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Abstract
Sir Lowry’s Pass Village (SLPV) is a low income settlement on the banks of Sir Lowry’s Pass
River (SLPR) roughly 5km upstream from Gordon’s Bay in the municipal borders of the City
of Cape Town. The village is frequently flooded; solid waste and sewage systems are in
constant disrepair and the runoff flooding into the river is highly polluted.
The SLPV feasibility study determined the potential for the implementation of Water
Sensitive Urban Design (WSUD) principles, the purpose of which is to reduce the flood impact
on properties within the settlement, the ecological environment, improve the stormwater runoff
quality and increase water efficiency of the settlement.
To complete this research project, various data sources were used. A background study of
the Sir Lowry’s Pass River was conducted which included a river corridor upgrade plan from
GIBB (Pty) Ltd. A site visit was also necessary to gain insight to the site specific challenges of
the area. The background study included meetings with municipality officials and the GIBB
consultants. Sir Lowry’s Pass Village was then characterised with regard to services provided
as well as flood control measures.
One of the key issues that informal settlements face internationally is resistance from the
residents on any upgrade scheme. This is often attributed to various government failures and a
lack of involvement of the residents. To address this in SLPV the WSUD options are focused
on creating an investment from the community in the river. If implemented it would enable a
traceable effect from the benefits back to household water management.
A WSUD upgrade plan was conceptualised and involved household level interventions
such as sediment traps and rainwater harvesting. On a local scale, infiltration trenches replaced
the conventional drainage system. The trenches drain to the river as well as to rainwater tanks
to feed the urban agriculture site. On a regional scale a school field doubles as a detention pond.
Finally, the runoff from the settlement goes through a bioretention area. The residents of SLPV
in the informal dwellings are relocated into a planned area with bio-centres to provide ablution
and kitchen facilities as well as a community gathering space.
The interventions addressed the problems with services in the settlement with minimal
operation and maintenance required from the municipality. The options also attempted to
involve the community to encourage self-sustainability and entrepreneurship thus creating
interest in keeping the systems in efficient working order.
It is feasible to upgrade SLPV in a water sensitive manner. It is however vital that the
community is involved in the planning and construction phases. It is also imperative that the
municipality removes solid waste once a week over the entire village.
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Glossary of Terms
Attenuation

The reduction in flood peak and increase in event duration.

Backyard dwellings

Temporary dwellings on a plot with a formal house, often share
services.

Blackwater

Water from toilets with a high faecal content.

Eco-friendly

Not harmful to the environment.

Ecological buffer

A strip of land adjacent to a watercourse or wetland, required to
protect the ecosystem.

Evapotranspiration

Transpiration and evaporation in an area

First flush

The first portion of runoff that contains the highest pollutant
content.

Floodline

Lines on a map along the watercourse indicating the likely water
levels at specified recurrence intervals.

Geo-synthetic material

A plastic material that strengthens soil characteristics.

Greywater

Water used in sinks and showers with low faecal content.

Learning alliance

A group of professionals and community leaders working together
for the same goal.

Infiltration

The process of surface water entering the soil.

Informal settlement

A illegal settlement that generally has low service delivery.

Peak discharge

The maximum flow rate at a defined point during a rainfall event.

Potable water

Water of a safe consumable standard.

Retrofit

The modification of a structure after it has been built.

Runoff

Precipitation that runs off into surface water.

Sustainable

“Development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs.” (Armitage, 2011a)

Treatment train

A combination of stormwater measures used in sequence to treat
and manage stormwater.

Urban drainage

The removal of all unwanted water from urban areas, including
stormwater and wastewater. (Armitage, 2011a)

Watertable

The level below which is saturated with water.
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1. Introduction
1.1 Background to study
The Sir Lowry’s Pass River Corridor has long been a problem for the City of Cape Town
(CoCT). The Catchment, Stormwater and River Management (CSRM) Branch has appointed
various consultants for the proposed upgrade of the corridor, the most recent being GIBB (Pty)
Ltd on 18 May 2012. One of the limiting factors from this report is that only the river from
downstream of the N2 and upstream of Gordon’s Bay area is covered in the proposed plan.
With various proposed development applications being submitted for approval to the
CoCT, an overall water sensitive development plan for the undeveloped area needed to be
established. However the problem caused by the location of Sir Lowry’s Pass Village (SLPV) is
frequently ignored.
SLPV includes a wide range of high income and low income housing that vary in size and
concentration from large houses to informal packed informal houses. For the purpose of this
study the low income and informal housing located within 400m either side of the river is
referred to as SLPV. This particular area is largely responsible for the pollution of Sir Lowry’s
Pass River (SLPR).
The proposed plan from GIBB failed to consider total water cycle over the entire
catchment as well as getting the ‘buy-in’ from involved and affected stakeholders such as the
residents of SLPV. This research project investigated the feasibility of implementing Water
Sensitive Urban Design (WSUD) principles over conventional urban development
infrastructure in SLPV. The purpose of which was primarily to improve the water quality of the
runoff into the river. It took into account the constraints of what is identified in a South African
context, but could apply to most developing countries faced with low income and informal
settlements and poor service delivery to those areas.

1.2 Problem statement
The CoCT has already identified the need for a river corridor upgrade plan for SLPR. The river
channel has a limited capacity of 15-25m3/s and this is susceptible to annual flooding which
inundates the properties on either side of the channel (Nell et al, 2013). The floods could lead
to uncontrolled flow through SLPV and further downstream. With solid waste and sanitation
services in SLPV in constant disrepair the water quality of the river is poor (DWAF, 2005).
Flooding exacerbates the water quality issues as sewage and solid waste is washed downstream
and may find its way into the flooded residents’ homes.
The SLPV feasibility study determined the potential for the implementation of WSUD
measures; the purpose of which reduces the flood impact on properties and the ecological
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environment, improves the stormwater runoff quality and increases water efficiency of the
settlement.

1.3 Objectives of the investigation
This research project aimed to address the shortcomings of the consultant’s report on the
development plan for the river corridor. The study gathered sufficient data for the provision of a
conceptual plan for the implementation of WSUD principles in SLPV. Thus the objectives of
this investigation were to:


Determine the current level of service regarding water services; including potable water,
sanitation and drainage services.



Develop a water balance for Sir Lowry’s Pass Village.



Determine feasible WSUD options and interventions points for the settlement.



Account for public interest in the WSUD options to ensure sustainable use.



Recommend a plan that improves the water quantity and quality of SLPR.

1.4 Scope & limitations of the investigation
The project focused on the low income housing in SLPV. Although it considers the
downstream effects the village has on the river it does not deal with developments outside of
the defined area and their respective effects on the corridor. The services focused on were
sanitation and drainage.
SLPV was treated as an isolated system; WSUD options for the other settlements and
proposed developments along the river are to be developed in an independent study.

1.5 Plan of development
Following the introduction and explanation of the research project a literature review discusses
the background to WSUD internationally, nationally and within the City of Cape Town
municipality. The challenges that developing countries face when implementing sustainable
informal settlement upgrades are then discussed. The method that was used to collect and
conceptually analyse data and information is described in Chapter 3. Sir Lowry’s Pass River
and Village is described in Chapter 4; the service related problems within SLPV are highlighted
and the current water cycle depicted. Chapter 5 describes a feasibility analysis of WSUD
interventions for the SLPV while Chapter 6 specifies the interventions proposed in the
conceptual upgrade. This is followed by a discussion of the interventions and the contribution
they make towards controlling pollution and improving the service delivery within the
settlement. The predicted water cycle is depicted in this section as well. Conclusions and
recommendations are made in Chapter 8. References and Appendices then follow.
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2. Literature review
In order to gain an understanding about WSUD and what challenges there are in developing a
conceptual plan for SLPV, it was necessary to investigate WSUD in a broader context and
identify the problems associated with low income settlements as well as issues specific to the
Cape Town context. The following sections in this chapter explore these topics.

2.1 Introduction to Water Sensitive Urban Design
There has been an increase in urbanisation worldwide; for the first time in history the majority
of the population will be living in urban areas (Donofrio et al., 2009). This increased
development has impacted both human and aquatic environments (Fletcher et al., 2014).
Satisfying the increases in water demand using sources outside urban areas is facing increasing
environmental constraints and competition for water (Mitchell, 2006). Engineering decisions to
manage stormwater have led to the conventional ‘out of sight out of mind’ drainage solutions
present today (Wong & Eadie, 2000). However, these solutions have led to increased volumes
and flow rates of stormwater runoff, this coupled with solid waste, sediments, heavy metals and
nutrients have caused significant degradation of the natural environment (Wong & Eadie,
2000). Wastewater is typically dealt with in a similar matter as stormwater; however constraints
on potable water supply have made it necessary to rethink wastewater as a resource (Binale,
2011).
A philosophical change was required to adapt to the limited water resources and maintain
sustainable human development (Wong & Eadie, 2000). The shift to sustainable water use had
to have an understanding of the environmental, social and economic consequences of water
supply, stormwater and wastewater systems (Wong & Eadie, 2000). As this shift from narrow
approaches to multiple objectives driving the design and decision making process came about,
the terminology describing the principles and practices of urban drainage became increasingly
diverse with many terms describing similar concepts (Fletcher et al., 2014).
Water Sensitive Urban Design (WSUD) was a concept developed in Australia as a
solution to the challenges of both drought and seasonal flooding (Dolman et al., 2013).
According to Dolman et al. (2013), WSUD is a development approach that “focuses on the
integration of the natural environment and sustainable technology in planning for urban water,
combining hydrology, landscape architecture and sociology”. Armitage et al. (2014) phrases
the theme of WSUD simply as ecologically sustainable development. There are some texts
which offer narrower variations on this definition of WSUD; Australian authors Singh &
Kandasamy (2009) define it as an alternative to conventional stormwater management which
seeks to mitigate changes to the natural water balance. According to Donofrio et al. (2009)
WSUD is an integrated water management system that encompasses Low Impact Development
(LID), water conservation and recycling, water quality management and urban ecology. The key
principles of which are to (Donofrio et al., 2009):
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i.

Protect natural systems

ii.

Protect water quality

iii.

Restore water balance

iv.

Minimise potable water demand

v.

Integrate stormwater treatment into the landscape

vi.

Reduce hydro-modification

vii. Create landscape amenities
viii. Minimise cost of systems while increasing their value.
While the initial application of WSUD was around stormwater management, the term has
expanded to include all aspects of the urban water cycle including water supply, sewerage and
stormwater management. Fletcher et al. (2014) has gone as far as to say that WSUD
“represents a shift in the way water infrastructure is considered in the planning and design of
cities and towns”; where a water sensitive city is the objective and WSUD is the process by
which to attain that status (Fletcher et al., 2014). For the purpose of this research project the
broad definition of WSUD outlined by Donofrio et al. (2009) and Fletcher et al. (2014) is
adopted.
A closely linked term to WSUD is Integrated Urban Water Management (IUWM). This
particular term stems from integrated management of all parts of the water cycle (Fletcher et
al., 2014). The principles of IUWM are summarised as the following (Mitchell, 2006):
i.

All parts of the water cycle, natural and constructed, surface and subsurface, are
considered. They are recognised as an integrated system.

ii.

All requirements for water, both anthropogenic and ecological are considered.

iii.

The local context is considered, accounting for environmental, social, cultural, and
economic perspectives.

iv.

All stakeholders are included in planning and decision-making processes.

v.

Strive for sustainability, aiming to balance environmental, social, and economic needs in
the short, medium, and long term.

2.2 Sustainable Drainage Systems (SuDS)
Two terms that are linked and both included in IUWM and WSUD are LIDs and SuDS
(Sustainable Drainage Systems). These terms are explicitly used in stormwater management.
Both focus on a ‘design with nature approach’, replicating the natural predevelopment state of
drainage (Fletcher et al., 2014). SuDS and LID were introduced in different parts of the world
to improve stormwater runoff quality and are also required to safely convey design storms for a
range of recurrence intervals (Fletcher et al., 2014). Thus LID and SuDS form part of WSUD
and IUWM (Fletcher et al., 2014).
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The SuDS Manual notes that SuDS are more sustainable than conventional drainage method if
appropriately designed, constructed and maintained (Woods-Ballard et al., 2007). This is
attributed to the ability of SuDS to mitigate many of the destructive effects on the environment
of stormwater runoff, which is achieved through (Woods-Ballard et al., 2007):
i.

Reducing runoff rates and volumes, which reduces the risk of downstream flooding.

ii.

Encouraging natural groundwater recharge (where appropriate) to minimise the impacts
on aquifers and river baseflows in the receiving catchment.

iii.

Reducing pollutant concentrations in stormwater, which protects the quality of the
receiving water body.

iv.

Acting as a buffer for accidental spills by preventing a direct discharge of high
concentrations of contaminants to the receiving water body.

v.

Reducing the volume of surface water runoff discharging to combined sewer systems,
which reduces discharges of polluted water to watercourses.

vi.

Providing habitats for wildlife in urban area and opportunities for biodiversity
enhancement.

There are four runoff quantity control process which provide opportunities for stormwater
control, flood risk management, water conservation and groundwater recharge. These are
infiltration, detention or attenuation, conveyance and water harvesting (Woods-Ballard et al.,
2007).
Infiltration is the soaking of water into the ground, it can physically reduce the volume of
drained runoff by transferring the water into a different part of the environment (Woods-Ballard
et al., 2007). The infiltrated water can recharge groundwater and feed baseflows of local
watercourses (Woods-Ballard et al., 2007).
Detention or attenuation is the slowing down of surface water flows before transfer
downstream. It reduces the peak flow rate of runoff and extends the duration of runoff, however
the total volume of flow will remain the same (Woods-Ballard et al., 2007). Conveyance, the
transfer of surface water from one place to another, is used to link SuDS and manage flows.
Uncontrolled conveyance to a point of discharge is no longer considered sustainable (WoodsBallard et al., 2007). Water harvesting is the collection and use of on-site runoff, it can be
extracted for domestic use or irrigation of gardens (Woods-Ballard et al., 2007).
SuDS are not solely implemented to control water quantity, they also play an important
role in water quality control. There are a range of natural water quality treatment processes that
can be optimised in the design of a sustainable drainage (Woods-Ballard et al., 2007). These
include sedimentation, the removal of the suspended particles; filtration and biofiltration, the
trapping of pollutants in soil, aggregate or plants; adsorption, attachment of pollutants to soil
particles; biodegradation, the degradation of organic pollutants through microbial activity;
volatilisation, the transfer of a compound from liquid to gaseous phase; precipitation, the phase
change of pollutants from dissolved compounds to particles of insoluble precipitants; uptake by
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plants, removal of metals, phosphorous and nitrogen by plant uptake; nitrification, ammonia
oxidation to form nitrate and lastly photolysis, the breakdown of organic pollutants by sunlight
exposure (Woods-Ballard et al., 2007).

2.2.1 WSUD policy in Boroondara, Australia
As the need for water sensitive cities has increased in Australia, the City of Boroondara – a
municipal area in Melbourne – has seen fit to develop an Integrated Water Management
Strategy. The objectives of this strategy are to minimise use of drinking water, increase local
water harvesting and ‘fit-for-purpose’ use, remove pollutants at the source and support local
flood management activities (City of Boroondara, 2014).
The strategy outlines the changes that need to take place in becoming more water
sensitive. This includes attitudes and values of the community, building and landscaping
designs as well as the use of public spaces and streets. The urban water and integrated water
cycles are compared (Figure 2-1), with the integrated water cycle as the ultimate goal.
Natural Water Cycle

Urban Water Cycle

Integrated Water Cycle

Figure 2-1 Comparison of the natural, urban and integrated water cycles (City of Boroondara, 2014)
Part of WSUD is looking at water as a cycle, instead of in separate systems of water
reticulation, sanitation and stormwater management. As seen in Figure 2-1, the aim of the
integrated water cycle is to reduce the impact of urban development on the natural water cycle
through the use of WSUD.
The strategy identifies the responsibilities of key stakeholders; the public, councils, water
supply retailers etc. right up to regional control. For every objective, strategies are proposed
with the benefits linked directly to the action. For example, to minimise use of drinking water,
a strategy to improve water efficiency of Council Buildings is proposed using enhanced
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metering to identify opportunities for water saving technology to be installed through
maintenance, scheduled renewal or retrofit. The benefits linked to this are resilience to climate
change, cleaner, healthier waterways and financial costs avoided (City of Boroondara, 2014).
The strength of presenting the information in this manner is that all who read the strategy,
including the public, are immediately aware of the benefits of implementing WSUD.
It is acknowledged that retrofitting existing suburbs is challenging; there is limited space
for installing treatment solutions like rain gardens and wetlands; land fill sites often contain
contaminated soil; stormwater treatment and harvesting projects need an adequately sized
catchment area, enough space for treatment and adequate end-use demand, which is not always
possible; greywater systems require a commitment from homeowners (City of Boroondara,
2014). Despite these challenges, the strategy sets in motion the steps to ensuring Melbourne
becomes a water sensitive city (City of Boroondara, 2014).

