land Use (Existing)

• Unused space on boundary.
• Paths - north board walk and concrete connector paths existing use

spare space beside storm water drains, Meola Stream buffer zone.
• Golf Club and Rawilpindi Reserve unused space on the Reserve

border
• Paths on existing Golf Club Course.

Landscape Implications

• Pedestrian and Cycle Connections Link over with the motorway
• New Bridge 72 meters wide with 70 meter linking ramp.
• North Board walk and concrete connector paths.
• Rawilpindi paths.
• Meola Stream paths.
•

 Urban Implications

• Accessibility and new mixed use connections.
• Connects Pt Chevalier and Chamberlain Park Density nodes.
• Connects neighbourhoods south at Rawilpindi to Western Chamber-

lain
• Park.

Fig. 6.28 Links for the Western Chamberlain Park. Fig. 6.29  Links designed for the Western Chamberlain Park Plan Fig. 6.30  Links design for the Western Chamberlain Park design.

Fig. 6.31 Key: Links (Fig 6.29) Western Chamber-
lain Park design.
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6.4 Increase Density

Proposition

The Auckland city council is planning for increased density in the city. 
The current strategy the council uses is a transit based density model. 
Chamberlain Park is close to major arterial links. The north, western and 
southern motorways link closely to this central site; the western cycle 
lane borders the park on its northern boundary. It is because of these 
links that I wish to intensify this site. Chamberlain Park is a large open 
green space. It is a possible site to rezone for increased density. 

The proposal is to add density nodes around parks. The first stage of this 
design process used an edge-focused scattered mixed-use apartment 
and town house design strategy for the mixed use node. The design was 
tested in an intensified apartment and terrace housing development for 
the golf course (Figs. 6.36 - 6.39).  The key consideration is that if the 
golf course is intensified how do the two coexist with less effect to the 
golf club. I consider where to put this area and how it would work.
The design steps are shown in the following pages.

Existing Land Use

Residential areas surround Chamberlain and Fowlds park. Small areas 
of commercial activity dominates Pt Chevalier and Morningside. Historic 
housing density of 10 houses per hectare is renewed by the unitary plan 
for the residential areas south of Chamberlain Park. Some higher-mid 
level intensity residential pockets are zoned by Morningside Station east 
of Fowlds Park. The current education zones and mixed use areas are 
not intensified by the unitary plan south of Chamberlain Park. Some in-
tensification zones are added to adjust the residential one house one site 
zones east of Chamberlain Park in the unitary plan and this adds a small 
population increase to medium density.

Spatial Implications 

• Combined Mixed Use and Terrace Housing.

Urban Implications

The Density Strategy in this case study is to changes city form   
from a Network City to a decentralised node system, by using 
parks as nodes for Development. 

• Apartment and Terrace Housing Re-zone for greater population
density.

• Infrastructure vehicle for development plan to re-image neighbour-
hood at nodes.

• Amenity and city function development.
• Sustainable resource - zero waste strategy by adding efficiencies

at nodes.
• Ageing infrastructure network strategy changes transit based

population to include parks.
• Amenity development, golf course links, pedestrian and cycle

network along Meola Stream.
• Adds access point to Pt Chevalier.
• Improves the St Luke’s interchange pedestrian disunity. Links

pedestrian access from Pt Chevalier through a new link at Cham-
berlain Park to Morningside Railway Station.

St	Lukes	Commercial	Centre	via	St	Lukes		Rd

Fig. 6.32  Chamberlain Park and surrounding neighbourhood.

Fig. 6.33
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Fig. 6.34  Mapping assessment:  Contour drawn. Fig. 6.35  Mixed used hotel and apartments, terraces 
housing strategy with access roads. Nodes for mixed use 
development: brown. Mixed terrace and Apartment nodes 
: green

Fig. 6.36  Pre-design with graded aspect and scattered 
apartments and terraced housing.

Fig. 6.37  Mixed apartments and terrace housing: edge golf 
course (brown)

Fig. 6.38  Scattered apartments, terrace mixed use. Fig. 6.39  Mixed used hotel and apartments, terraces hous-
ing strategy - access road St Helen’s boundary road.

Fig. 6.40  Proposed density re-zone, south Chamberlain Park neighbourhood.
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Fig. 6.41  Design 1: Section proposed site irrigation, pumping station Norgrove Avenue site analysis

Fig. 6.42  Design 2:  Section shows the development of the proposed apartments, terrace housing (50% mix).  Proposed international hotel situated by the existing club house.

Fig. 6.43  Final Design: Section final apartment position with the buffer zone around Norgrove Reserve and paths around Meola stream.
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What will happen in Chamberlain park with my design? 

The project’s mixed use areas around the Chamberlain Park golf course 
are situated in three areas. 

Firstly the existing club house design includes an intensified mixed use 
strategy for the ex-St Helens (Education Site) site. The road access con-
nections for  the Chamberlain Park site could use the combined road ac-
cess from the St Helens site rezoned mixed use design for the both sites 
(Zone 3 Fig 6.45). The project’s site at Chamberlain Park borders the 
existing cycleway and also links to Mt Albert and Morningside Railway 
Stations. This special node could be for a mixed use, residential site with 
apartments, terrace housing and a international hotel. The existing 18 
hole golf course is retained as a 18 hole course with three small mixed 
use density zones as shown Fig 6.45.  Additionally the underutilised 
Rawilpindi Reserve could be linked as a pedestrian and cycle link. Each 
of the three mixed use areas could be used  to feed into a 1000 dwelling 
irrigation node for sewer mining - a total of 3000 dwellings. 

• Zone 1. Pt Chevalier link  mixed use with Pasadena green streets.
• Zone 2. The Western Chamberlain Park model with  mixed use and

polishing wetlands.
• Zone 3. Test case mixed use Chamberlain park irrigation model.

Zone 3 
Mixed Use, 
Hotel, Apartments

Fig. 6.44  Mixed Use hotel and apartments, terrace housing Strategy.  Access road : 
St Helens Boundary Road.  Local mixed-use development Chamberlain Park - Nodes 
for development : orange.

Fig. 6.45  Density Strategy showing three mixed use zones.  Chamberlain Park club house is rezoned Mixed 
Use Hotel with Access Roads. Western Chamberlain Park preliminary design public park, wetland design.

Zone 1 
Mixed Use 

Zone 2 
Mixed Use,
Terrace Housing, 
Apartments
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Zone 1
Wetland, Chamberlain Park West 
Urban forest development

Zone 2
Black water purification box 
Irrigation
Nodes irrigation
Sewer wetland polishing

Zone 3
Density
Chamberlain Park southeast hotel and mixed-
use apartments and terrace housing 
Chamberlain Park West links to Pt Chevalier

Zone 1 Wetlands Fig 6.22-6.22a  Zone 2 Irrigation Fig 6.16            Zone 3 Density Fig 6.45 

Fig. 6.46 three main zones
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6.5 Masterplan

The master plan is tested at three scales
• 1:    500
• 1:  1000
• 1:  8000

I am going to describe on the master plan the techniques used in this 
project’s design. The project shows in the master plan the smaller scale 
interventions tested in the Mt Albert and Chamberlain Park sites. This 
analysis included the surrounding rezoned neighbourhoods (Fig. 6.45 & 
Fig. 6.40). The tested assessment, shown in the project, was to produce 
an optimised wastewater infrastructure, reducing the wastewater in the 
network system, to contribute to resource resilience and sustainability 
for the 21st century cities. The researched interventions are shown in 
the master plan, outlining the recycled water uses in the urban neigh-
bourhood of Chamberlain Park. The master plan for the Chamberlain 
Park design shows the environmental interventions tested using recy-
cled potable and fit-for-purpose water, resulting in a synergistic park 
and neighbourhood with the tactile interventions based on low impact 
design principles e.g. water recycled close to the sewer mined source.  
Small tactile interventions include, for example, the polishing wetlands in 
Chamberlain Park West, the irrigation of Chamberlain park described in 
Fig 6.16.  These intervention are close to the source of the wastewater 
i.e. the residential population who produce it.

