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Abstract
The aim of this research project is to undertake a case study approach to further understand the
implementation and management of water sensitive design systems in South Africa. Given the
increase in global urbanisation and the effects of urban water management on both humans and
aquatic ecosystems, the change in management of water as a resource is a challenge of critical
importance.
The current pressures on water resources throughout the world are being exacerbated by
the rapid growth in population and climate change. This is resulting in a global drive in shifting
water management toward more water sensitive approaches. The approaches discussed in this
research project include Water Sensitive Urban Design (WSUD), Low-Impact Development
(LID), Sustainable Drainage Systems (SuDS) and Integrated Catchment Management (ICM).
The extent of this project will focus primarily on WSUD.
The ultimate goal of WSUD is to integrate all aspects of the urban water cycle, promoting
a sustainable urban environment by reducing the negative impacts of development on the urban
water cycle. The implementation of WSUD in South Africa will require very different
approaches to those adopted in first-world countries due to a number of challenges that need to
be met with regards to South Africa’s third-world status. This research project discusses the
need to define ‘water sensitivity’ in a South African context, taking into account challenges
such as poverty, inequality and lack of service provision.
To get a broad understanding of WSUD in Buffalo City, a range of developments needed
to be identified. Three different sites within Buffalo City were therefore chosen in terms of
scale and level of WSUD implementation. The East London Industrial Development Zone
(ELIDZ) was selected on the basis of it being a rapidly growing development that only utilizes
conventional water management methods, which can be improved using WSUD. The other
identified case studies include the Gqunube Green Eco-Village which claims to have
implemented WSUD and a residential home that is close to being independent of municipal
water supply. These two sites were chosen in order to evaluate (on the different scales of
household vs suburb) which water sensitive principals have/have not worked and why, as well
as to explore various possibilities for improvements
Developers are often resilient to implementing new, sustainable design principles due to
risk and cost implications, as well as a lack of previously successful projects to follow. This
research project intends to assist the process of changing the way developers and urban policy
makers regard urban water management and design in South Africa.
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1. Introduction
The topic that this project covers is the case study identification and review of water sensitive
design outside of Cape Town. UCT’s Urban Water Management research unit recently
proposed a framework and guidelines aimed at transitioning South African cities to be more
water sensitive (Armitage et al., 2014). The need for this research project is based on learning
lessons from sites which have already attempted to implement water sensitive principles into
their developments.

1.1 Aim and justification of research
In South Africa, there are continuing factors which bring to light the need for definitive water
sensitive approaches to urban and rural development. These factors include the expansion of
urban and rural areas, rapid increase in population and a constant need for potable water
services (Van Zyl, 2008). Researching the positive impacts of implementing water sensitive
principles into fully functional developments is a step that will hopefully encourage developers
to take on water sensitive approaches. It is found that developers are often resilient to
implementing new, sustainable design principles due to risk and cost implications, as well as
lack of previously successful projects to follow. There is also a general lack of concern and
understanding of why water management needs to be addressed. Water Sensitive Urban Design
(WSUD), however, can be a powerful tool to provide clean, safe water to South African
communities (Jacobsen et al 2012).
The aim of this research project is to undertake a case study approach to further
understand the implementation and management of water sensitive design systems in South
Africa. The project intends to assess and analyse existing sites where developers have claimed
to implement water sensitivity into their design. The sites were critically reviewed in terms of
where the water sensitive principles have/have not worked and why, as well as the exploration
of various possibilities for improvements. Recently UCT’s Urban Water Management research
unit proposed a framework and guideline for transitioning South African cities to become more
water sensitive. This investigation forms part of the steps that succeed these guidelines.

1.2 Objectives of research project
The overarching goal of this research project is to critically review the implementation of
WSUD on sites outside of Cape Town. To accomplish this goal, the following objectives were
developed:
 Identify sites where developers claim to have implemented water sensitive principles.
 Analyse which WSUD systems have/ have not been successful.
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 Analyse the effectiveness of various WSUD systems by developing water balances.
 Analyse effectiveness of recommended future WSUD systems by comparison of projected
water balance with and without WSUD improvements.
 Provide reasoning and insight into why various WSUD systems have succeeded/failed.
 Provide recommendations for improvement of WSUD implementation.

1.3 Scope and limitations
The summarised scope of this project is to review the effectiveness of WSUD approaches, to
determine how adoption of a WSUD approach impacted the development process, and to
evaluate whether the system functions effectively and as originally planned. The allocated time
frame posed a limitation on this project as it restricted all investigations to take place in the
period between July and November 2016.
The specific locations of the sites that were reviewed were confined to the vicinity of
East London and surrounding area (Buffalo City). This limited the extent of the investigation,
while at the same time imposing further limitations on the time constraints as the researcher
needed to include travel arrangements in the project plan.

1.4 Report outline
This project consists of seven chapters: the introduction, literature review and methodology.
The first chapter, “Introduction” provides a brief aim and justification of the research as well as
a list of objectives. The scope and limitations are also presented in this chapter.
The second chapter, “Literature review”, presents a review on all relevant literature
required for the development of the project. It begins with a brief background to the global
water crisis, followed by a focused view on water scarcity in South Africa. This is followed by
an introduction to WSUD, which discusses the development need to transition from current
conventions to more sustainable water management practices. The literature continues on to
goals and types of WSUD while presenting examples from various literatures. The final section
of this chapter discusses the future of WSUD in South Africa as well as current barriers to
implementation.
The third chapter, “Method of investigation”, deals with the steps that were taken in order
to achieve the objects set out in the “Introduction”. Included in the methodology is the case
study investigation, details of the site visits and data collection as well as an outline of the
water balance calculations.
The four chapters proceeding chapter three deals with the current water management
situation of Buffalo City as a whole, as well as the three case studies investigations. A current
water balance is calculated for each case study. The eighth chapter, “Discussion”, deals with
Atkinson: 2016 BSc Research Project - WSUD Case Study
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future opportunities that can be implemented to make the sites more water sensitive. Included
in this chapter are proposed water balances for each site.
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2. Literature review
Since this project focuses on the analysis of Water Sensitive Urban Design (WSUD)
implementation, a brief background and reasoning for the need to implement WSUD is
reviewed, as well as various types of WSUD and procedures for implementation.

2.1 The Global Water Crisis
According to Clarke (2013), there are about 1360 million cubic meters of water on the earth
and more than 97 percent of this is the ocean. Of the remaining 3 percent, over two-thirds is
stored in ice caps or glaciers – leaving less than 1 percent for humans to draw on for their water
supplies (Berner & Berner, 2012).
Current pressures on water resources throughout the world are likely to be exacerbated
by rapid growth in population and climate change (Gosling et al., 2016). Groundwater, for
example, is being extracted at a rate that exceeds the rate of replenishment, which will result in
over-mining similar to that of coal and oil (Clarke, 2013). Europe, in particular, is experiencing
a serious increase in water scarcity due to over-abstraction driven by changing agricultural
patterns, increased living standards and industrial activity (Ainger & Fenner, 2016). Regions
within South Asia are currently experiencing significant groundwater losses due to
uncontrolled abstraction over the last ten years (Shah, 2010). According to Ainger & Fenner
(2016) the city of Sao Paulo in Brazil reached crisis point in 2015 when residents started
drilling through floors and parking lots to reach groundwater and the UN began its fourth year
of drought in 2015 while water usage continued to increase. China has lost over 50 percent of
their rivers since the 1950's due to over exploitation by farmers and factories. India, Pakistan
and Bangladesh have some of the most intensely irrigated land in the world, with more than
two thirds of their farmers relying on pumped, replenishing groundwater for their crops (Ainger
& Fenner, 2016).
Even though the earth’s total rainfall is enough to supply the whole world with water,
its uneven distribution, evaporation and poor management make it impossible. An example
investigated by Clarke (2013) is the Cheerapunji desert which, in spite of an annual rainfall of
over 9m, remains desiccated throughout most of the year due to over extraction. This
demonstrates the dramatic consequence of poor resource management.
Incorporating water management issues in all areas of development, according to Bigas
(2012), is becoming, on a global level, a must rather than an option. It is becoming imperative
that people in all countries go beyond the widely accepted norms with regards to water
governance and realise that water security transcends the limitations of governments as the sole
responsible party. Along with government involvement, engagement with water security issues
must advance as a collective societal aspiration (Bigas, 2012).
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When it comes to society’s affiliation with water, it is important that the term ‘waste’ is
redefined. According to Sarte (2010), nothing in nature is a waste. The redefinition of waste
water as a usable resource rather than a burden will assist the transition from traditional water
management to one with a more sustainable approach.

2.2 The South African Water Crisis
Water security in South Africa is becoming an issue of increasing concern (Matthews, 2015).
At the end of Apartheid in 1994, an estimated 14 million South Africans lacked access to any
potable water supply and approximately half the country - 21 million people - had no formal
sanitation (IRIN, 2009).With increasing numbers of people migrating into cities from rural
areas, municipalities are under increasing pressure to meet water demands. With outdated
infrastructure and lack of sanitation, the challenge of waterborne diseases is also rapidly
becoming an important issue that needs to be dealt with (IRIN, 2009). According to FisherJeffes et al. (2012), water in South Africa is recognised as a “strategic national resource” that is
under substantial stress with the majority of readily available water fully accounted for and
increasing degradation of water quality downstream of urban areas.
Matthews (2015) explains that many people living in the urban parts of South Africa
will not realise the severity of the crisis until water stops flowing freely from their taps. The
problem of water scarcity is first being realised in rural areas as the water quality is
deteriorating, leading to outbreaks of diseases. One of the challenges in rural areas is that water
is being supplied in order to fulfil national governmental promises, yet there is a lack of
adequate required skills at regional and local government levels to operate and maintain the
infrastructure. There is also inadequate budget allocated for this important function. This leads
to the degradation of the infrastructure, causing water losses as well as quality deterioration
(Matthews, 2015). According to Matthews (2015), financing for the repair of water
infrastructure is problematic, especially for smaller municipalities as they have a great need for
skill yet battle to obtain skilled engineers.
Another challenge in South Africa is that the Department of Water and Sanitation
(DWS) cannot afford to address the issues of water shortages alone. This calls for the drive of
public-private partnership in order to gain the funding necessary to address issues of the water
shortage (Matthews, 2015).
The solution to the current water crisis, proposed by Sarte (2010), lies in managing both
the supply and demand of fresh water. On the demand side, people need to be educated in order
to understand the value of saving water. People may need to be incentivised in order to reduce
daily household demands. On the supply side, there is a need to come up with more creative
and sustainable supply strategies (Sarte, 2010).