2.2.2 Implementation of WSUD in Hammarby Sjöstad, Sweden
Hammarby Sjöstad is a district within Stockholm; the area was previously an industrial and
harbour zone which became a ‘shantytown’ and has over a number of years been converted into
a modern water and energy sensitive neighbourhood (Franne, 2007).
Before any development started in the area it was necessary to decontaminate the soil.
The informal settlement as well as the industries left significant amount of soil contamination
which posed a risk to both the environment and human health (Franne, 2007). The goals for the
development of the area were to change the land use from industrial to residential with parks
and public spaces. It thus needed to be linked to public transport and encouraged cycling and
walking to reduce private car usage. The building materials used were to be sustainable and the
energy used in the area were to be from renewable sources (biogas, reuse of waste heat and
energy efficiency) along with the water and sewage needed to be as clean and efficient as
possible. In turn the waste was to be sorted and recycled as much as possible.
It is noted that the key to the Hammarby Sjöstad development’s success is the integrated
planning work that was carried out before the area was developed (Franne, 2007). The planning
was done with environmental goals in mind from the start, though not called WSUD in the
literature the thought process behind the planning of the area can be linked to the term WSUD.
Figure 2-2 shows the ‘Hammarby model’ (Franne, 2007) which accounts for the water, waste
and energy cycles in the district. This integrated planning and design is indicative of the ideals
that WSUD aims for.
Though the cycle incorporates energy and solid waste, which are often not directly
associated to WSUD, the water and sewage aspects of the district are worth noting. The goal
regarding water consumption was to reduce it by 50%, from 200ℓ/p/d to 100ℓ/p/d; this was
done through installing eco-friendly appliances and low flush toilets (Franne, 2007).
Campaigns to reduce heavy metal and non-biodegradable discharges into the wastewater
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stream, known as the ‘Upstream approach’, have helped reduce the pollutant content in the
wastewater. This allows for less intensive treatment as well as the use of the sludge for
agricultural purposes (Franne, 2007). Biogas is also extracted from the digestion on the sewage
sludge. This is used as vehicle fuel for buses, garbage trucks and taxis as well as in
approximately 1000 gas stoves within Hammarby Sjöstad.

Figure 2-2 The Hammarby Sjöstad energy, water and waste cycle (Franne, 2007)
The stormwater is treated locally; it is infiltrated into the ground or directed into settling tanks
before draining into one of three canals. The canals form part of the public space and the water
runs through a ‘water ladder’ which is designed to aerate the water before it reaches the
Hammarby Sjö (Franne, 2007). Some buildings have green roofs which form part of the
stormwater treatment train, this treats the rain water before it reaches the ground and is
infiltrated or directed into settling tanks.
Although a development like Hammarby Sjöstad does not face the same issues as a
similar area might in a developing country. The innovative and inclusive thinking can be
applied to other scenarios.

2.3 WSUD in developing countries
Unlike districts like Boroondara and Hammarby Sjöstad, municipalities in developing countries
do not have a culture of integrated thinking and cooperative working (Armitage, 2011a). Water
demand management, wastewater re-use and sustainable urban drainage are recognised as a
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necessity for countries to implement; however, these services are frequently given a low
priority (Reed et al., 2001). There remains a fragmentation of the municipalities and a discord
between the communities and the government (Armitage, 2011a) as well as a lack of
accountability between local and government institutions (Jacobsen et al., 2012).
The partnership lines that are vital to the successful implementation of any informal
settlement upgrade project are often compromised. The power balance is difficult to achieve
when one party has the financial means and the other party has the ‘begging bowl’ (Baruah,
2007). The introduction of Non-Governmental Organisations (NGO) into the upgrade projects
seeks to redress the imbalance of power. Lack of interest from the NGO sector itself has been a
limiting factor as there is little funding and a technical expertise deficit (Baruah, 2007).
In many instances there are certain perceptions about the residents of the informal
settlements; because of free basic service provision the residents are viewed as ‘lazy’ and
‘incompetent’ by the government bodies’, this becomes a problem when this attitude is
internalised (Baruah, 2007). In other cases the free basic service provision has led to a sense of
entitlement and functional services considered to be below standard are rejected (Armitage,
2011a). These perceptions have caused friction between the municipalities, NGOs,
communities and have reached over into the private sector bodies that would have wanted to
get involved with upliftment of informal settlements in India (Baruah, 2007).
Along with the politics of WSUD implementation there are significant hindrances that
developing countries face that first world countries do not; most of these stem from the large
numbers of poor people in developing countries.
Poorer areas are often unable to cope with climate variation as they do not have sufficient
storage to deal with droughts or flooding, leaving them vulnerable to these events. These events
account for 80% loss of life and 70% of economic losses an African country may experience
(Jacobsen et al., 2012). While WSUD intends to increase flood and drought resistance of the
informal settlements there is often not enough space for the WSUD measures to be
implemented (Armitage, 2011a).
Jacobsen et al. (2012) has recognised that a core problem in the implementation of water
services in African cities is that they are growing too quickly to keep up with the water
management systems, with water demand well exceeding the existing water supply. Developing
countries have recognised that availability of water is a limiting constraint to social upliftment
and economic prosperity (Constantinides, 2007). “Solving the future water challenge is
essential for growth and poverty reduction” (Jacobsen et al., 2012); GDP growth is
proportional to urbanisation which in turn is related to growth in slums or informal settlements.
It becomes essential to link IUWM to investment projects in order for IUWM to be
successful (Jacobsen et al., 2012). Aiding the success of these projects is the early and
continuous engagement of all stakeholders in the planning, decision-making and
implementation process. Various challenges come from balancing economic development and
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sustainability; these are finding equity between green projects and in situ upgrades, mitigation
of energy and water use, uncertainty of applied solutions and the adaptability of the WUSD
process to account for constraints and build capacity to cope with droughts and floods
(Armitage, 2010).
Part of the challenge of water service delivery is the financial loss of implementing a
system; tariffs which would recover the capital costs would be unaffordable to the population
they serve (Jacobsen et al., 2012).
To adopt WSUD guidelines and frameworks from developed countries and applying them
to developing countries is impractical, as the political, environmental and economic constraints
within developing countries often eliminate options that would be practical elsewhere.

2.3.1 Urban agriculture in Accra, Ghana
As mentioned earlier, African cities are undergoing rapid urbanisation (Jacobsen et al., 2012),
and with this comes quantitative and qualitative changes in urban food demand. Urban and
peri-urban agriculture has appeared to rise to the challenge of increased urban food demand
(Obuobie et al., 2006). Urban agriculture can be defined as the “production, processing and
distribution of foodstuff from crop and animal production, fish, ornamentals and flowers within
and around urban areas”, as can be seen in Figure 2-3 (Obuobie et al., 2006).

Figure 2-3 Example of urban agriculture next to a power station, Ghana (Obuobie et al.,
2006)
There are two categories of urban crop farming in Ghana; market production and subsistence
production. Market production refers to cultivation on undeveloped land of irrigated vegetables
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(year round or seasonal), flowers and ornamentals, and rain-fed cereals; while subsistence
production refers to cultivation at the house, backyard or front yard farming (Obuobie et al.,
2006). Not singly attributed to Ghana, the developing world faces problems of basic sanitation
provision, which affects the ability to find unpolluted surface water for irrigation purposes
(Obuobie et al., 2006).
Accra, the capital of Ghana has two wet seasons with an average annual rainfall of
810mm. Although the main source of irrigation water is urban drains which vary from raw
wastewater to wastewater diluted by stormwater. Some farmers use water from a polluted
stream and others use water that from a stabilisation pond and a small percentage use piped
water. In some cases, blackwater or faecal sludge is used for nutrient provision (Obuobie et al.,
2006). Figure 2-4 shows farmers using watering cans to irrigate their crops, this is particularly
risky as leafy vegetables are easily contaminated through greywater contact on the leaves.

Figure 2-4 Ghanaian farmers watering lettuce with watering cans filled with greywater
(Obuobie et al., 2006)
A study was conducted to measure the faecal and helminthic content of the vegetables produced
using grey or blackwater and found the pollutants in exceedance of the recommended levels.
Vegetables irrigated with piped water were found to be safe. A change in irrigation methods
was recommended, however this may not be practical for the urban farmer (Obuobie et al.,
2006). Further recommendations include exploring alternative farmland and safer water
sources, promoting safer irrigation methods, influencing the choice of crops grown, avoiding
post-harvest contamination, promoting incentives for risk reduction measures, increasing public
awareness of vegetable washing, improving institutional coordination and developing
integrated policies, and finally reducing farmers’ exposure to wastewater (Obuobie et al.,
2006).
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2.3.2 Bio-centres in Nairobi, Kenya
Residents in Nairobi and Kisumu informal settlements have had to cope with water shortages
and inadequate sanitation conditions. 95% of the residents draw water from privately owned
standpipes at prices far above the standard rates. The quality of the water is compromised
because of the number of broken pipes allowing contaminated surface water to enter the system
(Binale, 2011). Sanitation services in the settlements are almost non-existent with many people
using plastic bags and disposing of them outside their dwellings or into nearby rivers (Jackson,
2013). Figure 2-5 shows the level of waste in the areas surrounding the houses.

Figure 2-5 Solid and sewage waste outside informal dwellings, Kenya (Wasonga, 2011)
Umande Trust (UT) is a NGO that has set up 49 bio-centres in these informal settlements.
These centres provide improved water and sanitation services to the residents, this reduces
related problems and access costs and causes faster cohesion in the community (Binale, 2011).
The community is involved from the beginning of the bio-centre project, from deciding where
the bio-centres shall be positioned as well as the construction and final design of the building.
Throughout the process awareness around sustainable sanitation is raised, the residents gain
skills in governance, budgeting, community-led design, bio-sanitation and procurement and
supervision of works (Binale, 2011).
The bio-centres process sewage in an anaerobic digester producing biogas and liquid
fertiliser. Biogas reduces methane release into the atmosphere by trapping it and using it as
green fuel; it is a safe alternative to firewood typically used in the informal settlements
(Jackson, 2013; Wasonga, 2011). One bio-digester produces at least 12m3 of biogas. One cubic
metre of biogas in turn creates 4500-5500Kcal.m2 of heat energy, this is enough to boil 100ℓ of
water or light a lamp of 60-100Watts for 4-5 hours. To put it into perspective, 30m3 of biogas is
equivalent to 18ℓ of diesel oil (Wasonga, 2011).
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2.3.3 SWITCH in Belo Horizonte, Brazil
The Sustainable Water Management Improves Cities Health (SWITCH) project is a five year
international experiment focused on sustainability challenges in urban water management
(Butterworth et al., 2011). SWITCH incorporates demand led research, demonstration
activities, multi-stakeholder learning and training and capacity building (Butterworth et al.,
2011).
The general objectives of SWITCH were to (Butterworth et al., 2011):
i.

Improve the scientific basis for integrated urban water management within focus cities
through fundamental research that fills key gaps across all aspects of the urban water
cycle.

ii.

Test and demonstrate the feasibility and potential of innovative and better technologies.

iii.

Support cross-institutional platforms and better links between urban water stakeholders
in a city, and between research providers and users.

iv.

Improve decision-support processes within focus cities.

The cities that SWITCH focused on had a range of water related issues, from water supply
through to pollution of river systems in cities. The cities that SWITCH project was involved in
were Accra, Ghana; Alexandria, Egypt; Beijing, China; Lima, Peru; Bogotá and Cali,
Colombia; Belo Horizonte, Brazil; Lodz, Poland; Tel Aviv, Israel; Zaragoza, Spain;
Birmingham, UK; Hamburg, Germany. The cities have a range of population sizes and wealth
(Butterworth et al., 2011).
Belo Horizonte in Brazil faces similar issues to SLPV, although the SWITCH project was
on a larger scale than SLPV. 99% of the residents have safe water supply and operating as a
high quality and reliable service and 92% of the city has sewerage coverage but bad
interceptors to transport wastewater to treatment stations and a number of illegal connections to
stormwater drains (Butterworth et al., 2011). Sewage therefore ends up into the rivers and seeps
into the ground water (Butterworth et al., 2011). The city experiences a number of seasonal
floods, in previous years this was combatted by implementing conventional canalised drainage
systems. However, this did not solve the issue of flooding (Butterworth et al., 2011). Thus the
municipality shifted to reflect greening principles by restoring natural drainage paths and
incorporating more recreational areas and parks into the city (Butterworth et al., 2011).
SWITCH came into the city after the innovative practices had started in Belo Horizonte.
The project built on the ongoing changes by developing research, demonstration projects and
capacity, as the general objectives state, however the aim of the SWITCH intervention was to
bring the research into use (Butterworth et al., 2011). The goals of the SWITCH intervention
were to; improve the development of, access to and use of information on different aspects of
urban drainage alternatives; improve capacity to identify flood risks and response; introduce,
test, adapt and showcase innovative technology which decrease flood risks and improve the
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urban environment and lastly, assess and strengthen participatory management models
(Butterworth et al., 2011).
The technologies implemented in the city include infiltration trenches which reduce the
flooding on the roads, wetlands which treat stormwater and wastewater, rainwater harvesting
on a number of schools, park and municipal buildings and on a university campus (Butterworth
et al., 2011).
One of the problems faced in implementing the demonstration interventions was due to
slow municipal procedures. This caused delays in the approval and construction processes
(Butterworth et al., 2011). The project was mobilised through ‘learning alliances’ which aim to
involve the public and technical professionals to come to a sustainable solution. SWITCH got
schools to contribute to the project, it involved students being able to mobilise a broader
community; tertiary education institutions were also involved in the learning alliances and the
municipality was included at all stages (Butterworth et al., 2011).

2.4 Water resources in South Africa
Chapter Three, Part Two of the South African Water Act No. 36 of 1998 states: “In
determining resource quality objectives a balance must be sought between the need to protect
and sustain water resources on the one hand and the need to develop and use them on the
other.” Although a clear vision for the future of South African water resources is laid out, it has
not yet become part of the daily practice in the country despite attempts from various cities,
including Cape Town, to change and update sustainable development policies.

2.4.1 South Africa’s water resources
Only 8.6% of the runoff in South Africa is available as surface water (Armitage, 2006). Many
of the available water sources have been exploited (Armitage, 2011b). The pollution of ground
and surface water is a concern when looking at issues of water scarcity in South Africa (Carden
& Armitage, 2013). At the present population and economic development rates it is unlikely
that the projected use of water sources will be sustainable (Armitage, 2006). It is recognised by
both Jacobsen et al. (2013) as well as Armitage (2006) that water supply will become a major
restriction on economic growth if a sustainable solution is not found.
Urban rivers in South Africa face severe water quality problems from pollutants, mostly
as a result of informal settlement run off which contains solid waste as well as sewage (DWAF,
2005). Water resources have become increasingly scarce with over abstraction from the
agricultural industry as well as alien vegetation drawing from already depleted supplies
(DWAF, 2005).
In the absence of a WSUD strategy in previous years, Cape Town in particular has
strived, although often ineffectually, to preserve environmental integrity in the face of rapid
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urbanisation (Haskins, 2012). However Cape Town, amongst others, has recognised the need
for an Integrated Urban Development Framework (IUDF) which has resulted in the creation of
the IUDF discussion document to be discussed in Section 2.4.2. Part of WSUD would be the
implementation of water demand restrictions and the identification and use of alternative
sources of water (Armitage, 2011b).
Water demand management involves a reduction in per capita consumption, increased
effectiveness in reducing water intensive cities and the reduction of leakage. Alternative
sources are artificial groundwater recharge, importation, desalination, reclamation and
stormwater use (Armitage, 2011b). Cape Town has an annual average rainfall of 515mm over
an area of 2474km2, a total of 1275 million kℓ a year which is more than enough to satisfy the
yearly water demand of 500 million kℓ a year (Armitage, 2011b). However the problem is the
lack of storage; the seasonal distribution of rain means that enough must be collected for use
during the dry months (Armitage, 2011b).