The key points are:
• The wastewater infrastructure is adjusted by adding a nodal point at

this neighbourhood precinct around Chamberlain park.
• A new better public space, changing black water for use in the multi-

functional  public space.
• A new density node for a decentralised cluster city application around

parks with minimal change to  the  current green space, with multi-
functional infrastructure for the park with recycled water reuse.

Additional strategies are:
• Use of the park facilities for greening the city via the irrigation

model.
• City greening and heat sink use by creating new urban forested

areas.
• Coastal edge strategy for recharge of the ground water for the

salt water infiltration of coastal area.
• New Space for natural processes and communities with wet

land and buffer zones.
• Revitalisation of stream will benefit the public and flows from

flood waters which infiltrate the stream.
• Purification of wastewater emission.

• Control of the wastewater pollution of the stream with resilience and
sustainable affects for the natural communities that colonise the
Meola stream.

• Non potable water instead of potable water frees up potable reserves
for consumption in the citywide model and the new commercial water
adds a resilient model to upgrade the water supply resources using a
strategy which uses the current resources.

• The density changes  with the commercial water network and adds a
new strategy for a community sustainability model.

• A new green street habitat is created with the irrigation and purifica-
tion of the Pasadena area.

• An example from the sewer mining from Rawilpindi sewer shed to
use for a city wide irrigation model.

Summary  of the master plan design 

The design links with the central interceptor infrastructure which passes 
from the Mt Albert volcano to the northern area of Pasadena in the West-
ern Springs area. Residential areas are shown to clarify the areas where 
zones for the sewer mining and irrigation model could be used. These 
zones would be placed along the infrastructure points described in Fig. 
6.47.  The elements, particularly waterways and contours, are situated 
to show their relationships. The new green streets are an example of the 
technique to give ecological benefit to the neighbourhood using the recy-
cled wastewater in the design for the ground recharge in the Pasadena 
area, shown in this plan at scale 1:8000. 

The 1: 1000 plan shows the visual links from the design, particularly the 
new bridge and the relationship to the north western motorway. 

The 1:500 park and aquatic plan shows the three key areas for the de-
signed Western Chamberlain park interventions. The layout of the design 
is created using the new path axis which creates the main design ele-
ments. The central path forms the social links of  the site and leads the 
design process to the themed links master plan. This axis also creates a 
visual connection to the Meola stream which meanders through the site 
and the Chamberlain golf club beyond. The plan situates the boundary 
design and leads the design process into the type of water interventions 
for the site. 

Finally the experiential quality of the area is analysed to situate the des-
tination experience and create the paths and linking bridge for the golf 
club. This analysis considers and creates the sensory experience for the 
expected visitor.
• Lunch time and evening visitors social area (Zone 1 and  2)
• The natural play area for children (Zone 3)

• Water play experience (Zone 1, Zone 2 and Zone 3)
• Meola stream buffer zones with connecting paths
• Rawilpindi reserve connection
• Cycle paths and the link to the existing cycleway situated developed

northern link connection
• The safety of the people in relation to the 18 hole golf club layout
• The experience for the golfers is considered for the continued use

of the golf club and a minimal reduction of four greens are involved
in the final layout of the design. The greens could be reinstated and
this idea fits with the extra land which could be swapped with Raw-
ilpindi which would help with the changes from both the hole layout
but also the minimal density node changes.
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Density

Infiltration irrigation, Chamberlain Park.
The Chamberlain Park Node could use the irrigation 
node described in pages 61 to update the surrounding 
district for 40 houses per hectare which would mean 
that the park could have a catchment area of up to 100 
hectares (that is 10 dwellings per hectare). Technically 
you could add 10 more houses to each hectare and 100 
hectares could be updated around the area. Adding 20 
houses per hectare = 50 hectares surrounding could use 
the park as the irrigation method of purification with the 
M.B.R. System. Or if using the park at 500 dwellings in a
apartment mixed use model  the surrounding area could
infiltrate their wastewater into the park up to another
500 dwellings adding to the zoning requirements.  The
current density surrounding this site is 10 houses per
hectare

Urban forest

The urban forest through the site is a buffer zone to 
improve the purification of black water which comes from 
the Meola stream when it is inundated with untreated 
wastewater during flood events where the combined 
storm and wastewater network overflows into the sewer 
sheds. The forest would create a bioremediation buffer 
zone which could purify the water  in the stream but also 
as an intermediary polishing device. 

Irrigation model 

The secondary use of irrigation in the final design uses 
green streets and could be used further in the Pasadena 
area. The green street strategy which is used to improve 
the effects of salt water inundation on the groundwater 
table could be used to reduce the increasing effects of cli-
mate change as rising sea levels affect the natural coastal 
groundwater recharge levels. 

Blackwater Wetland Polishing

Adjustment node for secondary water with polishing wet-
lands using the irrigation through the wetlands and soak 
age points for the water to be used as secondary water in ie 
the apartment mixed use areas (see node points Fig. 6.45 ).

Sewer sheds

Site for existing central interceptor wastewater network i.e. 
Centrality in the Sewer shed points, Rawilpindi Avenue, 
Norgrove Avenue.

Revitalisation of the stream edge

Urban greening and erosion control at the edges of the 
stream. Also another infiltration device for irrigation used  
for the coastal replanting around the edges of the water-
ways using the water from the network as a fit-for-purpose 
reclaimed water infiltration site. The buffer zones are also 
the places where wetlands can remediate the edge.  Sewer 
polishing from the M.B.R. purification system can be used 
around the city waterways. Using plants tolerant of brackish 
water in the replanting of the edges would give the coastal 
salt water infiltration of the ground water another facet used 
here, as climate change adds higher salt water infiltration 
as the coastal water levels increase. The urban forest can 
be used with the wastewater as a part of a urban agriculture 
model to create a city communal gardening model. This 
was part of the research which was too big for this study. 

Fig. 6.47  Master plan, original scale 1:8000



74

Density Theme : Live, Work and Play

The final theme for the park design is to re-image the park 
zones as a live, work and play neighbourhood; increasing the 
existing mixed use area at the western entrance, rezoned for 
apartments and mixed use residential and commercial.

Adding to this density project development links Pt Chevalier 
and the new Western Chamberlain wetland park. The density 
strategy includes a mixed use area south of Chamberlain park 
which also include the neighbouring special education zone on 
the golf club’s south western edge (Fig 6.45).

The design has  recycled water available for the garden themes 
and uses them in three strategies:
a) an elegant garden
b) a social wetland garden
c) wild garden theme.

Sewer mining 

Chamberlain park has two sewer shed points on the boundary of 
Rawilpindi Street and Norgrove Avenue, St Luke’s and the adjoin-
ing Meola Stream. The project tested in the design sewer mining 
nodes firstly at Norgrove Avenue and secondarily the area at the 
western site of the golf club final refined design plan of the Raw-
ilpindi wastewater network connection (Fig 6.22). This modelled 
design pages feeds fit for purpose water into the polishing wetlands 
which use mechanical and chemical purification techniques as 
described pages.

Irrigation Model Polishing Wetland

This Chamberlain Park planted wetland also has a flow through 
treatment which takes 36 hours to flow through the artificial wetland 
system. The planted and constructed wetlands use mechanical 
and biologic means to improve the water health from the combined 
waste and storm water network. The sewer wetland is an additional 
development of the urban forest test case, developed further into 
the Western Chamberlain Park refined design. 

Water ecology influences the concept for the revitalisation of Meola 
stream. The tested intervention shown (Figs. 6.23 and 6.25) is a 
tested design showing the widened stream edges. The final polish-
ing wetland and sewer-shed intervention is an example to address 
the ecological health of the stream and its habitats.

