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one.
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Non-revenue water refers to all water lost through physical leakage or commercial losses.
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SuDS is the abbreviation for sustainable drainage systems, which are a sequence of management
practices and/or control structures or technologies designed to drain surface water in a more
sustainable manner than conventional techniques.
Water scarcity is “the shortage in the physical availability of the clean water resource”
(Mukheibir, 2007).
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1. Introduction
1.1 Background
“The UN estimates that 1.2 billion people, or almost one-fifth of the world’s population, live in
areas of physical water scarcity, while another 1.6 billion people, or almost one quarter of the
world’s population, face economic water shortage”(Walsh, 2015). These stresses have brought
about a conscious shift in thinking about water as a resource. The increase in alternatives being
highlighted in South African development guides such as the National Development Plan (NDP)
and the National Water Resource Strategy (NWRS-2) show that South Africa has also realised
these challenges.
Saldanha Bay Municipality (SBM) is located in a semi-arid area that receives a mean
annual rainfall (MAR) of approximately 200mm, less than half of the national average of 450mm
(CSIR, 2006). On top of that, SBM is a rapidly developing industrial area that has attracted the
attention of various developers, from renewable energy plants to mineral separation plants (GC,
2015). Furthermore, it contains the only deep-water harbour in the Western Cape (WC), making
it a crucial development zone for industry in the province.
Small urban areas, like Saldanha Bay, in arid and semi-arid areas are particularly
susceptible to the looming water shortages due to their limited resources and technical capacity.
Many towns are already experiencing a deterioration in service delivery, due to population
increases (Mukheibir, 2007). Suggestions of this sort of deterioration can be seen in the SBM
statistics discussed in chapter 3.6.2. SBM currently has four options for supplementing the water
supply, namely: large scale infrastructure, desalination, groundwater use and water reuse (SBM,
2013). The current SBM development plan states that desalination is the preferred option by the
local municipality.
Water sensitive urban design (WSUD) is described as “the integrated design of the urban
water cycle, incorporating water supply, wastewater, stormwater and groundwater management,
urban design and environmental protection” (BMT WBM, 2009). However, the implementation
of WSUD is complicated in the South African context due to the serious inequality between rich
and poor combined with poor service delivery.

1.2 Problem statement
Saldanha Bay’s importance as an industrial hub for RSA conflicts with the lack of fresh water in
the area.

1.2.1 Associated problems


SBM’s water shortage has consequences for all areas dependant on the west coast water
supply system (WCWSS); refer to table 3-1 for more details.
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SBM, like the majority of municipalities in RSA, has serious socio-economic challenges



SBM is also an environmentally important area that has a history of problems with water
pollution (refer to chapter 3.6.3)



Water and energy are inextricably linked, therefore the national energy crisis is putting
serious pressure on water provision

1.3 Objectives of investigation
This project forms part of larger framework of research. Therefore the overarching aim of the
project would be to assist GreenCape (GC) with their research in SBM; while meeting the WRC’s
expectations and the 4th year research project outcomes. Refer to chapter 4 for more details.
The key objective of the study is to evaluate the water sensitivity of a number of planned
developments in Saldanha in order to identify opportunities for improvement of their water
management through the implementation of WSUD.
The objectives listed below are minor goals that will help to achieve the key objective:
i)

Study and understand the water situation in RSA

ii)

Understand RSA’s plan for water management moving forward

iii)

Investigate Saldanha Bay’s water situation

iv)

Investigate Saldanha Bay’s plans for future water management

v)

Understand the principles and technical options for WSUD

vi)

Assist in estimating Saldanha Bay’s demands and expected demand increases with future
development

vii) Evaluate Saldanha Bay’s future development plans from a sustainable water management
perspective
viii) Evaluate SBM’s capacity to ‘leapfrog’ the conventional system
ix)

Estimate possible savings based on WSUD implementation

x)

Provide recommendations for further research

1.4 Scope and limitations
The time available for this research project is a severe limitation on the scope of the project. The
project will have a duration of approximately 6 months, from topic choice to final hand-in.
Approximately 8 weeks of that time will be spent doing full-time research.
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Due to the site-specific nature of WSUD research, this project will refer specifically to the
SBM’s water management plan and the plan of developments within SBM. The study area
includes Hopefield, Langebaan, Vredenberg, Saldanha and St Helena Bay.
The project is focussed on the new developments in the area and does not look at retrofitting
the existing water systems. The developments to be evaluated are part of various industries, the
choice of development to be assessed will be based on water consumption.