2.4.2 Water practices in South Africa
According to Carden & Armitage (2013), there are major challenges in urban water
management in South Africa including access to services, overexploitation of water resources,
pollution of ground and surface water, health impacts and severe leakages. They go on to
explain that South Africa is under pressure to perform an economic transition and repair the
social division that still exists from Apartheid. South Africa is currently attempting to address
an unsustainable resource-intensive economy as well as the leftover social divisions caused by
Apartheid (Armitage et al., 2014). The IUDF discussion document acknowledges that cities are
still divided by Apartheid structures and efforts to provide services to the informal settlements
surrounding the city areas have in fact reinforced the boundaries between the social divides
instead of moving the country in the intended progressive direction. It is now more difficult to
reverse the Apartheid geographies than it was in 1994 (DCGTA, 2014).
Despite South Africa being classified as an upper middle income country there still
remain deep socio-economic inequalities (DCGTA, 2014). Part of implementing urban water
management efficiently means the lack of skills and capacity for implementation needs to be
addressed, i.e. the socio-economic inequalities (Armitage, 2011a). Carden & Armitage (2013)
noted that the most significant improvements can be made in non-technical areas with regard to
dissemination, skills enhancement and performance assessment. Both the State of Rivers
Report (DWAF, 2005) and the IUDF discussion document have recognised that institutional
change must take place for sustainable water practices to occur. Terms of office should be
changed to allow municipalities to think beyond five year horizons to achieve the National
Development Plan’s long term goals (DCGTA, 2014).
Water quality problems persist throughout the country. In 2005 these water quality
problems resulted in an estimated R2.2 billion in health costs, R0.7 billion in indirect health
costs, and water treatment costs of R64 million (DWAF, 2005). A major source of water
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pollution is the runoff from informal settlements. These settlements often lack services,
resulting in sewage contaminating stormwater drainage paths (DWAF, 2005). Until adequate
sanitation services are provided to informal settlements, runoff from those settlements will
continue to pollute the water streams and continue to be a substantial cost to the government
(Constantinides, 2007).

2.5 Cape Town policies on Urban Design
The CoCT has defined the strategic objective of its Urban Design Policy to “improve alignment
with the government’s programme of action and the IDP (Integrated Development Plan) in
particular” (CoCT, 2013).
The policy has been formed on two key observations, the first being that the impacts of
individual developments remain low, but collectively poor design decisions have had
significant implications on how the city functions. The applicable implications are that public
spaces lack enclosure and positive interfaces, informality is not recognised and responded to in
development proposals, and the most significant for this purpose; development devalues and
threatens the natural environment (CoCT, 2013). The second observation is that many
applicants invest a large amount of time and resources into proposals that do not respond
adequately to the site and its context (CoCT, 2013).
Three urban design principles are defined in the policy; the greater public good, the
‘whole’ above the ‘parts’ and identity, context and place making. These principles are then used
to define the nine objectives of the urban design policy. The core remains that of uniting future
developments and viewing the city as one functioning system. The implementation of the
objectives rely on Council approval (CoCT, 2013).

2.5.1 Water demand management strategy
The Cape Town Water Demand Management Strategy (Constantinides, 2007), although written
before the Urban Design Policy, shares the same principles. It recognises that availability of
water plays a large role in social upliftment and economic prosperity; thus, along with service
delivery water conservation is also taken into account. The South African water management
policies have faced criticism in that they offer conflicting solution criteria that create other
problems and have no definite end to problems solved (Armitage et al., 2014).
The strategy works towards ensuring water resources meet water demand and realises that
water conservation and water demand management are the most feasible options, as opposed to
the building of dams or desalination efforts (Constantinides, 2007). The bulk of the strategy
focuses on environment protection. Van Wilen et al. (1998) stated that removing alien plants is
more economically efficient in the short term than building a new dam. According to the Water
Demand Strategy (2007) water conservation efforts will reduce operating costs, increase the
income of consumers (through the rising tariff), and will postpone capital infrastructural
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requirements. The total budget for water conservation in Cape Town between 2007 and 2017 is
R759 million, although it is difficult to tell if this should be enough for effective water
conservation (Fisher-Jeffes et al., 2011).
Applying water conservation concepts to development opportunities such as the Sir
Lowry’s Pass River catchment will be in line with this strategy, the Urban Design Policy as
well the IUDF. The informal settlement upgrade would benefit from the strategy with regard to
the lower water costs as well as a cleaner environment and healthier living standards.

2.5.2 Stormwater management policies & strategies
Rivers and wetlands are recognised as integral elements to stormwater management, and
emphasised as such with countries such as Australia and Singapore leading the international
community in sustainable urban drainage systems (SuDS) further detailed in Section 2.7. The
Management of Urban Stormwater Impacts Policy (2009) supports the CSRM objectives in the
IDP for the CoCT, the objectives being flood impact reduction and the protection of human
health and the natural environment, as well as maintaining water quality especially where there
are recreational opportunities.
The deterioration of urban water quality can be attributed to the disruption of the natural
water cycle (CSRM, 2009b); catchment ‘hardening’ can account for 90% of stormwater being
transported rapidly to receiving water bodies (Haskins, 2012). This disruption is seen in various
sections of the Sir Lowry’s river. One of the objectives of the Sir Lowry’s Pass river corridor
upgrade is to reduce this disruption. The Management of Stormwater Impacts Policy has three
objectives aligned with SuDS development; improving water quality of stormwater runoff,
control quantity and rate of runoff and encourage natural groundwater recharge.
The stormwater policy indicates that SuDS are to be incorporated in any new
development projects and the development design must be approved of by Council. There is
very little mention of retrofitting existing developments and the focus is placed on no further
degradation as opposed to rehabilitation (Haskins, 2012). This is understandable because a
greenfield site is often easier to design for and later implement.
Informal settlements are often neglected when it comes to sustainable drainage design,
this is possibly due to the poor location of the settlements. Adding to this is the lack of
conventional drainage and sewerage which make SuDS difficult to implement. Due to the lack
of skills and capacity constraint mentioned earlier, it is necessary to design SuDS to need
minimal operation and maintenance; a fine balance must therefore be kept between job creation
and lack of skills (CSRM, 2009b).
Stormwater in South Africa has previously been regarded as a nuisance that needs to be
removed as quickly and efficiently as possible (Armitage, 2011b). Thus the management of
roads and stormwater was put in the same department. This fast-removal approach has a
negative impact on receiving water bodies, as high flow poor quality water is discharged.
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Pollutants in the water include litter, heavy metals, nutrients, organics and pathogens
(Armitage, 2011b). The key philosophy of SuDS is to limit the exposure of the rainfall to
pollutants and treat it as close to the source as possible, mimicking natural cleaning processes
(Armitage, 2011b).
The South African Guidelines for Sustainable Urban Drainage Systems (Armitage et al., 2012)
attempts to address the lack of documentation for SuDS in developing countries. In line with
international examples the guidelines consider stormwater as part of the urban water cycle. The
document identifies source, local and regional controls that may be implemented according to
the scale of development. The four goals of SuDS are to: reduce quantity, improve quality, and
increase public amenity and biodiversity (Armitage et al., 2012).

2.5.3 Floodplain & river corridor management policy
The Floodplain and River Corridor Management Policy (CSRM, 2009a) restricts any
developments within the 20 year floodline and all developments in the river corridor are to be
approved of by a professional engineer. Again focus is placed on new developments. The
policy refers to a merit based approach for implementation although the explanation of this
remains unclear. The CoCT has to consent to alienation as this is not entitled to the owner of
the land (CSRM, 2009a).
The policy focuses on new developments, which is a common thread in water
management policies. It aims to safeguard human health, protect natural aquatic environments
and improve and maintain water quality much like the stormwater management policy.

2.6 Challenges of WSUD in South African informal settlements
Informal settlements are defined by Parkinson (2007) as “opportunistic developments taking
advantage of unused land”. Armitage (2011a) notes that informal settlements arise from a
combination of rapid population growth, weak local government, lack of investment and lack
of skilled personnel. There are various issues related to informal settlement upgrade, listed as
follows (Armitage, 2011a):


Informal settlements are often on poor land, for example land-fill sites or wetlands.



Because they are illegal there is no planning thus resulting in a dense settlement with no
space to retrofit services.



The floor levels are often below surrounding ground level. As walls are dug into the
ground for support, this means structures are easily flooded.



Due to a lack of services, stormwater often contains solid waste and faeces, which is a
health risk.



There is reluctance to relocate as the social and economic benefits, such as sense of
community and close proximity to jobs, outweigh the risk or inconvenience of flooding.
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There is usually a lack of collective action or initiative in solving drainage issues.



The attitude of entitlement from the residents leads to viable solutions being rejected.

Many of these issues are not unique to South Africa and can apply to informal settlements
across the developing world (Armitage, 2011a). Within informal settlements there are areas
likely to be at particular risk depending on the layout of the land and level of income of the
residents in those areas (Parkinson et al., 2007). While the formation of informal settlements
itself causes poor upgradability conditions, there are also issues outside of the internal problems
listed (Armitage, 2011a).
South Africa is a developing country with a small tax base; fewer than seven million of a
total population of 50 million pay tax (Armitage, 2011a). The money allocated to service
delivery is often inefficiently spent by local governments (Armitage, 2011a). Along with the
lack of finances as mentioned in Section 2.3, the fragmentation of municipal departments has
led to increasing frustration with informal settlement upgrades. The service delivery issues are
spread over many departments. These span across, Roads and Stormwater to Water and
Sanitation, the informal settlements are often addressed separately and no collaborative
working scheme is in place (Armitage, 2011a).
There is also a skills shortage; three municipal engineers to 100 000 citizens compared to
22 in developed countries. 83 municipalities have no engineers in them at all (Armitage,
2011a). With this lack of technical skills in mind, it is in the non-technical areas such as
information dissemination, skills enhancement and performance assessment that the most
significant improvements can be made (Carden & Armitage, 2013).
Up until recently, having announced on 21 October 2014 that people under 40 will not be
receiving free housing, the government has had a short term focus on housing provision and not
a long term focus on service provision, this fed into the sense of entitlement of the communities
(Armitage, 2011a; Sapa, 2014). Communication with residents of informal settlements has
generally been poor, which has led to failure of many projects, which in theory should have
solved the service delivery problem (Ashipala & Armitage, 2011). Due to the government
promising free housing and basic services engineers have been unable to meet the demands of
the communities. This coupled with high levels of corruption in government systems has
created a general feeling of distrust; there is a lack of cooperation with community development
projects from all sides (Armitage, 2011a).

2.7 Description of feasible WSUD options
In order for the WSUD interventions to be feasible for a site like SLPV, they should be
relatively easy to implement and maintain so the residents are able to operate the interventions
without relying on municipal support. The options should also be focused on pollution control,
as this was the main objective of the research project.
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Preliminary options are described in this section, to be later analysed and put through site
specific feasibility criteria that was developed from the literature, site visits and previous
reports on the river corridor.

2.7.1 Water demand management
2.7.1.1 Rainwater harvesting
Rainwater harvesting can relieve pressure on the potable water supply by replacing the potable
water in everyday use such as toilet flushing or garden irrigation (Armitage et al., 2012).
Technically this is classified as a source control SuDS and can form part of a treatment train
when connected to infiltration trenches or soakaways.
Rainwater is collected from roof gutters and flows through a first flush trap into a storage
facility. This is then gravity fed or pumped to the point of use (Woods-Ballard et al., 2007).
The advantages, disadvantages and operation and maintenance are summarised in Table 2-1
(Armitage et al., 2012).
Table 2-1 Rainwater harvesting summary
Advantages

Disadvantages

 Reduces potable water consumption
 Attenuates flood peaks
 Adaptable storage which is easy install

 Water quality needs to be monitored
 No public amenity value
 Expensive on domestic scale

Operation & Maintenance
 Risk of using untreated rainwater for potable use must be explained to users
 Cleaning of flush diverter, roof gutters and monitoring and removing sediment in storage tank.

2.7.1.2 Groundwater recharge
Groundwater is an underutilised resource in South Africa; it often receives little consideration
and there is a serious lack of investment in groundwater recharge and extraction (Armitage et
al., 2014). Using groundwater as a resource entails extraction of water through boreholes as
well as recharge of aquifers with stormwater. This process is known as MAR – Managed
Aquifer Recharge. The water can then be used for non-potable purposes if untreated, or potable
purposes if treated.
The use of groundwater as a resource is dependent on the ground characteristics on site.
The presence of foundations and piped systems such as waste and stormwater could influence
the feasibility of using groundwater. Pollution can also affect the quality of water extracted and
thus define the purpose for which the groundwater is used if it can be used at all (Armitage et
al., 2014). Table 2-2 summarises the advantages, disadvantages and operation and maintenance
requirements for groundwater recharge (Armitage et al., 2014).
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Table 2-2 Groundwater recharge summary
Advantages

Disadvantages

 Reduces potable water consumption
 Encourages infiltration
 Reduces stormwater volume and peak
discharge
 Organic compounds and pathogens are
generally removed from the water

 Water quality needs to be monitored to
avoid groundwater pollution
 Increases the groundwater temperature
 Over extraction could cause soil collapse or
land subsidence
 Increases local water table levels
 May alter natural groundwater flows

Operation & Maintenance
 Risk of using untreated groundwater for potable use must be explained to users
 Care should be taken not to over extract from the aquifer

2.7.1.3 Water Efficient Devices
Water efficient devices are installed to reduce potable water consumption. A single flush can
use 10ℓ of water, a brick placed in the cistern limits the water volume or dual flush cisterns can
be installed in place of the standard cistern (Davies, 1995). Low flow devices can be installed
on the showerheads and taps within a household, this again reduces potable water consumption
(Davies, 1995). Table 2-3 summarises the advantages, disadvantages and operation and
maintenance of water efficient devices (Davies, 1995).
Table 2-3 Water efficient devices summary
Advantages

Disadvantages

 Reduces potable water consumption
 Easy to install
 Devices or techniques are not costly to
implement

 Difficult to enforce individual households to
include the devices

Operation & Maintenance
 Operation and maintenance requirements are not any more intensive than the ordinary version
of the devices

2.7.2 Wastewater interventions
2.7.2.1 Use of greywater in tower gardens
Tower gardens are small upright gardens that can be watered using greywater. Vegetables can
be grown successfully using soapy water; this can extend to kitchen water if not overly
contaminated with organic matter (DWAF, 2008). The University of Kwa-Zulu Natal and
eThekwini Municipality has shown through the use of tests that using greywater for irrigation
increased plant height and yield over tap water in spinach, peppers, carrots and beetroot
(Salukazana et al., 2006) . The research showed that greywater is a potential resource. The
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produce is presumed safe through microbiological analysis, provided that the greywater is
applied onto the roots of the plant and it is not eaten raw (Salukazana et al., 2006).
To construct a tower garden four poles are erected into the ground. Shade cloth wrapped and
sewn with nylon string around the four poles is used to create the walls of the tower structure.
There are other material options however shade cloth has proved to be the most durable
(DWAF, 2008). Inside the structure soil mix is packed around a stone packed drain in the
centre, shown in Figure 2-6. The drain allows for even distribution of water through the tower
garden. Leafy plants such as spinach, cabbage or lettuce are planted in holes of the shade cloth,
while tomatoes, onions and other vertical growing plants can be planted at the top. Table 2-4
summarises the advantages, disadvantages and operation and maintenance requirements for
tower gardens.