Fig. 6.48 Master plan, original scale 1:1000
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Social Links 

Links Pt Chevalier and the new Western Chamberlain wetland park.
Rawilpindi links the existing golf course to the southern Rawilpindi 
reserve and via the reserve south to the linking roads to Kingsland and 
the train station south. The links also are for the paths along the meola 
stream which are unable to be accessed at present because of the 
locked in and fenced golf club. The linking intervention adds to the revi-
talisation strategy of the stream from the volcano to the sea which could 
be a future total Meola stream revitalisation with a reformed stream edge 
design which echoes the widening strategy described in the re-mediation 
of the Meola streams tested design.

Stream widening

The design shows the gradient changes by stream widening and buffer 
zones.  A one meter gradient change optimises the benefits of the C.S.O. 
polluted water. 

The planted and constructed wetlands use mechanical and biologic 
means to improve the water health from the combined waste and storm 
water network. (Refer to the wetland intervention page 63). The planted 
re-vegetation will add additional water purification via the stream edge 
C.S.O. Interventions.  Added to this is planted vertical transpiration buffer
zones on the stream edge which will have the added root transpiration
zones which will give another intervention for the pollution of the stream
during flood. This will give short term benefits and provide a place for
shelter for stream species.

Exotic species planted into C.S.O. Islands are used for the bioremedia-
tion benefits for water pollution and to infiltrate flood waters more effec-
tively. Adding the designed constructed edge to the Meola stream adds 
habitat  to provide affected communities with additional spaces during 
storm events

Revitalisation of the stream edge adds urban greening and erosion 
control to the edges of the stream. Also another infiltration device for 
irrigation used  for the coastal replanting around the edges of the wa-
terways using the water from the network as a fit for purpose reclaimed 
water infiltration site. The buffer zones are also the places wetlands can 
remediate the edge.

Fig. 6.49 Analysis Master plan, original scale 1:1000
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6.5.1  Sections 

Fig. 6.50  C.S.O. Polishing Wetland showing the different types of  treatment constructed wetlands.

Fig. 6.51  Naturalised flow forms form the wetland design with the reconstructed Meola stream edge revitalisation.
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Fig. 6.52 Meola stream linking paths.
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Fig. 6.53  Pedestrian and Cycle Bridge from Chamberlain Park Golf course to Pt Chevalier.  Section 1:300 original scale

Link Cycle and Pedestrian Bridge over Motorway
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Fig. 6.54  Artistic Impression of Chamberlain Park Golf course new bridge link to Pt Chevalier.
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“Live, work and play”

Fig. 6.55  Artistic Impression of Chamberlain Park Golf course new bridge link  to Pt Chevalier with a recycled water green.
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6.5.2  What will happen in Chamberlain Park with my design?

Chamberlain park is the project’s site for black water reuse, population 
density as this node is unplanned space, resource rich and green space. 
This site has the capacity for prime water soakage for infiltration and has 
the best water resource potential for the catchment which surrounds the 
central interceptor infrastructure. This site node is central to the city de-
velopment because of its situational proximity to the central city and pe-
destrian, cycle, car and train access. It provides an example for rezoned 
population intensification around parks within the inner city. 

Overall the exploration considers creating a more centralised city with 
diversified multiple centres of population development. The parks ameni-
ties are used to reduce the infrastructure for wastewater which would 
be required in a population density development. A black water or black 
box purification unit is designed for the project with the neighbourhood 
around Chamberlain Park. The interventions harvesting from the waste-
water network using sewer mining from the existing combined waste and 
storm water network create an interesting design project. I believe this 
concept could work, reducing the wastewater flows in the infrastructure 
so that when there is flood the wastewater component is less. Smart 
water technology is used to retool the wastewater through the use of 
the prescriptive ecological cyborg. Recycled water reused as a resource 
answers the resilient city question of this project positively. 

The water infiltration devices are designed landscapes and multifunction-
al spaces. The non potable water capacity from the recycled wastewater 
can be used in public places for fit-for-purpose water e.g. supply water 
for toilets, roof gardens and irrigation for parks, and adds a fertiliser com-
ponent. Non potable water will fill part of water requirements by recycling 
from the wastewater network, reducing the demand on potable water 
supplies, although a potable supply can be supplied using the sewer 
mining black box tested in the design for the treated wastewater polish-
ing wetlands. The polishing wetlands are a device which is not used for 
black water but with the required treatment could have added natural 
benefits for urban land infiltration as densification reduces the natural 
recharge of the soil, noting that in natural landscapes infiltration is 55% 
and agricultural land is 35% and in a urban situation it is only 5% (Brad-
bury, 2014).  As cities heat up from the densification of the urban fabric, 
the urban forest and urban greening becomes more important not only 
for heat reduction, but also for the natural processes of the living environ-
ment of the city.  For example shade becomes more important as does 
the sustainability of local communities of birds and plants and remnants 
of native bush.  Returning some areas to this natural landscape, e.g. the 
buffer zones, is a simple city strategy to regain some natural wild areas. 

This Chamberlain Park apartment, terrace housing with a 10% park 
rezone shown in the project’s model, adds a new dimension to city living 
using the mixed use as the key theme. This “work, walk and play” theme 
adds a sustainable aspect to the current city transit system. The Cham-
berlain park site includes Meola stream linking the mountain (Owairaka) 
and the Waitemata sea for healthy and sustainable management of the 
streams.

This micro density project adjusts the existing citywide infrastructure 
model with decentralised wastewater purification precincts, shown here 
using approximately 10% of Chamberlain Park. This example could be 
used around any green space to create higher density zoned nodes with 
reduced wastewater infrastructure connections. 

Further design could use the irrigation model for urban greening with 
planted coastal edges which have brackish tolerant plant species for 
either community garden or erosion control. The strategy could also work 
with the commercial network with permaculture and agricultural use  of 
the reclaimed water using less treated “fit for purpose” recycled water. 
This neighbourhood model could be a strategy which could be developed 
in future cities.

Green street design in the Mt Albert Volcano area (Fig. 6.47) could be a 
hydrology model used as an infiltration device and could have a larger 
network application in Auckland city. This modelled idea could reduce 
the flooding effects which create the waste water override system. My 
analysis shows that this is approximately 27% of the flows in the total 
combined waste and storm water network when there is flood water in 
the pipe during May to October. This design would improve the Water-
care infrastructure by reducing the load from the storm water during 
flood which in turn creates the water pollution in the streams. I have 
implemented in this design a green street water management system as 
an example in the Master plan (Fig.6.47). The strategy is that with one 
hectare of road frontage per one hectare square a street would have 300 
meters of infiltration area, more if there is two road frontages etc. 300 
meters of road side council owned  landscape (the berms) would infiltrate 
150 square meters of area for 50 mm deep planted wetlands or swale 
devices as green bioremediation devices used in the Meola streets. This 
component would improve the urban infiltration like that described in the 
literature review, from the precedent at New York city. New York city has 
a six minute storm water retention zone in their green street plan which is 
part of their hybrid infrastructure plan.
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6.5.3 What will the experience of Chamberlain Park be like in 2027?

Chamberlain Performance Park, Live, Walk and Play is the theme.

Walking across the new linking bridge over the motorway. 
I pause to take in the grand south western views towards 
Mt Eden on my left, Mt Albert to the south and in the middle One Tree 
Hill. Then I look at the close up local scale, the closer vista of the golf 
club peaks through the lush urban green ways planted with new trees. 
The newly planted urban forest is thriving closest to me on the motorway 
boundary. 

Cyclists pass me heading north to the harbour bridge via the bridge link. 
They use the new board walk that takes them through the new buffering 
gardens which fringe the motorway and the meola stream towards the 
Zoo intersection. The meola stream meanders north to the coast from the 
southwards Mt Albert Volcano. 

Pedestrians pass through from the new mixed use commercial zone at Pt 
Chevalier. The township is buzzing with new faces; families are the new 
prevalent group, walking past to the new western Chamberlain Park. 