1.5 Justification for project
The WSUD challenge is to improve the way we manage water on multiple levels, from basic
service delivery to agriculture and industry. From the research conducted it was noted that the
majority of WSUD in the South African context is aimed at the provision of basic services. This
research will use the holistic view of WSUD on an industrial level; and more specifically
Greenfield developments. This is an area that has received relatively little attention.
A South African specific WSUD framework was recently published, this framework claims
to have “the potential to act as the mechanism to address the objectives” of national guidelines;
such as the NDP and NWRS-2 (Armitage et al., 2014). The publication of this framework creates
an opportunity to apply it to a specific case study. The challenge lies in recognising that
characteristics and challenges faced in every municipality are unique and present different
opportunities for water management. Saldanha Bay was identified as an interesting and critical
case study to review due to the extreme pressure on its natural resources.
There are currently 4 alternatives to supplement the SBM’s water supply as discussed in
section 1.1. Some of these potential water sources include WSUD principles. However a holistic
adoption of WSUD principles has not been explored. It is important to test WSUD’s holistic view
of water management in this context.
It is evident that future developments in SBM need to recognise this and attempt to
minimise their impact on water resources. Planning this is a technical process that requires
iteration; this report will form part of the technical analysis of the area. This should assist in
making the involved parties more aware of the alternatives, specifically the WSUD principles,
when planning future developments.
Water and energy are inextricably linked in what Walsh (2015) calls the water-energy
nexus. Energy generation relies on water and desalination relies on energy. DWA’s water
reconciliation strategy for SBM have suggested that it is too soon to be dependent on desalination
as the only option due to the reliance on energy and lack of research into alternatives. This project
is part of the vital research into alternatives.
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2. Plan of investigation
The research began with the choice of a case study; after which potentially interested parties were
contacted. Once this was done the research problem and objectives were decided upon. The
information gathered will culminate in an evaluation of the water management and from there
conclusions will be drawn. The report will be compiled using this information and an e-portfolio
will be created.
The following chapters describe the method with which the research project will be
completed. A brief rationale for the choice of method will be given, along with the status of that
phase of the project. For a detailed layout of the timing, please refer to the Gantt chart in
Appendix D.

2.1 Case study identification
Various small municipalities were looked at for investigation. Of these, SBM was identified as
the most interesting case study on account of its low rainfall and importance as an industrial
development area.
After a preliminary investigation was conducted into SBM (including a visit to the
municipal offices in Vredenberg) it was discovered that GreenCape (GC) were looking into a
complimentary investigation; refer to chapter 4 for more details of their project. This confirmed
that SBM was an interesting case study.
Phase Status: Completed.

Figure 2-1: Saldanha Bay Municipality provided by SBM
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2.2 Site visits
The preliminary site visit was conducted during the case study identification phase. The areas
visited include the construction site of the new IDZ in Saldanha Bay; the township of Middelpos;
the towns of Langebaan, Vredenberg and Saldanha Bay as well as the district municipality in
Vredenberg. It is estimated that two more site visits will be necessary to complete the research.
Information to be acquired on following site visits:
i)

Photographs of the area

ii)

An idea of the stormwater network servicing relevant developments

iii)

Progress of current developments
Phase status: 1 out of 3 visits completed.

2.3 Contacting relevant parties
The Saldanha Bay Municipality was contacted in the case study identification phase. They
provided reports, GIS data and statistical data about the municipality. The meeting at SBM led
to a meeting with GreenCape who were interested in collaboration (refer to chapter 4 for more
information).
Interaction with the interested and affected parties will come in the form of an industrial
water synergy meeting with the local municipalities and developers. This meeting will be hosted
by GC.
A second follow up meeting is planned for the end of the project time, where the possible
implementations will be discussed with the developers. This will close the loop and create
progress towards implementing WSUD into Saldanha’s water plan.
Phase status: While many of the relevant parties have been contacted, this phase of the
project will run throughout the course of the project. The dates for the future meetings are not
yet confirmed.

2.4 Obtaining information
Topics to be researched include RSA and Saldanha Bay’s water situations; their framework for
development; WSUD and the WSUD technologies available for promoting water sensitivity.


Information about South Africa’s water situation and the national water management plan
will be sourced from existing papers. The WRC’s WSUD guidelines will form an important
part of this research.
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SBM were kind enough to supply extensive information about the municipality; including:
Past reports, GIS data and historical statistics. Extra data about the municipality will be
sourced using GC’s guidance.



Information regarding the developments has been supplied by GC in the form of
development proposals and EIA reports. Extra research will have to be done to complement
this data.



Research regarding WSUD will be done based on local and international literature



Further information will be obtained on site visits
Phase status: On-going.

2.5 Evaluation of information
An evaluation of various developments (selected from the list in Appendix B) in the SBM area
will be carried out. This will include a comparison between a water sensitive water management
plan and that of the various developments. The details of the projects will be obtained from the
project proposals and EIAs. This evaluation will also assess the capacity of the new developments
to leapfrog into a more sustainable form of water management.
GreenCape (GC) has compiled a list of proposed developments with details and EIA
reports (Refer to Appendix B). GC has also projected a total water demand based on the estimated
water demand for these developments. This information will be critical when researching and
evaluating the developments.
The developments that have the potential for WSUD implementation will be identified
using the WSUD framework and principles outlined in the literature review. From there specific
WSUD technologies will be suggested and an investigation into the technology will be conducted
to assess its compatibility with the development. An existing sustainability index or system for
rating the various interventions will be adapted and used.
This project is primarily a research project and therefore the majority of work will be
literature based, however ArcGIS will be used when doing research regarding the area. Excel
will also be used to work with the various industrial demands and to calculate a water balance.
Phase status: Not started

2.6 Report writing
The report will be a continuous work in progress. Information will be recorded and kept as
comprehensively as possible in order to help with quick references and comprehensive research.
Phase status: On-going

Plan of investigation
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3. Preliminary literature overview
In order to conduct research on water sensitive urban design in South Africa it is important to
review the state of South Africa’s water as well as the future management plans. The same will
be done or SBM. Furthermore, it is crucial to get an understanding of WSUD and the
technologies available in order to tackle problems with a good knowledge of the possible
solutions.