Atkinson: 2016 BSc Research Project – WSUD Case Study
Chapter 2: Literature Review

2-4

2.3 Transitioning from conventional to sustainable water
management
2.3.1 Paradigm shift
The impacts of rapid population growth, industrialisation and climate change call for a
paradigm shift in water management according to Pahl-Wostl (2011) who recognised a central
feature of this shift as the transition from a conventional approach to a more innovative and
sustainable approach. Traditionally, water supply, drainage and wastewater management are
treated as separate systems. In order to be more sustainable, an understanding of water
management as one complex system needs to be developed. The idea of sustainable water
management is becoming an increasingly popular topic throughout the world as the global
water crisis is rapidly increasing in severity (Pahl-Wostl, 2011).
Emphasis needs to be put on the reuse and recycling of water. The current practice of
water treatment is to treat water to potable standards; this needs to change so that water is
treated to the standard suitable for its intended use. The conventional practice of conveying
stormwater offsite as fast as possible needs to change in order to accommodate harvesting and
maintain the environmental integrity. Conventional water infrastructure is constructed using
engineered materials such as pipes; natural systems need to be integrated into the infrastructure
to make it more sustainable (Pinkham, 1999; Ainger & Fenner 2016).

2.4 Water Sensitive Urban Design (WSUD)
Water Sensitive Urban Design (WSUD) was first coined in the 1990’s in Australia with the
objective of integrating all parts of the urban water cycle, such as stormwater, groundwater,
wastewater and water supply, into urban design in order to reduce environmental degradation
while maximising aesthetic and recreational appeal (WBM, 2009). A similar philosophy
labelled Low-Impact Development (LID) was developed in the USA and other similar
integrated water management approaches began to gain popularity in other countries such as
Sustainable Drainage Systems (SuDS) in the United Kingdom (Eriksson et al., 2007), which is
a component of the WSUD philosophy.
Traditional urban developments involve the alteration of landscapes from permeable
vegetated surfaces to impervious engineered surfaces, increasing the quantity and flow speed of
stormwater runoff which requires maintenance (Roy et al., 2008). The conventional way of
managing stormwater is by treating it as a nuisance and conveying it directly into streams and
waterways as fast as possible with the aim of preventing floods and health risks. This has
resulted in the destruction of ecosystems and the deterioration of water quality due to the runoff
collecting pollutants from the impervious surfaces. The shift in perspective of stormwater being
a nuisance to that of a resource having value has initiated a change in stormwater management
practices to ones focusing on water sensitivity, such as SuDS (Roy et al., 2008).
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The ultimate goal of WSUD, according to Armitage et al. (2014), is to integrate all
aspects of the urban water cycle. The implementation of WSUD promotes a sustainable urban
environment by reducing the negative impacts of development on the urban water cycle. This is
achieved by discarding the traditional idea that the three systems in the urban water cycle,
namely; supply, sanitation and stormwater management are separate systems, and instead
taking on a holistic approach and viewing them as one natural cycle (Armitage et al., 2014).
The WSUD Framework and Guidelines for South Africa set out by Armitage et al.
(2014), separates WSUD into two main functions: urban water infrastructure, and design and
planning. Urban water infrastructure is defined as “all infrastructure elements of the water
cycle considered concurrently so as to sustain the environment and meet human needs”
(Armitage et al., 2014), and includes: stormwater management; sanitation/wastewater
minimisation; groundwater management; and sustainable water supply options. Armitage et al.
(2014) define the second function, design and planning, as the “consideration of the water cycle
throughout the design and planning process,” which comprises the celebration of local
character, environment and community; optimising cost-benefit; the improvement of
liveability; and providing resource security. Focussing on the former function, urban water
infrastructure, Figure 2-1 provides the various types of infrastructure-related activities that can
be applied using WSUD principles.

Figure 2-1: WSUD (Armitage et al., 2014)
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2.4.1 Water supply
As part of the WSUD approach, sustainable water supply strategies need to be considered.
Common water sources such as groundwater, surface water, rainwater, brackish water,
seawater and stormwater need to be viewed with a more sustainable approach in terms of
conserving water, improving existing resources and providing alternative methods for
accessing the water from the source (Sarte, 2010).
With increasing urbanisation hindering natural aquifer recharge and the increasing overextraction of groundwater, it is rapidly becoming a fragile resource. Surface water is also
becoming less of a major form of supply as the quantity is decreasing with the increasing
drought conditions worldwide (Sarte, 2010). The quality of surface water is also deteriorating
due to contamination from human and animal waste. This, according to Sarte (2010), calls for
more creative water supply strategies to be implemented. Creative water supply strategies
separate into three major systems; conserving water, improving existing resources and
providing alternative methods for supplying water (Sarte, 2010). Extraction
2.4.1.1 Conserving water
An essential strategy in water conservation is to reduce demand (Sarte, 2010). This can be done
using incentives/disincentives to encourage households to use less water, providing education
about water-saving techniques within the household, and ultimately enforcing community-scale
regulations (Sarte, 2010).
A significant way to conserve water is by avoiding unnecessary use of potable water.
According to Ainger &Fenner (2016), treating raw water to potable standards for human
consumption requires a high level of energy and cost. Ideally, potable water should only be
used for drinking, cooking, personal hygiene and for essential manufacturing processes.
However, potable water is commonly used for lower quality purposes too, such as toilet
flushing, irrigation, pool filling and the cleaning of non-food items. This is largely due to
convenience, affordability and the tradition of single distribution infrastructure. Risk
management is also a key factor as using potable water decreases the risk of people coming
into contact with waterborne diseases (Ainger & Fenner, 2016).
2.4.1.2 Improving existing infrastructure
According to Hunaidi (2000), large volumes of the potable water supplied to communities are
lost due to pipe leakages. Various advanced leak-detection strategies, as listed by Sarte (2010),
can be applied to locate and therefore reduce leakages, increasing the amount of potable water
available. These techniques include the implementation of acoustic devices, tracer gas, tracer
chemicals, infrared imaging and ground-penetrating radar (Sarte, 2010). Other means of
improving infrastructure to reduce losses include the implementation of pipe replacement
programmes, reducing water pressures in the pipes and implementing intrinsic maintenance
programmes of the infrastructure (Hunaidi, 2000).

Atkinson: 2016 BSc Research Project – WSUD Case Study
Chapter 2: Literature Review

2-7

2.4.1.3 Alternative methods for supplying water
Alternative methods of supply (which have not already been mentioned), as listed by Ainger &
Fenner (2016) include water transfers, water-abstraction trading, desalination, and various
forms of municipal, industrial, landscape and agricultural reuse and recycling. Sarte (2010)
states that due to the management of water being a complex issue, creative and technical
solutions to generating potable water need to be found and implemented. A few examples
investigated by Sarte (2010) include evapotranspiration in urban greenhouses, desert dew
harvesting and fog harvesting.

2.4.2 Stormwater drainage
The expansion of urban areas resulting in the decline in natural green spaces in cities has a
negative effect on the drainage of stormwater (Asakawa et al., 2004). Hard surfaces that come
with development lack the ability to absorb rainwater, causing water to flow directly to water
channels; picking up pollutants along the way. Apart from the negative impact on the water
quality, the chance of flooding is also increased as well as erosion due to the increased runoff
speed (Asakawa et al., 2004).
The challenge with stormwater drainage in South Africa is that the management of
stormwater is predominantly focussed on the flow of water off the land and into water channels
as fast as possible, without concentrating on environmental preservation aspects such as
erosion, siltation and pollution. (Armitage et al., 2012)
Applying a water sensitive approach to stormwater drainage aims to include stormwater
as a part of the urban water cycle and treat it as a precious resource. Therefore, managing
stormwater through WSUD enables the provision of flood control and flow management as
well as the improvement of water quality and the use of stormwater harvesting opportunities
(Lloyd et al., 2002).
According to the Victorian Stormwater Committee (CSIR, 1999), managing stormwater
with a water sensitive approach aims to enhance natural water systems in urban areas, improve
visual and recreational amenity through integration of stormwater treatment into landscapes,
and reduce runoff flows and improve runoff quality by minimising impervious surfaces and
utilising detention measures. An example of using a water sensitive approach in road layout
design as opposed to a conventional approach can be seen in Figure 2-2.
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Figure 2-2: Conventional vs water sensitive road layout (CSIR, 1999)

Armitage et al. (2012) define Sustainable Drainage Systems (SuDS) as stormwater drainage
strategies that “attempt to manage surface water drainage systems holistically in line with the
ideals of sustainable development.” The key objectives of the SuDS approach include: the
management of the quality and quantity of stormwater runoff, the promotion of amenity value,
and the preservation of biodiversity value (Armitage et al, 2012). The hierarchy in Figure 2-3
portrays the contribution of each level to a more sustainable drainage system.

Figure 2-3: The Stormwater design hierarchy (Armitage et al., 2012)

According to Hickman (2013), green spaces in cities provide valuable features that mitigate
human impacts and enhance the quality of life. The implementation of SuDS can help to restore
these natural features, improving natural aesthetics while simultaneously improving stormwater
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quality and flood mitigation (Hoang & Fenner, 2015). Most SuDS, such as swales, infiltration
trenches, green roofs, wetlands, and ponds, are implemented to address water quality and
quantity issues while enhancing local biodiversity and improving the aesthetic appearance of
urban areas (Scholz, 2015). Currently, according to Charlesworth et al. (2016), many developed
countries are adopting sustainable stormwater strategies. However, the implementation of
SuDS in developing countries becomes highly complex, particularly areas with dense, poor and
unregulated informal settlements (Charlesworth et al., 2016). A set of SuDS guidelines was
established by Armitage et al. (2012) for South Africa specifically, obtaining key material from
design manuals in Australia, the United Kingdom and the United States. The various SuDS
options explained in the guidelines can be seen in Figure 2-4.