The park view opens up with the aquatic water features that are the new 
purification plant for the local neighbourhood wastewater. The golf course 
has new water greens adding to the visual mosaic in front of me in which 
the new aquatic theme dominates the green ways. 

Inside the Western Park I pause as the cycle ramp weaves through the 
pines that have dominated this area for thirty years. The Sutherland Road  
entrance pathways invite me to walk towards the stream.  Basalt and new 
wetlands ring the paths. The cafés to my right have people taking in the 
views of the golf course and the interesting, ever-changing golfers. The 
new art gallery, in the new mixed use  business zone at the Sutherland 
Road node enjoys a view of the golf links below. The golf course has a 
new lushness and planted zones along the Meola stream are bordered 
with paths which sweep south to Rawilpindi reserve where the cyclists 
rush south. 

There is new bird life are in the native planting in the wild areas south of 
the number three bridge which borders Rawilpindi reserve, now part of 
the golf course path system. The area of floating islands with trees has 
water bubbling through the flow forms which flow from the top of the site 
from the building plant at the Sutherland road boundary.  

The building is placed in an unassuming site close to the entrance in a 
low point so it doesn’t dominate the entrance way.  Although the building 
is a blue glass coated box it blends in with the surrounding water feature 
and the entrance way is hidden in the landscape. People visit not only for 
the golf but to cut through to the train station to the south and some live 
on the golf course in the mixed areas of town houses and apartments. 
The new hotel at the old club house site to my left peeks through the 
trees and the entrance to the hotel is buzzing with golfers at the front as 
they tee off towards the new water features which use the water from the 
wastewater infrastructure. 

Urban metrosexuals and families mingle in the gardens which are 
themed with elegant social areas which adjoin the restaurants as part 
of the mixed use area in the western top entrance. The Western Cham-
berlain Park is a favourite lunchtime destination for the Pt Chevalier and 
updated university town. The noise of the motorway is just a passing hum 
hidden by the splashing water features. I am invited to walk through the 
paths to the stream which spirals through the bottom western area of the 
golf course. 

The stroll path along each side of the stream is a-buzz with children, 
some are fishing and playing in the stream alongside. I can now walk 
along the naturalised and widened stream through the golf course north-
wards to Meola reef on the coast or south to Mt Albert and the Owairaka 
mountain which is a hours walk south. I see frogs and eels in the stream. 
The swans and ducks from Western Springs have now joined the native 
ducks and pukeko to form a new vibrant bird-life population. 

The peaceful meandering stream is clean and shows its health in the 
lush, healthy natural communities. The urban floods are now ameliorated 
by the new network interventions which updates the wastewater network 
so flood events are reduced to a once in a five year time frame. The 
sewer shed points south at Rawilpindi and Norgrove avenue have new 
planted zones of urban forest; the stream has buffering zones which skirt 
the stream about 20 meters on each side of the newly contoured edges - 
a total seventy meters of buffering including the stream. 

Green streets flow north at Pasadena to my left at Pt Chevalier. The 
board walk which skirts the Pt Chevalier part of the Meola Stream leads 
into the Pasadena streets which now have lush planted berms which 
have been watered from the wastewater irrigation system from the hybrid 

infrastructure node. Urban planting of salt water plants form orchards 
surrounding the roadways in new green ways which buffers the streets 
and lead into the Meola stream, fingered with brackish water plants of the 
riparian buffer zones. 

There are small cars in the streets, with scooters and cyclists the majority 
of road users here. The new mixed use areas of Pt Chevalier, Chamber-
lain Park West and east provide new employment opportunities and less 
need to commute to the other side of town. This area is energy efficient 
with the lighting and small cars are energised from the community waste-
water plants hydrogen gas from the commercial purification plant at the 
plant barn site at St Lukes. 

In the evening the restaurants hum with people from the apartments and 
people who come to enjoy the park, where they can easily cycle to super-
markets and commercial centres. The area is shaped by many different 
parks including the zoo - a family experience with new walkways through 
the zoo where there are mixed use apartment living on the zoo park and 
the futuristic developed Motat museum. Cyclists are prevalent using the 
transit link north, west and south through the park tracks. The new green 
city zone where walking, working and play is mixed together is a inviting 
and new sustainable community, close to the sea, city and transit zones.
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7. Design summary and conclusions
7.1 Introduction
7.2 Summary
7.3 Conclusions
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7.1 Introduction

The theme for this design was to explore the concept of zero waste with 
existing infrastructure hubs designed into a 21st century interface, creat-
ing a utopian neighbourhood concept. This is a strategy not just for urban 
parks, but any green spaces big enough to support a neighbourhood 
mixed use redevelopment such as cemeteries, schools and universities.

The final design was themed with a concept “work, live and play”. I think 
this theme works well with parks because adding the mixed use devel-
opment creates work options close to home. This project considered 
the “re-image” of the city is to “re-theme” the inner city with a mixed use 
walk-able, liveable and work orientated urban development around parks. 
Re-image  means to create a new image.  The new image for parks in 
this design is work, live and play. To re-image urban parks a rezoned ret-
rofitted high performance neighbourhood used a “buddy” network inter-
vention to show the combined use of park and neighbourhood infrastruc-
ture. This idea creates a sustainability backbone for the design project. 

The case study exploration considers how the central interceptor infra-
structure updates Mt Albert and how the new waste and storm water 
pipeline could influence the project site. The findings were developed into 
an alternative infrastructure management idea to use population growth 
in the neighbourhoods surrounding parks. The function of parks and the 
neighbourhood precincts developed around them could be used as the 
vehicle to change the water network infrastructure as we know it. Using 
the combination of parks and infrastructure in conjunction, parks could be 

part of the water treatment process (Novotney, 2009). 

I designed the node around Chamberlain and Fowlds Parks as an exam-
ple for density of 10,000 people. This example shows a mixed-use apart-
ment and terrace house development. Hubs for mixed-use development 
included Chamberlain parks golf course and links to Pt. Chevalier. The 
Western Chamberlain park area. Approximately two hectares could be 
alternatively re-zoned mixed use and create a commercial hub linked to 
a rejuvenated Pt Chevalier. This design outlines a re-zoned western link, 
a proposed Pt Chevalier cycle, pedestrian bridge and rezoned mixed use 
area. I have addressed the creation of social amenities in and around the 
parks by adding pedestrian and cycle links. A pedestrian access through 
this site enables a greater link from the Mt Albert volcano to the sea 
via the edge of Meola Stream. The interventions include a linking path 
through the western area of Chamberlain golf club which could provide a 
cycleway south through the park exiting at Rawilpindi reserve. 

The methodology outlined the design basis which is developed into the 
case study report for Chamberlain Park. The master plan for the project 
demonstrates how city form, with parks and ecological infrastructure 
links green spaces with the hydrology. Further social links are added to 
show new recreation and amenity uses of park land, including a syner-
gistic park and neighbourhood buddy green and blue water infrastructure 
model. 
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7.2  Summary

Site Case Study Chamberlain Park
The objective of this project was to reduce the infrastructure (loading) for 
the projects’ new development hub around the parks. Or, as a separate 
project infrastructure model, a wastewater  hydrological model using ded-
icated separate waste and storm water infrastructure. The key idea is to 
reduce the infrastructural requirements of the wastewater network when 
the future city population growth is added. This could then be applied 
city wide around the Central Interceptor model, in density nodes around 
parks, which would reduce the city’s requirements for the grey infrastruc-
ture which is the design developed in the Watercare project to update the 
existing infrastructure. This application is also a separated network where 
black water is used in a park node recycled into the landscape or used 
as a energy source and this node system could work with the new design 
(2017- 2027). 

