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Abstract

A growing population, rapid urbanisation, and climate change are increasing the pressure on water
supplies. The chances of finding new freshwater sources for urban areas are becoming nearly
impossible, implying that existing water supplies must go further to satisfy the basic need of potable

water.

Water reclamation involves the treatment of wastewater to meet defined water quality standards so
that it may be reused. Direct potable reuse refers to the introduction of wastewater, which has been
treated to meet specified standards, directly into the potable water supply distribution system. Water
reuse has become an attractive alternative since wastewater is constantly being produced by

populations, which can be treated for reuse.

This study examines the sustainability of water reclamation for potable purposes, through an
assessment of the Beaufort West Water Reclamation Plant, which includes interviews with the plant
manager and process controllers, as well as a review of the relevant documentation. The study
employs the use of economic, environmental and societal indicators as a tool in determining the

sustainability of water reclamation.

The results of the research show that direct potable reuse may be a sustainable solution to reducing
the stress on water resources, although certain aspects of the reclamation process require further
development in order to progress toward sustainability. In order to provide a long term solution, water

reclamation will have to be implemented in conjunction with other water conservation strategies.



“Water should be judged not by its history, but by its quality.”
Van Vuuren, a pioneer of water reclamation in

South Africa during the 1970s.
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1. Introduction
Globally, approximately 2.4 billion people live in water stressed regions, with another 500 million
people approaching this situation. Sub-Saharan Africa currently has the highest proportion of people
without water (UN, 2007). Human populations and water resources are not distributed evenly across
the world, and densely populated regions do not coincide with those areas with sufficient water
supply, which poses a problem in terms of ensuring an adequate water supply. This uneven
distribution, combined with an increase in population and therefore demand, places a large

percentage of the world’s population in a condition of water scarcity (Kummu et al., 2010).

Unclean water is the destiny of poor people across the world. A fifth of the people living in the
developing world lack access to sufficient clean water, a suggested minimum of 20 litres per day. This
can be compared with the average water consumption in developed countries, such as the United
States and Europe, which is between 200 and 600 litres per day. Most of the suffering due to water
stress occurs in the developing world, with poor people living in informal settlements often paying

five to ten times more than wealthy people living in the same city (UN, 2007).

The study of sustainability has become an important part of ensuring water supply for present and
future generations. Sustainable development has been defined in the Brundtland report, ‘Our
Common Future’ as: “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs” (United Nations World Commission on
Environment and Development, 1987: 41). Water reuse has become an attractive solution to reducing
water scarcity issues in many countries. In an age where there is great concern regarding
environmental degradation, and the need to reduce global sanitation problems, disease, and poverty,

water treatment processes should be designed in order to achieve sustainability.

The aim of the introductory chapter is to provide a contextual background to the study, through a
discussion of water scarcity, as well as climate change and its predicted impacts on water scarcity.
Each concept is discussed on a global level, and then particular attention is drawn to the situation in
Southern Africa. The town of Beaufort West and its water history is presented, to provide a basis for
discussion of the Beaufort West Water Reclamation Plant in the following chapters. The chapter

concludes with a discussion of the objectives of the report, and a brief outline of each chapter.



1.1 Water Scarcity
Water scarcity refers to a shortage of water in a supply system, due to the demand exceeding the
available resources. Scarcity originates from both human actions, such as inefficient use, poor
management, population growth, inequitable access, and natural occurrences, such as drought and
climate change (Kharraz et al., 2012; Vairavamoorthy et al., 2008). Climate and freshwater share a
complex relationship, and a change in climate will induce a change in freshwater supplies. Nations
which are already confronting the issue of sustainable water use, will be over stressed by the
anticipated effects of climate change. Where natural water resources are completely depleted, or
nearly so, nations may have to look at the sustainability of a potable water reclamation system as an
alternative (Aloj et al., 2012). The United Nations (2007) has defined a water consumption of less than

1700/ of water per person per capita as ‘water scarce’.

The most widely used measure of water stress is the Falkenmark indicator. This indicator is a measure
of the fraction of the total amount of runoff that is available for human utilisation. In order to quantify
water scarcity, Falkenmark (1989) conducted surveys in many countries, and used this information to
calculate the water usage per capita per day. Based on this water usage, the severity of water stress
in an area can be differentiated. As shown in Table 1.1 the water conditions in a specific area can be

categorized as; no stress, stress, scarcity, and absolute scarcity.

Table 1.1: Water Barrier Differentiation (Falkenmark, 1989)

Index (m3/capita) Category
>1,700 No Stress
1,000-1,700 Stress
500-1,000 Scarcity
<500 Absolute Scarcity

1.2 Freshwater Availability
Less than 1 percent of all freshwater on earth can be accessed by humans, since much of the
freshwater is either locked in the ice cover of the Arctic or Antarctic, or in aquifers too deep for
extraction. This means that approximately 35 million cubic kilometres of water cannot be accessed,
the result of which is a physically accessible global fresh water potential of 90 000 cubic kilometres

annually (Department of Water Affairs, 2012).



1.3 Water Consumption
In most countries, the largest consumer of water is the agricultural sector. In 2007, the United Nations
estimated that 14% of freshwater is used for agriculture, and it is assumed that by the year 2030 this
use will increase to 55%, as a result of the increased food production. This vast increase in a single
sector suggests that all other sectors may need to use significantly less water, or a large amount of
additional water will need to be provided to support agriculture. Although the agricultural sector
consumes large amounts of water, it is beneficial in that it has played a major role in the development
of rural economies, supporting economic growth and poverty reduction. Most countries in East and
North Africa, Mexico, Pakistan, South Africa, India and parts of China are experiencing acute water
scarcity. The bulk demand of water in these countries is irrigated agriculture, which contributes to a
substantial portion of the economy. In order to sustain their demand for water, these countries need

to focus on the efficient use of all water and integrated management strategies (UN, 2007).

1.4 Climate Change and Water Resources
The Intergovernmental Panel on Climate Change (2007) has stated that the increased level of
atmospheric greenhouse gases will result in climate change, which will cause the sea level to rise, and
increase the frequency of extreme climatic and heavy rainfall events, including droughts and floods.
This will have a significant effect on human populations, resulting in the loss of life, social disruption
and economic hardships (IPCC, 2007). Climate change may occur both naturally, and
anthropogenically. Human activities such as the combustion of fossil fuels which release greenhouse
gases into the atmosphere, as well as land use changes, are some of the causes of anthropogenic

climate change (Kiem, 2014).

1.4.1 Impacts of Climate Change on Water Resources
In terms of water resources, it is predicted that the costs of climate change will outweigh the benefits,
on a global scale. The reason for this is that the variability of rainfall is likely to increase, as well as the

occurrence of extreme events, such as floods and droughts (Bates et al., 2008).

There is an increased consensus amongst the scientific community that climate change will affect
water supply systems (Bates et al., 2008; Kiem, 2014). The potential impacts of climate change on
water availability and quality could be (Bates et al., 2008):

e An alteration in the reliability of raw water sources and supply infrastructure such as dams

and reservoirs due to a change in the magnitude of flows

e The demand for water, and ability to meet demands, particularly at peak times may be altered
3



e Raw water quality may be altered due to an increase in temperatures which affects the ability
to treat raw water to potable standards
e There may be increased precipitation intensity, resulting in increased runoff, which would

increase nutrient and pathogen loadings to surface water sources

Domestic water availability will be affected by the changes in precipitation, floods and droughts.
Floods may cause damage to water supply infrastructure which may take long periods of time, even
years, to repair. Flooding of sanitation facilities may cause the contamination of water sources, such
as groundwater, resulting in the spread of disease. This degradation of raw water supplies may require
a change in the type and nature of treatment processes for the production of water for potable use.
This change in treatment may not be feasible, technically and economically, in some countries. In
addition to the effects of floods on water sources, droughts will also deplete the groundwater sources,

and people will have to travel further for water (Babel et al., 2014).

1.4.2 Impacts of Climate Change on Freshwater Demand
In addition to climate change having an effect on the availability and quality of water resources, the
predicted effects will also affect the demand for freshwater. For example, the predicted increased
temperatures and variability of rainfall, would lead to increased irrigation water demand, even if the
overall quantity of rainfall in the growing season remains constant (Bates et al., 2008). In terms of
secondary effects, more energy would be required for the cooling of buildings due to increased

temperatures, which would require increased water requirements at the power plants.