Figure 2-4: SuDS (Armitage et al., 2012)

Source Controls
Source controls are used to manage stormwater runoff as close to the source as possible. The
various options as explained by Armitage et al. (2012) are as follows:
 Green-roofs are roofs covered with vegetation to absorb rainwater
 Rainwater harvesting is the storage and reuse of surface runoff
 Soakaways are pits filled with porous aggregate and are used to hold and infiltrate storm
water runoff
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 Permeable Pavements make use of permeable materials that allow for the temporary storage
and movement of storm water through the surface.
Local Controls
Local controls are used to manage runoff in public areas such as roadways and parks. The
options are explained by Woods-Bollard et al (2007) as follows:
 Filter strips are gently sloping areas covered with grass/vegetation that treats runoff from
surrounding impermeable areas
 Swales are wide, shallow, vegetated channels that convey and store runoff. They also allow
for infiltration of water into the ground
 Infiltration trenches are depressions that store runoff and infiltrate water into the ground.
They can be designed to be aesthetically pleasing and improve amenity value
 Bio-retention areas are depressions in the ground used to filtrate and absorb stormwater as
well as take up sedimentation biologically (Armitage et al, 2012)
 Sandfilters are made up of underground sedimentation and filtration chambers in which
stormwater runoff is temporarily stored before filtering through the sand filter (Armitage
et al, 2012)
Regional Controls
Regional controls are used to manage stormwater runoff on a large scale such as municipal
land. The options are explained by Armitage et al. (2012) as follows:
 Detention ponds are depressions in the ground used to reduce the downstream flood peak by
storing storm water runoff temporarily
 Retention ponds are basins that are formed below the natural groundwater level with the
purpose of retaining storm water runoff
 Constructed wetlands attempt to imitate natural wetlands by using marshy areas and aquaticresilient plants
2.4.2.1 Low-Impact Development (LID)
Low-Impact Development (LID) is a “philosophy of stormwater management that seeks to
repair hydrological and ecological function to urbanised watersheds” Sarte (2010). LID is a
form of integrated stormwater management that aims to manage stormwater as a vulnerable
resource by mimicking the natural hydrological cycle as closely as possible. LID principles, as
stated by Maryland (1999), aim to address runoff issues associated with rapidly growing
development and to reducing the environmental impact caused by development. This is
achieved through creating water drainage on the surface that follows natural water paths prior
to development, rather than the use of underground piped drainage systems.
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2.4.2.2 Integrated Catchment Management
Integrated Catchment Management (ICM), as termed by Ainger & Fenner (2016), involves a
wider understanding of the interaction between land and water in catchments, using an
“upstream thinking” approach. This approach focuses on water management from a catchment
perspective, in contrast to other fragmentary approaches that separate land management from
water management (Mitchell & Hollick, 1993). According to Falkenmark (2004), catchments
have two uses: one for human-water related activities, and the other as water-dependant
ecosystems. The aim of ICM is to find a balance between these two uses in order to manage the
impacts that human-related activities have on downstream ecosystems.

2.4.3 Wastewater management
For the last couple of hundred years, measures for recycling solid waste have become a widespread activity throughout the world (Meeton, 2010). Yet according to Meeten (2010), this has
not been the case for liquid waste. The management of liquid waste has generally been
concerned with safeguarding public health by disposing of the used liquid without having
adequate focus on environmental consequences (Ainger & Fenner, 2016). According to
Armitage et al. (2014), the treatment of wastewater can be expensive and requires large
amounts of energy depending on the level of treatment required. The WSUD concept promotes
a “fit for purpose” approach which promotes the reuse of wastewater that is treated to suit the
purpose of its reuse, instead of having the water treated to potable standards (Armitage et al.,
2014).
2.4.3.1 Greywater recycling
Greywater is a valuable resource that can be used to alleviate water shortages and increase the
conservation of water in households (Nghiem et al., 2006). It is particularly important for
regions that receive little rainfall. Treated greywater can be used for a number of activities
within the household such as toilet flushing, plant irrigation and car washing.
According to Armitage et al. (2012), there are two issues associated with the recycling
of greywater: the available quantities are limited, and the quality is highly variable. These
issues have the tendency to limit potential benefits to small-scale irrigation and toilet flushing.
Another problem as that as soon as there is a need for extensive treatment, the recycling of
greywater becomes uneconomical.
An example of a cheap, sustainable way to use greywater, as shown by Ecofilms
(2011), is by filtrating the greywater through a series of reed beds. Once the greywater has
progressed through a succession of gravel reed beds and filtered through a series of frog ponds,
it is used to irrigate fruit trees. As shown in Figure 2-5, all the greywater in the house is
directed into a header tank which is located under the house. A pipe is connected to the tank
and runs underground to the three gravel reed beds. Coarse gravel is used as the filter medium
for the wastewater and a series of reeds and boulders are placed on the surface for filtration.
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Figure 2-5: Urban greywater reed bed system (Ecofims, 2011)
2.4.3.2 Blackwater recycling
Blackwater has a calorific value of nine to ten times more than the energy needed to treat it,
making it a highly valuable raw material (Ainger & Fenner, 2016). Some water treatment
works are designed to recover energy and by-products from the wastewater in order to make
the treatment process ‘energy neutral’. However, new factory plants are beginning to go
beyond the objectives of energy neutrality and are aiming to produce a ‘net energy surplus’
(Ainger & Fenner, 2016). This energy factory process is continuing to be explored throughout
the world in countries such as the UK and Netherlands.
Decentralized wastewater management systems, where wastewater is treated close to
where it is generated, are being considered by various researchers around the world as an
alternative to conventional centralized systems (Wilderer, 2000). Decentralizing wastewater
systems offers more opportunities for recycling (Al-Jayousi, 2003), and according to Ainger &
Fenner (2016), decentralisation promotes the efficient use of water and the recovery of
nutrients and energy from wastewater.

2.5 Future of WSUD in South Africa
According to Fisher-Jeffes et al. (2012), the implementation of WSUD in South Africa will
require very different approaches to those adopted in first-world countries such as Australia.
This is due to a number of challenges that need to be met with regard to South Africa’s
‘developing country’ status (Fisher-Jeffes et al., 2012), including the fact that integrated
approaches are not being used to deal with all water services and water service departments are
often neglected, operating with insufficient budgets (Fisher-Jeffes et al., 2012). Armitage et al.
(2014) recognised that WSUD has great potential in South Africa to: reduce water scarcity
impacts; decrease water pollution; improve social and intergenerational equity; improve
sustainability; and develop resilience within water systems. However, South Africa already
faces challenges in service delivery to the previously disadvantaged and according to Fisher-
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Jeffes et al. (2012), attempting to provide services in a ‘water sensitive’ way increases the
complexity of the situation.
Financing WSUD infrastructure in South Africa will be a challenge according to
Matthews (2015), and this is emphasised in smaller municipalities where skilled engineers are
often scarce. It is suggested that this could be resolved by paying a central pool of engineers the
same benefits for the same level of skills, no matter their work location (Matthews, 2015).
It is noted by Ainger & Fenner (2016) that design standards play an important role in the
development of WSUD. Standards guide designers, giving them a clear target to aim for. When
the standards have been derived over many years through practice, they tend to embed what
can reasonably be achieved (Ainger & Fenner, 2016). It is therefore important that the
implementation of water sensitive designs be recorded so that when they are successful it will
help to overcome perceptions that WSUD principles are difficult to put into practice and costly
to operate Lloyd et al. (2002). Having WSUD in a set of design standards will allow designers
to predict outcomes and achievability of the designs.

2.5.1 A Vision for a Water Sensitive City
According to Armitage et al. (2014), the ‘Water Sensitive City’ was first proposed by Brown et
al. (2008) as a city where water is given due prominence in urban design. The Cooperative
Research Centre for Water Sensitive Cities (CRCWSC, 2016) recognises a water sensitive city
as one that is “resilient, liveable, productive and sustainable”. A city is resilient if its water
services can be maintained throughout all conditions; it is liveable if it meets the society’s
needs in the urban water context, such as access to potable water; it is sustainable if its social,
ecological and economic environment meets people’s water-related needs; and it is productive
if it is able to generate economic value from water-related actions (CRCWSC, 2016).
Brown et al. (2008) explain the six transitional stages in the development of urban water
management across Australian cities. These stages represent the different states that cities
transition through when becoming more water sensitive. As shown in Figure 2-6, the
‘Cumulative Socio-Political Drivers represent the shifts in the “normative and regulative
dimensions of the hydro-social contract” while the ‘Service Delivery Functions’ represent the
“cognitive response” (Brown et al., 2008).
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Figure 2-6: Urban Water Management Transition Framework (Brown et al., 2008)

2.6 Barriers to WSUD implementation
WSUD strategies and frameworks were (originally) specifically designed to achieve integrated
water management in developed countries (). The implementation of WSUD in South Africa
can therefore be regarded as a challenge given its ‘developing country’ status (Fisher-Jeffes et
al., 2012). Using sustainable design principles in an urban environment is complex and often
difficult to implement due to inadequate local resources such as skilled designers, the high cost
associated with implementation, physical site constraints such as lack of space and steep slopes,
utility conflict and the burden of maintenance (Sarte, 2010).
The following issues, according to Lloyd et al. (2002), create a barrier to implementation
of WSUD in South Africa: limited data on the performance of WSUD practice in the long term,
institutional fragmentation of responsibilities in the urban development process impeding
collaboration between organisations, current technical skills within local governments and
water corporations do not yet support the change that is required for the assessment, approval,
construction and maintenance of WSUD development schemes, and local governments are
concerned about the long-term viability due to insufficient information on the operation and
maintenance of WSUD systems. Another important barrier, realised by Brown & Clark (2007)
is the limited capacity within communities to meaningfully participate in the drive of shifting
water management strategies to become more water sensitive. Local governments can improve
this by implementing incentives for incorporating water sensitivity into design.
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3. Method of investigation
This research project began with a literature review that was conducted in order to understand
the research objective. On completion of the literature review, various case studies needed to
be identified. This was done by contacting relevant people in the selected area. Once the case
studies were chosen, site visits and meetings with various stakeholders were scheduled. The
chosen developments were then evaluated in terms of their current water strategy and
opportunities for WSUD were identified.

3.1 Desk study
In order to gain a broader understanding of WSUD, a literature review was conducted. This
also looked into the current water crisis on an international and localised level, analysing
examples of existing developments that make use of WSUD principles. The challenges of
implementing WSUD in South Africa were also analysed.
On a local level, the Water Supply Reconciliation Strategy for Buffalo City as well as
other relevant documentation such as water demands, maps, tariff structures and progress
reports was reviewed. The documents were obtained from UWP Consulting (Pty) Ltd in
conjunction with the Buffalo City Municipality.

3.2 Case study identification
In order to evaluate the progress and current status of WSUD implementation in South
Africa, not only large cities but smaller towns and rural areas need to be evaluated. Buffalo
City was therefore chosen on the basis of being a smaller of the large cities having a
population of 755,200 (Mukwedeya, 2015).
To get a broad understanding of WSUD in Buffalo City, a range of developments
needed to be identified. Three different sites within Buffalo City were therefore chosen in
terms of scale and level of WSUD implementation. The East London Industrial Development
Zone (ELIDZ) was selected on the basis of it being a rapidly growing development that only
utilizes conventional water management methods, which can be improved using WSUD
(Moonieya, 2016).
The other identified case studies include the Gqunube Green Eco-Village which claims
to have implemented WSUD and a residential home that is close to being independent of
municipal water supply. These two sites were chosen in order to evaluate (on the different
scales of household vs suburb) which water sensitive principals have/have not worked and
why, as well as to explore various possibilities for improvements.
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3.3 Site visits
During the period of 14-26 September 2016, the city of East London was visited in order to
gain information on the sites that could not be obtained from a desk study. This included the
attendance of scheduled meetings with various involved parties and visits to the relevant
sites. The details of these visits will be described in further detail in Chapters 4, 5, 6 and 7.
Whilst on site, water challenges were identified and discussed. Photographing of
important systems also took place (only on the sites which allowed it).