3.1 A global trend
Although water has historically been undervalued, there is increasing global recognition of the
stresses placed on it as a resource. The UN (2008) states that although approximately 1.6 billion
people have gained access to safe drinking water since 1990, more than a third of the world still
live in areas with inadequate water and sanitation facilities. There are many reasons for the
increased stress on water resources; including the increase in development worldwide that is
affecting water systems and the people that depend on them (Fletcher et al., 2014).
While conventional water management methods are still being implemented around the
world, there has been an increase in developments that incorporate WSUD type principles. This
indicates a global shift in mind set towards a more sustainable use of the world’s water resources.
Developed countries such as Australia and Singapore are leading the way with their innovations.
(Wu, 2012)

3.2 South African water situation
South Africa’s “climate varies from desert and semi-desert in the west to sub-humid along the
eastern coastal area, with an average rainfall for the country of about 450 mm per year (mm/a),
well below the world average of about 860 mm/a, while evaporation is comparatively high. As a
result, South Africa’s water resources are, in global terms, scarce and extremely limited.” This
scarcity is exacerbated by poor spatial and seasonal distribution of rainfall. (DWAF, 2004)
Barilla Group et al. (2009) identified that “Overcoming these barriers will require
persistent action and, in many cases, an integrated agenda of water sector transformation.”
Because “water plays a central role in all sectors, including agriculture, energy, mining,
industry, tourism, urban growth and rural development, the allocation, development and
protection of water is an essential prerequisite for inclusive economic growth, poverty reduction
and the significant reduction of inequality in South Africa.”(DWA, 2013)

3.3 South Africa’s water development plan
South Africa has a history of heavily investing in water infrastructure to solve the water scarcity
problem (DWAF, 2014). This infrastructure relies on runoff deposited in large storage centres
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that supply extensive water networks (DWAF, 2004). Currently South Africa exploits
approximately 66% of the annual surface water runoff (DWAF, 2004:20), indicating that the
opportunity for efficient water collection via dam construction is dwindling.
Various national development guides have highlighted the importance of water and the
need to find ‘creative and varied solutions’ in order to create “a balance between established
practices and new ideas” (CSIR, 2001). DWAF (2014) calls for “implementing strategies for
reducing water losses and improving water conservation and water demand management
(WC/WDM)”. Even though these practices are recognised there is a lack of compliance; Barilla
Group et al. (2009) identified that “Governments, as well as businesses in sectors as diverse as
agriculture, power generation, and manufacturing, know that water is central to their economic
activities, and yet management of the resource is generally undertaken in isolation from overall
economic strategy”. DWA (2013), in the second edition of the National Water Resource Strategy
(NWRS-2), identifies that most of the water supply deficits are not due to a lack of the resource,
but rather poor management. Two typical problems that arise from poor management are large
amounts of non-revenue water (NRW) and a lack of proper maintenance.
Although everybody in RSA has the right to access sufficient water, this is currently not
the case; a census done by StatsSA’s (2011) showed that approximately 85% of the population
have access to water that is of RDP acceptable level. This is a challenge faced by the water sector;
the DWA have made it their mission to “Effectively manage the nation’s water resources to
ensure equitable and sustainable socio-economic development and universal access to water.”
While RSA’s development plan has service provision at its centre, there has been increased
reference to the environment and water as a resource. South Africa’s National development plan
(NDP) states that new social and economic developments must align with available water
resources. It also identifies new projects as opportunities to “break away from old patterns” while
stating that “significant progress will be made in retrofitting existing settlements.” (RSA, 2011)

3.4 Opportunities for leapfrogging
Leapfrogging in this context would be the skipping of the conventional water management and
moving straight to a more sustainable system. As discussed in the defining of WSUD (chapter
3.8.2), developing countries have more complex challenges to face when implementing WSUD.
However, Naidoo (2013) was RSA’s productive water science community and the newly
produced NWRS-2 as a cause for optimism.
Certain types of developments present better opportunities for leapfrogging, these play a
critical role in the movement towards sustainable water management. Armitage et al. (2014)
identifies the upgrade of informal settlements as an opportunity to leapfrog these areas into a
water sensitive state. The NDP highlights new developments as an opportunity to “break-away
from old patterns” (RSA, 2011b).
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While leapfrogging through stages of development is ideal, there are problems with social
acceptability and practicality (Armitage et al., 2014). Thus it is important to identify and take
advantage of all opportunities for leapfrogging.