1.4.3 Impacts of Climate Change on Water Stress
It must be noted that climate change would appear to reduce water stress globally, if the water
availability per capita is considered. Increased runoff is predicted for the most populous parts of the
world, such as south and East Asia. It must be noted that this runoff will occur during the high rainfall
seasons, and would need to be stored for the dry seasons. These countries have to make sufficient
provision for the storage of this water, and ensure that the infrastructure network is able to cater for
the increased runoff, so that it does not result in floods. An increase in runoff has only been predicted
for specific parts of the world, and would not assist in reducing water scarcity in other parts of the
world. Even in countries with a predicted increase in runoff, the increased probability of extreme
events, as well as population growth, may negate the effects of increased available freshwater

resources (Bates et al., 2008).



There is much debate among researchers regarding the predicted impacts of climate change. For
example, Gosling and Arnell (2013) predict that in central Europe runoff will decrease with climate

change, but does not agree that runoff will increase in south and East Asia.

1.4.4 Planning for Climate Change and Water Resources
Climate change challenges conventional assumptions regarding water resources, and provides a new
dimension to water management. In addition to the increased pressure the effects of climate change
may place on already stressed water resources, it can no longer be assumed that past climatic and
hydrological conditions will continue into the future (Aloj et al., 2012). In the planning of future water
management projects, the key drivers of climate change must be understood, as well as their future
impacts. The wide range of impacts of climate change on water resources create an undeniable need
to strengthen water management systems and institutions in southern Africa, and incorporate the
concept of integrated water resources management on a large scale. Although the effects of floods
and droughts could be reduced by appropriate infrastructure investments and changes in water and

land-use management, these measures will entail costs, and detailed planning (Bates et al., 2008).

In the planning of future water resources management systems, and evaluating the impacts of climate
change on water resources, it is important to draw on all knowledge, technological advancements in
the field of geographical information systems, remote sensing, information management, and
computer science (Kusangaya, 2014). It is recommended that considerations regarding climate change
should be included even at the regional level, using structures such as the South African Development
Community (SADC) protocol when approaching shared water courses, since the region has 12 shared

river basins (Kusangaya, 2014).

Many researchers consider water reclamation as a key element to integrated water resources
management, and for coping with the effects of climate change on water resources (Asano et al., 2007,

Aloj et al., 2012; Bates et al., 2008).

1.5 Water Situation in South Africa
It is important to note that different groups in South Africa experience varying levels of water scarcity,
despite the country’s commitment to equity in terms of access to a water supply. The greatest victims
of water scarcity, currently and historically, are the rural poor and marginalised urban communities,
who may be affected on a daily basis due to the lack of access to a potable water supply.

Unfortunately, a false sense of water security has been created within the privileged communities of
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South African society, who have a secured adequate water supply, which, according to the

Department of Water Affairs (2012), results in water over consumption.

The current state of water resources in South Africa is discussed below to provide the context in which

the sustainability of direct potable reuse will be assessed.

1.5.1 National Water Resource Strategy (NWRS)
In order to understand the management of water resources in South Africa, the main objectives of the
NWRS must be discussed. The NWRS is a document which is binding on all authorities and institutions,
as required by the National Water Act of South Africa (Act 36 of 1998). The first edition of the National
Water Strategy, NWRS-1, was released in 2004 and set out the strategy for the management of water
resources in the country. The second revision of the water resources strategy, NWRS-2, provides a
strategic direction for the management of water resources for the next 20 years, with a particular
focus on the years 2013 — 2017. This document provides a framework for the protection, use,
development, conservation, management and control of water resources (Department of Water

Affairs, 2012).

The NWRS-2 places emphasis on equity in access to water resources for all South Africans, in a country
where water resources are under pressure due to increased abstraction, habitat destruction, pollution
as well as climate change. The NWRS-2 lays out strategies for achieving effective water resource
management with a particular focus on the Department of Water Affairs as the leader of the water
sector. This strategy outlines water reuse, among other options, as a viable strategy for South Africa,

which requires intensive further investigation (Department of Water Affairs, 2012).

1.5.2 Water Scarcity
South Africa has been classified as the 30 driest country in the world, and is facing an increase in
demand for water, an already stressed resource. This demand is driven by population growth, the
connection of households previously unreached by municipal water services, growth in the industrial
and economic sectors, rural-urban migration, and a range of other factors (Adewumi et al., 2010). In
addition, the country faces a number of other challenges in the water sector, the most concerning of
which is a lack of appreciation for water and inadequate management and governance (Mattheus,

2013).



1.5.3 Water Quantity
The South African water supply is characterized by low rainfall levels, erratic runoff, high levels of
evaporation due to high temperatures and shallow dam basins, as well as inter-basin water transfers
on a large scale. Many parts of the country are reaching a point where all of their financially viable
resources are exhausted. South Africa is therefore investigating a number of strategies aimed at
meeting the current and predicted water demand, such as improved water use efficiency,
development of new infrastructure, reuse and recycling of wastewater, sea water desalination, and

the removal of water consuming alien plants (Department of Water Affairs, 2012).

1.5.4 Water Infrastructure
Although South Africa is classified as a water scarce country, there is well-developed water
infrastructure. There are 4 395 registered dams in South Africa, 2 528 of which are supply related.
Despite this well-developed infrastructure, water supply is affected by natural phenomena such as
floods and droughts, common occurrences in South Africa, which require effective water
management. Also, regardless of the well-developed infrastructure, there are problems of equity in
terms of access to water resources, as mentioned previously. The poor and marginalised communities
are subject to intense water scarcity, especially in rural areas and the former homelands (Department

of Water Affairs, 2012).

1.5.5 Surface Water
A large portion of the available yield from surface water, throughout most of the country, has been
developed and fully utilised. The uThukela, Mzimvubu and Pongola basins, where additional water is
available, are located in remote areas which are far from where the water is needed. To transport
water over these long distances requires a large investment. It is important that there remains a
balance between the water remaining in rivers and the water being extracted. About 25% of the mean
annual rainfall each year needs to remain in the rivers to maintain ecological functioning and the river
systems. This process requires effective management on behalf of the Department of Water Affairs

(Department of Water Affairs, 2012).

1.5.6 Groundwater
Despite the low local yields, groundwater is also a significant source of freshwater supply. Although
current groundwater extraction is estimated at about 2 000 million m® per annum, the estimated
sustainable potential yield is 7 500 million m3 per annum. Despite the availability of additional

groundwater, this resource is difficult to access since it is sparsely distributed, not readily available in
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accordance with water demand, and there is not a high level of knowledge regarding groundwater

resources (Department of Water Affairs, 2012).

1.5.7 Water Resource Quality
South Africa experiences major water quality problems. The main contributors to these problems are
mining, which increases the acidity and metals content of water; urban development, which increases
the salinity and microbiological content of the water; industries, which add chemicals and toxins to
the water; and agriculture which adds sediments and chemicals to the water. Many rural communities
rely on groundwater as their main water source, and are placed at risk since the mineral content of
the water exceeds the recommended levels. Water quality is also being affected by untreated or

poorly treated wastewater (Department of Water Affairs, 2012).

South African ecosystems are also in a state of risk. About 65% of the 792 wetland ecosystems have
been identified as threatened and 48% critically endangered. This is a grave concern since ecosystems
are involved in the provision of many services, such as water purification and flood mitigation. The
degrading of these natural systems has a negative impact on human health, especially on rural
communities who depend directly on natural systems for their livelihood (Department of Water

Affairs, 2012).

The issues of water quality and water quantity are directly linked and need to be addressed in an

integrated manner.

1.5.8 Sectoral Water Use
An adequate water supply is crucial to ensure economic growth and development. The volume of
water used per sector, in South Africa, is shown in Figure 1.1. The greatest consumer of water is

irrigated agriculture followed by municipal/domestic consumption.
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Figure 1.1: Estimated Water Usage per Economic Sector (Department of Water Affairs, 2012)

1.5.9 Impacts of Climate Change on Southern Africa
Southern Africa, highlighted in Figure 1.2, has been recognized as having a changing climate due to
the increased frequency in the occurrence of extreme events such as droughts, floods, and cyclone
activity. It has been predicted that the effects of climate change on southern Africa will be significant
in that they will affect almost every aspect of human systems. These systems include agricultural
productivity, energy use, flood control, wildlife management, and municipal water supply. This is
exacerbated by the fact that the southern Africa region is subject to rainfall which has great spatial
and temporal variations, scarce water resources, low adaptive capacity, widespread poverty, and a
historically low level of technology uptake (Kusangaya et al., 2013). The Intergovernmental Panel on
Climate Change (2007), has therefore declared southern Africa as one of the most vulnerable regions

in Africa, to climate change.
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Figure 1.2: Map Showing Southern Africa (Author)

In Africa, the main source of drinking water is groundwater, especially in rural areas which rely on
wells and boreholes. The recharge of this groundwater is expected to decrease, with the variability in
rainfall patterns and increased runoff, which will result in water stress in those areas which rely on
groundwater sources. The main effects of climate change on water resources in Africa have been
summarised by Bates et al. (2008):

e Anincrease of 60 — 90 million hectares of arid and semi-arid land is predicted by the 2080s

e Declining agricultural yields due to predicted droughts

e Increased runoff in East Africa and decreased runoff in other areas such as southern Africa

1.5.10 Future Water Resources
Itis essential that planners in the country seek out additional water resources to supplement the water

supply. The South African water authorities have predicted that unless the water consumption
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patterns are altered significantly, or alternative sources are introduced, the country will be unable to
meet the growing water demands, and the water shortage problem will become extremely severe in
20-25 years (Adewumi et al., 2010). The manager of planning and information at the Department of
Water Affairs has warned that South Africa is at a great risk if water is not taken seriously by all citizens

and interventions are not applied timeously (Mattheus, 2013).