3.4 Data collection
The data required to analyse the current water management situations of the sites included
water demand and sewage flow values as well as important information regarding the site
such as relevant legislation and progress reports. The data was obtained as follows:
 Water demand and sewage flow values for the ELIDZ were obtained from Vernon
Moonieya, SHEQ Manager of ELIDZ.
 Water demands for the Gqunube Green Eco-Village were obtained from Tomas Knight,
Controlab SA (Pty) Ltd. Water demands and tank sizing excel sheets for specific
housing within the Eco-Village were obtained from resident Dave Muller.
 Water demand values for the home in Nahoon were obtained from the home owner, Neil
Henderson.
 By-laws, engineering plans and legislations for the Gqunube Green Eco-Village were
obtained from the developer (and civil engineer) Ron Begbie.
 The Water Supply Reconciliation Strategy and Progress report were obtained via the
Buffalo City Metro Municipality (BCMM) from UWP Consulting (Pty) Ltd
(Ketteringham, 2016).
 Interviews with various involved parties were conducted to gain a broader understanding of
the situations on each site. These people (who have not yet been mentioned) include
Dave Muller and Ron Begbie from Gqunube Green Eco-Village and Brian Coates –
Nahoon resident.
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3.5 Current water balance calculations
A water balance calculation was necessary for each site in order to analyse how water flows
onto the site, how it is used on the site, and how the residual water leaves the site.
Once the boundary for each site was defined, the current water balances were
calculated using the following steps:
1. The potable water demands for the sites were determined in kℓ/year using supply values
obtained
2. The rainfall volumes for the areas of each site were determined in kℓ/year using rainfall
data obtained (Muller, 2016)
3. Sewage volumes were then approximated according to the Guidelines for Human
Settlement Planning and Design (CSIR, 2000)
4. Water harvesting/reuse volumes were then calculated according to each site
5. The evapotranspiration volumes were estimated using the San Diego State University
online calculator which makes use of the Thornthwaite method
6. The surface runoff volume was calculated using Equation 3.1 from the Rational Method:
(3.1)
Where c = runoff coefficient (calculated according to the tables in Appendix A);
i=rainfall intensity and A=catchment area
7. The infiltration volume was then calculated using Equation 3.2:
-harvesting
(3.2)

3.6 Future water balance projection
Once the current water balance was calculated, various WSUD principles were analysed in
terms of feasibility and effectiveness for future water demand. A conceptual design was
proposed, projecting the effects of the WSUD implementation. A water balance was then
calculated to determine whether potable and non-potable demands could be met through
reclaimed water and rainwater harvesting. The water balance clarifies whether rainwater
harvesting and other reclamation methods can be used to supply some or all of the
potable/non-potable water needs. Further investigation was done to determine efficiency in
terms of cost.
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Just like the water demand, it is important that the water supply is understood.
According to Sarte (2010), the water demand must be verified against the available supply in
order to determine whether a development’s water needs can be met (sustainably) by the
current supply source and if plans for reuse and reduction need to be assessed.
An important element of optimising the water balance is stormwater management. With
the implementation of SuDS principles, steps should be taken to ensure that groundwater
recharge, evapotranspiration and runoff quality are similar to the predevelopment conditions.
This is important for the health of the local aquifer, the maintenance of local weather patterns
and the prevention of increased erosion affecting animal habitats (Sarte, 2010).
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4. Overview of Buffalo City’s current water strategy
Buffalo City is a metropolitan municipality situated on the east coast of the Eastern Cape, as
shown in the locality map in Figure 4-1. It includes the towns of East London, Bhisho and
King William's Town, as well as the large townships of Mdantsane and Zwelitsha. According
to the 2011 census, 52.6% of the dwellings within Buffalo City receive piped water supply
and only 68.8% of the flushing toilets are connected to sewerage (Census, 2011). These are
issues related to water management that can be addressed using WSUD.
Buffalo City has a mild climate with an average temperature of 18.2°C and an average
annual rainfall of 822mm, occurring predominantly in the summer months (East London
Climate, 2016)

Figure 4-1: Locality map of Buffalo City (Source: Google Maps, 2016)
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4.1 Water supply reconciliation strategy
Buffalo City’s Water Supply Reconciliation Strategy (Ketteringham, 2016) was analysed to
determine whether or not WSUD principles were being included in the plans for
improvement in water management and whether the plans have been carried out. The
measures that were proposed in the 2015 Reconciliation Strategy include water
conservation/water demand management, water re-use, stream flow enhancement through the
removal of invasive alien plants from river catchments, and the desalination of seawater
(Ketteringham, 2016).

4.1.1 System yields
There are 7 dams that contribute to the Buffalo City water supply. The individual yields of
these dams can be seen in Table 4-1. As part of the water conservation strategy within the
Reconciliation Strategy (Ketteringham, 2016), it was decided that the total yield of the
individual dams could be increased with the implementation of an integrated system,
whereby water is transferred from the fuller dams to sustain the requirements of the dams
with less volume. This would reduce the total volume of spillage and therefore increase the
total yield.
Table 4-1: System yields
Dam

Yield (Million

Maden

0.48

Rooikrantz

3.7

Laing

18.27

Bridledrift

29.41

Nahoon

8.41

Gubu

2.87

Wriggleswade

31.8

Combined yield of individual dams

94.94

/a)
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Table 4-2 shows that the implementation of the integrated dam system can increase the
total yield by 5-13million cubic meters per annum. However, according to Ketteringham
(2016), the integrated system has not fully been in operation, with only one recorded
transfer occurring in the last 20 years from the Wriggleswade Dam to the Nahoon Dam.

Table 4-2: Integrated system yields
Yield (Million

/a)

Scenario 1: Transfer
from Wriggleswade
Dam to only when
required

Scenario 2: Transfer
when Wriggleswade
Dam is spilling

Scenario 3: Transfer
when Wriggleswade
Dam is spilling
(higher dam trigger
levels)

Maden

0.5

0.5

0.5

Rooikrantz

3.7

3.7

3.7

Gubu

2.9

2.9

2.9

87.3

93.6

95.3

Sub-total

94.4

100.7

102.4

Total yield including
return flow

100.1

105.4

108.1

Dam

Wriggleswade
Laing
Bridledrift
Nahoon

Based on a high growth in future water requirement, measures to reduce demand or
increase supply (the system yield) would need to be implemented by 2018 if the integrated
system is not implemented and 2027 if maximum yield is achieved using the integrated
system (Ketteringham, 2016).

Atkinson: 2016 BSc Research Project – WSUD Case Study
Chapter 4: Overview of Buffalo City’s Current Water Strategy

4-4

4.1.2 Water conservation/water demand management strategy
In 2012, Buffalo City Metropolitan Municipality (BCMM) approved a WC/WDM strategy
(part of the Reconciliation Strategy) requiring an estimated R131million to be invested over a
5-year period in order to achieve a 6.2 million cubic meters/annum savings (Ketteringham,
2016). This strategy focussed on:
 Reducing non-revenue water (NRW)
 Increasing billed metered consumption
 Reducing raw water treatment losses
 Mains replacement (AC pipes)
 Enhancing the institutional capacity to implement WC/WDM measures on a sustainable
basis
 Promoting water use efficiency through education and awareness programs.
4.1.2.1 Progress of WC/WDM Strategy
The WC/WDM measures BCMM have implemented since 2011 have not materially
impacted on reducing the water requirement. The failure to effectively implement WC/WDM
is likely to result in supply shortfalls in the short to medium term, which will need to be met
by supply restrictions or water re-use (Ketteringham, 2016).

4.1.3 Water reuse strategy
There are 7 wastewater treatment works (WWTW), owned and operated by BCMM, which
currently discharge some 24.0 million cubic meters per annum of effluent directly into the sea
or into rivers downstream of water supply dams. According to the Water Supply
Reconciliation Strategy (Ketteringham, 2016) provided in the accompanying CD, less than
1% of the effluent discharged from these WWTWs is currently being re-used, primarily for
local irrigation of golf courses and for agriculture. A review was conducted of “the current
knowledge regarding the potential of water reuse to augment supplies to the Amatole Water
Supply System” (Water Supply Reconciliation Strategy, 2010). The report evaluated the
costing of two water reuse schemes. A finding of the report is that water re-use schemes are
viable and it is recommended in the Reconciliation Strategy that BCM undertakes studies to
further identify and evaluate potential re-use schemes for potential implementation.
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4.1.3.1 Progress of Water Reuse Strategy
According to the Progress Report for the Reconciliation Strategy provided in the
accompanying CD, a water reuse strategy was adopted in 2015 but remains largely unfunded
to date and has therefore not yet been implemented.

4.2 Water quality
Potable water quality remains a concern in Buffalo City in general (Ketteringham, 2016). The
Blue Drop system, designed by DWS to monitor and improve potable water supply quality in
South Africa (Nealer & Mtsweni, 2013), was analysed to determine Buffalo City’s
compliance. The system measures compliance in terms of chemical, microbiological,
physical and operational requirements (Nealer & Mtsweni, 2013). According to the Blue
Drop system conducted by DWS, Buffalo City’s Blue Drop score in 2012 was 92.55% and
has not been updated since. There is, however, a perception of bad water quality amongst the
Buffalo City residents, which stands as a common motivation for residents finding other
sources of potable water supply such as rainwater harvesting (Henderson, 2016).
This issue is addressed in the reconciliation strategy, recommending a greater effort to
be made in addressing pollution at the source and reporting on it. According to the progress
report in Appendix C, activities are ongoing but greater urgency is required for effectiveness.
The Green Drop system conducted by DWS was studied in order to determine the
wastewater treatment compliance. The Green Drop certification programme was designed by
DWS to improve wastewater quality management (Burges, 2012). The process, according to
Burges (2012) measures and compares the results and performance of water service
authorities via a scorecard and subsequently rewards/penalises the municipality according to
the minimum requirements. As can be seen in Figure 4-2, less than 20% of the required tests
for Buffalo City 19 WWTW’s have been done between October 2015 and October 2016. Of
the tests done, only between 60-90% of them were compliant with the minimum standards.
This is an issue as poor effluent quality of waste water pollutes the rivers and ocean that it is
channelled into.
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Figure 4-2: Green Drop analysis for Buffalo City (Source: www.dwa.gov.za, 2016)
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5. Case Study 1: Private household
This section looks at the effectiveness of implementing WSUD at a household level. The
homeowner in question has undertaken a personal project to make his house completely
independent of municipal water supply.

5.1 Site description
The house under investigation is located on a relatively steep hill near Nahoon. The
topography is relatively steep with the house being on a hill, sloping toward the Nahoon
River, as can be seen in Figure 5-1. The property consists of a square household building, an
added-on garage, and a separate office.

Figure 5-1: Household site location (Source: Atkinson, 2016)
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5.2 WSUD systems
The household makes use of two systems that could be construed as being water sensitive;
rainwater harvesting and greywater reuse.

5.2.1 Rainwater harvesting
The site currently has a rainwater storage capacity of 40kℓ in the form of 5x8kℓ JoJo tanks.
The storage tanks were implemented in 2009 and have been in use ever since. The storage
tanks supply the household with almost all of its potable and non-potable water demands. The
water harvesting system is not connected to the office building, which uses municipal water
supply. The total roof area that contributes to the harvesting system is 250 . The system of
storage tanks can be seen in Figure 5-2.