Figure 2-6 Water tower garden under construction (DWAF, 2008)
Table 2-4 Tower garden summary
Advantages

Disadvantages

 Not labour intensive
 Reduces demand on potable water supply
 Owners of the water tower reduce their
potable water consumption and as well as
grow their own food
 The water tower reduces evaporation and
thus food can survive in severe heat
conditions

 Difficult to predict how much water is
required for the plants to grow
 If compacted too much water will not
penetrate soil mass

Operation & Maintenance
 Approximately 40l of greywater is needed per day
 Once a week 40l of clean water should be poured into the tower to flush out the system
 Shade cloth, or other material will need to be replaced when necessary
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2.7.2.2 Bio-centres
Bio-centres are an example of a WSUD measure that improves access to water and sanitation
reducing access-related costs and builds a cohesion within the community (Binale, 2011). Biocentres collect sewage from community toilets and through anaerobic digestion produce biogas
and liquid fertiliser. The centre provides communal ablution and kitchen facilities and the same
building can also function as a community hall to be hired out for functions. This can also be an
opportunity for local businesses to start up around the bio-centre.
An underground dome is built as the anaerobic digester shown under construction in
Figure 2-7. Connected to this are the community toilets, typically four toilets stalls for men and
four for women on opposite sides of the building. Kitchen facilities are fitted to the building
and a community hall can be on the second floor. Alternatively, if space allows, it can be next
to the kitchen and toilet area. Table 2-5 summarises the advantages, disadvantages and
operation and maintenance requirements for bio-centres (Binale, 2011; Wasonga, 2011).

Figure 2-7 Bio-centre under construction using local labour (Binale, 2011)

Table 2-5 Bio-centre summary
Advantages

Disadvantages

 Community members are involved in the
building of the centre ensuring public interest
and community responsibility
 Skills training in governance, budgeting,
procurement and artisan
 No municipality operation and maintenance
needed
 Provides services to an otherwise unserviced
community
 Reduces methane released into atmosphere
 Income generating opportunities

 Cost of construction often exceeds budget due
to communities wanting more added to the
building (e.g. second floor)
 Resistance from community about using
sewage as resource
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Operation & Maintenance
 Ablution and kitchen facilities need to be cleaned daily
 Gas leaks and blockages will need to be detected and fixed
 Blockages from the ablution facilities to the digester need to be unblocked when necessary

2.7.3 Stormwater management – SuDS
2.7.3.1 Good housekeeping
Good housekeeping involves the minimisation of pollutants entering stormwater systems, this
can also apply to wastewater systems. This includes preventing solid waste from entering either
the storm- or wastewater system.
2.7.3.2 Source controls
These SuDS types are installed to manage stormwater as close to the source as possible
(Armitage et al., 2012). They are small scale and can be in private or public spaces.
2.7.3.2.1 Green roofs
Roofs are deliberately covered in vegetation. The vegetation can range from low growing grasstype to larger plants extending up to trees. Figure 2-8 is an example of a green roof. The roofs
may be accessible to people but this is dependent on their intended use.

Figure 2-8 Example of a green roof
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A water proof membrane is laid down initially. On top of the membrane a drainage layer is laid
down, typically 15-20mm thick for a green roof with low growing vegetation, followed by the
topsoil and vegetation layer, between 30-40mm thick. The thickness of the layers is dependent
on the type and size of vegetation to be planted on the roof. The roof has to have a slope of less
than 20° for the green roof to be stable when saturated. Table 2-6 summarises the advantages
disadvantages and the operation and maintenance required for a green roof (Armitage et al.,
2012).
Table 2-6 Green roof summary
Advantages

Disadvantages

 Can be installed on new or existing roofs
 Improves the insulation of the building
 Mimics the predevelopments state of the
area
 Increases amenity (if accessible) and
biodiversity

 Installation requires skilled professionals
 Costly to implement, to account for
increased structural weight, vegetation
requirements and labour
 Failure of the membrane can lead to
significant structural damage
 Limited plant variety available

Operation & Maintenance
 Needs 3-4 inspections per year on both the vegetation and to check structural integrity

2.7.3.2.2 Soakaways
Soakaways are a form of temporary underground storage and the water is slowly drained into
the surrounding soil. The volume of a design storm is used to determine the size of the
structure, and the water should drain away after 24 hours. Normally they are between 1-4m
deep, in residential areas such as SLPV they are usually less than 1.5m. Soakaways are
constructed using polyethylene or precast concrete rings 1-2.5m in diameter and are positioned
at least 1.5m above the water table. Table 2-7 summarises the advantages, disadvantages and
operation and maintenance required for soakaways (Armitage et al., 2012).
Table 2-7 Soakaway summary
Advantages

Disadvantages

 Design life of less than 20 years
 Decreases runoff volumes and flow rate
 Effective removal of particulate and
stormwater suspended pollutants

 Infiltrating water may compromise nearby
foundations
 Limited to small and connected areas
 Cannot function of steep slopes or unstable
areas
 Needs sub-drain pipes if soil is clay or fine silt
 Sedimentation within chambers will slowly
reduce capacity

Operation & Maintenance
 Design life affected by frequency and quality of inspection and maintenance cycles
 Inspection opening should be included in design to allow easy clearing of debris and maintenance
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2.7.3.2.3 Permeable pavements
Permeable pavements are porous ground cover that promotes infiltration of stormwater runoff
(Armitage et al., 2012). The pavements can be constructed of concrete block or brick pavers,
stone chip, gravel or porous concrete or asphalt. The advantages, disadvantages, operation and
maintenance for permeable pavements are summarised in Table 2-8 (Armitage et al., 2012).
Table 2-8 Permeable pavements summary
Advantages

Disadvantages

 Reduces stormwater discharge rates and
volumes from impervious areas
 Provides a dual function, both SuD and
walkway
 Recharges ground water or collection for
domestic purposes
 Can be used where soil conditions limit
infiltration process
 Eliminates surface ponding

 Not suitable for slopes greater than 1:20
 Cannot be used over fill material
 Not suitable for high traffic volumes or
heavy loads
 Significant potential for clogging by fine
sediment
 Pollutant removal is low compared to other
SuDS

Operation & Maintenance
 Needs regular inspection and maintenance as it is prone to blockages
 Every three months vacuum-sweeping or high pressure jet washing of the surface needs to
take place

2.7.3.3 Local controls
These SuDS options manage larger areas and are typically within road reserves (Armitage et
al., 2012).
2.7.3.3.1 Filter strips
Filter strips are maintained grass areas of land used to manage shallow overland stormwater
runoff (Armitage et al., 2012). They are an effective option for pre-treatment in a treatment
train and work best in low density developments as stormwater runoff mitigation. Filter strips
are normally sized for a 1 year return period storm, the length, width and slope are all designed
to provide sufficient contact time. The water in the strip is advised to remain less than 0.3m/s
for settlement and a maximum of 1.5m/s to prevent erosion (Woods-Ballard et al., 2007). Table
2-9 summarises the advantages, disadvantages, operation and maintenance for filter strips.
Table 2-9 Filter strips summary
Advantages

Disadvantages






 Subsurface is susceptible to clogging if there
is poor solid waste management
 Cannot remove fine sediments or heavy
metals
 Runoff needs to be spread out in filter strips
 Minimal storage capacity and not effective at
high velocities

Low installation and maintenance costs
Flexible layout
Contributes to attenuation of flood peaks
Removes most sediment and other settleable
solids
 Traps pollutants close to source
 Integrates into the natural landscape
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Operation & Maintenance
 Needs regular inspection, including erosion checks and clearing of litter and cutting of grass
 After installation strips must be checked during rainfall event to ensure distributed flow
 Vegetation should be kept in healthy condition throughout the year

2.7.3.3.2 Swales
Swales are shallow grass-lined channels, they require a relatively large surface area to function
properly. These are often combined with wetlands or ponds and use a combinations of bioinfiltration and infiltration to remove pollutants. Heavy metals are removed through bioinfiltration and larger particles removed by plant filtration.
Swales are designed for minor floods such that water velocity is not too fast. They may
also be designed as small detention basins. They have flat and sloped sides less than 30°, and
are designed to convey stormwater runoff and pre-treat the stormwater before reaching the
discharge site. Table 2-10 summarise the advantages, disadvantages, operation and
maintenance for swales (Armitage et al., 2012).
Table 2-10 Swale summary
Advantages

Disadvantages

 Less expensive than conventional stormwater
drains
 Runoff is completely infiltrated in-situ
 Particulate pollutants are retained
 Reduces runoff and delays peak flows
 If maintained design life is indefinite

 Requires a large area
 Limited removal of soluble pollutants or fine
sediment
 Impractical on steep areas
 Standing water can be a breeding ground for
mosquitos or create an odour
 It fails fast if there is not adequate
maintenance

Operation & Maintenance
 Effectiveness is linked to maintenance standard and frequency
 Mowing, weeding, watering during dry season, re-seeding, litter and debris removal and inlet and
outlet checked for erosion form part of the maintenance

2.7.3.3.3 Infiltration trenches
Infiltration trenches receive and store stormwater and allow the water to infiltrate in the soil to
replenish groundwater. It is an effective method of removing sediment, metals, coliform
bacteria and organic matter, however infiltration trenches work best in a treatment train
(Armitage et al., 2012).
A shallow excavation is dug into the ground and filled with rubble, stone or void forming
media. This forms the temporary storage for the stormwater runoff and is conveyed
downstream or infiltrated into the soil within 72 hours (Woods-Ballard et al., 2007). Table 2-11
summarises the advantages, disadvantages, operation and maintenance for infiltration trenches
(Armitage et al., 2012).
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Table 2-11 Infiltration trench summary
Advantages

Disadvantages

 Increases stormwater infiltration and
groundwater recharge
 Decreases frequency and extent of flooding
 Effective removal of suspended particles
 Narrow cross-sectional area
 Negligible visible impact

 Not suitable for unstable, uneven, or
steeply sloped ground
 May lead to groundwater contamination if
pollutant load is high or soil strata is coarse
 Prone to failure by clogging
 Only applicable in permeable soils

Operation & Maintenance
 For the first year inspections should be performed after every rainfall event for sediment or
debris build up. Otherwise checked quarterly
 Construction cost is low and maintenance cost is high; top layers must be regularly cleaned.

2.7.3.3.4 Bioretention areas
A bioretention area is a landscaped depression which manages the minor more frequent storms
for a small catchment. The runoff goes through several natural processes in the area by going
through small stormwater management interventions. These include grassed strips, temporary
ponds, sand beds, mulch layers and a wide variety of plant species (Armitage et al., 2012).
Nutrients, heavy metals, pathogens and suspended solids are all removed. Table 2-12
summarise the advantages, disadvantages, operation and maintenance for bio-retention areas
(Armitage et al., 2012).
Table 2-12 Bioretention area summary
Advantages

Disadvantages

 Effective removal of most stormwater
pollutants
 Easily incorporated into a variety of
landscapes, including retrofitted options
 Contributes to minimising stormwater
runoff rates volumes, and flood peak
attenuation
 Provides public amenity and biodiversity

 Impractical on steep slopes
 Not suitable for groundwater table
shallower than 1.8m
 Requires frequent maintenance
 Good housekeeping in surrounding areas is
vital to prevent clogging
 Higher construction costs

Operation & Maintenance
 A monthly inspection is required, the quality of maintenance determines design life of area
 Maintenance includes debris and litter removal, annual weeding, replacement of topsoil,
maintenance of vegetation and sediment removal

2.7.3.3.5 Sand Filters
Sand filters are variable structures although all consist of a sedimentation chamber linked to an
underground filtration chamber (Armitage et al., 2012). Particulate and suspended particles,
heavy metals and hydrocarbons are removed which makes sand filters effective at treating the
first flush of a storm. A summary of the advantages and disadvantages, as well as operation and
maintenance requirements is presented in Table 2-13 (Armitage et al., 2012).
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Table 2-13 Sand filter summary
Advantages

Disadvantages

 Effective removal of total suspended solids
 Works efficiently in little space
 Effective in areas with a high groundwater
table
 Filtered effluent can be used for nonpotable domestic water
 Easy to retrofit

 Premature clogging if receiving excessive
sediment loads
 Unattractive
 Ineffective at controlling stormwater peak
discharges
 Expensive to implement and maintain
 Failure cause formation of standing pools of
water

Operation & Maintenance
 Requires high frequency maintenance and periodical screening of surface material
 Weekly maintenance should be performed especially during wet season and after rainfall
events

2.7.3.4 Regional controls
Combined stormwater runoff from several development are managed by regional control SuDS,
these often form the final step in a treatment train (Armitage et al., 2012).
2.7.3.4.1 Constructed wetlands
Wetlands are traditionally described as marshy areas of shallow water partially or completely
covered by aquatic vegetation (Armitage et al., 2012). They provide stormwater attenuation as
well as treatment by detaining flows allowing sediments to settle and removing pollutants
through bio-infiltration and infiltration (Woods-Ballard et al., 2007). Biodiversity of an area is
significantly increased with the construction of a wetland.
Wetlands require a continuous base flow and function ideally with a combination of
shallow and deep waters, although no deeper than 2m, as well as a length to width ratio larger
than 3:1 (Woods-Ballard et al., 2007). Shallow side slopes are imperative for safety. Table 2-14
summarises the advantages, disadvantages and operation and maintenance requirements for a
constructed wetland (Armitage et al., 2012).
Table 2-14 Constructed wetland summary
Advantages

Disadvantages

 More effective removal of pollutants than
other regional controls
 Can be incorporated into the urban
landscape and add aesthetic value to
surrounding properties
 Have the ability to produce various kinds of
food
 Can be retrofitted to flood basins

 Could attract mosquitoes
 Limited to flat land
 May attract birds whose faeces can increase
phosphorous content in the water
 Clean water can pick up pathogens in
sediment and exit in a worse condition
 Floods can result in water logging of plants,
which then die and start eutrophication
 Supplementary needed water in dry period
 Wind action may cause re-suspension of
organics
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Operation & Maintenance
 Requires frequent and details inspections
 Check for accumulation of sediment, organic debris, litter, oil, weeds, nuisances, algae blooms
and scour.
 Vegetation may need to be harvested to maintain healthy flow conditions
 Dead or water logged plants should be removed to prevent eutrophication
 Wetlands are vulnerable to invasive plant species

2.7.3.4.2 Detention ponds
Detention ponds are temporary surface storage to aid flow control through stormwater
attenuation. The basins are normally dry, grass or concrete, and can function as a recreational
facility in dry seasons (Woods-Ballard et al., 2007). Sports fields and skate parks are examples
of a detention pond with dual use (Armitage et al., 2012).
The ponds are designed to store water for a period of 24 to 72 hours. They are vulnerable
to high speed flows and thus the design must include an inlet which is able to spread the flow,
an outlet structure that will limit potential erosion with an emergency spillway should the flow
be large enough to cause damage (Armitage et al., 2012). Table 2-15 advantages, disadvantages
and operation and maintenance (Armitage et al., 2012).
Table 2-15 Detention pond summary
Advantages

Disadvantages

 Attenuates downstream flood peaks
 Relatively inexpensive to construct and easy
to maintain
 Serves multiple purposes during drier
seasons
 Can add aesthetic value to adjoining
residential properties

 Not good at dissolved and fine pollutant
removal
 Not as effective at removing pathogens as
constructed wetlands
 Siltation can be a problem
 Floors of pond can become swampy after a
major rainfall event
 Has a large surface area
 Not suitable for areas with high water
tables, or there is a risk of groundwater
contamination

Operation & Maintenance
 Inspections to check if removal of accumulated sediment is necessary
 Vegetation management when appropriate
 After large rainfall events, inspections of the inlet and outlet structures are to be conducted to
ascertain correct functioning and clear debris and litter
 Typically every five years de-silting is required