The results of the water shortage is that the government may then be forced to place water use
restrictions on the country, leading to a disruption of essential activities, for example agriculture and
industry, and a discontent amongst the general public. The freshwater constraints on South Africa,
necessitate that the government implement sustainable water reuse strategies, including wastewater
reclamation, both for potable and non-potable purposes. With the advances in technology
wastewater reuse has become an attractive alternative for furthering existing water supplies

(Adewumi et al., 2014).

1.6 Wastewater Reuse
Wastewater reuse has become an attractive alternative for both potable and non-potable purposes
as a result of the decreasing freshwater availability and increasing water demands (Adewumi et al.,
2010). The factors which discourage the reuse of wastewater are the potential risks to public health,
and the potential for reduced sewer or stream flows which can lead to blockages in the system. If
wastewater reuse is implemented without the appropriate technologies in an unregulated
environment, the results may be the production of water which is harmful to humans (Adewumi et

al., 2010).

1.6.1 Wastewater Reuse Globally
Wastewater reuse, mostly for non-potable purposes has already become popular as a water demand
management strategy in countries such as Jordan, Kuwait, Israel, Spain, Australia, Namibia, Germany,
United Kingdom and America. The successful implementation of wastewater reuse in these countries,
as well as the wide range of treatment technologies available, indicate that it is essential to investigate
the potential of wastewater reuse as a viable alternative to address the current and future water

shortages in South Africa (Adewumi et al., 2010).

1.6.2 Wastewater Reuse in South Africa
Water reuse was discussed extensively by the Department of Water Affairs in National Water

Resource Strategy 2012, also known as the NWRS-2, as discussed above. The strategy focussed on the
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best possible use of the country’s limited water resources, to ensure sustainability and the benefit of
society and the environment. At the Water Institute of South Africa International Conference on Water
Reuse for Drinking Purposes 2012, it was established that water reuse and recycling forms one of the

key pillars of using water resources responsibly and efficiently (Mattheus, 2013).

The chief engineer at the National Water Resource Planning for the Department of Water Affairs,
performed an investigation into water reuse aimed at highlighting key strategic actions that need to
be undertaken in the local context, before and while implementing water reuse. He recognised that
water reclamation and reuse is an important source of water in terms of the water resource planning
process, and there is great potential for water reuse in the agricultural sector, as well as the in the
municipal sector, for both potable and non-potable purposes. Direct reuse is considered a challenge
in the water sector, with the main concerns including the presence of micro-pollutants, the cost of
treatment, risks associated with operation of a water reclamation facility, and public perception and

acceptance (Mattheus, 2013).

In order to support a national water reuse strategy, a number of key strategic actions need to be
undertaken by the relevant role players, including sound transparent decision making, clear policy and
legislation, sufficient research and information to support water reuse and the capacity to implement
projects, and ultimately the financing of projects. In order for the implementation of reuse projects to
be viable they need to be cost effective and sustainable in comparison to other water supply
alternatives. Prior to the implementation of water reuse, it is imperative that current wastewater

treatment works function efficiently and meet the current discharge standards (Mattheus, 2013).

The final consensus at the conference is that the solution in South Africa is no longer to build more
dams and infrastructure, instead direct potable reuse is imminent and will probably be a reality in the
next decade in most areas. It was also stated that direct potable reuse is just one of the many
solutions, and in order to achieve this political commitment and sensitising the public must be

encouraged (Mattheus, 2013).

1.6.3 Water Reuse Division
The Water Reuse Division (WRD) of the Water Institute of South Africa was founded in 2013. This
division was formed as a result of the increased attention that water reuse had been receiving in
Southern Africa, predominantly in Windhoek, Beaufort West, eThekwini, Cape Town, Hermanus,

Mossel Bay and George. This attention created a need for local and regional platforms which enable
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planners, researches and professionals to share information and provide sustainable solutions
regarding water reuse. Thus, the main objective of the WRD is to provide a communication platform
for engineers, scientists and practitioners to share information regarding water reclamation, recycling
and reuse to facilitate the implementation of safe water reuse practices in Southern Africa. An
additional objective of the WRD is to inform national, regional and local authorities of the benefits of

reuse, health aspects, public acceptance, governance and regulatory matters (Brown, 2014).

1.7 Beaufort West
The information presented provides evidence that wastewater reuse for potable purposes may soon
be a reality on a large scale, in South Africa. This creates a need for the sustainability of direct potable
reuse for South Africa to be assessed, which can be done using the existing water reclamation plant

in Beaufort West as an example.

Beaufort West lies in the heart of the Great Karoo, in the Western Cape of South Africa (Fig 1.3), in a
semi desert area, which was once an ancient swamp (BWM, 2015). It is home to the first direct water

reclamation plant in South Africa.

Beaufort West is the centre of an agricultural district based primarily on sheep farming and meat
production. The town is positioned strategically so that the N1 freeway, which serves as the main
route between Cape Town and Johannesburg, runs through it, thereby bisecting it in two, and
generating a large portion of the town’s income. Tourists passing through the town on the N1 are the
mainstay of the town’s economy (BWM, 2015). The governing authority is the Beaufort West
Municipality (BWM), with the towns of Beaufort West, Merweville and Nelspoort, falling under its
jurisdiction. There are 41 000 inhabitants within the Beaufort West Municipality (BWM, 2010).
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Figure 1.3: Location of Beaufort West (Author)

1.7.1 Water History: Prior to WRP
In order to gain insight into the reasons necessitating the construction of the Beaufort West Water
Reclamation Plant, the history of Beaufort West, in terms of water supply must be understood. This
history is outlined briefly, as well as the shortcomings of the municipality in delivering basic water

services to the community.

Water Supply system

Beaufort West is well known for its shortage of potable water (BWM, 2010). The Beaufort West water
supply is extremely stressed since there are no perennial rivers in the surrounding areas. The water
supply is heavily reliant on rainfall, thus increasing the susceptibility to drought. Prior to the
construction of the plant, the municipality had two sources of raw water, surface runoff that is
captured in the Gamka Dam, and the groundwater derived from 17 boreholes around the town. The
treated water from the dam was mixed with the water from the boreholes via three reservoirs and

then distributed to the community (Wright, pers. comm, 2015).
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Essential Shortcomings of the Municipality

Every municipality is required, in terms of the Water Services Act, Act No 108 of 1997, to prepare and
maintain a Water Services Development Plan (WSDP). According to the WSDP 2010/2011 produced
by the Beaufort West Municipality, one of the main shortcomings identified is the inequitable access
to water services. All the formal households in the urban areas of the municipality are provided with
water connections in the house, while informal settlements have been provided with shared services
as an intermediate measure. These shared services are in the form of communal standpipes and toilets
shared between households. The maintenance cost of these shared services is not sustainable, and
the goal of the municipality is that all houses, both formal and informal are provided with services
which meet national basic water supply standards, as a minimum. Once this is accomplished, the
municipality has made a commitment to provide all households with a water connection inside the

yard or house (BWM, 2010).

Drought Conditions

The presence of drought conditions is evident from the reduced rainfall between 2008 and 2010,
shown in Table 1.2. These values are very low in 2010 when compared with the global average rainfall
of 870mm (Department of Environmental Affairs, 2011). An additional problem is that the rainfall
pattern is erratic and tends to fall in small quantities at a time, producing a minimal amount of runoff

(Wright, pers. comm, 2015).