Figure 5-2: Rainwater Harvesting Tanks
(Source: Atkinson, 2016)
The rainwater harvesting system makes use of a “first flush system” that prevents dirt and
leaves that are collected during the first rainfall after a dry period from entering the storage
tanks. This mechanism can be seen in Figure 5-3.
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Figure 5-3: First flush system
(Source: Atkinson, 2016)
The storage tanks are connected to the water reticulation system for the house via a pump, as
seen in Figure 5-2. The water is cleaned through a simple filtration system (without chemical
disinfection) before entering the reticulation system, shown in Figure 5-4. All maintenance of
the gutters and tanks etc. are done by the homeowner himself.

Figure 5-4: Filtration system
(Source: Atkinson, 2016)

5.2.2 Greywater reuse
Due to the issues associated with the recycling of greywater, as noted in Section 2.4.3 by
Armitage et al. (2012), the only greywater recycled in the household is washing machine
water as the quality is less variable (Henderson, 2016) and eco-friendly washing powder is
used.
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The system consists of a 4kℓ storage tank connected to the washing machine with a
garden irrigation system connected to the storage tank. Fitted inside the storage tank is a float
switch which automatically sets off the irrigation system every 24 hours. This can be seen in
Figure 5-5. Before the water reaches the storage tank, there is a filtration system that prevents
clothing fluff etc. from entering the tank, shown in Figure 5-6. This is emptied manually on a
weekly basis.

Figure 5-5: Washing machine water storage system
(Source: Atkinson, 2016)

Figure 5-6: Filtration system (Source: Atkinson, 2016)
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5.3 Current water balance
The total potable water demand for the household was calculated to be 219kℓ/year, taking an
average usage of 200ℓ/person/day (Henderson, 2016). With an average yearly rainfall of
931mm and a property area of 1000 , the total volume of rainwater supplied to the entire
site is calculated at 931kℓ /year. The use of municipal water to supply the house for a total of
21 days in the year (2015) means that a total of 206.4kℓ of rainwater was harvested
throughout the year for potable use within the house. Due to sewage volumes not being
recorded, they were taken as a percentage of the potable water demand. This value was
approximated at 70% according to the Guidelines for Human Settlement Planning and Design
(CSIR, 2000), giving a value of 153kℓ/year. The amount of recycled water from the washing
machine used for gardening is averaged at 126ℓ/day, giving a total volume of 46kℓ/year.
The evapotranspiration was estimated using the San Diego State University online
calculator which makes use of the Thornthwaite method. The monthly evapotranspiration
based on the area of the garden was calculated to be 49mm/month, resulting in a total volume
of 348kℓ/year.
The surface runoff volume was calculated using Equation 3.1 from the Rational Method
(full calculations can be found in Appendix B):
(3.1)
Where c = runoff coefficient; i=rainfall intensity and A=catchment area.
The runoff (Q) was calculated to be 347.8 kℓ /year for a runoff coefficient (c) of 0.37
and rainfall intensity (i) of 0.139mm/hour.
The infiltration volume was then calculated to be 376.8 kℓ using Equation 3.2:
-harvesting
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Figure 5-7: Household yearly water balance

5.4 Effectiveness of water harvesting/reuse systems
The systems that have been implemented have successfully achieved the water savings
anticipated by the home-owner. Throughout the year of 2015, municipal water supply was
used for a total of 21 days (full spreadsheet calculations provided in accompanying CD, titled
“Household water harvesting”). It is also noted that the storage tanks do not reach capacity
throughout the year, as the maximum water stored at one time during 2015 was 28200ℓ out of
the 40000ℓ of storage space available in the tanks. The summarised values of the tank storage
and days without water can be seen in Table 5-1.

Table 5-1: Water harvesting tank storage
Rainfall/yr
(mm)
931

Current Runoff
Area (m2)
250

Tank Size (ℓ)
40000

Max Storage
used (ℓ)
28200

Usage/day (ℓ)
600
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5.5 Reasons for implementing harvesting/reuse systems
The main drive for implementing water harvesting in this household is the poor level of water
quality that is characteristic of East London’s potable water. A common occurrence is also
the unexpected cut offs of municipal water supply – sometimes lasting for days at a time
(Henderson, 2016). The uncertainty of water quality and quantity of the municipal water
supply has led many East London residents, including Mr Henderson, to experiment with
alternate water supply systems. The urgency of the South African water crisis has yet to make
an impact on East London; therefore water shortage awareness is not yet a common drive for
implementing WSUD principles in the area.
It was decided by the home-owner to restrict water reuse to washing machine water
only, due to the fact that it requires a low level of treatment and as soon as there is a need for
extensive treatment, it becomes uneconomical. However, should the water situation worsen in
the future, more water reuse and recycling methods will be looked into.
Having water harvesting and reuse systems in place has made the home-owner more
aware of his water consumption, resulting in him making more of a conscious effort to use
less water. This is achieved by collecting shower water in buckets for reuse and fitting
pressure reduction devices on taps within the household.

5.6 Difficulties of system implementation
In order for these systems to be implemented, the home-owner had to learn the engineering
and plumbing skills required to not only implement the systems, but manage and maintain
them too. This can be a difficult and tedious task as people are generally accustomed to not
knowing where their water comes from and how it leaves their property.

5.7 Cost efficiency of system implementation
The home-owner, being above the middle income bracket of East London, has stipulated that
the cost of implementing these systems is made up by the certainty of good water quality and
consistent quantity of supply. It was estimated, however, that the capital cost spent on
implementing the systems would be paid off (financially) over 4 years. A breakdown of the
capital cost is shown in Table 5-2.
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Table 5-2: Capital cost
Item

Cost (ZAR)

8xtanks @R3300 each

26400

Pump and Installation

15000

Total

41400

The monthly and yearly difference in amount paid for water (pre and post installation) is
shown in Table 5-3. The post installation cost excludes the cost of installation.
Table 5-3: Pre and post installation cost
R/kℓ

kℓ/month

Cost/month

Cost/Year

Pre Installation

27.45

32.3

R886.63

R10639.5

Post Installation

12.15

10.33

R125.51

R1506.11

Figure 5-8 shows that, with a steady increase in water cost, it would take three years to pay
back the initial cost of the installation.

Figure 5-8: Return on water harvesting investment with price increase
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6. Case Study 2: Gqunube Green Eco-Village
6.1 Establishment and general description
The Gqunube Green Eco-village, established in the year 2000, occupies 80 hectares of land
on the north-east bank of the Gonube River as shown on the locality map in Figure 6-1. The
vision of the developer was to demonstrate ‘care of the earth’, at a time that the green agenda
was still in its infancy (Begbie, 2016). Those involved had been working in rural areas
promoting sustainable agricultural practices but the residents had seen eco-friendly living as
something that the rich asked the poor to do but did not do it themselves. The idea at
Gqunube Green Eco-village was thus meant to demonstrate how middle class residents of
Buffalo City were adopting green technology, resulting in eco-friendly living being seen as
something to aspire to rather than as an idea “for the poor.” The developers produced a plan
of 74 serviced erven including 68 sites for homes, 4 permaculture sites, a training centre for
teaching sustainable living and a village centre (Begbie, 2016).
The sites were carefully laid out retaining as much indigenous bush as possible. Roads
were kept gravel to reduce water run-off and the construction of the road network was done
using hand clearing rather than mechanical. According to Begbie (2016), bulk water was
obtained from BCMM and an on-site water storage reservoir was built. Electricity was
provided by Eskom but only 40 amps per site was provided with the assumption that all
residents would adopt solar energy saving.

Figure 6-1: Gqunube Green Locality Map
(Source: Google Maps, 2016)
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6.2 Sanitation systems
The sewerage system adopted and approved during the planning phase was the Biolytix®
primary treatment system. The system works by mimicking the way nature breaks down
waste. As the waste enters the tank, the solid waste is separated from the liquid waste and
macro-organisms such as worms convert the solids into humus. The wastewater is cleansed as
it flows through tunnels created by the organisms (Muller, 2016).
The configuration involved individual onsite Biolytix® treatment tanks for each plot
with a no-solids wastewater collection reticulation system taking the treated effluent to two
evaporation ponds. Each erf has a sewage connection at the lowest point. Subsequently
Biolytix® went out of business and alternative treatment systems were investigated by a
number of consultants with expertise in wastewater treatment. As a result, a Sanitation Bylaw was drawn up by the developers to allow for these alternative systems (Begbie, 2016).
The by-law requires any effluent being discharged into the no-solids system to meet an
acceptable standard which could be used for irrigation purposes.

6.2.1 Effluent flow
The erven are grouped into 5 sections: Four sections for 50 erven with sewage gravitating to
4 pump stations which pump treated effluent to the Upper pond and a fifth section where
treated effluent from 15 erven gravitates to the Lower pond. Water from the ponds is used for
irrigation (Begbie, 2016).

6.2.2 Evaporation pond description
The upper pond is situated on the crest of the hill and has no stormwater leading to it. It has a
capacity of approximately 100m3 which could store the maximum 30.6m3/day effluent for 3.3
days. The effluent is used to irrigate an orchard below the pond.
The lower pond is situated in a disused quarry. It has a capacity of about 3 200 m3. At a
maximum daily effluent production of 9.2m3 it takes some 348 days (close to a year) to fill
the pond. If there is any surplus effluent it is used to irrigate land below the pond.
The stormwater drainage provided for the road uphill and to the north of the lower pond
diverts stormwater from it.

6.2.3 Operation and maintenance of sewerage system
A full-time maintenance manager operates and maintains the sewerage system. The four
sewage pumps operate automatically but they need to be checked continuously for unforeseen
problems which may arise. The operation and maintenance of the primary treatment systems
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on each plot is the responsibility of the house owner. An accredited laboratory tests the
effluent flowing into the ponds at least once a month, as well as from the pump stations. The
results are reported to the Gqunube Green General Circle (GGGC) which deals with effluent
quality problems which may arise. When the effluent quality is not up to standard, the GGGC
determines which household is incompliant and ensures that measures are taken (by the
responsible household) to restore the effluent quality (Begbie, 2016).

6.3 Issues/challenges with current water strategy
6.3.1 Sewage treatment
There are a number of issues with regard to the adoption of alternative sewerage systems
(septic tanks, anaerobic biogas digesters or sealed composting toilets) instead of the universal
use of Biolytix® tanks, namely:
 The existing by-law has no requirement for regular desludging of septic tanks.
 The quality of the treated sewage entering the evaporation ponds from the alternative
systems is variable.
The variability of the treated sewage entering the evaporation ponds creates conflict between
the residents as some primary treatment systems treat the wastewater to near-potable
standards while other systems treat the water to a minimum acceptable standard. This is seen
as unfair due to the fact that the expense of the higher quality treatment system is not
rewarded.