3.5 Water management on a municipal level
Municipalities exist within an extensive legislative and policy framework that guides their
strategies and programs. Therefore municipalities must act with this framework in mind in order
to develop efficiently (SBM, 2012). Armitage et al. (2014) identifies the current method of
separate management of the various sectors of the water cycle as a fundamental flaw. The fact
that stormwater, sanitation and water supply are all managed independently does not facilitate
integrated water management.
Integrated water management’s objective is to provide water while ensuring it is
environmentally sustainable, socially equitable and economically efficient. This approach has so
many critical objectives - each municipality’s management strategy will differ depending on the
municipality’s situation and its priorities. (Boonzaier, 2000)
There are various challenges that municipalities across the country face with regards to
urban water management, Mureverwi’s (2009) case study of East London and Port Elizabeth
discusses the constraints due to budget as well as lack of education and awareness. Another case
study on Bredasdorp discovered the conundrum faced by small municipalities that have to supply
free basic water on their relatively small budgets, without having the higher income residents to
subsidise (Mukheibir, 2007).

3.6 Overview of Saldanha Bay Municipality
This chapter will summarise the relevant data collected regarding SBM. SBM is situated on the
West Coast of South Africa approximately 100km North of Cape Town. It is a semi-arid area
with a Mediterranean climate and receives a MAP of around 200mm (CSIR, 2006). SBM
includes the towns of Hopefield, Langebaan, Vredenberg, Saldanha and St Helena Bay.

3.6.1 SBM water supply
SBM falls within the West Coast District Municipality (WCDM) which receives water from the
west coast water supply scheme (WCWSS). WCDM data indicates that the area has been
experiencing water supply shortfalls, however it has been supplemented by water that was
initially allocated to Cape Town (refer to table 3-1). While this water is available at present,
future growth of the City of Cape Town (CoCT) will put pressure on this resource. The
department of water and sanitation (DWS) estimate that WCWSS’s demand will surpass the
current supply in 2022.
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Table 3-1: Allocation and recent use from the WCWSS (million m³/a)
(DWS, 2014)

SBM has a good record of high water quality and supply, this can be illustrated by the fact that
97.7% of dwellings receive piped water with house connection. However, currently 24% of
Saldanha Bay’s water is unaccounted for, which indicates poor water management (DWA, 2014).

Figure 3-1: Water supply situation
(DWA, 2014)

3.6.2 The socio-economic situation in Saldanha Bay
Saldanha Bay is recognised as one of the five Spatial Development Initiatives (SDI) in RSA
based on 3 large developments that occurred in the past, namely: the deep-water port, the
connection with Sishen via railway and Saldanha Steel (SBM, 2013). The municipality has been
growing steadily since the 1970s when large scale industrial activity in the area began. While the
increase in industry creates many opportunities the unemployment in SBM has risen from 12%
to 23% between 1996 and 2011. Despite the increase; this is still below the national average.
With regard to housing, the percentage of informal dwellings is currently 17%, however this
percentage is increasing. (SBM, 2013)
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3.6.3 Pollution in Saldanha Bay
Saldanha Bay is not only a beautiful coastal area, but it is environmentally valuable. SBM
contains “the only natural sheltered embayment in South Africa and as a result it is regarded as
the major area for mariculture” (Anchor EC, 2012). For these reasons, pollution in Saldanha
Bay has been recognised as an issue that needs to be addressed seriously through mitigation
measures. “Studies conducted by the CSIR indicate that the concentrations of several
contaminants (nitrate, ammonia, metals and faecal coliforms) in Saldanha Bay storm water
runoff are well above water quality guidelines” (Anchor EC, 2012).

Figure 3-2: Housing development on the water’s edge
(SBM, 2015)

3.6.4 Saldanha’s wastewater treatment works
SBM performed ‘less than satisfactory’ in the 2009 green drop evaluation report, which stated
that “Further improvements to storm water and sewerage management methods are urgently
required in the whole of the Saldanha-Langebaan area.” The poor state of the WWTW has lead
sewage to become one of the biggest contributors to pollution in the bay (SBM, 2013)
“Waste water from the Langebaan Waste Water Treatment Works has historically been
used to water the golf course with little or none of this being discharged to sea. However, the
supply of treated wastewater from Langebaan Lagoon now outstrips the irrigation requirements,
and a considerable volume of the water from this plant now makes its way into the bay.” (SBM,
2012) There are currently plans to upgrade and improve various WWTW in the area.
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3.6.5 SBM development plans
It can be seen from the water situation in South Africa that an alternative approach to the
conventional system is needed (Armitage et al., 2014). This is particularly evident in Saldanha
where current pollution problems are being experienced and serious future water shortages are
predicted.
The municipality has identified a number of ways of tackling their water problem. Current
plans to deal with the demand suggest that a desalination plant is the preferable alternative (SBM,
2013). However the DWA’s reconciliation strategy for Saldanha (2014) states that it should
incrementally improve the WCWDM, groundwater development, water re-use and get a higher
allocation from the current scheme before the desalination plant is implemented. The NWRS-2
refers specifically to the challenges on the West Coast and identifies the same options for
increased water supply (DWA, 2013).
Saldanha Bay is planning numerous developments in the next few years. A comprehensive
list is provided in appendix B. From the list it can be seen that there are a few low impact projects;
while others are large scale and resource intensive.