Table 1.2: Rainfall in Beaufort West from 2001 to 2010 (Adapted from Holloway et al., 2012)

Year 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 2009 | 2010
Total Rainfall
(mm) 323.5 | 358.8 | 240.3 | 359.9 | 229.5 | 314.0 | 336.6 | 218.95 | 249.0 | 192.25

In Beaufort West, the municipal engineer who has monitored rainfall changes since the 1980s
reported that rain is falling predominantly over the town itself, and not over the Gamka Dam mountain
catchment, as it previously did. The implications of this are reduced surface water supply, and lower
rates of aquifer recharge. This resulted in the groundwater supplies in Beaufort West reaching critical
levels during the 2008 - 2010 drought. This can be illustrated by the diminishing levels in the Noorde
Einde Aquifer, which from November 2008 to December 2010, progressively dropped from 13m to
36m below ground level (Holloway et al., 2012). This resulted in the boreholes, which are supplied by
aquifers, having a diminished water supply. Since the water supplied to the town by the boreholes

was reduced by approximately 50%, more water had to be drawn from the Gamka Dam, which was
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originally only used for backup purposes in the dry summer months. The extreme drought conditions,
and continual extraction from the Gamka Dam, led to its running dry in September 2010, which
necessitated the introduction of water restrictions to the community (Wright, pers. comm, 2015). As
shown in Table 1.3, the drought occurred in three phases, beginning in January 2008, and progressively
intensifying until December 2010. Although in 2003 and 2005 there was low rainfall, it was only in
2008 that the aquifer levels depleted to such an extent that there was insufficient water to supply the
town. The drought conditions stabilised in January 2011, which has been labelled drought phase IV in
the table.

Table 1.3: Phases of the 2008 — 2011 Drought in Beaufort West (Holloway et al., 2012)

Phase | Dates Classification Description

Jan-Dec Risk Declining annual rainfall, combined with increasing water
I

2008 accumulation demand

Jan-Oct Poor rainfall, declining dam levels. Demand measures
Il Risk escalation

2009 implemented

Poor rainfall: Domestic water restrictions introduced (Jan

Nov 2010)
Risk
] 2009 - Local disaster declaration for Beaufort West (May 2010)
intensification
Dec 2010 Gamka Dam empty (Sep 2010)

Domestic water restriction intensified (Nov 2010)

Jan-May | Risk Domestic and industrial water use restrictions lifted (April
W 2011 stabilisation 2011)

June - Risk de- Rainfall in many areas. Gamka Dam begins refilling (June
v Dec 2011 | escalation 2011). Water demand management

Introduction of Water Saving Strategies
Based on the water history, the municipality identified water supply as a key strategic resource, and
was forced to introduce a short-, medium- and long-term strategy to secure the water supply for the

town (Marais & Durckheim, 2012).

The focus of the short term strategy was water demand management. This included creating
awareness among the community regarding efficient water use, detecting and managing water losses,
developing additional boreholes, installing pre-paid water meters, implementing water restrictions,

and water shedding, which will be discussed below (Marais & Durckheim, 2012).

16



The awareness program, intended to educate the community regarding the drought and water saving
measures, included the use of local radio stations, newspapers and pamphlets. It was found that the
community were most receptive to the pamphlet which is shown in Figure 1.4 (Wright, pers. comm,
2015). The translation of the text in the pamphlet is: ‘Water will only be available from the dam until
approximately 30 September - thereafter only from boreholes. Steps are currently underway to exploit
extra water sources. If this proves to be unsuccessful, in the absence of rain, then stricter water
restrictions will have to be implemented. Your co-operation in saving water is appreciated’. Awareness
was also increased through the publication of the names of high water users in local newspapers

(Holloway et al., 2012).

\
SAVE WATER
BESPAAR WATER
YONGA AMANZI

X ONDERGRONDSE [BOORGATE] BRONNE. STAPPE WORD TANS GENEEM oM
EKSTRA WATER TE ONTGIN. INDIEN ONSUKSESVOL EN GEEN REEN VOLG SAL
STRENGER WATERBEPERKINGS INGESTEL MOET WORD. U SAMEWERKING WORD
WAARDEER OM TE HELP WATER BESPAAR.

Figure 1.4: Pamphlet Supplied to Community (Wright, 2015)

Water restrictions limited each household to the use of 12kl of water per month. If this amount was
exceeded a fine of R1000 was imposed, and if water use exceeded 15kl users were charged an extra
200% on their account. Restrictions also prohibited users from irrigation of gardens and car washing
(Wright, pers. comm, 2015). Signage used to warn the community of water restrictions is shown in
Figure 1.5. This signage was mounted on poles around the town, as well as displayed on government

vehicles.
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Figure 1.5: Examples of Signage (Holloway et al., 2012)

Water ‘load shedding’” was introduced to the town in November 2010. The water shedding aimed to
distribute the disadvantages of no water to all residents equally. The town was divided into 12 areas,
and each area had no water for 36 hours at a time (Saving Water SA, 2010). Water tanks were set up
in at least five places to ensure that people had access to drinking water, with a ration of 5 litres per
day (Mayer, 2011). The Beaufort West central business district was excluded from the water shedding
programme for economic reasons, in order to minimise financial loss due to the drought. There were
many technical problems with water shedding, as well as objections from the community. Residents
were unhappy due to the lack of water supply, and felt that their basic rights were being infringed.
Technical problems included issues such as pipe bursts due to the build-up of pressure during water
shedding periods when they were shut off. In order to ensure that people had sufficient water during
load shedding periods, bottled water was supplied to households, which created logistic problems
with storage and delivery of the water bottles. A total amount of 120 000 bottles was received from

the Western Cape Disaster Management Centre (Wright, pers. comm, 2015).

The medium-term strategy focussed on increasing the water supply. This included further
groundwater exploration, water reclamation, and desalination of existing boreholes. The long term-
strategy is to develop a field of boreholes 30 kilometres out of town, which will operate in conjunction
with the water reclamation plant (Marais & Durckheim, 2012). A summary of the water saving
measures discussed is shown in Table 1.4, which includes the date the measure was implemented, as

well as a short description.
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Table 1.4: Summary of Emergency Water Management Measures: Beaufort West 2009 — 2011
(Adapted from Holloway et al., 2012)

Date Measure Description
Apr
Water restrictions First introduced
2009
Nov Water restrictions Consumers fined R150 for monthly water consumption >
2009 increased 12 kl
Consumers fined R1000 for monthly water consumption
I Drought tariff coupled with | > 12 kl. If consumers exceeded 15 kl/month
Jul 2010
Gamka Dam level consumption, a 200% surcharge was applied to their
water accounts
Necessary as reservoirs had run dry. Water supplies to
700 households cut for 48 hours initially, then extended
Water demand shedding
to 2000 households for 36 hour stretches. The CBD,
introduced
hospitals and industrial areas were not required to
comply with water load shedding
Nov
120 000 x 5 | bottles of water were distributed (20
2010
I/household every 48 hours). This constituted a major
Bottled water distribution
logistics exercise. Ninety temporary staff members were
locally employed for this operation
10 additional boreholes
To acquire additional groundwater
drilled

Effects of Water Saving Strategies

The effects of water demand measures on consumption are shown in Figure 1.6. The measures

presented in Table 1.4 resulted in an overall reduction of water consumption of approximately 50%

(Wright, pers. comm, 2015). Although, it is evident from the graph that the demand measures did

have a significant effect on consumption levels, this was not sufficient to solve the water scarcity

problem in the long term.
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Figure 1.6: Water Consumption from Jan 2008 to June 2011 (Holloway et al., 2012)

1.7.2 Implementation of Beaufort West Water Reclamation Plant
After the completion of the short term strategy and the groundwater exploration, the next sustainable
solution as part of the medium term strategy was the implementation of the Beaufort West Water
Reclamation Plant. The demand measures implemented thus far were relatively inexpensive and easy
to implement, contrary to the reclamation plant which would require government funding. This

funding, enabling the construction of the plant, was received from the National Treasury in 2010.

The project included the construction of a new rising main to the existing reservoirs, for blending of
the reclaimed water with water from different sources. The project was conducted in three phases,
the EIA/planning phase, construction phase and the operational phase. Since the water scarcity
situation in Beaufort West had been declared as a disaster, the project was fast tracked, and
completed in 6 months. The first reclaimed water was delivered to the community of Beaufort West

in January 2011.

1.8 Research Outline

1.8.1 Research Objective
The objective of the study is to explore the concept of the sustainability of water reclamation for
potable purposes, through an assessment of the Beaufort West Water Reclamation Plant, as well as
an examination of the relevant literary material. The study incorporates the use of economic,

environmental and societal indicators to aid in determining the sustainability of water reclamation.
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Furthermore, through the assessment of the plant, and review of the relevant theoretical literature,
the study aims to determine whether potable water reuse can be employed as a viable solution to the

problem of water scarcity.