Watercare’s planned upgrade of the central inteceptor will cut the Mt 
Albert are off from the northern central interceptor and flows of waste-
water will be sent via the new 13km tunnel to Mangere treatment plant. 
Thus, the existing ‘flow potentials’ will be reduced – changing the perfor-
mance rating and the high loading pressure on the system which sends 
the untreated waste water into the waterways as the over-ride system. 
This engineered design intervention reduces the weighting performance, 
or load, on the mechanically designed wastewater system. The Central 
interceptor network will gain enough ‘potentials’ for the system to survive 
the predicted population growth in the inner city until 2030 (Watercare, 
2014). Then the overall Watercare combined waste and storm water 
network will be redesigned again. 

The connection to the central interceptor for my site, is on Norgrove 
Avenue, St Lukes. The future connection to the central interceptor will be 
updated to a 2.5 meter concrete tunnel close to this point (page 75). The 
existing 450 mm pipeline will connect into this which will in turn connect 
into the new 4.5 meter main trunk line under Chamberlain Park. Using 
the densification as my design vehicle, this case study uses the updated 
infrastructure as an example of a hybridised “ecological cyborg” (Reed, 
Lister, 2014). This case study updates the existing C.S.O. grey 
infrastruc-ture formed in 1908, a linear master and slave system, with 
this model. This example connects into the existing system to create an 
aligned nodal decentralized, distributed network. Any new greenfield 
connections can be fed into the existing system. The new nodes around 
parks can have separated waste and storm water infrastructure.

The combined storm and wastewater with the updated system would 
reduce loads on the 1908 designed C.S.O. network. This design would 

create a peak flow performance strategy to reduce the override system 
where wastewater enters the waterways in flood (sewer sheds).
Innovation in design is defined as having two sources - precedent use 
that becomes a new use, and new design applications. I have applied the 
former in this project. Using sewer mining from in Sydney, a 22 hectare 
site which uses wastewater from the neighbouring residential houses for 
irrigation purposes. I have adapted the model of the Pennant Hills Golf 
Club sewer mining, as the irrigation and density case study model for 
Chamberlain Park. The design works within the linear network system 
but creates a recycled water network in the neighbourhood nodes around 
parks. New nodal densities around parks with separate dedicated black 
and storm water infrastructure, with zero waste technology reduces the 
black water in the infrastructure network. 

Strategies:
• Low impact design for example : close to site, less intervention,
• Low storage  requirements
• Resilience : systems  analysis
• Sustainable : resource richness, cradle to cradle strategy.

The Key principles:
• Urban ecology – reduction in water way pollution will create healthy

waterways (ecological accounting).
• Citywide restructuring of the wastewater infrastructure
• Biophillic (designed planning interventions around the waterways,

hydrology, precedent is Singapore
• Eco - reuse of Black water
• Decentralised nodal interventions around parks : artificial resource

management for sustainability
• Neighbourhood nodes developed into a citywide decentralised and

distributed system. This case study model shows and analyses ex-
amples of adaptive technologies (energy, wastewater).

Chamberlain Park West

This site as it is an important node for the central interceptor. The aim 
is to reduce the infrastructure (loading) for the new development hub 
around the parks. Or, as a supplement, a new hydrological model (us-
ing dedicated separate waste and storm water infrastructure). This case 
study concept reduces the infrastructure requirements of the wastewater 
network when the modelled city population growth is added. Thus, the 
existing ‘flow potentials’ are reduced, changing the performance rat-
ing and the high loading pressure on the network system which sends 
the untreated wastewater into the waterways as the override system. I 
believe from the research that this tactile design, reduces the weighting 

performance on the flows of the network similar to the AECOM designed 
mechanical system. This would reduce the city’s requirements for the 
grey infrastructure which is developed in the Watercare project (Water-
care, 2013) 

The plan focuses on four interventions to use the black water.
Sewerage mining for irrigation on Chamberlain park (Fig 6.16).
Sewer shed wetland polishing (Fig 6.22a and Fig 6.22).
Linking paths to improve the park amenities for the neighbourhood (Figs 
6.26, 6.29  and 6.30)
Revitalising the stream by stream widening this is my design for Meola 
stream in Chamberlain Park (Fig 6.43, 6.50 and 6.51).

The strategy was to buddy infrastructure connections with green spaces, 
water bodies and parks to optimise the infrastructure in the surrounding 
neighbourhood. This concept could be used to re-image parks and create 
optimal public land use for the recreation and amenity use of the park. 
The city form would develop as a decentralised and distributed infrastruc-
ture with network nodes. At present the cities urban growth is intensified 
around the transit corridors. Parks could be used in a similar fashion, 
a place for fusion of future urban developments for the city. Population 
projections by the Auckland City council shows the central city will have 
higher density (Watercare, 2013). In the future, with higher population 
growth in the central city, parks will become more important as urban 
green space buffers. The amenities like parks will need to be optimised 
for social and culture needs. The project explores this in the synergis-
tic park and neighbourhood buddy green and blue water infrastructure 
model.

Living systems is the new paradigm for design. The social conscience of 
society is the driver for ecological and whole systems resilience (Motloch, 
2001). This ecological resilience and sustainability can be an important 
influence in collaborative design projects. This is also the main driver for 
the resilient water strategy used in this project. The combined disciplines 
of engineering, architecture, town planning and landscape architecture 
could create urban design, with the ethics of resilience and sustainability 
for ecological health. Urban design would then add a reconnection of 
living and human systems. This concept is starting to be an important 
design principle in the 21st century. The public consciousness which cre-
ates sustainability is the means for this reconnection for people with their 
natural environment (Motloch, 2001). The case study shows the plan-
ning, ecological and density strategies of the interventions. The meth-
odology forms the design and is the basis which is developed into the 
projects report for Chamberlain Park. The master plan demonstrates how 
city form, with parks and ecological infrastructure links green spaces with 
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hydrology. Further to this social links are added to show the new recrea-
tion and amenity uses. This researched case study demonstrates how 
the city population growth can be distributed around performance parks. 
Dynamic ecological systems have adaptation nodes on the edge, that 
is the dynamic system changes are at the intersections of elements. So 
as Roggema’s lecture considers (2013) his swarm node theory, includes 
this as an adaptive node point, an unplanned space, where changes can 
be made for the planned design (Roggema, 2013). I have compared this 
to the Japanese city, where the outside edge of inner city zones is the 
place where change can be made. Inherently, the design can alter at the 
meeting and crossing points. This is the basis for my early nodal design 
around the parks which is the planning skeleton for the case study. As 
discussed by Rod Barnet’s writing (2005), his theory on nodes is – the 
movable point, the point of change, is considered the richest place for 
design interventions. The edge, in the Japanese city (Shelton, 2010) is 
adaptable to ‘use,’ more so than the interior spaces. So in a Japanese 
city complexity is built into the system. It is noted from the literature re-
viewed infrastructure needs to have forward planning before the city will 
use operationalised water network infrastructure with natural landscapes 
effectively in the 21st century city.

Innovation in the design

Analysis of the site with top down and bottom up mapping shows me the 
constraints and opportunities. By using the wastewater recycled via the 
black box infrastructure for local neighbourhood infrastructure adapted to 
this system into a new network. The new waste water hydrology system, 
the potential space in the network is reduced to provide another outlet for 
the wastewater in the sewer lines. That is the new wastewater ecological 
cyborg system is joined into the existing network at nodes or hubs where 
the system is changed. As the theorists have outlined in the literature re-

view, I have considered using the resource rich, unplanned space, at the 
crossing or edge, between hydrology which is either water from artificial 
sources or from the natural water supply. Creating a new infrastructure 
node, which is the 21st century hybrid node, with an interior ecologi-
cal cyborg infrastructure. Ultimately this new node system recycles the 
wastewater for reuse in the parks and surrounding neighbourhoods. The 
city water network becomes decentralised. Technically the existing city 
networks are unchanged, but become adaptable for the intensified popu-
lation neighbourhood growth. This system has the potential to reduce 
the wastewater which goes into the combined waste and storm water 
network at source. Thus the override system which sends waste water 
into the waterways which is inherently part of the combined waste and 
storm water network becomes adaptable. I have used nodal theories in 
my case studies infrastructure system which is formed into an ‘adaptable 
model.’ In reflection I have ascertained  the richest resource node point 
for change in this example, Chamberlain Park, due to its proximity to the 
combined waste and storm water system infrastructure. The final design 
scenario is park nodes are looped by a green “necklace” of green and 

blue natural and artificial infrastructure. In this case study Auckland is ret-
rofitted with this mosaic of park neighbourhoods in a combined infrastruc-
ture and urban redevelopment. This multi node park precinct innovation 
could be formed into a citywide mega system using artificial hydrology 
with diversified energy centres in support of the neighbourhood precincts. 
This achieves, higher densities in the central core of the city, with efficient 
and sustainable use of wastewater resources. 
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7.3 Conclusions