3.7 Water management: The Conventional Way
The conventional method of water management came about because of the health risks associated
with open water in urban areas. Conventional urban water cycles (as is the case in Saldanha)
generally consist of systems that are designed and operate independently of each other. Increased
capacity in the conventional management plan would rely entirely on the construction of new
infrastructure, this includes (City of Melbourne, 2009):


Large, often remote catchment areas and storage facilities



Pipe networks, Pump stations and treatment facilities to get the water to the customer



Sewer pipes, pump station and treatment facilities to get the water away from the customer
and back into the natural water cycle



Stormwater is collected on roads and piped to the nearest body of water

This system is utilised worldwide and while it has fulfilled its purpose in the past, there is
evidence that an alternative system is needed (Armitage et al., 2014). Urbanisation with this
method increases hard surfaces and closed pipes that reduce infiltration and increased
conveyance of pollutants. Figure 3-3 schematically shows the use of water in a natural system,
compared to a conventional urban system or a system that makes use of WSUD.
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3.8 Water management: The Water Sensitive Way
3.8.1 Definition
There are various definitions for WSUD, but the term WSUD was originally used in Western
Australia to describe an alternative approach to urban design and planning (Lloyd, 2001). The
city of Melbourne describes WSUD as water management that uses various measures to
minimise the overall water demand and potential pollution of the natural water cycle (City of
Melbourne, 2009). In a more comprehensive definition it is described as “the integrated design
of the urban water cycle, incorporating water supply, wastewater, stormwater and groundwater
management, urban design and environmental protection” (BMT WBM, 2009). As the concept
was coined in a developed country, the majority of definitions are given from the perspective of
a developed country. It is important to note that water, as a resource, has a fundamentally
different role to play in a developing context.

Figure 3-3: Differences between natural, urban and WSUD water balances
(http://waterbydesign.com.au/wp-content/uploads/2009/06/WSUD_arrows-sml.jpg)

3.8.2 Definition adaption for RSA
The developed definitions fail to take into consideration the conditions of a developing country.
The poverty and inequality that plague South Africa creates “…a highly complex and multiconstrained social-ecological-political-economic context” that significantly complicates the
implementation of WSUD (Armitage et al., 2014). The provision of potable water to all
inhabitants in RSA is a basic human right, therefore these are challenges that needs to be faced
before or in conjunction with the implementation of WSUD. Water sensitivity in the South
African context needs to recognise certain objectives it has to fulfil. Armitage et al. (2014)
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describes WSUD as water resource management based on five principles. Namely, recognition
that RSA is a water-scarce country; access to potable water is a basic human right; water has
economic value; water management should be participatory and water is a finite and vulnerable
resource.
WSUD can come in the form of physical (e.g. swales or green roofs) or social (education
or demand management) implementations. Some examples of these options are briefly described
in sections 3.9; 3.10 and 3.11.

3.9 Alternative WSUD supply options
This chapter will give a brief outline of some of the more relevant supply options for SBM. While
alternative non-potable water supply is the most popular WSUD implementation used in the
Western Cape, the implementations have had varied success (Ellis, 2013).

3.9.1 Desalination
Saldanha Bay IDP (2013) states that it plans to address the water supply problem by means of a
desalination plant, therefore getting a background into desalination is an important part of this
process.
Desalination is an unconventional water source that has been increasing globally due to
increased water demand and an improvement in technology that has led to cost reductions,
although the overall cost of the process is site specific (Ghaffour et al., 2012). While desalination
is applicable in many situations, there are a few key considerations that need to be assessed when
looking at it in the RSA context.
One of these considerations is that desalination is an energy intensive process that produces
potable water from various degrees of saline or nutrient rich water. Due to this, the cost is very
dependent on the local energy cost (Ghaffour et al., 2012). On top of this operational cost there
is also the environmental cost due to the CO2 being released by the production of that energy.
This is significant due to the fact that RSA is already in the top 50 (out of 224 countries) CO2
producers per capita (World Bank 2011).
A reverse osmosis (RO) plant is being proposed for SBM. RO is an internationally wellestablished technology; 59% of desalinated water worldwide is produced through RO (Zhu et
al., 2010). Figure 3-4 displays a simplified schematic of an RO system. The system contains an
energy recovery device (ERD). The permeate is the potable water recovered from the system.
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Figure 3-4: Schematic of a simple RO desalination system
(Zhu et al., 2010)

3.9.2 Water demand management (WDM)
Reducing the growth rate of water demand could play a crucial role in reducing the need for large
scale investments in the future, WDM can range from large scale industrial efficiencies all the
way down to education or persuasive measures at a consumer level such as price change and
water restrictions (DWA 2013). Although Water demand management is listed under the water
supply section it is important as it forms part of all three sectors of the urban water cycle.
After reviewing various WSUD case studies in the George area, Lottering (2015) found
that awareness campaigns, tariffs and restrictions were useful ways to reduce the usage of
relatively high consumers. Although these reductions were not always shown to have long term
effects; they must not be overlooked.