1.8.2 Rationale for the Study
As a result of the widespread water scarcity in South Africa, there is high interest in the project within
the water sector, as water reclamation plants are considered for a number of other South African

towns and cities (DWAF et al., 1999).

Due to the prediction of an increased stress on water sources in the future, resulting from climate
change, population growth, urbanisation and economic growth, it is imperative that we research
alternatives such as water reclamation and evaluate their long term sustainability. The impacts of
wastewater treatment have an impact on both local and global sustainability. There is growing
concern globally on the impact of current practices on the environment, resulting in the necessity to
develop wastewater treatment technologies which consider environmental, economic and societal

sustainability (Muga & Mihelcic, 2007).

A major challenge to the implementation of water reclamation for potable purposes is public
perception. People have a negative perception towards water which was previously sewage, and
refuse to consume it (Asano et al., 2007) The research will investigate the extent of public participation
and stakeholder engagement during the project definition phase, as well as any records of public
dissatisfaction post-implementation. This will allow an understanding of whether the public is aware
that they are drinking reclaimed water, the education they have received regarding the reclamation

process, and the extent to which they were involved in the decision making process.

1.8.3 Research Delineations (Scope)
The intended research will assess one water reclamation plant, the Beaufort West Water Reclamation

Plant, and then draw on this information to assess the sustainability of direct potable reuse.

The public of Beaufort West were not interviewed for the determination of the social sustainability of
the plant, since this does not fall within the scope of the research, and would be more suited to a
social science study. In order to determine public perception, the information provided to the citizens
regarding the plant is reviewed, and conclusions regarding sustainability aspects drawn. Any negative

feedback received from the public is discussed.
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The method of assessing each indicator, as defined in section 3.4, dictates whether the evaluation of
a specific indicator will be qualitative or quantitative. Although certain indicators are assessed

guantitatively, it can be noted that the assessment performed is predominantly qualitative.

The research aims to assess the sustainability of the chosen indicators, without considering which
indicators carry more weighting than the others. The prioritisation of indicators is not considered since

this requires a substantial amount of research, which could be considered for future research.

1.8.4 Expected Outcomes
Considering Beaufort West as a pilot plant, based on the assessment performed, an indication is
provided as to whether water reclamation for direct potable reuse is a sustainable solution to the
problem of water scarcity. This is done by comparing the indicators for Beaufort West Water

Reclamation Plant to South African and International Standards.

This type of system will become important to those countries currently and potentially suffering water
scarcity, especially if it proves to be sustainable in the long term. Thus, research in this field is crucial

for further development and ensuring that people have access to the basic resource of water.

1.8.5 Report Outline

Chapter 1: Introduction

This chapter provides a background to the study, through a discussion of water scarcity on a local and
global scale, climate change and its predicted impacts on water resources, and the need for water
reuse. The water history of Beaufort West is presented, in order to contextualise the sustainability
assessment of the Beaufort West Water Reclamation Plant. Furthermore, the chapter introduces the

research objective, rationale for study, scope, and outcome of the study.

Chapter 2: Literature Review — Water Reuse

The literature review explores the concept of water reclamation and reuse. This includes a discussion
of the evolution of wastewater reclamation, its future potential, benefits and shortfalls, and the
current technology available. The chapter also reviews public perception regarding water reuse
projects. The New Goreangab Reclamation Plant, in Namibia, is presented as an example of a

successful reclamation facility.
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Chapter 3: Research Method

The research method for the study is described in this chapter. A description of the site visit, and the
methods that have been applied to draw a conclusion regarding the sustainability of each indicator
are provided. Thereafter, the chosen indicators are discussed, as well as the reasons for their choice.
This includes an exploration of the applicable literature, previous studies, and South African

Regulations.

Chapter 4: Beaufort West Reclamation Plant Sustainability Assessment

In chapter 4, the selected sustainability indicators are applied to the Beaufort West Reclamation Plant,
in order to assess the sustainability of water reclamation for direct potable reuse. Information
regarding each indicator is drawn from the visit to the plant, data sourced about the plant, and

relevant literature on water reclamation.

Chapter 5: Conclusions and Future Research

This chapter has two main objectives. Firstly, it aims to provide a summary of the findings of the
literature study, as well as the main findings regarding the chosen indicators, with special regard
to the Beaufort West Water Reclamation Plant. Secondly, the chapter outlines future research
needs, which will aid in assisting decision makers regarding the implementation of potable reuse

projects.
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2. Literature Review: Water Reclamation and Reuse
Water reclamation involves the treatment of wastewater to meet defined water quality standards so
that it may be reused. Reuse has become an attractive alternative since the supply of water cannot
meet the demands of growing communities. Water reuse offers a dependable alternative water
source because it is always available in urban areas, even during drought periods. There are many
elements involved in in incorporating a water reclamation system into a sustainable water resources
plan, such as costs, public acceptance and treatment technology choices. Advances in technology have
made water reclamation safer, more reliable and economical, which helps to address public health
concerns. New technological advances, such as membrane treatment, may encourage the greater use

of reclaimed water (Asano et al., 2007).

Water reclamation and reuse requires a considerable amount of infrastructure development and
planning as well as specific attention to public health, since the source of the water is normally of the
lowest quality. The main aim of water reclamation is to close the hydrologic cycle on a much smaller
scale, through the conversion of the wastewater effluent to a valuable resource, which is readily

available to the community (Asano et al., 2007).

This chapter begins with a general discussion of water reclamation and reuse, and provides examples
of where it is currently practiced in South Africa. Alternatives to water reuse for obtaining additional
water sources are discussed, before proceeding to an evaluation of potable water reuse. The review
then considers direct potable reuse, which is the main focus of this study. Finally, the case of the
Goreangab Reclamation Plant is reviewed, as an example of a successful direct potable reclamation
plant. The aim of the chapter is to gather information about water reuse, which can then be applied

to the sustainability assessment of the Beaufort West Plant.

2.1 The Evolution of Water Reclamation and Reuse
Wastewater reuse can be traced back approximately 3 000 years, when water was reused for
agricultural irrigation (Asano et al., 2007). The beginning of modern water reclamation systems can
be traced to the mid nineteenth century, when wastewater systems were employed for the
transportation of household waste from urban settlements into the nearest water courses. This
polluted water caused nauseating conditions in cities such as London, but also resulted in outbreaks
of cholera amongst those using water from public water supplies such as the River Thames. Due to
the water supply — disease link, engineering technologies advanced to include alternative water

sources such as reservoirs and aqueduct systems, and the introduction of water filtration during the
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1850s and 1860s. A large step toward the advancement of wastewater treatment and the
development of biological wastewater systems occurred in the early 1900 with the advent of the
activated sludge process. It was around this time that references involving public health and water
quality requirements were first made. Advances in technology as well as the biological and chemical
processing of water and wastewater led to the contemporary era of water reclamation and reuse,
which began in 1960. In 1968 in Namibia, direct potable reuse was successfully introduced as a
solution to the extreme drought conditions. This was the first direct potable reuse scheme in the world
(Asano et al., 2007). Table 2.1 below provides a summary of the issues and constraints regarding both

direct and indirect potable reuse.

Table 2.1: Potable Water Reuse Applications, Experiences and Challenges (WRC, 2015)

Type of reuse Application Issues and Constraints | Experiences

Successfully

Groundwater Groundwater practiced since
Replenishment | replenishment by | contamination 1970s
Indirect of aquifers means of Toxicological effects Multiple barrier
potable infiltration of organic chemicals treatment ensures
reuse (IPR) safe potable water
Successfully
Replenishment | Surface dam Health concerns
practiced since
of dams augmentation Public acceptance

1970s

Multiple barrier
Health concerns and
treatment ensures
issues of unknown

Pipe to pipe safe potable water
chemicals
blending of production
Direct potable reuse (DPR) Public acceptance
purified water No health problems
Economically
and potable water related to recycled

attractive in large-
water in Namibia
scale reuse
since 1968

Potable reuse is the reuse of wastewater for drinking purposes after it has undergone sufficient
treatment to produce water that is safe for human consumption. Direct reuse involves the use of
wastewater which has been treated to meet the required standards, without the use of an

environmental buffer, such as an aquifer, between the site where the water is produced and the end
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user. Indirect reuse involves the release of treated wastewater to a natural buffer, such as an aquifer,

surface water or groundwater body, prior to being extracted for further use (WRC, 2015).