6.3.2 Water supply
Even though the primary aim of the Gqunube Green Eco-Village is to live sustainably within
a modern context, only a handful of the households are experimenting with alternative water
sources. This is verified by the municipal water supply statistics showing that a total of
2.03Mℓ of potable water was supplied to the village in the year of 2015, which is 15.44% of
the total demand. The rainfall data for the area in 2015 (provided in the accompanying CD)
shows that the volume of rainfall, if harvested correctly, can supply the entire village
throughout the year.

6.4 Current water balance
The water demand for the 20 houses that are currently built on the site is 36kℓ/day which
amounts to 13.14Mℓ/year. Of this demand, the municipality supplied 2135kℓ in 2016 and
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2035kℓ in 2015 (detailed supply values can be seen in Appendix C), therefore the average is
taken as 2085kℓ/year (2.09Mℓ). This means that a total of 11.05Mℓ was harvested from
rainwater. The total rainfall of 931mm/year over the total property area of 4
amounts to
3648Mℓ/year.
The evapotranspiration was estimated using the San Diego State University online
calculator which makes use of the Thornthwaite method. The monthly evapotranspiration
based on the area of vegetation on the site was calculated to be 67mm/month, resulting in a
total volume of 2412Mℓ/year.
The surface runoff volume was calculated using Equation 3.1 from the Rational Method
(see Appendix D for full calculations):
(3.1)
Where c = runoff coefficient; i=rainfall intensity and A=catchment area.
The runoff (Q) was calculated to be 1.4Mℓ/year for a runoff coefficient (c) of 0.37 (for
a 100 year return period) and rainfall intensity (i) of 0.139mm/hour.
The infiltration volume was then calculated to be 1223.55Mℓ/year using Equation 3.2:
-harvesting

Figure 6-2: Gqunube Green yearly water balance
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7. Case Study 3: East London Industrial
Development Zone
7.1 Site description
The East London Industrial Zone (ELIDZ) is located near the coastline on the outskirts of
East London. The land is relatively flat with a gentle slope toward the sea and a large portion
of the site is covered by vegetation. This can be seen in the locality map in Figure 7-1.
The ELIDZ has 26 tenants consisting primarily of manufacturing and assemblage
businesses for Mercedes Benz, as well as other various businesses such as fish farming
businesses and dairy production

Figure 7-1: Locality map of ELIDZ (Source: Google Maps, 2016)
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7.2 Current water management strategy
The ELIDZ obtains its water supply from the municipality and currently makes use of
conventional sewerage and stormwater drainage systems. While there are current efforts
focusing on reducing the ELIDZ’s overall impact on the environment, such as implementing
EMF’s (Environmental Management Frameworks) and rigorous monitoring programs which
continuously monitor the ELIDZ’s impact on the environment (Moonieya, 2016), little effort
is being put into the implementation of sustainable water management practices.
All wastewater from the site is directed to the West Bank WWTW outside of the
industrial zone (Moonieya, 2016). There is an onsite treatment facility for the pre-treatment
of effluent from Sundale Dairy to an acceptable standard before directing it to the municipal
WWTW. Stormwater is conveyed through drains alongside the roads and channelled in pipes
into the sea. There have been no recorded flooding issues due to the topography of the site,
sloping gently towards the sea.

7.3 Current water balance
The average yearly water supply to the ELIDZ in the year of 2015 amounted to 19.59Ml.
This value was therefore taken as the yearly average. The consumption of each tenant during
2015 can be found in Appendix E. The total rainfall for the year of 2015 was recorded at
931mm, giving a volume of 5586Mℓ/year for the entire site area of 6
. Due to the
wastewater effluent not being recorded, the volume was taken as a percentage of the water
demand, based on the Guidelines for Human Settlement Planning and Design (CSIR, 2000).
It was thus assumed to be 70% of the demand, giving a volume of 13.71Mℓ.
The evapotranspiration was estimated using the San Diego State University online
calculator which makes use of the Thornthwaite method. The monthly evapotranspiration
based on the vegetation area was calculated to be 53.1mm/month, resulting in a total volume
of 318.6Mℓ/year.
The surface runoff volume was calculated using Equation 3.1 from the Rational Method
(see Appendix F for full calculations):
(3.1)
Where c = runoff coefficient; i=rainfall intensity and A=catchment area.
The runoff (Q) was calculated to be 3.65Mℓ/year for a runoff coefficient (c) of 0.49 (for
a 100 year return period) and rainfall intensity (i) of 0.139mm/hour.
The infiltration volume was then calculated to be 5263.75Mℓ/year using Equation 3.2.
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Figure 7-2: ELIDZ yearly water balance
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8. Discussion
From the case study investigation as well as the general investigation of Buffalo City as a
whole, it is recognised that there is significant opportunity for future WSUD implementation
within the metropolitan. Some of these opportunities are discussed in this chapter.

8.1 Future WSUD opportunities for Buffalo City
In order for Buffalo City to begin the transition to a water sensitive city, public awareness
needs to be created so that water is given due prominence in urban design (Brown et al.,
2008). An increase in green spaces in the city will likely mitigate human impacts and enhance
the quality of life by increasing biodiversity and improving aesthetics (Hickman, 2013).

8.1.1 Introduce SuDS into Buffalo City
The implementation of SuDS can help to restore natural features, improve natural aesthetics
and local biodiversity while simultaneously improving stormwater quality and flood
mitigation (Hoang & Fenner, 2015).
8.1.1.1 SuDS as attractive urban streets
A large proportion of the roads in Buffalo City are wide, giving them relatively large surface
areas. Moore Street near the East London beachfront is taken as an example in Figure 8-1.
According to Carnie (2016), water can be harvested from roads by implementing SuDS into
the road design. This can be done in Buffalo City by creating more permeable road and
pavement structures as well as implementing vegetated swales and infiltration trenches along
pavements or in the centres of wide roads to slow the stormwater and allow it to infiltrate the
soil, or to be harvested into underground tanks. Using SuDS as opposed to conventional
stormwater drainage systems would also help to reduce the velocity of the flow and filter out
impurities so that the run-off water could be put to better use (Carnie, 2016). Having
vegetation along the streets can further improve microclimate and enhance aesthetics of the
area.
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Figure 8-1: Moore Street, East London
(Source: Atkinson, 2016)

Figure 8-2 shows a simplified example of how the street in Figure 8-1 as well as other streets
in Buffalo City can be retrofitted to incorporate SuDS.

Figure 8-2: Moore Street retrofitted with SuDS
(Source: Atkinson, 2016)
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8.1.1.2 SuDS in car parks and urban plazas
Vegetated swales and stormwater planters such as biofilters and tree pits improve urban
microclimate and enhance urban landscapes (Brown et al., 2008). Large public areas such as
car parks and plazas can be retrofitted with permeable paving, vegetated swales and detention
areas draining to underground rainwater collection tanks. This could be applied to the
concrete parking lots of shopping malls with large surface areas in Buffalo City, which
currently make use of conventional drainage systems, such as Vincent Park and
Hemmingways Mall as shown in Figure 8-3.

Figure 8-3: Hemmingways Mall parking lot
(Source: Google Maps, 2016)

8.1.2 Urban stream restoration
There are a number of urban streams running through Buffalo City that have been altered
from their natural state. An example is the Ihlanza stream, seen in Figure 8-4, which runs
from Vincent Park through a number of suburbs before exiting into the ocean at Nahoon
Beach. Owing to the fact that the stream flows through a relatively dense urban area and has
been modified from a flooding perspective, it is no longer a natural stream and is polluted by
urban runoff.
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Figure 8-4: Ihlanza - Urban Stream
(Source: Atkinson, 2016)
WSUD strategies can be used to rehabilitate the urban streams in Buffalo City in an attempt
to correct the problems caused by the surrounding urbanisation. This can be done using
techniques such as removing the hard-engineered materials and invasive plant species and
lining the riparian zone with geosynthetics and indigenous vegetation. This will promote
habitat revival and biodiversity and the nutrient uptake of emergent plants will improve the
quality of the water. The planting of indigenous vegetation in the riparian zone will also
reduce erosion (as seen in Figure 8-5), thus reducing sedimentation.

Figure 8-5: Bank erosion of the Ihlanza Stream
(Source: Atkinson, 2016)
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8.1.3 Extension and improvement of existing WSUD strategies in Buffalo
City
There is a number of existing water sensitive systems in Buffalo City that can either be
improved or replicated in other parts of the city. An example of this is the Dassie Trail,
shown in Figure 8-6, constructed on a wetland near the Nahoon River to promote biodiversity
and protection of estuarine habitats. It also provides education and awareness to the public
about estuary conservation by means of illustrated sign boards. This method of estuary
protection can be implemented at other vulnerable estuaries and wetlands in Buffalo City
such as the largely polluted wetland in the suburb of Cambridge, the Bonza Bay estuary near
the Bonza Bay River and the Buffalo River estuary.

Figure 8-6: Dassie Trail through Nahoon wetland
(Source: Atkinson, 2016)
There are a number of small-scale SuDS initiatives in the suburbs of Buffalo City. Some of
them, such as the swales that have been implemented in Nahoon (Figure 8-7), work
efficiently in managing water runoff and infiltrating rainwater. There remain a few, however,
that have been neglected and are inefficient due to poor maintenance. An example is the
swale in Beacon Bay, shown in Figure 8-8. These can be restored and maintenance programs
can be implemented to prevent the drains from getting congested with litter and sediment. If
adequate maintenance programs are implemented by the local municipality then swales can
be used more widely in Buffalo City as a drainage and infiltration mechanism.
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Figure 8-7: Swale in Nahoon
(Source: Atkinson, 2016)

Figure 8-8: Neglected swale in Beacon Bay
(Source: Atkinson, 2016)

8.1.4 Water reuse
As mentioned in Chapter 2, the WSUD concept suggests a “fit for purpose” approach to the
treatment of wastewater, which promotes the treatment to a level that suits the purpose of its
reuse, instead of having the water treated to potable standards (Armitage et al., 2014).
With less than 1% of the effluent from the WWTWs in Buffalo City being reused for
local irrigation of golf courses and agriculture and the rest being discharged into the ocean,
there is significant opportunity for improvement. The scale of the current reuse programs
which use treated wastewater for irrigation can be increased to supply larger non-potable
water demands within Buffalo City. An opportunity here would be to use the treated water
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from the WWTWs to augment the bulk-potable water supply system for Buffalo city and
surrounds. The latter may need to be implemented in the near future should the water crisis in
South Africa become extreme.

8.1.5 Stormwater source control
Stormwater source control, as mentioned in section 2.4 is aimed at addressing pollution at
source. This can be achieved in Buffalo City by encouraging the increased and large-scale
adoption of SuDS; e.g. rainwater harvesting and green roofs, as well as implementing
infiltration trenches and permeable paving in public areas.