3.9.3 Water conservation
Water conservation focuses on the minimisation of water losses on the water supplied. Water
losses of this kind are referred to as non-revenue water (NRW). This is water that does not yield
revenue due to leakage, system errors or customer non-compliance (Armitage et al., 2014).
The main reasons for losses include poor maintenance leading to burst pipes and leakages,
illegal connections and lack of end use efficiency (DWA, 2014). There are various measures to
reduce these losses, these measures are divided into passive or proactive approaches (Armitage
et al., 2014). The basic approaches are outlined as:
Proactive controls


Pressure can be reduced at times of low demand (e.g. night), this will lower the chances of
pipe bursts.



Leak Monitoring involves measuring the flow to a designated area with the aim of
identifying irregularities.
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Operation and maintenance (O&M) is commonly a passive control measure, however this
can lead to serious losses. Creating a proactive O&M strategy, which involves
rehabilitating old networks, can be hugely beneficial (Armitage et al., 2014).

Passive controls


A passive maintenance program would only fix problems when they arise.

3.9.4 Groundwater and recharge of aquifers
The maintenance and utilisation of groundwater is a part of WSUD. Groundwater is valuable
because it is not exposed to evaporation or the levels of pollution of surface water. While artificial
recharge (AR) of groundwater can be an effective method for storing water, it has not yet been
implemented on a broad scale (DWAF, 2007). However, DWAF (2007) are encouraging the
careful use of groundwater and have created an artificial recharge strategy in an attempt to raise
awareness and increase education on the subject.
Atlantis has the biggest AR scheme in RSA and provides approximately one third of the
town’s water (DWAF, 2007). Atlantis is on the west coast close to Saldanha Bay. A feasibility
study is currently being conducted into an AR scheme near Langebaan.

3.9.5 Other WSUD supply options to be explored
i) Rainwater harvesting – Harvesting of rainwater to supplement supply of potable water. Ellis
(2013) commented that rainwater harvesting in the Cape Town area has limited benefit due
to the short rainfall season.
ii) Water reuse – Water that would otherwise have been disposed of as wastewater or effluent
can be treated and directly re-used or discharged into the water cycle, therefore indirectly
being reused.

Figure 3-5: Example of a treatment train for greywater reuse
(City of Melbourne, 2009)
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3.10 Stormwater management
The majority of cities and developments around the world make use of the conventional drainage
system, which can have negative effects on the water cycle of the area. Sustainable urban
drainage systems (SuDS) are an alternative to the conventional drainage practices. They aim to
minimise the effect on the natural hydrological cycle by increasing infiltration, reducing runoff
and flood peaks as well as decreasing consumption. The key objectives include “the effective
management of stormwater runoff quantity and quality, promoting the amenity value, and
preserving /encouraging biodiversity value.” (Armitage et al., 2014)
SuDS can have a variety of positive effects on the water cycle. They can be technical
implementations as described in table 3-2, but effective management such as minimising
pollutants, public education and efficient operation and maintenance are also part of making
drainage more sustainable. In order to accomplish the best stormwater management, SuDS are
often implemented in a sequence called a treatment train. The most common SuDS, according to
Melbourne Water (2005) are outlined in table 3-2.

Table 3-2: Some SuDS examples and goals
(Melbourne Water, 2005)
SuDS technology

Brief Explanation of goal

Sediment Basin

Used to retain sediment from runoff to protect water bodies lower in the water
course

Bioretention Swales

Provide conveyance of water with increased filtration and infiltration, thus reducing
the flood peak

Bioretention basins

Versatile basin that aims to store and treat runoff, design is easily adjusted for
specific site

Sand Filter

Used to filter water before it enters the system, used in space restricted area

Swale

Used for slow conveyance of stormwater, provides pre-treatment, adds aesthetic
value

Constructed Wetland

Slowly pass water through heavily vegetated area to remove pollutants from
stormwater

Ponds

Storage for reuse, aesthetic value

Rainwater tanks

Reduce flooding, water storage for use, reduce of potable demand

Green roofs

Reduce flood peak in urban areas, provide aesthetic value, provide house insulation

Aquifer storage and
recovery

Space efficient storage of water, improved groundwater quality and quality
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3.11 Wastewater management
This chapter will explore some of the concepts involved with the management of wastewater.
Due to the current state of Saldanha Bay’s wastewater treatment works (WWTW) (refer to
chapter 3.6) it would be in the interest of the municipalities and the developers to reduce the load
on the WWTW. Efficient use and treatment of wastewater is an integral part of water demand
management (WDM).

3.11.1 Wastewater minimisation
Wastewater (black or grey) refers to contaminated water that has been utilised for domestic or
industrial purposes. Black water has high concentrations of faecal matter, while grey water has a
lower percentage of organic pollution. Wastewater can be minimised by reducing stormwater
connections into sewage networks and by effectively managing water use. (Armitage et al., 2014)
An example of reducing water used on a domestic level would be to use greywater for flushing
toilets and watering the garden.