2.2 Current Wastewater Reuse Practices in South Africa
A few communities in South Africa are currently practicing wastewater reuse. The categories of reuse
in practice are household, district, urban/agricultural and industrial reuse. Urban/agricultural reuse
involves the collection of wastewater at a central point, from domestic and non-domestic sources
within the area. This wastewater is then treated and the effluent used for non-potable purposes. This
category of reuse in practiced in KwaZulu-Natal under the authority of the eThekwini municipality,

and in the Western Cape, under the authority of the City of Cape Town (Adewumi et al., 2010).

2.2.1 Household Wastewater Reuse
Household wastewater reuse involves the collection and treatment of wastewater for non-potable
purposes, within the same building it was generated. This category of reuse is practiced in the towns

of Carnarvon and Kimberley in the Northern Cape (Adewumi et al., 2010).

Prior to 2005, the village of Carnarvon was facing a heavy financial and environmental burden over
the management of domestic wastewater, which included bath, shower, and kitchen water. Since
infrastructure to remove wastewater from households was not present at the time, residents stored
their wastewater in containers, which was collected twice a week by municipal workers and deposited

at the existing wastewater treatment works (Adewumi et al., 2010).

To address the wastewater issue, several wastewater recycling systems were investigated and pilot
projects undertaken. The outcome of this investigation was the choice of a system which requires
residents to direct their wastewater into a 50l drum via a filter trap and sump. When the sump fills up,
a submersible pump is activated which pumps the water through a hose and sprinkler onto the garden
for irrigation. Operation and maintenance workshops were performed with households to ensure
awareness and efficient functioning of the system. This type of system may be harmful to animals and
children that use the irrigated lawns, and may have a negative environmental impact in the long term

due to the accumulation of unwanted chemicals in the irrigated soil (Adewumi et al., 2010).

In Hull Street, Kimberly, houses are fitted with a dual pipe system which supplies drinking water and

non-potable treated wastewater to their appropriate uses. Wastewater produced by washing
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machines is reused to irrigate lawns while wastewater from the kitchen sink is filtered through rock-

filled trenches before entering the groundwater system (Adewumi et al., 2010).

2.2.2 District Wastewater Reuse
In this category of reuse wastewater is collected at a central location from several buildings, and then
treated and used for non-potable purposes in the same or other buildings. This form of recycling is

used in the Lynedoch Eco-village, Western Cape Province (Adewumi et al., 2010).

The Eco-village is a pilot sustainability project that was implemented in 1999 as a response to the
water scarcity crisis in the Western Cape. Due to the water scarcity crisis there was a predicted
increase in water tariffs due to the need to supplement water supplies with new dams, ground water
aquifers or desalination, and the need to achieve economic efficiency through the reuse of wastewater
(Adewumi et al., 2010). The project included the construction of two wastewater treatment works.
The first treatment facility removes the solids, and leaves the nitrogen and phosphorus in the water,
making it suitable for irrigation. The second treatment facility removes the nitrogen and phosphorus
producing an effluent which is low in nutrients, suitable for toilet flushing. This project did not turn
out to be economically viable, since the overall costs of producing the effluent were above the drinking
water tariff, by about 400% for the first treatment facility, and 300% for the second. However, the
system was successful in meeting the goal of saving drinking water since there was a 54% saving in

drinking water over the tenth month period it was tested (Adewumi et al., 2010).

2.2.3 Urban/Agricultural and Industrial Reuse
The eThekwini Unicity Council has entered into a public-private partnership agreement with private
investors regarding the production of treated wastewater for industrial applications. The wastewater
treatment works, which treats both domestic and industrial wastewater, supplies 74% of its effluent
to Mondi Paper. Benefits of this project include a reduced cost of water services to Durban’s citizens,
a reduction of Mondi’s water bill by almost half, and the creation of revenue from the production of

recycled water (Adewumi et al., 2010).

The City of Cape Town is one of the few South African authorities which has had a wastewater reuse
system for several decades. This system has become an essential part of the city’s integrated water
management plan. This system involves supplying treated wastewater to non-domestic consumers for
irrigation and industrial use. The water is only provided to non-domestic consumers to ensure public

safety by avoiding human contact. The use of treated wastewater is highly attractive to large non-
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domestic consumers, since the tariffs are approximately 50% less than for drinking water (Adewumi

et al., 2010).

2.3 Future for Water Reuse
Progress in the design of the technology used in water reclamation systems has been made steadily
since the 1970s. Even with the advancement of technology, there are many factors which have stalled
the use of these systems such as; economic and institutional challenges, regulations, and social
aspects, especially public acceptance. Water reclamation and reuse may be economically viable in the
long run, however the extended treatment of water for reuse can be costly and energy intensive, in
comparison to using alternative freshwater supplies such as groundwater and inter-basin transfers

(Asano et al., 2007).

Although the experts have embraced water reuse and reclamation as a new water source for multiple
reasons — water conservation, economic advantages, environmental benefits, long term sustainability
- the public perception of reclaimed water as well as official decision making has hindered its progress.
As technology advances and the reliability and safety of water reuse is demonstrated, public policy
and perception will hopefully grow to embrace these advances, as well as understand the important
role of water reclamation in the future. Water reclamation has been identified by many experts in the

field as a vital element in sustainable, integrated water resources management (Asano et al., 2007).

2.4 Alternatives to Water Reuse
In a study performed by Golder Associates (2012), to evaluate the potential for the introduction of a
direct potable reuse plant in Durban, South Africa, a comparison was done between water reuse and
other reuse options. This comparison was initiated by a number of stakeholders opposing the
proposed reclamation project. The following alternatives were suggested to achieve water security:

e Reuse of treated water for grey purposes only, i.e., commercial and domestic applications

such as landscaping, laundry and toilet water;

e Construction of additional dams;

e Desalinisation of seawater from the Indian Ocean, possibly powered by alternative energy;

e Implementation of strict conservation measures such as tariffs, cuts, restrictions, demand

reduction incentives, and repairs to leaks in the distribution infrastructure.

Upon investigation it was found that the reuse of treated water for grey purposes only, and the

implementation of strict conservation measures are cost prohibitive due to the extensive nature of
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the infrastructure overhaul that would be necessary for their implementation, and would result in
steeper increases in water prices than reuse. Efforts to reduce demand through consumer incentives
and education are being explored, but enforcement of violations is costly and difficult to implement.
The remaining two measures, the construction of additional dams and desalination of seawater, are
being investigated by the eThekwini Municipality in parallel with the water reuse alternative, but are

costly, and cannot be implemented soon enough to meet current demand (Golder Associates, 2012).

2.5 Worldwide Potable Reuse
Most of the development in water reuse has taken place in the USA, Australia, Middle East, Southern
Europe, China, Singapore and Southern Africa. The regions in which potable reuse has developed are
either arid or semi-arid areas, characterised by water scarcity as a result of low rainfall and prolonged

periods of droughts.

A list of all plants producing potable water around the world is provided in Appendix B. It must be
noted that the only direct potable reuse plants are in Namibia and South Africa, while the remainder

are indirect potable reuse plants (WRC, 2015).

Urban growth in developing countries has led to a pressing water situation. In many parts of Asia,
Africa and Latin America engineered wastewater collection systems and treatment works are quite
rare. Even where wastewater collection systems have been introduced, they often discharge the
untreated effluent into the nearest watercourse. In many developing countries wastewater is too
precious to discharge into natural watercourses as it contains valuable water, as well as nutrients
which produce higher crop yields than when using fresh water for irrigation. In developing countries,
farmers may use wastewater out of dire necessity, and not as a result of a planned reuse and
reclamation system. The unplanned use of this wastewater results in public health risks as well as
environmental risks, especially during the era of rapid urbanisation in developing countries, and gives

water reuse a negative perception among the public (Asano et al., 2007).

2.6 Direct Potable Reuse
Direct potable reuse refers to the introduction of wastewater which has been treated to meet
specified standards, directly into the potable water supply distribution system (Asano, 2007). Globally,
direct potable reuse has become an attractive alternative to finding new water sources, since is
provides a dependable water source, with relatively consistent quality and quantity, in close proximity

to the demand (Leverenz et al., 2011; Tchobanoglous, 2011). The rationale for the increased interest
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in this alternative is that technology is available to produce treated water which satisfies all drinking
water standards, and to obtain dependable water sources in areas with limited sources (Schroeder et
al., 2012). Areas considering direct potable reuse are generally characterised by a combination of dry
climate, population growth, increased agricultural requirements, urbanisation, and industrialisation

(Ishiia et al., 2015).