2.7.3.4.3 Retention ponds
Retention ponds function much like detention ponds except that they have a permanent pool of
water in them. The permanent volume can be utilised for non-potable purposes (Armitage et
al., 2012).
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The ponds are formed with the construction of a dam wall and a weir outlet structure. They are
designed to hold a much larger volume of water than their permanent pond volume. Generally
retention ponds are less problematic to maintain than their detention counterparts, although they
must be carefully designed to ensure they are not a drowning hazard (Armitage et al., 2012).
Table 2-16 summarises the advantages, disadvantages and operation and maintenance for
retention ponds (Armitage et al., 2012).
Table 2-16 Retention pond summary
Advantages

Disadvantages

 Promotes biodiversity and can be used for
recreational purposes
 Generally have the capacity to remove a
range of stormwater pollutants
 One of the most cost effective SuDS
options
 Stormwater captured can be used for
irrigation or non-potable domestic purposes

 Permanent water creates health and safety
concerns
 If not maintained regularly debris, scum
and foul odours could build up
 Restricted to sites with shallow slopes
 Require a baseflow or supplementary water
to maintain permanent water level
 May attract birds whose faeces could raise
phosphorous levels in the water
 Not as effective in pathogen removal as
wetlands

Operation & Maintenance






Similar to detention pond maintenance
Inspections to check if removal of accumulated sediment and litter is necessary
Mitigation of odours and mosquito breeding
Weed control
After large rainfall events, inspections of the inlet and outlet structures are to be conducted to
ascertain correct functioning and clear debris and litter
 Draining and cleaning if pest populations or algae growth is excessive

2.7.4 Urban agriculture
Urban agriculture includes concepts like the water tower garden described in Section 5.2.1.
However it extends to subsistence farming for residents in urban areas, reducing their
dependency on buying produce externally. Various NGOs exist which train people in creating
their own urban food garden, this improves food security and increases access to nutritious and
sustainably grown food as well as raises awareness regarding ecological health promotion
(Siyakhana, 2013).
Using the local community for labour the gardens are set up wherever there is open space.
The gardens can be developed for the entire community to use or be on an individual basis, the
use of the land depends on the community needs. Table 2-17 summarises the advantages,
disadvantages and operation and maintenance requirements for urban agriculture.
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Table 2-17 Urban agriculture summary
Advantages

Disadvantages

 Improves food security
 Can use stormwater and greywater
 Provides employment and skills training

 Uses large land space
 Needs frequent maintenance and
community involvement
 Produce vulnerable to flooding

Operation & Maintenance
 Crops need to be pruned, harvested and re-sown as often as necessary

2.8 Summary
While WSUD is a concept that originated from developed countries, it needs to be applied to a
developing content. Though the concept remains the same, difficulties are apparent when faced
with failing conventional systems and resistance from communities. South Africa - though a
middle income country - has to face the same problems many developing countries have. The
existing policies and structures remain disjointed which hinders progress especially regarding
integrated development plans. SLPV is neglected as it is not an area that needs immediate
attention although the flooding and health problems are affecting the residents and stopping
their own economic development. A major issue that can be foreseen is the resistance from the
community to engage in the WSUD process as there is mounting distrust between government
and the citizens.
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3. Method
To complete this research project, various data sources were used. A background study of the
SLPR was conducted which included a review of the river corridor upgrade plan from GIBB
(Pty) Ltd. A site visit was also necessary to gain insight to the site specific challenges of the
area. The background study included meetings with municipality officials and the GIBB
consultants. SLPV was then characterised with regard to services provided as well as flood
control measures. Feasible WSUD options were assessed and a conceptual design for the
village established.

3.1 Background research
A literature review was conducted to gain a better understanding of WSUD, drawing on
international research and examples of implementing WSUD. A number of WSUD examples
exist already. Applicable case studies cover three concepts of water sensitive design, namely
water demand management, wastewater reclamation and stormwater management.
South African national and local municipality policies regarding WSUD and sustainable
development were reviewed. The review also included a description of the water practices in
South Africa as well as the challenges of water related management strategies associated with
informal settlements in developing countries. Sustainable sanitation and drainage interventions
were also researched; from these feasible options were chosen based on the site specific
information.
Information and data relating directly to SLP River and Village was obtained from Franz
Von Moltke, Head of Catchment Planning East in the Catchment, Stormwater and River
Management Branch of the City of Cape Town; as well as from Richard Nell, Senior Associate
of GIBB (Pty) Ltd. The information included maps, plans and floodlines, as well as supporting
documents used in the GIBB report. This information was incorporated in the process of
defining suitable WSUD options for SLPV.
The GIBB river corridor plan and findings, combined with other recent reports and the
site visits were used to assess the current state of the river. The stretch of the river through
SLPV was analysed in terms of surrounding development types, the existing vegetation, water
quality, recreational and job creation potential and the overall state of the river section. This
data was used to identify the WSUD potential intervention points.

3.2 Site visit
On 11 August 2014 a site visit with the City of Cape Town municipal engineer, Franz Von
Moltke was arranged. This involved an overall tour of the river corridor from downstream of
SLPV into Gordon’s Bay. Photographs were taken to capture the current state of the river,
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shown in Appendix A. This was an opportunity to see first-hand the issues the residents of
SLPV face with regard to service delivery and flooding.

3.3 Criteria for feasible WSUD options
For a feasible conceptual WSUD, the intervention options needed to be site specific. Using the
information gathered from the site investigation and interviews, a preliminary feasibility
analysis was carried out from the perspective of site suitability. Selection criteria for feasible
WSUD intervention options were developed from information gathered in the literature review.
The selection criteria included aspects of the entire water cycle and was site specific to SLPV.
The criteria are shown in Table 3-1 for example WSUD options; the options either met the
criteria (three - green block), were intermediate (two - yellow block) or failed to meet the
criteria (one - red block), the white blocks are not applicable to the WSUD measure. The
average score was found the closer to three (green) it is the more suitable the measure is to the
site.
Constraints and objectives for the conceptual WSUD plan were drawn from the
researched policies. These focused on constraints involving retrofitting existing developments
to preserve the river environment as well as protect the residents from flooding.
Table 3-1 Criteria for feasible WSUD intervention options (example) for SLPV
Criteria

WSUD Option A

WSUD Option B

WSUD Option C

Easy constructability

3

2

3

Easily retrofitted/small area needed

3

3

3

Low operations and maintenance costs

2

3

3

Low operation and maintenance requirements

3

3

3

Educates community about environmental issues

2

2

2

Improves water quality

1

3

2

Low risk of groundwater contamination

2

2

2

Reduces flood risk

2

3

Reduces potable water consumption

3

3

3

Increases public amenity

1

1

1

Increases biodiversity

1

1

2

2.1

2.4

2.4

Improves public interest in the river corridor
Removes solid waste

Recycles energy
Creates jobs

Average
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4. Site description
4.1 Description of Sir Lowry’s Pass River
According to the State of Rivers Report (DWAF, 2005), the upper region of the Sir Lowry’s
Pass River is of No Risk status. This progresses to High Risk by the time it reaches its outlet in
Gordon’s Bay. Figure 4-1 illustrates the Sir Lowry’s Pass River catchment discussed in this
section.

Figure 4-1 Sir Lowry's Pass River catchment, showing wetlands (green polygons), dams
(blue polygons) and river zonal classification, with zonal breaks indicated by red markers
(Nell et al., 2013)
The upper reach of the river runs through relatively undisturbed natural areas, these areas are
clear of alien vegetation which has been identified as a large contributor to water loss in river
systems (van Wilen et al., 1998). It then runs through farmland and highly disturbed vacant
land where it is joined by several tributary rivers (Nell et al., 2013). In this area the river
sustains water loss through abstraction for agricultural purposes and the runoff quality from the
farming area contributes to the degradation of the water quality (DWAF, 2005). As a result of
this, the reduced flow means that the pollutants remain undiluted.

A’Bear: WSUD in Sir Lowry’s Pass Village
Chapter 4: Site description

4-2
SLPR collects pollution from the informal settlement, SLPV, located upstream of the N2. With
the sewage system not functioning ideally, the wastewater and solid waste from the streets
combine with the stormwater runoff and runs directly into the river shown in Figure 4-2. This
leads to severe water quality issues and raises the river status to High Risk, using the faecal
coliform indicator (DWAF, 2005). The river is highly channelized in this area, with the housing
encroaching onto the top of the channel banks (Nell et al., 2013). Both the banks and the river
bed have been severely eroded and flooding is a common occurrence; bank erosion is shown in
Figure 4-3.

Figure 4-2 Solid waste and stormwater are directed into the channelized tributary river

Figure 4-3 Bank erosion and encroachment of dwellings onto the river bank
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Downstream of SLPV, the river flows through a number of farms. The river is fed in these
regions by extensive seepage wetlands and overflows from off-channel farm dams.
Channelization in this region has disrupted the natural hydrology of the river. Adding to this
disruption are farm dams, trenches and drainage ditches as well as stream diversions (Nell et
al., 2013). The earth channel in this region has been invaded with alien vegetation. Extensive
loss of the wetlands and a loss of up- and downstream ecological connectivity are a result of
these impacts.
The river is diverted into an artificial canal through the eastern edge of the Gordon’s Bay
Wastewater Treatment Works (WWTW) located upstream of Gordon’s Bay. The WWTW
treats 1.3 million cubic meters of sewage per year and the treated effluent is directed into the
now canalised river further degrading the water quality (DWAF, 2005). During late summer,
when the river largely dries up, the treated effluent makes up the bulk of the river flow (Nell et
al., 2013).
Sir Lowry’s river splits upon entering Gordon’s Bay and just downstream of the WWTW,
the western branch is canalised and linearized upstream of St Andrew’s Drive (Nell et al.,
2013). Critically endangered vegetation identified as the Lorensford Alluvium Fynbos is found
in the lower reaches of this branch. This is protected only by the Harmony Flats Nature Reserve
located west of the diversion canal. The eastern branch is kept in an earth canal and its
meandering nature is preserved as it goes through a residential area of Gordon’s Bay. Because
of the natural banks and the small ecological buffer the eastern branch is able to improve the
water quality and subsequently the pollution in this branch is reduced. A good quality stream
wetland vegetation can be found in places along this branch. Both branches go under the R44 in
narrow concrete canals before discharging directly into the sea (Nell et al., 2013).

4.2 Description of Sir Lowry’s Pass Village
SLPV is located upstream of Gordon’s Bay on the far eastern side of the City of Cape
municipality borders shown in Figure 4-4. The most recent census of the area was done in
2011. The population of the village was 8496 with 2283 averaging at 3.72 people per
household (SDI & GIS, 2013).
The village population is predominantly coloured (66%), followed by black (28%), with
the remainder compromising of white, other and Asian. 78% of the labour force (aged 15 to 64)
is employed and the average household income is R3200 (SDI & GIS, 2013).
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Sir Lowry’s Pass River

Figure 4-4 Location of Sir Lowry's Pass Village in relation to Greater Cape Town

4.2.1 Layout of SLPV
The formal borders of SLPV include households outside of the area dealt with in this research
project. These high income households are excluded from this research project as they are not
affected by the problems found within the low income area nor they are susceptible to flooding.
Figure 4-5 depicts SLPV borders defined by the 2011 City of Cape Town Suburb Census, with
the low income area of concern outlined in dark red.

Figure 4-5 Border of SLPV in white and area of concern in dark red
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The area of concern - referred to as SLPV for simplicity - is a low income area. The river is
joined by a stream from the Hottentot Mountains in this area, thus creating a V-shape in the
village layout (Figure 4-6). The western side of the village is predominantly formal housing,
with defined plots and single storey buildings. A school is in the centre of the village, north of
which lies the informal housing. The eastern and southern parts of the village have small formal
houses with small plots and a large number of backyard dwellings.

Figure 4-6 Land use in Sir Lowry's Pass Village
59% of the population live in formal housing, 12% in backyard dwellings, 28% in informal
housing (shacks) and 2% in unspecified housing types (SDI & GIS, 2013). It must be noted that
the Census includes the population of the greater area outlined in white on Figure 4-5. Thus
these percentages are slightly different in reality; with less of the population living in formal
housing.

4.2.2 Climate of SLPV
SLPV has a warm and temperate, Mediterranean, climate. The rainfall period falls in the winter
season. Summers are generally hot and dry which is consistent with most of the Western Cape.
Figure 4-7 shows the average monthly temperatures while Figure 4-8 shows the average
monthly rainfall statistics. The average annual rainfall is 770mm and the average temperature
16.2°C (Climate-Data.org, 2014).
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Figure 4-7 Average monthly temperatures for Sir Lowry's Pass Village

Figure 4-8 Average monthly rainfall for Sir Lowry's Pass Village

4.2.3 Geology of SLPV
From the Hydrogeological/Geotechnical Investigation undertaken by GIBB (Umvoto Africa,
2013) it was found that a sedimentary Sandveld Group overlies the Malmesbury Group in
SLPV. The group is comprised of heterogeneous, stratified layers of unconsolidated to semi
consolidated sediment. The alluvium along the SLPR is near surface (0-1.5mbgl) sand-silt,
between 1.5-4mbgl is coarser. Below 4mbgl clay and hard basement rock is present. The
aquifer though shallow is classified as a local scale unconfined aquifer. The ground water levels
vary between 1-3mbgl with recharge being 10-15% of mean annual rainfall. Stormwater
infiltration potential of the surrounding Cape Granite and Malmesbury Group is very low. The
basement rock acts as an aquitard or aquiclude, restricting water movement. The river corridor
has however been identified as potential natural infiltration zones. This includes SPLV with the
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exception of the eastern and south eastern zones of the settlement. Figure 4-9 is the catchment
potential infiltration zones produced by GIBB, the red circle indicating the location of SLPV.

Figure 4-9 Sir Lowry's Pass River catchment potential infiltration zones (Umvoto Africa,
2013)

4.2.4 Local fauna and flora
According to the State of Rivers Report (2005) the riparian vegetation of the SLPR is poor after
the river goes through the settlement. The settlement itself has little vegetation aside from
clusters of blue gum trees along the river corridor and in the upper sections of the village. The
surrounding areas are empty plots of agricultural land. Naturally occurring shrubs can be seen
downstream of the village.

4.2.5 Services provided
According to the 2011 Census, 53% of the households in Sir Lowry’s Pass Village are provided
with potable water via formal water reticulation system inside the household (SDI & GIS,
2013). 16% of the households have water provided by a yard tap, 25% have potable water
available less than 200m away and 6% are further than 200m from the nearest water source
(SDI & GIS, 2013).
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Formal flush toilets connected to the sewerage system are provided for 69% of the households
in the village, 3% have flush toilets with a septic tank (SDI & GIS, 2013). The flows from the
sewerage system are directed to the Gordon’s Bay Waste Water Treatment Plant located further
downstream. Less than 2% of households rely on chemical or pit (ventilated and nonventilated) toilets. Despite pleas to eradicate this method of sanitation, 14% of households use
bucket toilets. 12% of the population; i.e. 264 households, do not have access to sanitation at
all (SDI & GIS, 2013).
A conventional stormwater drainage system has been installed on the paved roads of
SLPV. The system picks up debris and litter on the streets and discharges directly into the river.
Solid waste is removed at least once a week for 75% of households while 25% have a
communal refuse dump. Under 1% of households either have their waste removed less than
once a week, use their own refuse dump or have no rubbish disposal system (SDI & GIS,
2013).

4.2.6 Water related problems in SLPV
The provision of potable water is not the main point of concern in SLPV. Although there are
unserviced dwellings, 94% of households have access, which meets and often exceeds the
minimum standard set by the South African government, of 25ℓ/c/d of potable water within
200m (Armitage, 2013).
The most concerning problem within the SLPV water cycle is that waste and stormwater
are inadequately removed from site. The sewerage system does not function ideally, it is poorly
maintained and frequently blocked. Blockages are a result of sand being used as a washing
medium for dishes (Nell, 2014). The sediment builds up in the sewer and due to infrequent
maintenance the pipes crack or burst. This results in sewage on the streets of the village which
gets washed down via the stormwater system or otherwise, into the river. The river water
quality is then reduced and the health of the residents is put at risk from this exposure to raw
sewage.
Stormwater management is a major problem in the village. The conventional drains are
frequently blocked with solid waste and sediment, impairing the system’s function. All the
sediment and waste is directly discharged into SLPR, contributing to the pollution of the river
system. Photos can be seen in Appendix A.
Figure 4-10 depicts the 100 year and 50 year storm floodlines through SLPV, the
difference between the two are often a matter of a few meters, meaning the floodlines are
interchangeable (Nell et al., 2013). There are over 600 informal dwellings and approximately
20 formal dwellings within the floodlines. The Floodplain and River Management Policy
(2009) restricts development inside the 20 year floodline. The formal housing within the 50 and
100 year floodlines however is outside of the 20 year floodline according to the WSP flood
calculations (WSP, 2009). However, the capacity of the residents living in the informal

A’Bear: WSUD in Sir Lowry’s Pass Village
Chapter 4: Site description

4-9
dwellings of SLPV to deal with large flood events is questionable. The poor are less able to
cope with the loss of a home and security than others of a secure financial standing (Jacobsen et
al., 2012). Thus the dwellings within the 50 year and by default 100 year floodlines are at a
higher risk than should be acceptable.