3.11.2 Vacuum sewers
Vacuum sewer systems have been used extensively around the world for the last 30 years. They
are applicable to an area that is very flat or rocky; has a high water table or lack of potable water;
or in sparsely populated areas (Little, 2004). Case studies like Kosovo in Cape Town show that
vacuum sewers can be a disaster without systematic implementation (Taing et al. 2011). They
have been proven to be effective in many parts of the world (e.g. Cole, 1998) and therefore have
the potential to be used in a controlled environment in RSA.

3.12 Overview of relevant WSUD case study reviews
In order to conduct the review of a case study it is important to investigate similar reviews in
order to learn from mistakes made and to consider methods that yielded results. Many reviews
have been done on WSUD case studies by UCT students for the Urban Water Management Unit.
Table 3-2 gives a brief outline of a few of the case studies.
The case studies are all part of the common aim to increase research on WSUD. The
method undertaken by A’bear (2014) is most similar to the proposed method for this research,
however the challenges faced are vastly different. A’bear’s research focused primarily on
sanitation and stormwater while the proposed research regarding SBM indicates that water
supply is the key consideration. None the less there are lessons to be learnt.
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Table 3-3: Table of relevant WSUD case studies
Name

Project Title

Brief method of investigation

Outcomes

David Ellis
(2013)

Identification and Review of
Selected WSUD Case Studies
in South Africa

Various existing implementations
were analysed for their
effectiveness

Water supply is the most
popular implementation, with
mixed results

William
Wu (2012)

Review of WSUD Case Studies

Extensive research into currently
successful international WSUD
case studies

The case studies of integrated
WSUD in RSA is very
limited, however there is
potential.

Megan
Woodward
(2013)

Investigation into the potential
for implementing Sustainable
Drainage Systems (SuDS) in
Piketberg

Modelling was used to assess the
potential impacts of implementing
SuDS in Piketberg

The report found, from the
modelling analysis, that SuDS
would have a positive impact
on stormwater management

Fraces
A’bear
(2014)

Feasibility Study of
Implementing WSUD in Sir
Lowry’s Pass Village

A plan for the upgrade of the
informal settlement was planned
and investigated. Incl. Water
balance.

The multi-level water
sensitive upgrade of SLPV is
feasible, community
participation is a key
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4. Contribution of research
This section describes the main parties that this research will be contributing to, these are also
the parties that will provide guidance for the project. A preliminary list of personnel involved is
given in Table 3-1.

4.1 Urban Water Management Research Unit (UWMRU)
The project is supervised by researchers for the UWMRU and conducted in order to complement
their research. This project will form part of the UWMRU’s database in that it will identify
possibilities for WSUD implementation. The UWMRU is primarily funded by the WRC.
Continuous contact will be kept with the UWMRU through co-supervisors; David Ellis
and Kirsty Carden.

4.2 GreenCape (GC)
GC was especially established in order to investigate the resource (energy, water etc.)
management needed for the development of a green economy in the Western Cape.
GC started a project in 2013 that is relevant to this research. They are is investigating
“Water as a Constraint on Economic development”. Their research focuses on Saldanha bay and
the wider Berg river catchment as an economically developing area under serious water stress.
GC, in conjunction with developers, is investigating potential solutions to imminent water
shortage in SBM.
The project’s key objectives as outlined in the project draft are very briefly summarised as:


Water specifics of the region (how much, where and how used)



Identify main consumers and economic activities threatening the water resources



Possible constraints by current water situation



Possible interventions that would enable economic activity as well as promote resource
efficient development

Continuous contact will be kept with GreenCape through the relevant project author; Helen
Seyler.
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Table 4-1: List of current and potential contacts
Name

Representing

Area of interest

Contact details

Prof. Neil Armitage

UCT

Civil engineering

neil.armitage@uct.ac.za

Dr. Kirsty Carden

UCT

Civil engineering

kirsty.carden@uct.ac.za

Dr. Kevin Winter

UCT

EGS

kevin.winter@uct.ac.za

Mr. David Ellis

UCT

Civil engineering

elldav005@myuct.ac.za

Mrs. Helen Seyler

GreenCape

Hydrogeology/ GC project author

helen@green-cape.co.za

Mr. Chris Millson

GreenCape

Project manager

chris@green-cape.co.za

Mr. Jean De Klerk

WorleyParsons

Engineer working in SBM

Mr. Gavin Williams

SBM

Engineer working in SBM

Marius Meiring

SBM

SBM town planning office

Contribution of research

Marius.Meiring@sbm.gov.za
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5. Concluding remarks
While there are some uncertainties with respect to the research and the possible outcomes, there
is conclusive evidence that research in this direction is required. The strengths and weaknesses
of the project are discussed below.