8.2 Discussion on case study 1: private household
8.2.1 Future WSUD opportunities
East London is one of the few South African cities that has yet to experience severe water
shortages (Ketteringham, 2016), thus the home-owner (along with many other East London
residents) has not felt the need to experiment much further than water harvesting. However,
there is room for future improvement on his current systems.
8.2.1.1 Rainwater Harvesting Improvement
If the entire roof area of the property is utilised for water harvesting, there would be sufficient
water storage to last the household for the entire winter in 2015. This is calculated according
to the excel spreadsheet titled “Household Improvement” in the accompanying CD, with
summarised values in Table 8-1. It is also noted that the available storage volume of 40000ℓ
is oversized and a tank of 25000ℓ would be sufficient, yielding zero days without water. This
is illustrated in Figure 8-9.

Table 8-1: Proposed improvement on water harvesting system
Rainfall/yr
(mm)

931

Proposed
Runoff Area
( )

Proposed
Tank Size (ℓ)

315

25000

Max Storage
(ℓ)
25000

Usage/day (ℓ)

600
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Figure 8-9: Storage effectiveness of 2500l tank

8.2.1.2 Surface runoff reduction and infiltration increase
The surface runoff volume can be reduced by promoting infiltration into the ground. This can
be done by creating a bio-retention garden, as mentioned in section 2.4.2. Doing this will also
improve the quality of the runoff by filtering and removing pollutants.

8.2.2 Proposed water balance with WSUD
With the increase in surface area to collect rain water, the tanks can store a sufficient amount
for the house to be independent of municipal supply. With the implementation of a bioretention garden, the runoff coefficient is reduced to 0.36, reducing the runoff volume by
18.36kℓ/year and increasing the infiltration to 395.16kℓ/year. The proposed water balance
can be seen in Figure 8-10.
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Figure 8-10: Proposed water balance with WSUD

8.3 Discussion on case study 2: Gqunube Green Eco-Village
8.3.1 Future WSUD opportunities
There are a wide range of urban water infrastructure activities that can be used to improve the
existent WSUD in the development.
8.3.1.1 Rainwater harvesting
It can be seen by the water balance that the amount of water supplied to the site by means of
rainfall far exceeds the water demand supplied by the municipality. An important WSUD
opportunity therefore lies in rainwater harvesting. The efficiency of the rainwater harvesting
system in the household owned by Mr Muller proves that it is possible for each household in
the Gqunube Green to acquire most (if not all) of its water supply from rainwater harvesting.
8.3.1.2 Stormwater management
Stormwater on the site is infiltrated into the ground and the surface water runs into the river.
More SuDS can be incorporated into the development to enhance amenity and biodiversity in
the area, as well as mitigate floods even though flooding has not been and currently is not an
issue for the development. SuDS such as filter strips, swales and bio-retention areas can be
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implemented to improve the quality of the storm water leaving the site. The planting of
indigenous vegetation will also reduce runoff and promote infiltration.
8.3.1.3 Wastewater minimisation and reuse
The current wastewater management strategy aims to minimise wastewater effluent only and
does not incorporate any reuse/quality improvement schemes. WSUD aims to improve
effluent quality of wastewater and maximise use of treated/recycled wastewater. Therefore,
incorporating WSUD into re-planning the wastewater management, the following schemes
are considered:
 The implementation of one type of primary treatment as opposed to the current choice
between four treatment systems in order to achieve an effluent of equal quality. This
will reduce conflict between residents as well as standardise the quality of the primary
effluent.
 The implementation of reedbed systems to filter greywater (the type of greywater
connected to the reedbed is dependent on each home-owner).
 The implementation of a retention pond on the site to retain storm water runoff and
recharge the groundwater. With groundwater replenishment, boreholes can be installed
for non-potable water demands such as car washing and gardening.

8.3.2 Proposed water balance with WSUD
The implementation of rainwater harvesting tanks in all of the households in the Eco-Village
should eliminate the water supply from the municipality.
The implementation of SuDS and the planting of indigenous vegetation will decrease
the runoff coefficient from 0.38 to 0.29. This will reduce the runoff volume (as well as
improve the quality) to 1.42Mℓ/year, thus increasing the infiltration volume to
1223.43Mℓ/year. This is not a significant improvement as the site is already largely covered
in vegetation.

Atkinson: 2016 BSc Research Project – WSUD Case Study
Chapter 8: Discussion

8-11

Figure 8-11: Proposed yearly water balance

8.4 Discussion on case study 3: ELIDZ
8.4.1 Future WSUD opportunities
In order for the ELIDZ to begin the transition to a water sensitive area, awareness needs to be
created among the tenants so that water is given due prominence in the design for
development. An increase in green spaces within the development zone will increase
biodiversity and improve the aesthetics of the area (Hickman, 2013).
8.4.1.1 Introduce SuDS into the ELIDZ
The current conventional drainage system channels all stormwater runoff from the site
towards the sea (Moonieya, 2016) through stormwater pipes. The implementation of SuDS
can improve the stormwater quality so that it is of an acceptable standard when entering the
sea while simultaneously improving natural aesthetics and local biodiversity of the area
(Hoang & Fenner, 2015).
Minor changes:
With water not being one of the major current concerns at the ELIDZ (Mooniyea, 2016),
minor upgrades can be made to the site to incorporate SuDS. This includes the construction
of vegetated swales and infiltration trenches along the pavements within the ELIDZ to slow
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down the stormwater flow and allow it to infiltrate into the ground. Incorporating these into
the current conventional system will help to filter out the pollutants so that the runoff water is
of a better quality.
The stormwater pipes can be removed so that the water is channelled to the sea through
the SuDS, thus reducing the velocity, increasing infiltration and removing pollutants.
Major changes:
Should the ELIDZ start prioritising sustainable water management in their developments,
major changes can be made to the current stormwater drainage system such as implementing
permeable road and pavement structures. The road and car park surfaces take up a large
portion of the site’s surface area and upgrading the road with permeable material will
increase infiltration and slow down and improve the quality of the runoff considerably.
Permeable road and pavement structures can also be used to harvest stormwater by building
underground reservoirs to capture the stormwater that infiltrates the permeable material.
8.4.1.2 Rainwater harvesting
As can be seen in Figure 8-12, many of the buildings in the ELIDZ have large roof areas
suitable for rainwater harvesting. Rainwater can be harvested to meet both non-potable and
potable water demand within the ELIDZ. As can be seen in Table 8-2 (full excel spreadsheet
titled “ELIDZ improvement” provided in accompanying CD), if all the roofs in the ELIDZ
with a total surface area of 188500m2 were used for water harvesting, a storage tank capacity
of 55kℓ would be able to supply the site with water for almost half the year.

Figure 8-12: Roof surfaces the in ELIDZ (Source: Google
Maps, 2016)
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Table 8-2: Effectiveness of water harvesting tanks
Rainfall/yr
(mm)
931

Current Runoff
Area (m2)
188500

Tank Size (ℓ)

Max Storage
used (ℓ)

Usage/day (ℓ)

55000

53671.2

55000

Days without
Water
193

8.4.2 Proposed water balance with WSUD
Should the minor SuDS be implemented, the surface runoff and infiltration will be altered
slightly. The implementation of rainwater harvesting tanks will reduce the municipal water
supply from 19.59Mℓ/year to 9.23Mℓ/year. The water balance improvement can be seen in
Figure 8-13.

Figure 8-13: Proposed yearly water balance
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9. Conclusion
The main objective of this research project was to investigate the implementation and
management of Water Sensitive Urban Design systems in Buffalo City. This was done by
analysing existing sites where developers had claimed to have implemented water sensitivity
into their design after which recommendations were made for future WSUD opportunities.
This has been achieved with proposals described and justified in Chapter 8. This chapter
concludes the report with a summary of the findings.

9.1 Summary of findings
The goal of WSUD, as stated previously, is to aid the transition towards Water Sensitive
Cities. Currently, Buffalo City is not a Water Sensitive City and there is no urban area within
the city that is truly water sensitive. However, this does not mean that the transition is
impossible. Some areas of development within the city, such as the Gqunube Green EcoVillage, show that it is on the right track even though progress is slow.
Two of the three case studies analysed in this research project incorporated certain
aspects of WSUD. However, the case studies typically considered one or two aspects of the
urban water cycle and did not consider an integration of all aspects of the cycle. For example,
the household case study (case study 1) only considered alternate water supply through
rainwater harvesting and the reuse of greywater but did not consider other areas such as
blackwater reclamation, runoff quality control or groundwater recharge.
There is still a lot to be done with regards to the implementation of WSUD in Buffalo
City. The research investigated in the literature review shows that there are numerous WSUD
strategies that can be used to better manage the water cycle using an integrative approach. If
these strategies are implemented successfully, then WSUD can be a prospective solution to
water management issues in Buffalo City and South Africa at large.
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Appendix B: Household rational method
Rational Method
Description of Catchment
Calculated By

Catherine Atkinson
Physical Characteristics

Size of Catchment (A)
Longest Watercouse (L)
Average Slope (Sav)
Dolomite Area (D%)
Mean Annual Precipitation (MAP)
Rural ①
Surface Slope
%
Wetlands

1
0.2
0.0000105

km2
km
m/m

0
931

%
mm

Factor

Cs

Flat Areas

Household
Date

Rainfall Region
Rural (α)

Area Distribution Factors
Urban (β)

%

Factor

Cp

%

Factor

Cv

Very Permeable

Urban ②
%

Description
Lawns

Total

Total (C2)

30

0.01

0.003

70

0.5

0.35

100

0.353

Notes:

Defined Watercourse
Tc for overland flow was used.