Legend
Main Roads
River Centre Lines
3350 River Stations
Flood Lines
100yr
50yr
Urban Edge
10m Contour
Subcatchments
Hazard Zones
High
Low

Figure 4-10 1:50 year and 1:100 year floodlines for Sir Lowry's Pass Village (Nell et al.,
2013)

4.2.7 Current Water Balance for SLPV
Due to the research project defined borders of SLPV being different to the borders defined in
the 2011 Census, the households outside of the research project defined SLPV are not taken
into consideration when the water balance was calculated. The households were excluded by
assuming those households earn a monthly income of more than R12 800. This was necessary
as SLPV includes formal housing, although not at the same standard of living as the households
outside of the borders.
This threshold was chosen as this bracket includes the low income class from R0 to R50
000 per annum as well as the low emerging middle class from R50 000 to R100 000. At R12
800 a month, the yearly income of R153 600 stretches into the emerging middle class capped
by an income of R300 000 per annum (van Aardt & Coetzee, 2011). Thus there are an
estimated 2100 households within the SLPV border; 1160 formal housing, 267 backyard
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dwellings, 631 informal housing not in backyards and 42 classified as ‘other’ types of
households.
To calculate the water use by each level of housing the water supply was also adjusted to
exclude households of middle and high class income level. Only the number of households
with ‘inside dwelling’ level of service was reduced as those of higher income would not likely
have a lower standard of water supply, therefore 1020 households are assumed to have water
supply inside the dwelling. The water use for different levels of service are summarised in
Table 4-1 (Armitage, 2013).
Table 4-1 Water use for different levels of water supply
Type of Water Supply

Water Use (ℓ/c/d)

Inside Dwelling

150

Inside Yard

50

<200m away

25

>200m away

20

The total potable water demand for SLPV was calculated to be 256 Mℓ/year. Using the same
water supply classifications sewage volumes were taken as a percentage of the water potable
demand. The percentages were based on figures in the Guidelines for Human Settlement
Planning and Design (CSIR, 2000) and practices observed on the site visits. A percentage of
70% was chosen for an on-site water supply as the infrastructure exists for sewerage; 30% was
assumed for stand pipes as these households are not likely to have a formal sewage system if
they do not have on-site water supply. It was observed on site visits that the greywater from
these dwellings is emptied onto streets and not into a sewer drain, thus the greywater in these
households is drained through the stormwater system.
The stormwater was calculated as rainfall excluding infiltration, evapotranspiration and
groundwater recharge, it does include the greywater that is discharged by households onto the
streets. Evapotranspiration was estimated using average humidity in Sir Lowry’s Pass Village
and the San Diego State University online calculator which uses the Thornthwaite method.
Figure 4-11 illustrates the current water balance.
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Figure 4-11 Current yearly water balance for SLPV

4.2.8 WSUD intervention opportunities
The opportunity of WSUD interventions are seen mostly in the sanitation and stormwater
sections of the water cycle. Too much polluted water is the problem as opposed to too little
potable water.
As seen in Figure 4-10, the dwellings and houses within the 50 and 100 year floodlines
are in hazardous zones. Those houses within the red zones, indicating a high risk of damage,
will have to be relocated to a safer zone. The relocation of the residents will most likely meet
with significant resistance from the community, thus this should be handled with care. Housing
in the high risk zones are a mixture of formal and informal housing. The informal housing is
often where the services are lacking the most and this could be used as an incentive for the
relocation.
The relocation of some residents means that the new development is planned
appropriately and in accordance to development policies. WSUD is incorporated into the new
development and still be affordable for the low income households that have to be moved.
An opportunity for WSUD is presented in the cleared areas within the floodlines. The
school faces directly onto this area which results in the school taking ownership of that section
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of the river. This will only occur through innovative WSUD and through public participation.
The successful environmental preservation of the entire river corridor running through SLPV
depends on the ability to get public participation as well as direct benefits to the community
beyond public amenity and increased biodiversity.
Wastewater leaking on to the streets and into the stormwater system is an unacceptable
health risk. Various measures should be put in place to improve correct usage of the system. If
this is successful, the sewage system can function without contaminating the surrounding area.
Simple retrofit greywater systems can also be implemented in the households which will reduce
both the load on the sewerage as well as the potable water demand.
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5. Feasible options for WSUD in SLPV
The WSUD intervention options themselves have design variations, each depending on how the
measure was designed and for what purpose. Thus it was necessary to do a preliminary design
of the intervention options before performing the multi-criteria analysis.
The rainwater harvesting is the process in which tanks were fitted to the roof gutters of
formal housing. These tanks have a filter on the top to keep out debris and mosquitos. This
intervention is dependent on the individual households as it falls into good housekeeping
measures, thus the tank sizes can vary depending on what the household can afford. There are
various designs which means the tanks are not limited in terms of space constraints.
Groundwater recharge was already constrained by the aquifer underlying SLPV. Thus
extraction was not feasible from the start. However encouraging natural recharge of the aquifer
and reducing the impact of impermeable services is part of WSUD. Therefore groundwater
extraction through boreholes was eliminated at this preliminary stage and groundwater recharge
is encouraged through other measures.
Water tower gardens were designed as explained in Section 2.7.2.1. They are a versatile
WSUD measure that is not constrained by space and it is affordable to implement and maintain.
The bio-centres were another measure to be implemented according to the description in
Section 2.7.2.2. This provides ablution facilities for the households that do not currently have
flush toilets.
The chosen green roof design, if retrofitted, was low growing vegetation as the roofs of
SLPV have not been designed for more than a load of self-weight. The possible roofs for this
WSUD measure include the school, clinic and the larger of the formal houses.
Soakaways were difficult as they require 1.5m of soil between the bottom of the
soakaway structure and the level of groundwater. With SLPV being over a widespread aquifer
that has a groundwater level varying between 1-3m the risk of groundwater contamination was
high, especially considering the proximity of SLPV to the river. Thus soakaways were
eliminated at this stage of feasibility checks.
Permeable pavements are highly variable in design. The most feasible option for the
design would be gravel underlain by an impermeable geotextile. The runoff would be directed
into another SuDS measure. The maintenance requirements of the permeable pavements was a
considerable constraint.
Filter strips are used to filter and distribute flow, usually they are placed along contours
and work best in low density developments. SLPV is relatively flat and due to the housing
density does not have space for filter strips to be implemented. Therefore filter strips were
eliminated from possible WSUD options for SLPV.
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There is a form of swale currently existing in the SLPV, at present it is overgrown and is
visibly polluted with solid waste. Swales need a relatively large area to be effective and this is
possible through the currently existing flow path. A standard grassed swale was planned for
this, the slopes and vegetation were adjusted to filter runoff.
Infiltration trenches were considered to replace the conventional drainage system. They
have a small footprint and are simple to maintain and operate. They are piped and direct flow to
another WSUD measure.
There is a risk in implementing maintenance intensive interventions. However a
bioretention area is malleable to fit any size and shape. The bioretention area for the conceptual
design had plants that included arum lilies, tamarak, wit ertjiebos, spider orchid, katstert, cape
reed, sour fig and Namakwa gifkool, which are all indigenous, well suited to an alluvial dry
bank and is tolerant of 5 year up to 20 year floods.
Sand filters would be ideal for the SLPV as they remove most types of pollutants which is
the main objective for implementing WSUD. A sand filter is easily retrofitted and was ideal for
the pollution removal of collected stormwater used for irrigation of crops. It was positioned
ahead of the storage tanks for the implemented urban agriculture.
Despite pollution removal attributes the CoCT does not want wetlands or retention ponds
in this area due to safety risks and high maintenance requirements (Von Moltke, 2014). Thus
they are eliminated from the multi-criteria analysis. Detention ponds although not encouraged
was an option and performs a dual function as a school field when dry.
Urban agriculture was implemented in SLPV. This was the intervention that created
public interest and awareness of WSUD and the importance of sustainable living. It uses
stormwater runoff collected in the infiltration trenches for crop irrigation.
This left 12 options for WSUD in SPLV, the final options were determined through a
preliminary multi-criteria analysis. Each option is listed in Table 5-1 graded on criteria set out
in the first column. As explained in Section 3.3 a green block meets the criteria, yellow
intermediate, red fails to meet the criteria and white is not applicable to the intervention option.
The last row indicates the average colour for the WSUD option and this determined whether
the option was used in the conceptual WSUD retrofitting of SLPV.
As can be seen in Table 5-1 two WSUD measures were eliminated due to unsuitability to
the site; these were permeable paving and sand filters. The measures that are applicable but
need to be further adapted to SLPV are in yellow, included in this is rainwater harvesting, biocentres, greenroofs, swales, infiltration trenches and detention ponds. It should be noted that not
all of these measures were used in the final conceptual SPLV water sensitive design.
The three interventions that came out as ideally suited to SPLV were water tower
gardens, bioretention areas and urban agriculture. These measures were incorporated into the
proposed upgrade of SLPV.
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Table 5-1 Feasible Options determined by Multi-criteria Analysis
WSUD Option
Criteria
A

B

C

D

E

F

G

H

I

J

K

Easy constructability

3

3

1

2

2

3

3

2

1

2

2

Easily retrofitted/small area needed

3

3

2

2

3

2

3

2

3

1

3

Low operations and maintenance costs

2

3

1

3

2

3

1

2

1

2

2

Low operation and maintenance requirements

3

3

1

3

2

2

1

1

1

2

3

Educates community about environmental issues

2

2

3

2

2

2

2

2

2

2

3

Improves public interest in the river corridor

2

2

2

3

2

2

3

Removes solid waste

3

3

3

3

3

3

3

Improves water quality

1

2

3

3

1

2

2

3

3

2

Low risk of groundwater contamination

2

2

3

3

1

3

3

3

3

2

Reduces flood risk

2

2

3

3

3

3

1

3

Reduces potable water consumption

3

1

1

1

1

1

2

1

3

3

Recycles energy

3

Creates jobs

3

2

1

3

Increases public amenity

1

1

2

2

2

1

2

3

1

3

3

Increases biodiversity

1

2

1

2

1

1

1

3

1

2

3

2.1

2.4

2.2

2.3

1.9

2.2

2.1

2.4

1.8

2.1

2.6

Average

*A - Rainwater Harvesting; B - Water Tower Gardens; C - Bio-centres; D - Greenroofs; E – Permeable Paving; F – Swales; G – Infiltration
Trenches; H - Bioretention areas; I - Sand Filters; J - Detention Ponds; K - Urban Agriculture.
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6. Conceptual WSUD for Sir Lowry’s Pass Village
The objective of this research project was to determine feasible WSUD options and ensure
public interest in the conceptual design for SPLV. Various points of intervention have been
identified with in the village; a map of the village with the proposed interventions can be found
at the end of the chapter.
These points of intervention aimed to improve the water quality entering into the river
and improve the service delivery for and the safety of the residents. By viewing the system as a
cycle the interventions are interlinked between the three formally defined water services. Thus
it was necessary to describe each intervention option at a location rather than the function it
performs as it could be more than one.

6.1 Household interventions
These interventions form part of ‘good housekeeping’ as described Section 2.7.3.1. Although
these interventions are not enforceable, the materials can be provided and NGOs brought in to
educate the residents with the broader public interventions.

6.1.1 Sediment traps
Part of the failing of the sewage system was due to sand being used as a washing medium. To
reduce the frequency of blockages in the system, sediment traps can be installed in the pipes
leading from the kitchen to the main sewer. The trap is simple to construct and sediment can be
emptied and disposed of safely by the residents. Figure 6-1 shows a picture of a generic
sediment trap that can be used to remove sand used in washing dishes.

Figure 6-1 Picture of sediment trap for domestic grey water (ITACA, 2012)
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6.1.2 Water tower gardens
Each formal household should be encouraged to make and use a water tower. The plots are
large enough for a small garden and space will be optimised with the introduction of this form
of urban agriculture. Greywater that will be infiltrating the ground will be filtered through the
tower garden; this breaks the direct link of untreated greywater entering the river system. Figure
6-2 shows an example of a Water Tower Garden.

Figure 6-2 Example of water tower garden, sizes can vary (DWAF, 2008)

6.1.3 Rainwater harvesting
In order to decrease the potable water demand and reduce daily consumption to minimise
household expense on water, rainwater tanks can be installed. The larger tanks are expensive
which limits the extent to which this method can be implemented as an effective runoff control.
Figure 6-3 illustrates a possible rainwater harvesting collection system.
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Figure 6-3 South African slim water collection JoJo tank (Rain Harvest, 2014)

6.2 Relocation of houses
The houses within the high hazard zones defined by the GIBB river corridor plan report will
have to be relocated to safer areas. This includes over 631 informal dwellings in SLPV as well
as 14 formal houses located near the joining of the tributary stream from east. There are some
houses in high hazard areas between the two zones indicated in Figure 6-4 which are not
included in the relocation.
The 14 formal houses can be rebuilt on empty plots within the same area, however due to
the permanent nature of the buildings significant resistance from the residents is expected. It is
very likely that the residents’ will refuse this proposal, in which case the area surrounding those
plots can be modified into a bioretention area.
It is important that the river goes through a filtration and pollutant removal process before
it leaves the village. This is the last point of contact the water will have to a WSUD
intervention. Should problems regarding sewage and solid waste remain unsolved the
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bioretention area would be able to mitigate the effects of the pollutants before going
downstream.
The informal dwellings should, in theory be easier to get on board the WSUD proposal.
This stems from their current lack of services and the provision of a better standard of living
with the upgrade. At present the dwellings are serviced by blocks of four toilets dispersed along
the roads within that particular area. These dwellings could potentially be relocated
downstream of the existing SLPV boundary, shown in Figure 6-5.

Informal
housing to be
relocated
Formal housing
to be relocated

Figure 6-4 Proposed areas of SLPV to be relocated due to current location within 50 and
100 year floodlines

Informal
housing to be
relocated

Proposed
new area

Figure 6-5 Proposed relocation area of the informal dwellings in SLPV

A’Bear: WSUD in Sir Lowry’s Pass Village
Chapter 6: Conceptual WSUD for Sir Lowry’s Pass Village

6-5
The proposed area is outside of the floodlines and still within the Sir Lowry’s Pass area. This
land is made up of 6 undeveloped plots (WSP, 2009), which can be bought and the residents
allowed to settle in that space. A benefit of the new land is that it allows for potential future
upgrade. The arrangement of the dwellings can be controlled, which means that enough space
for services can be allowed for.
The aim of WSUD however is to ensure the relocation and services occur with minimum
disturbance to the natural water cycle. Therefore local measures described in Section 6.4 are to
be included in this new development. The additional measure of a bio-centre is proposed
alongside the relocation, this is described in Section 6.3.