5.1 Project strengths and weaknesses
Saldanha Bay is an extreme case when it comes to water scarcity and has consequently received
attention in the past. This means there is a large amount of information available. This also means
there is more to consider in order to add any new insight from the particular perspective of this
report. Similarly there is a lot of information available with respect to WSUD, however this
investigation is limited by the time available to get a complete understanding of the technologies
available.
The weakness in this research project lies in the uncertainty of outcome. There have been
case studies done previously that assessed the effectiveness of implemented WSUD (e.g. Wu,
2012: Ellis, 2013). There have also been research projects that have designed SuDS opportunities
in a town, involving some stormwater modelling (Woodward, 2013). This research is looking at
opportunities for WSUD without the use of modelling, in a similar method to the research
conducted by A’bear (2014). This makes this project more focused on text-based research and
on collaboration with involved parties.
In spite of these challenges, there are also strengths of the project in that it is linked into an
existing body of research in the area, in the form of GC’s report. The other strength is the level
of communication available with all parties involved. Good relationships have been formed with
the SBM and GC, and the meetings hosted by GC are a unique opportunity to get to know the
developers. Furthermore SBM have extensive data and are open to sharing it. Other projects such
as Mureverwi’s (2009) case study of East London and Port Elizabeth discuss the serious lack of
information and records in the municipal office that hindered research.
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6. Compliance of ECSA outcomes
6.1 ECSA Outcome 1: Problem solving
The project and the problem statement need to be understood in order to complete the research.
Problem solving will be required to determine how and which information to use and how to
apply it in the given circumstances and time period.

6.2 ECSA Outcome 2: Application of scientific and engineering
knowledge
The study will involve understanding the water and development situations in conjuncture with
the WSUD principles. These principles will need to be applied with the relevant scientific and
engineering knowledge in order to evaluate the situation.

6.3 ECSA Outcome 4: Investigations, experiments and data
analysis
An investigation will be conducted via a literature review. Further investigation will be
undertaken in the form of meetings and interviews with local municipalities and field experts.
The information gathered through these investigations will be analysed in order obtain the
objectives. A site visit has already been conducted to gain knowledge of the area.

6.4 ECSA Outcome 5: Engineering methods, skills and tools
The project will require research and understanding of urban water management systems. The
project will require work with an Excel spreadsheet for conducting a water balance and creating
a comparative tool for assessing the compatibility of the proposed interventions. GIS will also
be used to analyse to area.

6.5 ECSA Outcome 6: Professional and technical communication
All communications with supervisors and working professionals will be handled in a professional
manner. The project will require meetings with the developers and these meetings will be
conducted and reported in a professional manner. The final report will require that technical
information is communicated through the report, via descriptions and visual representations.

6.6 ECSA Outcome 8: Individual, team and multi-disciplinary
working
The primary investigation for this report will be done individually, but the research forms part of
a broader investigation. Team work is required in order to use information collected by others,
as well as aligning this research with the broader context. This project spans many disciplines
including hydro-geology, development, urban planning,
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6.7 ECSA Outcome 9: Independent learning ability
The entire investigation, site identification, analysis and compilation of results will be done
independently. Personal time management and ability to compile a report that communicates
effectively will be key to the success of the research.

6.8 ECSA Outcome 10: Engineering professionalism
Engineering professionalism will be displayed through the punctual production of a formal report
document. All meetings and interactions with supervisors, professionals and affected parties will
be conducted with professionalism and punctuality. The research and compilation will be done
in an ethical manner, by acknowledging all contributions and inspirations.
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A.

Appendix A: Map of SBM

Figure A-1: Map of the Saldanha Bay Municipality
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B.

Appendix B: Proposed developments
Table A-1: List of Proposed developments including water requirements
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C.

Appendix C: Questionnaire examples

Please note that the questions may vary marginally depending on the direction that the research
takes and the context that the questions are asked.

Some examples of questions that would be asked at the first meeting:
To developers:


What is the likelihood that this development will take place in Saldanha Bay?



Why have you chosen to take part in this process? (forced or willing participant)



What have you done to make your project water sensitive, reduce your induced demand?



Have you considered WSUD options A,B,C?



What is standing in the way of you placing more emphasis on water resource efficiency in
your development?



What specifically about Saldanha Bay attracted your development?

To municipality representatives:


As a municipality, what are your greatest challenges?



What are the communication channels between the stormwater, sanitation and water supply
divisions? How integrated is the planning of these services?



Which national guidelines do you refer to primarily to guide your planning decisions?



I have seen there are flooding problems in Middelpos, are there any other areas that
experience this?

Some examples of questions that would be asked at the follow up meeting
To developers:


Has anything changed since the last meeting?

To municipality representatives:


Has anything changed since the last meeting?

Appendix C: Questionnaire examples
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D.

Appendix D: Gantt chart

Task///Month
Date (Monday)
Week
Case study Identification/Choice
Site visits
Contact with I&A parties
Literature Review
Proposal writing
Final proposal due date
Additional research
Design project due date
Vacation
Evaluation of data
Drawing conclusions
Compiling first draft
First draft due date
Adjustments to final draft
Hand-in of final report
Work on poster or e-portfolio
Final Poster/website hand-in

July

6
1

13 20
2

3

August
27 3 10 17
4 5

6

7

September
24 31
8

7 14 21 28

October
7

9 10 11 12 13 14

14 21 28

November
2

9

16 23

15 16 17 18

19

20 21

Mon.27th

Fri.28th

Mon.19th

Mon.9th

Thu.12th
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E.

Appendix E: Assessment of ethics

Appendix E: Assessment of ethics