Tc = 1 year
8760

C2

Business

Time of Concentration (Tc)
Overland Flow ③

Factor

Residential Areas
Houses

Vegitation

Lakes (γ)

100

Sundy, flat (<2%)

Permeability

01-Nov-16

hours

hours
Run-off Coeficient

Return Period (years), T

2

5

10

20

50

100

Adjusted factor for initial saturation,

Max

1

Ft⑤
Combined run-off coefficient CT

0.353

(=αC1T + βC2 + γC3)
Rainfall
Return Period (years), T

2

5

10

20

50

100

Point rainfall (mm), PT⑥

Max

931

Point intensity (mm/hour), PiT (=PT/TC)

0.1062785

Area reduction factor (%), ARFT⑦
Average intensity (mm/hour), IT

136.94964

Return Period (years), T

0.1455481
2

5

10

20

50

100

Runoff flow

(m3/hour),

QT = (CTITA)

0.0375163

Runoff flow

(m3/year),

QT = (CTITA)

328.643
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Appendix C: Gqunube Green water supply
Dec16
119.1
65254
Dec15
94.87
90111
Jun16
251.7
071
Jun15
194.9
739

Nov16
107.2
48728
Nov15
215.9
687
May16
266.7
828
May15
161.4
171

Potable supply (kℓ/month)
OctSe
Aug16
p-16
16
96.52
26
332.6
38556
1.1286
668
OctSe
Aug15
p-15
15
162.0
17
129.4
461
9.8867
755
AprMa
Feb16
r-16
16
214.5
20
222.3
655
1.3231
582
AprMa
Feb15
r-15
15
163.2
15
94.87
43
3.2137
90111

Jul16
274.9
193
Jul15
166.5
341
Jan16
110.0
227
Jan15
94.87
90111
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2016
Total
868.7
147
2015
Total
948.7
90111
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Appendix D: Gqunube Green rational method
Size of Catchment (A)
4
Longest Watercouse (L)
2
Average Slope (Sav)
0.0000105
Dolomite Area (D%)
0
Mean Annual Precipitation (MAP)
931
Rural ①
Surface Slope
%
Factor
Wetlands
10
0.03
Flat Areas
20
0.11
Hilly
65
0.2
Steep Areas
5
0.3
Total
100
Permeability
%
Factor
Very Permeable
50
0.05
Permeable
20
0.1

Physical Characteristics
km2
Rainfall Region
km
m/m
Rural (α)
%
80
mm
Cs
0.003
0.022
0.13
0.015
0.167
Cp
0.025
0.02

Description
Lawns
Sundy, flat (<2%)
Standy, steep (>7%)
Heavy soil, flat (<2%)
Heavy soil, steep (>7%)
Residential Areas
Houses
Flats

Semi-Permeable

10

0.2

0.02

Industry

Impermeable

20

0.3

0.06

Light Industry

Total

Heavy Industry

100

-

0.125

Vegitation

%

Factor

Cv

Thick Bush & Plantation

25

0.03

0.0075

City Centre

Light Bush & Farmlands

60

0.07

0.042

Suburban

Grasslands

5

0.17

0.0085

Streets

No Vegetation

10

0.26

0.026

Maximim flood

100

-

0.084

Total (C2)

Total

Factor

C2

10
5

0.17
0.14

0.017
0.007

80

0.4

0.32

5

0.7

0.035
0.379

Notes:

Defined Watercourse
Tc for overland flow was used.

Tc = 1 year
8760

Urban ②
%

Business

Time of Concentration (Tc)

Overland Flow ③

Area Distribution Factors
Urban (β)
Lakes (γ)
20

hours

Return Period (years), T
Run-off coeficient, C1

hours
Run-off Coeficient
2
5
10

20

50

100

0.376

0.376

0.6

1

Adjusted run-off coeficient, C1T

0.2256

0.376

Combined run-off coefficient CT
(=αC1T + βC2 + γC3)

0.2256

0.376

Adjusted factor for initial saturation,

Return Period (years), T
Point rainfall (mm), PT⑥
Point intensity (mm/hour), PiT (=PT/TC)
Area reduction factor (%), ARFT⑦
Average intensity (mm/hour), IT
Return Period (years), T

Rainfall
2
5

10

20

50

100
931
0.1062785
132.40855

Max

Max

0.1407219
2

5

10

20

50

100

Runoff flow (m3/hour), QT = (CTITA)

0.2116457

Runoff flow (m3/year), QT = (CTITA)

1854.0163
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Appendix E: ELIDZ water consumption
Supply/month
Tennant
Automould (PTY) LTD
Avumile Business Investments (CC)
Boysen Exhaust Technology RSA (Pty) Ltd
Boysen Exhaust Technology RSA (Pty) Ltd
Buffalo City Metro Municipality
Caravelle Automotive Carpets (Pty) Ltd
Caswell Mthombeni Consultants
Collectall Paper (PTY) LTD
Eastern Cape NGO Coalition
Electrical Moulded Components
Feltex Fehrer (Pty) Ltd
Feltex Holdings (Pty) Ltd
Froetek
FW - 1C CSIR
FW - 1C STP (ELIDZ)
FW - ASP CONFERENCE CENTRE (AE 12)
IAC Feltex (Pty) Ltd
Ikusasa Eco Mouldings (PTY) LTD
ILB Helios South Africa (Pty) Ltd
Johnson Controls Automotive SA (PTY) LTD
Kromberg & Schubert Eastern Cape (Pty) Ltd
Kubela - Meladi Civil Construction CC
Langa Energy (PTY) LTD
MBSA - BE5 WATER
McSyncro South Africa (Pty) Ltd
Mediterranean Shipping Company Depots (PTY) LTD
Miltrans
Molan Pino South Africa (Pty) Ltd
Murray & Roberts Engineering Solutions (PTY) LTD
Newshelf 1226
Oceanwise (PTY) LTD
Oceanwise (PTY) LTD

(Kl)
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169.55
1.591715561
12.81
191.024
15.518
1
10.26117765
43.1
4.92578125
53
72.91
3.66
33.87
8.54
22
237.7
326.46
6.088567389
30.07
799.001
200.34
21.35028324
6.088567389
1.427944
21.15
55.42
67.67
84.76
20
6.48
203.1
777.34
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Appendix F: ELIDZ rational method
Physical Characteristics
Size of Catchment (A)
6
km2
Rainfall Region
2
Longest Watercouse (L)
2
km
Area Distribution Factors
Average Slope (Sav)
0.0000105
m/m
Rural (α)
Urban (β)
Lakes (γ)
Dolomite Area (D%)
0
%
80
20
Mean Annual Precipitation (MAP)
931
mm
Rural ①
Urban ②
Surface Slope
%
Factor
Cs
Description
%
Factor
C2
Wetlands
5
0.05
0.0025 Lawns
Flat Areas
90
0.11
0.099 Sundy, flat (<2%)
Hilly
Standy, steep (>7%)
Steep Areas
5
0.3
0.015 Heavy soil, flat (<2%)
Total
100
0.114 Heavy soil, steep (>7%)
Permeability
%
Factor
Cp
Residential Areas
Very Permeable
45
0.05
0.0225 Houses
Permeable
25
0.1
0.025 Flats
Semi-Permeable
10
0.2
0.02
Industry
Impermeable
20
0.3
0.06
Light Industry
15
0.6
0.09
Total
100
0.1275 Heavy Industry
80
0.8
0.64
Vegitation
%
Factor
Cv
Business
Thick Bush & Plantation
5
0.05
0.0025 City Centre
Light Bush & Farmlands
55
0.15
0.0825 Suburban
Grasslands
30
0.25
0.075 Streets
5
0.7
0.035
No Vegetation
10
0.3
0.03
Maximim flood
Total
100
0.19
Total (C2)
0.765
Time of Concentration (Tc)
Notes:
Overland Flow ③
Defined Watercourse
Tc = 1 year
Tc for overland flow was used.
8760
hours
hours
Run-off Coeficient
Return Period (years), T
2
5
10
20
50
100
Max
Run-off coeficient, C1
0.4315
Adjusted factor for initial saturation,
1
Adjusted run-off coeficient, C1T
0.4315
Combined run-off coefficient CT
0.4982
Rainfall
Return Period (years), T
2
5
10
20
50
100
Max
Point rainfall (mm), PT⑥
931
Point intensity (mm/hour), PiT (=PT/TC)
0.1062785
Area reduction factor (%), ARFT⑦
131.03535
Average intensity (mm/hour), IT
0.1392625
(=PiT x ARFT)
Return Period (years), T

2

5

10

20

50

100

Runoff flow (m3/hour), QT = (CTITA)

0.4162833

Runoff flow (m3/year), QT = (CTITA)

3646.6419
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Appendix G: Exit level outcomes
ELO
1.

Contribution of this course

Level

Problem solving

E

The aim of this research project is to undertake a case study approach to
further understand the implementation and management of water
sensitive design systems in South Africa. The project intends to assess
and analyse existing sites where developers have claimed to implement
water sensitivity into their design. The sites were critically reviewed in
terms of where the water sensitive principles have/have not worked and
why, as well as the exploration of various possibilities for
improvements.
The objectives were as follows:
 Identify sites where developers claim to have implemented water
sensitive principles.
 Analyse which WSUD systems have/ have not been successful.
 Analyse the effectiveness of various WSUD systems by developing
water balances.
 Analyse effectiveness of recommended future WSUD systems by
comparison of projected water balance with and without WSUD
improvements.
 Provide reasoning and insight into why various WSUD systems have
succeeded/failed.
 Provide
recommendations
for
improvement
of
WSUD
implementation.
These objectives as well as the aim of the research project was achieved
successfully
2.

Application of scientific engineering knowledge

3

Through examination of the relevant literature on water sensitive urban
design. The scientific and engineering ideas were grasped. These could
then be applied to the different case studies. For example, Permeable
paving was applied to the ELIDZ.
3.

Engineering Design

-
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Not assessed in this course
4.

Investigations, experiments and data analysis

E

Investigations were done with regards to the various case studies. They
were done in order to see what water management methods worked and
why. Data was obtained from the case studies in question and were
analysed in the process of the investigations. Experimentation did not lie
within the scope of the investigations or literature review.
5.

Engineering methods, skills and tools, including information technology

3

I have used appropriate engineering skills such as identifying case
studies and analysing them. The investigation was done by means of
acquiring data and analysing the data using Excel. No engineering tools
or software was needed for the research report.
6.

Professional and technical communication

E

This has been achieved through the construction of a 20 000 word (max)
report for a technical audience (including an abstract synthesising the
project’s aims, method, findings and conclusion) as well as a poster for
the non-technical audience. Effective use of graphs and tables was done.
All work was referenced correctly and appropriately.
7.

Sustainability and impact of engineering activity

-

Not assessed in this course
8.

Individual, team and multidisciplinary working

E

This research project required largely individual work but meetings and
correspondence with my supervisor meant there was an element of
working in a team.
I demonstrated the ability to work on my own by identifying and
focussing on clear objectives (stated in ELO 1) and by executing the
research task effectively and on time.
9.

Independent learning ability

E

In this research project I came to fully understand Water Sensitive
Urban Design. This was done through the literature review where I
gained an understanding of WSUD in South Africa as well as
internationally. It was also achieved through interviews and site visits of
the case studies as well as through the assemblage of information and
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data.
The information and data was critically evaluated, which led to a
deeper understanding of WSUD in Buffalo City and South Africa at
large. The analysis of the data and information also led me to understand
the opportunities for future WSUD implementation in South Africa.
10

Engineering professionalism

1

The project was carried out ethically as an ethics application was 2
submitted and successfully achieved. All interviewees completed
consent forms where they gave me permission to record the interview
and use their names and professions etc. in my report.
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Appendix H1: Ethics application
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Appendix H2: Ethics approval
[UCT Ethics in Research] WSD Case study identification and review
outside of Cape Town
isabel.ncube=uct.ac.za@email.submittable.com
on behalf of
UCT Ethics in Research <isabel.ncube@uct.ac.za>
Reply all |
Mon 08-29, 09:51 AM

Dear Student
Thank you for your Ethics Application. Your request has been approved by Ms Vanderschuren.
Regards, Isabel

You can go here to view the submission:
http://universityofcapetown.submittable.com/user/submissions/6221291
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Appendix I: Consent forms
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