6.3 SLPV bio-centres
Like the informal settlements in Nairobi, there is a need to provide low cost self-sustaining
services in SLPV. Unlike cases in Nairobi, the informal sector of SLPV will have enough space
for easy WUSD implementation through the ability to plan the land use.
The bio-centres will source sewage from the existing sewers as well as from the toilets at
the bio-centres themselves. The flow from the existing sewer main will be diverted into the
anaerobic digesters, where biogas and liquid fertiliser will be produced. To ensure the digesters
do not exceed capacity through this method, effluent from the digesters will be released back
into the sewer main which will be conventionally treated by the Gordon’s Bay WWTW.
Through the diversion, the organic loads in the sewage will be reduced in turn reducing the
organic load of the WWTW influent flow.
The bio-centres will be above the 100 year floodlines to minimise any possibility of the
centres and digesters being flooded and releasing raw sewage into the river. As explained in
Section 5.2.2, the centres will have kitchen facilities for the residents in this area. The
community hall or other space could be rented out and thus become a source of income. Local
vendors would also be drawn to the bio-centres as there is a guarantee of passers-by using the
ablution or kitchen facilities.
The number of toilets provided was determined based on the provision of 40 bio-centres
for 100 000 people in Kenya (Wasonga, 2011) whilst acknowledging this standard falls far
below the Western Cape goal of 1 toilet to 25 people (CoCT, 2012). With approximately 2348
residents to be relocated, 94 toilets would be required to meet the Western Cape standard
however in order to meet the sewage requirements to generate biogas roughly 300 people need
to use a centre. Thus 8 bio-centres or ablution blocks of 8 toilets need to be built. Figure 6-6
shows a bio-centre built in the informal settlements of Nairobi.
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Figure 6-6 Bio-centre in Tegemeo, Korogocho Market, Kenya (Binale, 2011)

6.4 Local SuDS - Infiltration Trenches
The rainwater from the permeable pavements and other surfaces will filter down into the
infiltration trench system. This ideally will replace the conventional drainage system and will
drain to multiple points along the river bank while allowing rainwater to infiltrate into the
ground. The trenches will have geo-synthetic pipes that encourage flow into the ground and
excess water to drain into storage tanks. Due to the constraints arising from the layout of the
village and the use of a gravity fed system some infiltration trenches will drain directly into the
river and not into a storage tank. Figure 6-7 shows the cross section of the infiltration trench
design for SLPV.
Assuming the sediment traps and the bio-centres are effective the rainwater - having gone
through the infiltration trenches - should be of reasonable quality. It will run into a coarse
grained filter before draining into the storage tank. Overflow will be directed into the river. The
rainwater is essentially harvested for urban agriculture, as will be discussed in the next section.
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Figure 6-7 Cross-section of infiltration trench which will dually convey rainwater and allow infiltration (Armitage et al., 2012)

6.5 Urban agriculture
The space freed by the relocation of the informal dwellings needs to be of use to the
community, if not more squatters will simply construct their dwellings there and the problem
will remain unsolved. Wetlands are not feasible in this area as the city council does not want
the task of maintaining regional SuDS (von Moltke, 2014). Urban agriculture is a potential
solution to this particular issue. The produce will directly benefit the community as well as
provide an ecological buffer in case of flooding.
The types of crops grown can be standard subsistence crops, such as maize, tomatoes,
leafy vegetables etc. Within the 20 year floodline, arum lilies can be grown as they are naturally
adapted to the wetland environment. This also reduces the risk of losing food supply during a
flood event. All the produce can either be sold or used locally. The land can be allocated to
families or a community member can use the opportunity to create an organic business,
depending on the outcome of discussions involving the public. The lilies can be sold to the
surrounding florists in Gordon’s Bay, Somerset West and Strand.
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6.5.1 Rainwater harvesting
The rainwater collected through the infiltration trenches will be stored in a tank outside the
school grounds, indicated on the Invention Map (page 6-12) as blue dots. These tanks can be
partly sunken into the ground, as depicted in the example shown in Figure 6-8, to reduce
surface area footprint. The water will be used to irrigate the crops grown through urban
agriculture. Because this water has not been treated beyond running through various SuDS, the
water should be tested in the before first use and from then periodically to ensure it is safe to
use on the produce. If the collected stormwater runoff is found to be safe, the water should be
used on the roots of the plants to further reduce risk of contamination.

Figure 6-8 Potential rainwater storage tank to be constructed outside the SLPV school
grounds (ITACA, 2012)

6.5.2 School grounds
With the relocation of the informal dwellings the northern border of the school grounds opens
up onto the river. The plan is to use the school as a means to promote environmental awareness
and encourage water sensitive behaviour through the education of the youth. The school could
potentially take ownership of part of the urban agricultural land. It could be a source of food for
the students as well as an opportunity for the students to learn about WSUD.
The school field is within the 100 year floodline. The houses downstream are not being
relocated even though they are in a high hazard zone. The grounds are to be utilised as a
detention pond and will divert excess flow from the river, slow it down and allow the water to
drain over a weir and return to the river system. The maintenance of the field would not
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increase beyond the current requirements aside from inlet and outlet managing. The field is also
a shallow flat area so the risk of drowning is reduced.

6.6 Tributary stream – East
The tributary stream from the east is currently mostly channelized and highly polluted. The
CoCT would prefer not to have open river channels through informal settlements due to high
levels of pollution (Von Moltke, 2014). According to the GIBB report the tributary stream is
not a high flood risk (Nell, Day & Turrell, 2013).
Upstream of Sir Lowry’s Pass Road the stream is channelized and downstream it returns
to a natural cross-section as seen Figure 6-9. Although WSUD attempts to integrate the urban
and undeveloped landscapes, the proposed intervention method for the stream is an
amalgamation of a park and a culvert design. The idea is to create a public space that serves as
a pedestrian thoroughfare in this section.

Natural Cross-section
Channelized
Section

Figure 6-9 Channelized and natural tributary stream to SLPR
The channelized section is closed with culverts that have permeable walls and roof, with a
permeable pavement placed on the roof of the culvert. Leading out from the permeable paving a
2% gradient goes down into a grassed area lined with dashed kerbs. The grassed strip on either
side serves as the park where the rainwater directed into it is filtered into the culvert, the crosssection is shown in Figure 6-10 (Von Moltke, 2014).
The natural section should remain much as it is although it should be cleared up of any
solid waste and any unstable backyard dwellings that face onto the channel should be stabilised
or moved further into the property. The channel clearing should include pathways on either side
for pedestrian access to the river amenity.
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Figure 6-10 Cross-section of culvert design for east tributary stream

6.7 Tributary stream – North
The tributary stream from the North joins SLPR shown in Figure 6-11. The stream is not active
for the dry season and only comes into being after significant rainfall. Due to the seasonal
flows, the stream acts much like a swale. In order to enhance this function the ecological buffer
should be extended and the slopes of the swale planted with vegetation to filter out pollutants.
The vegetation type should include small sedges to slow the flow and will have a basic crosssection like that shown in Figure 6-12. Infiltration trenches from the surrounding areas will
drain to the swale.

North
Tributary
Stream

Figure 6-11 Tributary stream from the North
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Figure 6-12 Cross-section of standard grassed swale to be implemented in SLPV
(Armitage et al., 2012)

6.8 Bioretention area
The proposed relocation of the formal housing described in Section 6.2 may have two
outcomes. The ideal outcome is that the formal houses are in fact relocated to the empty plots
within SLPV. This would open up a larger zone for a bioretention area to be established in the
place of the housing. Should the houses remain as they are, the surrounding land would form
the bioretention area. This is not ideal as these houses will remain exposed to flood risk, though
lessened through the WSUD interventions throughout the village.
The area could become another location for urban agriculture should the community fail
to take interest and therefore maintain the bioretention area. The area could also become the
arum lily urban farm, which would leave land upstream for a larger food production area.
Figure 6-13 indicates the location of the proposed bioretention area. A bioretention area as
defined by the South African SuDS Guidelines is unsuitable when the ground water is
shallower than 1.8m (Armitage et al., 2012), thus making this area a mixture of a wetland and a
bioretention area in concept.
The vegetation in the bioretention area will be a mixture of red hot pokers, sedges,
bulrushes, vlei bluestem grasses, and arum lilies. These plants are suitable to the wet
environment as they have adventitious shallow root systems, large internal pores and seed
dispersal mechanisms (Nell et al., 2013). Local labour will be required to maintain the
bioretention area, the success of the area will be determined by the frequency and quality of the
maintenance. To encourage public interest the area can be constructed by surrounding
residents’ labour and used by the school for educational purposes.
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Figure 6-13 Bioretention area dark green with houses relocated and light green with the
houses as they are
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Figure 6-14 Intervention Map
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7. Discussion of proposed conceptual WSUD
7.1 Pollutant removal by SuDS implemented
SLPV covers less than 2% of the SLPR catchment area up until the bottom border of the
village. Thus SuDS implemented in the village will not have a significant effect on flood peak
and volume during a major storm event. Table 7-1 categorises the proposed SuDS techniques
on function.
Table 7-1 Proposed SuDS interventions categorised by function

▪ ◦

Infiltration trenches
Swale
Detention basin
Bioretention area

▪
◦
▪

▪
▪
▪
▪
▪

◦
▪
▪
▪
▪

Ecology

Amenity

Nitrification

Uptake by plants

Precipitation

Volatilisation

Biodegradation

Adsorption

Filtration

Sedimentation

◦ ◦ ▪ ◦ ◦
▪
▪ ▪ ◦ ▪
◦ ▪ ▪
▪ ▪ ◦
▪
▪
▪
▪ ▪
▪

Aesthetics

Environ.
benefits

Water quality

Water harvesting

Infiltration

Detention

Conveyance

Water
quantity

Regional control

Site control

Source control

▪
▪

Sediment traps
Permeable pavements

Pre-treatment

Prevention
Good house keeping

Conveyance

Management train
suitability

Technique

◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦ ◦
▪
▪
▪
◦
▪

▪
▪
▪
◦
▪

▪ ▪
▪ ▪
▪
◦
▪
◦
▪ ▪ ▪ ▪ ▪

◦ ◦ ◦
◦ ◦ ◦
◦ ◦ ◦
▪ ▪ ▪

* ▪ - high/primary process; ◦ - some opportunities, subject to design

The proposed SuDS are primarily water quality interventions although they could reduce water
quantity in minor rainfall events. It is for this reason that the households in the hazardous areas
were moved in the conceptual design, as this is the most effective option to reduce the flood
safety risk. The role of implementing WSUD in SLPV is therefore pollutant control.
The river becomes severely polluted after going through SLPV, as previously mentioned
in the site and river description, as stormwater washes solid waste and sewage into the river
system. With the introduction of WSUD interventions the pollutants currently entering into the
river will be reduced. Table 7-1 shows the measured pollutant removal capacities of the
proposed SuDS intervention measures (Armitage et al., 2012).
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Table 7-2 Measured pollutant removal capacities of proposed SuDS options
Pollutant Removal (%)
Option/Technology
TSS

Hydrocarbons

TP

TN

Faecal Coli
Forms

Heavy
Metals

Permeable Paving

60-95

70-90

50-80

65-80

-

60-95

Infiltration Trenches

70-80

-

60-80

25-60

60-90

60-90

Detention Pond

45-90

30-60

20-70

20-60

50-70

40-90

Vegetated buffer

50-85

70-90

10-20

10-20

-

25-40

Swale

60-90

70-90

25-80

30-90

-

40-90

Bioretention area

50-80

50-80

50-60

40-50

-

50-90

TSS – Total Suspended Solids; TP – Total Phosphorous; TN – Total Nitrogen

From the table it can be seen that the faecal coli forms are not often dealt with in the SuDS,
thus it was necessary to include preventative measures to deal with the issue of sewage entering
the stormwater drainage system and into the river. Thus interventions such as the household
measure of sediment traps and the introduction of bio-centres will reduce the possibility of
sewage entering the stormwater system. These measures will also reduce the frequency of
blockages as well as reduce the organic load on the sewage system.

7.2 Improvement of safety and service delivery in SLPV
Low income households have limited capacity to recover from flooding as they have the least
resources to assist in recovery (Parkinson, Tayler & Mark, 2007). Due to SLPV being such a
small component of the river catchment the influence of the SuDS interventions on flood
prevention will be minimal. Thus to increase the residents’ safety the households in the high
hazardous zones have been relocated in the proposed WSUD.
This relocation whether from formal or informal housing will result in friction between
the residents and the municipality or representative. This particular intervention measure needs
to be handled with care and the benefits of the relocation explained to the residents. To ease the
burden of having to move the public should be involved in the planning of the layout of the
new location.
Another impediment to the acceptance of the proposed relocation is the implementation
of the bio-centres. At present the informal dwellings are serviced by public ablution blocks or
chemical toilets; bio-centres being a form of communal ablution facility may not be viewed as
an upgrade. The South African public are generally faecal-phobic and the acceptance of both
public facilities and the use of biogas is not guaranteed.
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Using NGOs in the building and planning of the bio-centres will be crucial for public
acceptance. The public must firstly be taught about how the biogas is produced to eliminate
concerns of using sludge as a resource. Furthermore, they should also learn how to use gas
safely when cooking. Members of the community interested in running the bio-centres need to
learn how to operate and maintain the centre safely; what to do in case of blockage or gas leak
for example.
The 8 centres will serve roughly 300 people each and will be open for 15 hours every day
which allows for a very conservative 24min per person using the toilets. The centres will be
distributed through the proposed relocation area such that the maximum distance a person will
have to walk will not exceed 100m.

7.3 Solid waste removal
The settlement currently experiences a problem with lack of frequent solid waste removal. The
Solid Waste Management Department takes responsibility for the solid waste collection in the
City of Cape Town (CoCT, 2014). This service is crucial for the functioning of the SuDS
measures. Should the solid waste not be removed it will be flushed into the river by wind or
flood. This is a responsibility that should remain with the municipality although it needs to be
improved. The municipal responsibility will only be relieved if a resident of SLPV is prepared
to make solid waste collection a privately provided service for which the residents are charged
a fee.

7.4 Public involvement in the SLPV WSUD upgrade
The success of the interventions depend on public acceptance as well as the community taking
ownership of the various measures. This plays a role in the frequency and quality of
maintenance of the WSUD interventions. It has been widely acknowledged that municipalities
in developing countries do not want solutions that incur a heavy operations and maintenance
cost, thus the community involvement is crucial. Public participation throughout the informal
settlement upgrade process, especially in the early stages would be both constructive and
beneficial in the long term.
It will be the community’s responsibility to maintain most if not all the WSUD
interventions. The benefits that the bio-centres and urban agriculture provide are vital to the
system’s success. Links between the WSUD measures and the upkeep of SuDS is visible, thus
the public is likely to take an interest in maintaining the interventions because it benefits them
to do so. As mentioned in the literature review, there is distrust between the municipality and
communities, to bridge this gap and enable the residents to take part in the WSUD upgrade
NGOs should be brought in. Various NGOs exist that teach people about tower gardens, urban
agriculture and biogas production. The NGOs’ involvement will enhance the community’s skill
development.
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7.5 Final water balance for SLPV
Using the initial calculations explained in Section 4.2.7 the WSUD interventions were added
into the water balance. It must be noted that the influence of the proposed SuDS have limited
influence on the volume of water leaving the catchment. Their implementation will mean the
flood peak for a minor storm will be lessened however SuDS are not able to reduce the flood
peak volume of a major storm. Thus the purpose of the SuDS is not to reduce the flood impact
but to reduce the pollutant content in stormwater runoff for minor storms.
Figure 7-1 depicts the final water balance for SLPV, detailed figures are found in
Appendix A. Although the volumes of water entering and leaving the system have not
significantly changed, the reuse of both waste and stormwater means that the water leaving the
system is filtered and thus contains less pollutants.
Due to the water table in the area being between 1-3mbgl during the dry seasons and
rising during the wet as well as the aquifer beneath the village needing only 10-15% of rainfall
to recharge it is not feasible to encourage infiltration of stormwater run-off. The collection of
the run-off is therefore beneficial as it reduces potable water demand and provides water for
urban agriculture.
The recommended 40ℓ per day of greywater to maintain the tower gardens reduced the
potable water demand and the greywater content in the sewers by 17Mℓ. The bio-centres
treated sewage generated by the population of SLPV that currently do not have access to private
flush toilets. Implementing the bio-centres removed 16Mℓ of wastewater from the sewage
system. If every formal dwelling in SLPV with an average roof size of 20m2 collected rainwater
for domestic use, it would reduce the stormwater runoff and potable water demand by 6Mℓ
every year. The area draining to the storage tanks for urban agricultural use collects 55Mℓ of
runoff over a year which reduces the runoff volume. The rainwater collection volumes are
based on the collectable water formula (page 27) in the South African SuDS Guidelines
(Armitage et al., 2012):
V = R × A × C × FE
Where:
V
R
A
C
FE