Using the densification as my design vehicle, this case study used the 
updated infrastructure as an example of a hybridised “ecological cyborg” 
(Reed, Lister, 2014). The aim of this exploratory design is to add a new 
but possible way of reorganising the existing grey Infrastructure which 
was built in 1908. 
An example which connects the existing water network system to create 
an aligned nodal decentralised, distributed network. New green-fields 
connections can be added into the existing system at the new nodes 
around parks which can have a separated waste and storm water infra-
structure. This multi node innovation could create using artificial hydrolo-
gy and renewable energy points to support the neighbourhood precincts. 
An example from the literature review of the precedents shows the use of 
solar power radiated into the water purification station to create hydrogen 
from the neighbourhood wastewater. Which is reused within the com-
munity. By using the black water from the neighbourhood for energy or 
agriculture, reclaimed water enters the realm of “cradle to cradle” sustain-
ability (Bogunovich, 2009). 
Additionally this renewable energy could augment the community with a 
sustainably shared car system. This idea works with the utopian den-
sity strategy discussed by A+1 concept city(2011). This concept could 
be used to re-image parks as sustainable environs and create optimal 
public land use for the recreation and amenity use of the park. The city 
form would develop as a decentralised and distributed network of  com-
munity nodes around parks. Not just urban parks, but also land used for 
example as cemeteries, schools, universities that is any green space big 
enough to support a neighbourhood mixed use redevelopment. The strat-
egy is to buddy infrastructure connections with green spaces, water bod-
ies and parks to optimise the infrastructure in the surrounding neighbour-
hood. Ecological function is the final “barometer “ for healthy cities. Smart 
technology enables water recycling and this sustainable method is an 
option to improve the polluting 19th century city infrastructure model. De-
veloping the utopian neighbourhood which A+1(2011) discusses in their 
strategy for densification of inner cities in their projects listed  in WHY 
density. Orange county in America (Scott, 2011) uses this concept as 
thirty percent of Americas energy has to come from renewable resources. 
This efficient resource loop, reuses wastewater creating a new citywide 
network. The catalyst is the renewable energy. The hydrogen could be 
used to form a renewable energy  network threaded through the city with 
a network of communities. This resource loop and reuse forms a new city 
network with the value added benefit being the renewable energy. The 
waste water design could be used as a hybrid infrastructure threaded 
through the city in a network of communities. The city could develop into 
nodes either with supporting infrastructure in micro or macro form. This 
retrofitted infrastructure could support the aging cities infrastructure. 
Optimised and hybridised along the green nodes which are redesigned to 

work synergistic-ally around the  surrounding neighbourhoods. Combin-
ing smart, green and blue, natural and artificial infrastructure, designed 
in the case study forms an example to show the combination of both 
grey and artificial infrastructure. This example of a “cyborg ecology”is 
described by Reed, Lister (2014). Also technology and green spaces add 
up to the urban ecological or eco-tech urban strategy, an example of the 
eco-tech design described by Boganovich in his article of 2009.

For low impact design of waste water  to be applied, the city model has 
to include planning as the first strategy for change. New infrastructure for 
waste and storm water network would possibly separate wastewater from 
storm water. Storm water engineering, uses landscapes for low impact 
design of infrastructure. This creates a sustainable, ecological facet to 
their design paradigm.  For example storm water uses recycled water to 
infiltrate flood water, small tactical interventions for example wetlands. 
Technology and green ecological design is melded to form a smart infra-
structure design. The projects design at the node points around Cham-
berlain Park shows the parks used as a model for the decentralised and 
distributed density form around Mt Albert, Auckland. 

Technology
In conclusion coexisting the new technology which buddies infrastructure 
networks the theme for this projects design, explored the concept of zero 
waste within the existing infrastructure. Designing the new concepts into 
the 21st century interface into the city parks. The social theme includes a 
work, walk and live to re-image the urban fabric. Coexisting new technol-
ogy in this case studies buddy infrastructure network works in synergy 
within the case studies neighbourhood precinct. The theme for the case 
studies design, explores the concept of zero waste with existing infra-
structure hubs. The sustainable use of water resources is a focus of the 
purification concept, designed as a future renewable energy hub with 
recycled wastewater. Alternatively renewable energy from solar power is 
an explored part of the design which could be  radiated into the water pu-
rification station. This idea is a hub to create with waste-water, hydrogen 
an alternative resource reused as renewable energy within the neigh-
bourhood community. This efficient resource reuse loop could be formed 
into a new city network with the catalyst being the renewable energy. 
This hybrid infrastructure could then be threaded through the city. This 
utopian idea could be used as a value added “green”  re-image for the 
community, adding to the live, work and play theme: similarly described 
in the sustainable low cost, society (A+1, 2011). 

New technological development will change the city form, from the focus 
of large network infrastructure loops. The city could then develop macro 

and micro urban nodes. The resulting retrofitted infrastructure could 
support the ageing cities infrastructure. Optimised and hybridised along 
green park nodes which are redesigned to work synergistically with their 
surrounding neighbourhoods. The new density nodes designed with a 
green “necklace” of green and blue natural and artificial infrastructure. 
In this case study Auckland could be retrofitted with this mosaic of urban 
redevelopment. This multi node innovation could recreate the city infra-
structure with a mega water recycling system using artificial hydrology. 
And assisted with the renewable energy from wastewater a diversified 
energy network to support new neighbourhood precincts. Or this design 
could alternatively achieve diversified  infrastructure in the central core 
of the city only. The existing resources could then be more efficient and 
sustainable. The theory ecological performance, becomes the accounting 
system for infrastructure design. Water hydrology is paramount for a sus-
tainable city. Resilience is not just how strong the systems perform, but 
how it adapts to change. Improving all parts of a network to achieve op-
timum performance, doesn’t necessarily obtain peak performance. Most 
of Auckland’s infrastructure and water supply relies on large networks for 
example power, water, waste water. Robust networks at first glance, but 
in reflection, able to be decimated at one major point, so not resilient. To 
be resilient is to be robust and able to adapt. Thus to be high performing, 
networks have to be adaptable. The networks could be re-organised to 
become decentralised, at node points, adapted with new 21st century in-
frastructure. New technology could be effectively used and could update 
wastewater networks, as in this example  “ecological cyborgs,” which 
could adapt the large networks. That is, in this in this case by adapting 
the existing aged network, at the nodal points around parks. The inter-
sections between the aged city infrastructure and the new nodes, adapt 
into a dynamic web, a rhizome in other words (Guattaari,1987).
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Question
How can potable and non-potable decentralised water networks improve 
resilience in 21st century cities?

Sub question
Can the city be retrofitted with development nodes around parks, with a 
new hydrological and ecological cyborg infrastructure ?

The case study shows the planning, ecological and density strategies 
of the interventions. The methodology forms the design and is the basis 
which is developed into the case study report for Chamberlain Park.  
The master plan demonstrates how city form, with parks and ecologi-
cal infrastructure links green spaces with hydrology. Links are added 
to show new recreation and amenity uses. This researched case study 
demonstrates how the city population growth can be distributed around 
performance parks. Additionally this “re-imaged” urban park is used as a 
“vehicle” to re-image the parks  with a new theme  of work, live and play. 
I have addressed this by looking at my case study as I have shown. I be-
lieve that my design could be a feasible alternative use of wastewater in 
the landscape. This developed idea for densification around parks  could  
be the vehicle to change  the water network infrastructure as we know it. 
Using the combination in conjunction, parks become part of the treatment 
process.