In South Africa there is a lot of interest in direct potable reuse for several reasons. Since it is an arid
region, southern Africa experiences difficulties with the availability of conventional water sources. The
effects of prolonged droughts have resulted in the formation of short term contingency plans, and a
need to re-evaluate water supply systems in the medium and long term. This has led to large scale
interest in the application of water reclamation to sustain development and economic growth in the
region. Water plants already constructed as a result of water shortage include; direct potable reuse
plant in Beaufort West, the indirect potable reuse plant in George, and a plant in Mossel Bay which
reuses water for industrial purposes. Furthermore, direct potable reuse plants have been proposed

for Durban, Port Elizabeth, Cape Town and Hermanus (WRC, 2015).

Unlike in indirect potable use, in direct potable use there is no environmental buffer between the
production of reclaimed water, and its delivery to the end consumer. In extreme cases, with severe
drought conditions, direct potable water reuse consists of pipe-to-pipe blending of reclaimed and
potable water. Direct potable reuse schemes are uncommon in the world, with the only two direct

potable reuse schemes in southern Africa (WRC, 2015).

2.7 Potential Benefits
Direct potable reuse allows for the conservation of fresh water supplies, which are rapidly being
depleted. There are also environmental benefits, such as the management of nutrients which may
lead to environmental degradation, as well as the protection of aquatic environments by reducing the
amount of effluent discharged. The need for supplemental water sources and associated
infrastructure introduces economic advantages to water reclamation. In urban areas where water
resources are most needed and highly priced, water reclamation is particularly advantageous since it
can be performed in the vicinity of the urban environment. Reclaimed water is a highly dependable
source of water, even in drought years, since the production of wastewater remains fairly constant

(Asano et al., 2007).
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Direct potable reuse can provides benefit in that it provides a new stable water supply source for
cities. It also provides benefits to agriculture and environmental and energy conservation, which may
be more important. In the National Water Research Institute White paper, Schroeder et al (2012)
consider direct potable reuse as a better solution to the others proposed. The reasons for this will be

discussed below.

2.7.1 Benefits for Public Water Supplies
With inter-basin transfers, only a limited amount of water for food production is available, and source
area ecosystems are vulnerable and may be destroyed. Transmission systems such as pipelines which
are used to transport the water from the source to supply area, are exposed to damage from natural
disasters such as earthquakes and floods, which could ultimately result in the breakage of transmission

of the water (Schroeder et al., 2012).

Direct potable reuse seems preferable to desalination, since the energy required for desalination is
much larger, and the brine disposal is a serious environmental issue. Direct potable reuse,
comparatively, requires a modest amount of energy, and provides a stable water supply which is in
close proximity to the need. Direct potable reuse cannot be used the sole water supply, since the
water requirements of a city are greater than the wastewater produced. Water reclamation must be
employed in conjunction with other sustainable solutions to provide an adequate water supply

(Schroeder et al., 2012).

2.7.2 Benefits for Agriculture
Water used for other purposes decreases its availability for agriculture. Water requirements for food
production have increased due to the increase in population, as well the increased amount of animal
and dairy products people consume. While satisfying these additional water requirements, aquatic
systems must be protected. The following statistics illustrate the impact of diet on water requirements
(Pimentel & Pimentel, 2003):

e Beef requires 100 m3 of water per kg produced

e Soybeans require 2.0 m3 of water per kg produced

e Wheat requires 0.90 m? of water per kg produced

These statistics illustrate that as people move away from a traditional diet including large amounts of
carbohydrates, toward a diet consisting of meat such as beef, water consumption increases

enormously. If direct potable reuse is applied to agriculture, the reuse of wastewater produced by a
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population of 1 million people, could result in the production of a sufficient amount of water for the
annual production of 1 050 tons of beef, or alternatively 115 000 tons of wheat (Schroeder et al.,

2012).

2.7.3 Environmental Protection
Inter-basin transfers require the construction of infrastructure such as pipelines, reservoirs and canals.
Direct potable reuse, and resultant minimisation of water importation to cities, will reduce the
environmental impacts incurred from the construction of infrastructure (Schroeder et al., 2012). This
is particularly significant for Southern Africa, which practices large scale inter-basin transfers, as

discussed.

In a direct potable reuse system, there is a limited discharge of effluent into natural water systems. If
the treated water is returned to the environment, there is less risk of contamination than wastewater
water that has been treated to non-potable standards and therefore contains greater levels of
pollutants (Golder Associates, 2012). This is especially important as direct potable reuse will protect
ecosystems which are currently being degraded. Although this is considered a benefit according to
some researchers (Asana et al., 2007; Ishiia et al., 2015), other researchers believe that water reuse

will result in the build-up of contaminants, which will be discussed later in this chapter.

2.7.4 Reduced Energy for Pumping Water
The transport of water across watershed boundaries increases the embodied energy of the water and
requires a well-developed extensive infrastructure network, which may result in adverse changes in
an ecosystem'’s hydrology (Muga & Mihelcic, 2007). Direct potable reuse by comparison, requires less
energy input and a more localised infrastructure network. This energy requirement can be
contextualised by looking at the Colorado River Aqueduct project in the US. To transport 1 500 hm? of
water per year from the Colorado River to Southern California, requiring the water to be lifted 493m,
consumes 2 400 gigawatt hours of energy per year. This calculation does not include the resources
required to construct and maintain the 387 km aqueduct, consisting of 101 km of canals, 147 km of

tunnels, and 134 km of pipes (Wilkinson, 2007).
The consideration of energy requirements for various water scarcity solutions is debated among

authors. As will be discussed, the energy requirements for direct potable reuse could be seen as

extensive.
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2.8 Factors Hindering Direct Potable Reuse
In the case of direct potable water reuse several complications may be encountered such as cost
factors, technological capabilities, public perceptions and health risks. Municipal wastewater is
received from multiple sources, such as, commercial facilities, hospital, houses and schools. The
guantity and quality of the effluent reaching the wastewater plant depends on the source, industrial
establishments in the area, condition of the wastewater collection system and several other variables.
As a result of this, wastewater contains many pollutants and contaminants, some of which may be

hazardous to human health and natural environments (Asano et al., 2007).

2.8.1 Public Acceptance
Communities experience psychological difficulties when faced with the idea of drinking water which
once contained human wastes, such as excreta. There exists the most resistance towards the direct
potable reuse category regardless of the level of treatment and water quality produced. The lack of a
natural buffer results in a feeling among communities that there is no loss of identity by natural
purification, regardless of the treatment undergone, and the water is still viewed as wastewater
(Asano et al., 2007; Dishman et al., 1989). Based on recent studies it has been found that through
proper education and understanding of water reclamation for potable purposes, support can be
gained from communities (Asano et al., 2007). Since public acceptance is a determining factor in the

success of reuse projects it is discussed in detail in section 2.13.

2.8.2 Health Concerns
As with traditional water supplies, reclaimed water must be safe for human consumption, in terms of
pathogenic organisms, inorganic pollutants, and organic micropollutants (Dishman et al., 1989).
Despite the advances in analytical techniques used for measuring inorganic and organic constituents
in wastewater, it can be concluded that consumers still perceive the same amount of unknown risk
regarding the consumption of traditional water supplies and direct potable use. It Is not possible to
be certain that direct potable reuse will be 100% safe, but Asano et al. (2007) maintain that there is
sufficient information regarding the health impacts of many trace constituents, that it would be

prudent to wait for further information before proceeding with direct potable reuse.

Waterborne diseases are spread by microorganisms such as protozoa, bacteria and viruses. These
diseases are spread to humans by consumption of contaminated water, person-to-person contact,
and contaminated surfaces or food. It is possible that any potable water supply receiving human or

animal wastes can be contaminated by microorganisms. There have been no documented cases where
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the use of reclaimed water meeting the specified quality standards has caused disease, although the
most common concern in water reclamation and reuse is the spreading of diseases. However, in
developing countries the use of municipal wastewater which has been inadequately treated remains

a public concern (Asano et al., 2007).

With sufficient water quality monitoring to guarantee that the final reclaimed water adheres with the
South African National Drinking Water Guidelines, the risks posed to public health are minimal. A
system must be designed to ensure water quality, as well as sufficient safety measures, and methods

to ensure that if there is a failure the water reaching consumers is not contaminated.

2.8.3 Technological Capabilities
There is emphasis on the machinery and processes used to treat the influent wastewater since it will
not undergo any natural processes to act as an environmental barrier and further improve the water
quality. The technology used to produce safe reclaimed water should be such that it poses no

additional health risk over traditional drinking water sources (Asano et al., 2007).