= Volume of usable rainwater (ℓ)
= Average yearly rainfall (mm)
= Area contributing to runoff (m2)
= Runoff coefficient (0.6)
= Filter efficiency (0.9)

All stormwater runoff is filtered through one or more of the SuDS interventions, the permeable
paving, infiltration trenches, swale, detention pond and the bioretention area. This ensures the
runoff leaving the village is filtered and most if not all pollutants are removed before reaching
developments downstream.
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Figure 7-1 Proposed yearly water balance for SLPV
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8. Conclusions & Recommendations
The main objective of the research project was to investigate the feasibility of implementing
WSUD in Sir Lowry’s Pass Village. The WSUD measures were to speak to the quality of
service delivery as well as the pollution generated by the settlement that is washed into Sir
Lowry’s Pass River. This has been achieved with options described and justified in Chapters 6
and 7.
Using the 2011 South African Suburb Census the current level of service was determined.
The census included areas of formal housing that are not part informal settlement, the total
population of the village was 8496, with 2283 households of average size with 3.72 people.
63% of the households have a monthly income of R3200 or less. In terms of service delivery,
41% live in informal housing, 31% do not have access to piped water in their dwelling or inside
their yard, 31% do not have access to a flush toilet connected to the public sewer system and
25% do not have weekly removal of solid waste. Surprisingly only 9% of households do not
have electricity. The frequent blockages due to improper use of the sewer system lead to
sewage running down the streets and into stormwater drains or straight into the river. Flooding
is a major problem in the village as the residents are unable to recover quickly from the
damages and a large portion of the houses are in the high hazard zones for the 50 and 100 year
return floods.
A water balance for the selected part of the village was estimated. Water demand was
estimated using the CSIR Human Settlement Planning and Design Guidelines (2000) and other
data collected. The aim was to reduce the amount of polluted water leaving the village and
encourage reuse of water sources to reduce potable water demand. This was achieved with the
WSUD interventions, the final water balance can be seen Section 7.1.
Feasible WSUD options were chosen according to site suitability, operation and
maintenance requirements, ease of construction and the ability to improve water quality and
decrease the flood risk. The intervention points were chosen at multiple levels including
household, local and regional although regional interventions were reduced in scale and
adapted to reduce the operations and maintenance requirements. The intervention options
included sediment traps, rainwater harvesting, water tower gardens, permeable paving,
infiltration trenches, bioretention area, detention pond, urban agriculture and bio-centres.
The main obstacle to the success of the WSUD upgrade was the commitment from the
public to maintain the interventions. The community does not see value in typical public
amenity structures like parks or open spaces. Thus the public interest must stem from a direct
benefit to the community. The urban agriculture and the bio-centres should generate this
interest as they directly profit the residents. One option uses stormwater to increase food
security within the village, the other recycles waste and provide ablution and kitchen facilities
as well as central space for the community to gather and use for what they see fit. The benefits
to the community are directly linked to the proper maintenance of various WSUD options, thus
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the community is made aware of the importance of keeping the interventions in proper working
order or else the benefit of these interventions will disappear. There remains a challenge in
getting the municipality to increase their refuse removal reach and frequency as well as getting
the community to maintain the bio-retention area.
The plan outlined in this research project shows that there is potential for WSUD upgrade
of Sir Lowry’s Pass Village. It is recommended that further study and modelling of the options
is performed before implementing the plan. It should also follow that the involvement of the
community must be present from the start of the upgrade project, should the WSUD options be
considered for the village. If the plan outlined in this research project is accepted, it should be
implemented in stages, starting with household interventions then local interventions, regional,
and finally the relocation and bio-centres with the urban agriculture implemented concurrently.
The inclusion of NGOs is highly advised especially in the household intervention stages as well
as the bio-centres and the urban agricultural area. A last recommendation is to conduct a lifecycle costing design for the WSUD interventions for both decision making purposes as well as
budgeting and fundraising purposes should that be a concern.
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Appendix A – Site visit photographs
The pictures in Appendix A were taken on 2 October 2014 on the second site visit.

Figure A-1 Channel to be converted culverts and park area

Figure A-2 Solid waste dumped into existing channel
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Figure A-3 Polluted channel between backyard dwelling

Figure A-4 Area between houses to be developed into permeable paving
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Figure A-5 Arum lilies growing alongside a house

Figure A-6 Solid waste blocking stormwater drain in undeveloped area
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Figure A-7 Sediment and solid waste blocking stormwater

Figure A-8 Sanitation facilities and standpipe for residents in the informal dwellings
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Figure A-9 Broken stormwater drain with polluted standing greywater

Figure A-10 Main road where infiltration trenches should be placed
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Figure A-11 Natural swale along the railway lines

Figure A-12 Swale diverted under road through culverts
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Figure A-13 Litter in the swale from the north, garden on left well-kept with flowers

Figure A-14 Swale lined with reeds and grasses
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Figure A-15 Leak in potable water pipes

Figure A-16 Solid waste pollutes main stream of Sir Lowry’s Pass River
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Figure A-17 Polluted natural channel leading to informal dwellings

Figure A-18 Potential bioretention area for final intervention of Sir Lowry’s Pass River
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Figure A-19 View of east channel joining Sir Lowry's Pass River

Figure A-20 Solid waste polluting east tributary channel
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Figure A-21 Polluted channel between informal dwellings

Figure A-22 Standpipe in the informal section draining directly to the river
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Figure A-23 Chemical toilets lining east tributary channel

Figure A-24 Standpipe draining into polluted tributary stream
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Appendix B – Water balance tables
General tables for the calculation of water balance
Table 9-1 Rainfall and evapotranspiration calculations for SLPV
Area

Rainfall

Evapotranspiration

Rainfall

Evapotranspiration

km2

mm/year

mm/year

Mℓ/year

Mℓ/year

0.528

770

232

407

123

Table 9-2 Housing split in SLPV
Dwelling Type

Households

People

Formal

1160

4315

Backyard Dwellings

267

993

Shacks

631

2347

Other

42

156

Total

2100

7812

Table 9-3 Water demand calculation for SLPV
Water Quantity

No. of
Households

No. of
People

ℓ/c/d

Mℓ/d

Mℓ/year

Inside Dwelling

1020

3794

80

0.304

111

Inside Yard

360

1339

50

0.067

24

<200m away

579

2154

25

0.054

20

>200m away

141

525

20

0.010

4

Total

2100

7812

175

0.435

159

Type of Water Supply

Current water balance tables:
Table 9-4 Current sewage calculation for SLPV
Sewage Quantity

No. of
People

Water
(ℓ/c/d)

Sewage
(%)

ℓ/c/d

Mℓ/d

Mℓ/year

Inside Dwelling

3794

80

0.7

56

0.212

78

Inside Yard

1339

50

0.7

35

0.047

17

<200m away

2154

25

0.3

8

0.016

6

>200m away

525

20

0.3

6

0.003

1

Total

7812

175

105

0.279

102

Type of Water Supply
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Table 9-5 Sewage contribution to SLPV stormwater runoff
Stormwater Quantity

No. of
People

Water
(ℓ/c/d)

Sewage
(%)

ℓ/c/d

Mℓ/d

Mℓ/year

<200m away

2154

25

0.4

10

0.022

8

>200m away

525

20

0.4

8

0.004

2

Total

2678

45

18

0.026

9

Type of Water Supply

Table 9-6 Current water balance for SLPV
Current Water Balance
Out (Mℓ)

In (Mℓ)
Rainfall
River

407

693792

630720

Sewage

102

159

Runoff

253

Evapotranspiration

123

Infiltration

41

Potable

Total

River

631285

Total

694310

WSUD interventions water balance for SLPV:
Table 9-7 Adjusted sewage calculation for SLPV
No. of
People

Water
use
(ℓ/c/d)

Sewage
(%)

ℓ/c/d

Mℓ/d

Mℓ/year

Inside Dwelling

3794

80

0.7

56

0.212

78

Inside Yard

1339

50

0.7

35

0.047

17

Total

7812

130

91

0.259

95

Type of Water Supply

Sewage Quantity

Table 9-8 Bio-centre contribution to the SLPV sewage
Sewage Quantity

No. of
People

Sewage
(%)

ℓ/c/d

Mℓ/d

Mℓ/year

<200m away

2154

0.7

17.5

0.038

14

>200m away

525

0.7

14

0.007

3

Total

2678

32

0.045

16

Type of Water Supply
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Table 9-9 WSUD intervention contribution to SLPV water balance
Quantity
(Mℓ/year)

WSUD Intervention
Tower garden

17

Rainwater harvesting

6

Bio-centre

16

Urban agriculture

55

Total

95

Table 9-10 WSUD intervention water balance for SLPV
WSUD Water Balance
In (Mℓ/year)
Rainfall
River
Potable

Total

407
630720
135

631262

Around (Mℓ/year)

Out (Mℓ/year)

Tower garden

17

River

Rainwater harvesting

6

Sewage

78

Bio-centre

16

Runoff

161

Urban Agriculture

55

Evapotranspiration

123

Infiltration

61

Total

95

Total
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Appendix C – Assessment of ethics
Any person planning to undertake research in the Faculty of Engineering and the Built Environment at the University of Cape Town is required to complete this form before collecting or analysing data. When completed it should
be submitted to the supervisor (where applicable) and from there to the Head of Department. If any of the questions below have been answered YES, and the applicant is NOT a fourth year student, the Head should forward
this form for approval by the Faculty EIR committee: submit to Ms Zulpha Geyer (Zulpha.Geyer@uct.ac.za;
Chem Eng Building, Ph 021 650 4791).
Name of Principal Researcher/Student: Frances A’Bear
Department: Civil Engineering
Student no.: ABRFRA002
Degree: BSc Civil Eng Supervisor: A/Prof Neil Armitage
If a Research Contract indicate source of funding/sponsorship: N/A
Research Project Title: Feasibility Study of Implementing Water Sensitive Urban Design (WSUD) in the Sir Lowry’s Pass River Corridor
Overview of ethics issues in your research project:
Question 1: Is there a possibility that your research could cause harm to a third party (i.e. a
person not involved in your project)?

YES

NO

Question 2: Is your research making use of human subjects as sources of data?

YES

NO

YES

NO

YES

NO

If your answer is YES, please complete Addendum 2. (Appendix B)
Question 3: Does your research involve the participation of or provision of services to communities?
If your answer is YES, please complete Addendum 3.
Question 4: If your research is sponsored, is there any potential for conflicts of interest?
If your answer is YES, please complete Addendum 4.
If you have answered YES to any of the above questions, please append a copy of your research proposal, as well
as any interview schedules or questionnaires (Addendum 1) and please complete further addenda as appropriate.
I hereby undertake to carry out my research in such a way that

there is no apparent legal objection to the nature or the method of research; and

the research will not compromise staff or students or the other responsibilities of the University;

the stated objective will be achieved, and the findings will have a high degree of validity;

limitations and alternative interpretations will be considered;

the findings could be subject to peer review and publicly available; and

I will comply with the conventions of copyright and avoid any practice that would constitute plagiarism.
Signed by:
Full name and signature
Date
Principal Researcher/Student:

This application is approved by:
Supervisor (if applicable):
HOD (or delegated nominee):
Final authority for all assessments with NO to all
questions and for all undergraduate research.
Chair : Faculty EIR Committee
For applicants other than undergraduate students
who have answered YES to any of the above
questions.
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Addendum 1
Interview - Franz Von Moltke
Head of Catchment Planning East
Stormwater & Sustainability
Catchment, Stormwater and River Management Branch
City of Cape Town
1. What started the development and sustainable drainage research in the Sir Lowry’s Pass
River?
2. Why is there resistance from developers to include the river as part of the development
plans?
3. What are the City of Cape Town plans for this area?
4. How much will the Sir Lowry’s Pass River corridor upgrade cost?
5. What is the City of Cape Town doing about encouraging private sector responsibility
for the area?
6. Does the City of Cape Town prefer open or closed river systems in informal settlements?
7. Are there any plans for other river system upgrades in informal settlements?
Interview – Richard Nell
Senior Associate
GIBB (Pty) Ltd
1. What are the direct challenges for the Sir Lowry’s Pass River site?
2. Why are there no plans for the Sir Lowry’s Pass Village?
3. SuDS are difficult to implement and maintain and not a preferred solution for the City,
why is this?
4. What is the area that the GIBB RCP being earmarked for?
5. Do the policies regarding stormwater and catchments get implemented as intended?
6. What are the ground characteristics for the area?
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Addendum 2
To be completed if you answered YES to Question 2:
It is assumed that you have read the UCT Code for Research involving Human Subjects
(available at http://web.uct.ac.za/depts/educate/download/uctcodeforresearchinvolvinghumansubjects.pdf) in
order to be able to answer the questions in this addendum.
2.1 Does the research discriminate against participation by individuals, or differentiate between participants, on the grounds of gender, race or ethnic group, age range, religion, income, handicap, ill-

YES

NO

YES

NO

YES

NO

YES

NO

YES

NO

YES

NO

YES

NO

ness or any similar classification?
2.2 Does the research require the participation of socially or physically vulnerable people (children,
aged, disabled, etc.) or legally restricted groups?
2.3 Will you not be able to secure the informed consent of all participants in the research?
(In the case of children, will you not be able to obtain the consent of their guardians or parents?)
2.4 Will any confidential data be collected or will identifiable records of individuals be kept?
2.5 In reporting on this research is there any possibility that you will not be able to keep the identities of the individuals involved anonymous?
2.6 Are there any foreseeable risks of physical, psychological or social harm to participants that
might occur in the course of the research?
2.7 Does the research include making payments or giving gifts to any participants?

If you have answered YES to any of these questions, please describe below how you plan to
address these issues:
Interviews with professional from the City of Cape Town and GIBB consultants will take
place. Interview questions are submitted under Addendum 1 for clearance.
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Appendix D – ESCA Outcomes Compliance
ECSA Outcome 1: Problem solving
The problem that the research project aims to solve has been understood. An applicable
solution has been attained building on available information and research into the problem. The
methodology has outlined the course of action to follow to attain the goals and objectives of the
solution.

ECSA Outcome 2: Application of scientific and engineering
knowledge
Analysing data from the initial investigation as well as combined knowledge of hydrology with
understanding of the problems identified in implementing WSUD in developing countries
shows an application of engineering and scientific knowledge. The solution outlined is a result
of engineering calculations to improve the river corridor using parameters that are based in
scientific knowledge.

ECSA Outcome 4: Investigation, experiments and data analysis
An investigation has been carried out within the literature review and includes the data from the
interviews with the CoCT and GIBB engineers. A site visit was also conducted. The data
gained from these investigated has been analysed in terms of suitability to the site at hand.

ECSA Outcome 5: Engineering methods, skills and tools including
information technology
Engineering methods gained from previous courses has informed the analysis of the WSUD
options.

ECSA Outcome 6: Professional and technical communication
The project has been typed using Microsoft Word, using the guidelines laid out by A/Prof Neil
Armitage to ensure a high uniform standard. Figures and tables have been used to summarise
the data gained on water balance and floodlines.

ECSA Outcome 8: Individual, team and multidisciplinary working
The research project is an individual reflection of the work put in by myself with input from the
supervisors. Time management and efficient working form the basis of the success of the
project. The site visit, various CoCT meetings as well as the interviews involved professional
multidisciplinary working.
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ECSA Outcome 9: Independent learning ability
Knowledge gained through the literature review and interviews have been absorbed and applied
to the task. Applying the engineering and scientific knowledge was key to showing the ability
for individual learning.

ECSA Outcome 10: Engineering professionalism
I have stuck to the timeline outlined in the proposal, this has ensured working was performed
efficiently and all work has been submitted in good time. The interactions with the supervisors
and professionals in the field have been conducted in a professional and informed manner.

A’Bear: WSUD in Sir Lowry’s Pass Village
Appendix D – ECSA Outcomes Compliance