This led the case study to consider the re-image of urban form and how 
this could develop in the test case project. The project site of  Cham-
berlain and Fowlds Park is in Mt Albert which is serviced by  part of the 
central interceptor. The combined waste and storm water infrastructure 
project is being redeveloped over the next 10 years. And this interested 
me and encouraged me to consider if the new waste and storm water 
pipeline could be influenced by using a different density model intensify-
ing population growth around parks. Adding density nodes around the 
parks can use new infrastructure points which could feed recycled waste-
water into the existing central interceptor at the node points on the maps 
shown (pages 31 and 34).  The test case shows how parks could be 
used and retooled for a hydrology model using density intensification 
nodes. A node den-sity example is the designed density strategy mixed 
use area  south of Chamberlain park which could also include the 
neighbouring special education zone on the golf clubs south eastern 
edge (Fig 6.46) The design intervention is a hotel, apartments, mixed use 
residential and commercial rezoned area. This themed redesign to re-
image the park as a  live, work and play neighbourhood.

Additionally the social amenity aspect became part of the re-image for 
parks. I have addressed this aspect by adding links to the local area 
from Chamberlain park. A pedestrian access through this site enables a 
greater link from the Mt Albert mountain to the sea via the Meola stream 
edges. This theme adds to the concept used in this projects strategies to 

re-image parks to create optimal public land use. Not just added recrea-
tion and amenity use of the parks, but value added neighbourhood living. 
The city form would develop as a decentralised and distributed network 
of neighbourhood nodes. The original strategy buddies infrastructure 
connections with green spaces, water bodies and parks to optimise the 
infrastructure in the surrounding neighbourhood.
The examples in the project could be come an overall catchment wide 
stream intervention. I have adapted the natural hydrology system with 
the artificial municipal network hydrology system to re-establish the 
potential. That is the new system is joined into the combined waste and 
storm water network at nodes - hubs for change, using the resource rich, 
unplanned space, at the crossing or edge, between hydrology – artificial 
and natural. Creating a node which is a node within a node. This system 
recycles the wastewater for reuse in the parks and surrounding neigh-
bourhoods. The city water network becomes decentralised but techni-
cally still a traditional network city, but adaptable for intensified popula-
tion neighbourhood growth. This system has the potential to reduce the 
wastewater which goes into the network at source. Thus the override 
system which sends wastewater into the waterways which is inherently 
part of the combined waste and storm water network becomes adapt-
able. In reflection I have ascertained in my design : the richest resource 
node point for change (Roggema, 2013). As discussed by Rod Barnet’s 
writing (2005), his theory on nodes is – the movable point, the point of 
change, is considered the richest place for design interventions. The 
edge, in the Japanese city is adaptable to ‘use,’ (Shelton, 2010) more so 
than the interior spaces. Thus in a Japanese city complexity is built into 
the system. 

New technological development could change city form, from the focus 
on large city wide infrastructure. This  development concept could be 
built into neighbourhood precincts as shown in the test cases. The city 
could then develop macro and micro urban nodes. The retrofitted infra-
structure supports the existing ageing cities infrastructure. Optimised and 
hybridised along green nodes which are redesigned to work synergistic-
ally around the  surrounding neighbourhood precincts. The nodes are 
looped by a green “necklace” of green and blue natural and artificial 
infrastructure. In this case study Auckland is retrofitted with this mosaic 
of urban redevelopment. This projects multi node innovation creates a 
mega system using artificial hydrology with diversified energy centres in 
support of the neighbourhood precincts. This achieves, higher densities 
in the diversified central core of the city, with efficient and sustainable use 
of resources. 

This designed densification test case study considers that parks, are 
the vehicle to change the water network infrastructure as we know it. 
Using the infrastructure and parks in conjunction, parks become part of 
the treatment process. The key strategy is to buddy infrastructure con-
nections with green spaces, water bodies and parks to optimise the 

infrastructure in the surrounding neighbourhood. The Auckland plan 
shows growing population densities will affect these two parks here is my 
conclusions from the findings.

Low Impact Design
For example water recycled close to the resource use. 
Small tactile interventions, for example wetlands or designing green 
streets to Auckland’s ageing combined sewerage and storm water 
Network would reduce the flooding effects which creates the wastewa-
ter override system. This would improve the Watercare infrastructure 
by reducing the load from the storm water from flood which creates the 
water pollution in the streams. I have implemented this water manage-
ment system in the streets around the volcanoes around Mt Albert in my 
final case study design. The flood system which causes the over ride to 
send untreated wastewater into the streams happens when the com-
bined waste and storm water has the extra 27% loading from the storm 
water. The thirty six hour cyborg is a demonstration of how an alternative 
system could reduce this flood aspect. Combined storm and wastewater. 
The updated system would reduce loads on the 1908 designed C.S.O. 
network (Watercare,2013). This design would create a peak flow perfor-
mance strategy to reduce the override system where wastewater enters 
the waterways in flood (sewer-sheds).The design works within the linear 
system but creates a recycled water network in the neighbourhood nodes 
around parks. 

This intervention would improve the Watercare infrastructure loading 
if implemented in the streets around the volcano at Mt Albert. This is 
because the precipitation from the flood  gathers pace on the volcanoes 
slopes (as shown in the plan, Fig 5.22) the Mt Albert volcano is 130 
meters above sea level and by the time it reaches Chamberlain Park, 
is reduced to 8 meters above sea level. This component would improve 
the urban infiltration like the precedent from New York city described in 
the literature revue. New York city has a six minute storm water reten-tion 
zones in their green streets, part of their hybrid infrastructure plan 
(NYCE,2010). This could be analysed as a per hectare green street 
meter rate, that is per 100 meters of road frontage the green street 
design, could have approximately 300 square meters of road frontage 
(depending on how many site - hectare road frontages there are ) to 
infiltrate storm-water in a green street design. Secondary use of the 
recycled water from the sewer mining demonstrated in the test cases 
(pages 31-35) irrigation to improve coastal ground water recharge. That 
is for example salt water inundation in the Pasadena area from rising 
coastal seas could be improved in two ways a) soil quality from 
fertilisation from the wastewater and b) coastal groundwater recharge 
from the wastewater could counter the salt water ground water table 
which will get higher with sea level rise.
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Coexisting new technology in this case studies buddy infrastructure 
network works in synergy with the case studies community precinct. The 
theme for the case studies design, explores the concept of zero waste 
with existing infrastructure hubs. Designed zero waste concept is added 
to the 21st century designed theme of work, walk and live. this strategy 
is coupled with the purification and commercial network discussed in the 
test case page. The sustainable use of water resources is a focus of the 
purification concept, designed  as a future renewable energy hub. Solar 
power radiated into the water purification station, creates with waste-
water, hydrogen from our neighbourhood is reused within the community. 
This efficient resource loop and reuse could be formed into a new city 
network with the catalyst being the renewable energy. The hybrid infra-
structure is threaded through the city augmenting the car-less society the 
themes of work, walk and play described in page 74.This concept could 
be used to re-image parks and create optimal public land use for the 
recreation and amenity use of the park. The city form would develop as a 
decentralised and distributed network of nodes.

The theory ecological performance is the accounting system for my 
design. Water hydrology is paramount for a sustainable city. Resilience 
is not just how strong the systems perform, but how it adapts to change. 
Ecological function is the final “barometer “ for healthy cities. As dis-
cussed by Bogunovich (2009) this example is an example of eco-tech 
design. Smart techniques for water sustainability updates the polluting 
19th century city model make water recycling possible. I have analysed 
this case study at three scales. I used the 7 techniques for black water 
re-mediation to rethink and re-image traditional parks and in doing so 
providing environmental benefit. 

New technology can create wastewater networks, as in this example  
“ecological cyborgs” which could adapt the large network. That is, the 
existing aged network, at the nodal points around parks. The intersec-
tions between the aged city infrastructure and the new nodes, adapt into 
a dynamic web, a rhizome in other words. New nodal densities around 
parks with separate dedicated black and storm water infrastructure, 
with zero waste technology reduces the black water in the infrastructure 
network. That is via my purification concept store, energy systems (up-
dated version of hydrogen self biased solar wastewater model which is a 
renewable energy concept available now ) to reduce the wastewater for 
energy production. Future technology can be built into the urban fabric 
at these node points of my design. The actual size of the node could be 
larger, but as cluster city (Vairavamoorthy,2011) suggests 10,000-50,000 
people is an option, which was used in these tested interventions. Finally, 
economically the cluster city model (Vairavamoorthy,2011) suggests 
this recommended size as feasible for wastewater recycling. Result-
ing economic and sustainable advantages is the underlying reason for 
this recommended cluster node amount. In the project test case this is 

considered feasible for a 30,000 people node example given the designed 
catchment area for the existing wastewater network and the intensified 
population growth around Chamberlain Park shown. Using the densifica-
tion as my design vehicle, this case study uses the updated infrastructure 
as an example of a hybridised “ecological cyborg” (Reed, Lister, 2014). 
The new green-fields connections can be incorporated into the existing  
waste and storm water system. The new nodes around parks can have 
separate waste and storm water infrastructure.

I enjoyed finding out why the reductive design principals I found in Archi-
tecture were different to the Landscape architectures inductive approach. 
It explained so much to me about collaborative practise with architects. 
The master research project gives a logical design flow and development. 
his adds to the design with a more inventive aspect. My conclusions from 
the literature research and the research  project is that landscape archi-
tects need more commercial, industrial and management practise. The 
practise management we learn could be improved with management sci-
ence and contractual law. This would create a more commercial adjunct 
to landscape architecture with management practise would introduce a 
more professional aspect to collaborative projects. The management of 
collaborative engineering and architectural projects could make better 
use of landscape architecture problem solving capabilities. Specifically 
for projects with different scales, rhythms and dynamic systems analysis. 
I have learn that these new tested applications for wastewater infrastruc-
ture would develop the 19th century paradigms of wastewater manage-
ment updating the networks with landscaped land used efficiently which 
could be more sustainable. Ecological cities could sustainably manage 
resources for a healthy interrelationship with man and natural systems. 
New technologies for city infrastructure are deemed not effective as they 
are new, but trial projects could be a strategy world wide with a worldwide 
inventory of reported applications. 

It would be interesting to investigate this further
• The CSO problem could easily be changed I’m surprised that no one

else has thought of this. The test cases and final design interventions
could be transferred anywhere. The current combined waste and
storm water network is an example of an infrastructure method over
ride system which could be  quite easily retooled for existing and new
projects.

• Using city planning to integrate artificial and natural landscapes with
grey infrastructure could easily be mathematically and scientifically
proven as the next step in this research.

• The 36 hour ecological cyborg designed in this project could easily
be developed into a network system at node points around any green
spaces.

• The development of the Purification Station or concept wastewater
store seems the most valuable idea for future research. This concept
could use either reductions in the wastewater for example cellulose

mining or alternatively resource rich management for communities, 
for example renewable energy from the wastewater resources. The 
renewable energy efficiencies create a greater sustainability by recy-
cling adding the ecological barometer for best practise planning into 
the design is a future resilient hydrology accountability system which 
would give greater ecological benefits for the environment (Bogu-
novich, 2009). The key is that in future waterway health of cities will 
show in the city sustainability rating.

• The commercial application of the wastewater as a recycled resource
for the inner cities existing water network would be a good example
for further city development here and overseas. The reservoirs and
system network is already there and could be updated easily. This
recycled water reuse becomes a resource  and adds to the cities
resilience strategies.

• Low impact design principles of storm water could be applied to the
wastewater paradigm. Sustainable city modelling could also be ap-
plied to the water infrastructure in a greater way.

• Adding renewable energy modelled into the neighbourhood as a
value added resource to a designed neighbourhood project for a
node developing within the ageing city with a new density strategy. I
would like to apply a 30% renewal energy policy to other cities other
than the American ones investigated. The overall consumer method
of using non renewable oil is outdated as we know.

Limitations in the project : Site
The project got a little big, particularly the tested intervention for the pu-
rification station and commercial network. Basic analysis on the geother-
mal applications: passive and energy uses were investigated and basic 
designs were drawn to a pre-design level using the geothermal energy. 
The basic levels of the concept investigated in sketches. Precedents 
were researched and some analysis was done on the use of energy sys-
tems in wastewater. Alternatively the use of recycled parts of wastewater 
for example potassium and phosphorus fertiliser with energy efficiencies 
were researched and noted but not implemented in the design, findings 
were researched for future feasibility. The nodes of cluster city for 30,000 
people could be a future investigation model on economic viability would 
be an interesting concept at different city scales that is from 10,000 to 
100,000 people nodes. The privatisation model for recycling wastewater 
could be investigated further with a more precise mathematical compari-
son. Additionally further investigation could look at site specific house-
hold use of energy efficient wastewater devices which could change the 
wastewater energy model for households in the future. 
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The key design I liked was 
• the commercial network  and the wastewater concept store for the

commercial water network head office. This example could add a cost
efficient new waste and water supply model for the neighbourhood.
An example of a new water network of the future, a utopian idea
for my imaginary sustainable city.  An Auckland city water network
redevelopment with these nodes which could become super nodes or
hybrid areas for the surrounding neighbourhood. The value added
energy efficiencies and the eco- efficient green image interests me.

Site specific (Chamberlain park) 
• The alternative hotel design for the golf club would be an interesting

feasibility study to be developed.
• The park redevelopment theme of live, work and play could be used

to reimage Auckland golf clubs with added new high density living.
• Adding the under utilised Rawilpindi Reserve which is underdevel-

oped with the mixed use areas around Chamberlain West.
• The mixed use redevelopment of the neighbouring St Helen’s

educa-tion site (Fig 6.45) is also an interesting concept.

Suggestions for further research
It would be interesting to investigate this further in a commercial city wide 
model
• Business wise I think the commercial city privatisation model is my

favourite. Adding the mathematical feasibility study would be interest-
ing and would be my next development for this design. I would like to
create and manage a recycled water network for a city. Specifically
an Auckland commercial network in a similar vein as Singapore has
done.

• Developing a model for city agriculture and permaculture systems
which could be used with wastewater in a neighbourhood purification
wastewater development model for 30,000 people

• The purification concept store or neighbourhood wastewater treat-
ment plant using the geothermal strategies is my favourite idea for
future research.

• Ecological cyborgs for other applications
• Developing existing energy networks with new technology for future

city infrastructure projects

The ideas tested in the design shows a resilient strategy for the water city 
for specifically the artificial hydrology. This interests me as it is a resource 
that is readily available, easily measured and is unchanging in its basic 
form. The storm water is a measurable side effect to the C.S.O. Which 
can be retooled and redesigned with hydrological modelling. Efficiencies 
which could update the drainage networks in the existing Auckland city 
hydrology model. 

Other cities make greater use of hydrological modelling it is true. I am 
interested in this smart water strategy for infrastructure development. Us-
ing the water model locally could change the virtual water model, we think 
we use. We buy water in many forms. Water efficiencies is not an issue in 
Auckland. But in other countries this doesn’t play the same way. Cropping 
with water in Australia is linked to water shortage and this influences the 
economy for Australia and its markets. Wastewater is recycled for agri-
culture in Melbourne and Adelaide. Perth created its own water bank by 
recycling treated wastewater into their city aquifers.  

Around the world as climate change effects city hydrologies, market driven 
water sustainability will be a major consideration in the future. 
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