The high degree of reliability required for the production of safe drinking water has been overcome
by the use of multiple barrier systems, which use sequential and redundant processes to remove
constituents of concern. A redundant system ensures that if one process fails to remove a certain type
of contaminant there are other processes capable of removing the same type of contaminant.
Technology has progressed to allow for real-time process monitoring and control, as well as enhanced
membrane systems and oxidation processes which are capable of fully removing trace constituents
resulting in the production of high quality potable water which exceeds current drinking water
standards (Asano et al., 2007). The availability and cost of this technology may pose a problem for

communities.

The main engineering issues in a water reclamation and reuse project are:
e water quality
e public health and protection
e wastewater treatment alternatives
e pumping, storage and distribution system design
e matching of supply and demand for reclaimed water

o supplemental and backup water supplies
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2.8.4 Lack of an Environmental Barrier
Consumers consider a natural buffer, such as a dam, river, reservoir, aquifer or wetland, as an
important indicator as to whether they are drinking water of an acceptable quality. For a direct potable
reuse scheme, there are no natural buffers between the wastewater treatment plant and the

consumer (Golder Associates, 2012).

Research undertaken by the United States National Research Council (2012) on the assessment of
water reuse as an approach to meeting future water supply needs, has found that buffers do not
provide any cleansing properties that are not available through the use of engineered processes, and
are not essential in offering quality assurance. This research shows that direct potable reuse, by
comparison, does not place public health at greater risk than indirect potable reuse, which releases

water into dams and aquifers.

2.8.5 Cost Considerations
There are several factors which influence the cost of a water reuse programme, including the location
of the municipal wastewater treatment works which supplies the reclaimed water source, the size and
location of the reclaimed water facility, treatment infrastructure, influent water quality, and energy
requirements (NRC, 2012). Therefore, capital costs are site specific and can vary significantly from one

community to another.

In general, reclaimed water treatment facilities would be placed in close proximity to a water
treatment facility, which supplies them with treated effluent, to be treated further. Wastewater
treatment facilities are usually constructed at lower elevations, and close to discharge points such as
a river, lake or ocean. The result of this is that there are pumping costs to transfer the water from the

treatment works to the reclamation facility, as well as to the end users (NRC, 2012).

In terms of size, multiple smaller decentralised plants may ultimately be preferable, contrary to the
historical preference of centralised treatment facilities. The advantage of these decentralised plants
include the location of water treatment closer to consumers, allowing a reduction in the cost of
pumping and distribution infrastructure (NRC, 2012). A noteworthy disadvantage of decentralised
plants is that many highly trained plant operators will be required, instead of the few plant operators

needed for centralised treatment facilities.
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The quality of the incoming water, i.e. the effluent from a wastewater treatment plant, is a significant
factor in the production costs of reclaimed water. The poorer the quality of water, the more treatment
it requires, increasing the cost. An example of a factor which affects water quality negatively, is water
conservation. As water conservation measures become more effective, the volume of wastewater
discharged diminishes, but the pollutant mass may remain unchanged. This causes the concentration
of contaminants in the wastewater to increase, requiring additional treatment, and increased costs at
the treatment facility on a volume basis (NRC, 2012). An example of a measure that increases the
water quality is the implementation of an industrial pre-treatment program, which limits the discharge
of harmful contaminants, and improves the quality of the effluent, thereby requiring less treatment

(NRC, 2012).

Another concern, is the energy requirement, especially in the South African context where energy
supply is already a problem. In addition to the energy requirement of the wastewater treatment plant,
energy is needed in several phases of the reclamation process, including transmission to the
reclamation plant, advanced treatment, and distribution to the consumer. The energy costs would be
specific to a particular reuse project as it is affected by variables such as the distance from the
wastewater treatment works to the reclamation plant, treatment technologies used, the size of the
plant, the water quality requirements, and the topography of the service area which affects the energy

required for pumping. The price of energy will also influence energy costs (NRC, 2012).

2.8.6 System Failures
A major concern relates to mechanical and operational failures at water treatment facilities, or
anywhere along the water distribution system. The public perceives the advanced technology used in
water reclamation as extremely vulnerable to technical malfunction, and have maintained attitudes
that engineering technology is still incapable of treating wastewater to potable levels (Golder

Associates, 2012).

If the water reclamation system is well designed, reliable and robust, effluent of higher quality than

conventionally treated water can be produced (NRC, 2012).

2.9 Water Quality
Municipal wastewater includes a vast range of biological, inorganic and organic constituents. The harm
which may be caused by these constituents, to a person or an ecosystem, is dependent on the

concentration and duration of exposure. Some are essential nutrients at low concentrations, but may
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become hazardous at higher concentrations. Water reuse has many potential applications, therefore
the particular constituents of concern depend on the final use of the water. For example, certain
constituents may impact human health when consumed, but have no impact when the same water is
used for landscape irrigation. Other constituents may impact aquatic species but pose no threat to
human health (NRC, 2012). Since, this study concerns potable reuse, concerns regarding the drinking

of treated wastewater in relation to public health will be discussed.

2.9.1 Pathogens
Although wastewater may contain many microorganismes, it is only a portion of them, above a certain
concentration, which are potential human health hazards. The microorganisms capable of causing
infections include helminths (wormlike parasites), protozoa, bacteria and viruses. A grave concern,
among the public; and officials, is that disease causing viruses to be present in untreated wastewater,
including via human faeces, could still remain in the water after treatment. Pathogens can cause acute

health effects which are sudden and severe (NRC, 2012).

Viruses are small infectious agents, which are of special concern in potable reuse applications due to
their small size, resistance to disinfection, and their low infectious dose. The known agents of concern
in water treatment and the diseases they cause have been given in Table 2.1. These viruses are usually
present in untreated secondary effluent, and are capable of persisting in effluents after some

advanced treatment (NRC, 2012).

Domestic wastewater contains many bacteria which are shed by human populations. Of particular
importance are those bacteria which cause gastroenteritis, inflammation of the stomach and
intestines, which causes vomiting and diarrhoea. Many disease outbreaks are caused by these
bacteria, which are transmitted by the faecal-oral route (NRC, 2012). The associated illnesses with
these bacteria are shown in Table 2.2. Due to these illnesses, and the health risks related to bacterial
pathogens, monitoring systems and water quality standards have been established based on faecal
bacteria, in many nations around the world. E. coli, a bacteria found in the intestines of humans, which
are essential for proper digestion and nutrient uptake, are commonly used as indicators of the
presence of human waste; in water quality monitoring. Although E. coli are generally harmless
bacteria, and may only cause diseases in certain instances, the reason for their monitoring is that they
are present in high concentrations in human faeces and sewage, and are more persistent than most
bacterial pathogens. They are therefore used an indication of the adequacy of water treatment in

terms of removal of bacterial pathogens (NRC, 2004).
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Table 2.2: Microbial Agents and their Associated llinesses (Asano et al., 2007)

Agent

Associated llinesses

Viruses

Noroviruses

Gastroenteritis

Adenoviruses

Conjunctivitis, gastroenteritis, respiratory disease,

pharyngoconjunctival fever

Coxsackieviruses

Meningitis, pharyngitis, conjunctivitis, encephalitis

Echoviruses

Gastroenteritis, encephalitis, meningitis

Entiroviruses

Hepatitis A

Astroviruses

Gastroenteritis

Bacteria

E. coli

Haemorrhagic diarrhoea, Gastroenteritis

Campylobacter jejuni

Campylobacteriosis

Salmonella Salmonellosis

Shigella Shigellosis

Vibrio Gastroenteritis, wound infection, cholera
Legionella Legionellosis

Protozoa

Cryptosporidium

Cryptosporidiosis

Giardia

Giardiasis

Microsporidia

Microsporidiosis

2.9.2 Inorganic Constituents
A variety of inorganic constituents are found in wastewater, including metals, nutrients and salts.
Generally an aggregate measure, called total dissolved solids, is provided for the amount of inorganic
constituents in the water. Human and industrial activities consistently increase the total dissolved
solids in water, thus water reuse will increase the total dissolved solids in the water supply (NRC,

2012).

Metals such as lead, mercury, chromium, arsenic and boron can be detrimental to human health if
consumed in large amounts. However, the South African National Standard for Drinking water, SANS
241-1:2011, specifically targets toxic metals, and as a result most municipal effluents have

concentrations of toxic metals within public health guidelines and standards.

38



The reuse of wastewater generally results in the accumulation of inorganic ions, which can result in
aesthetic issues as well as infrastructure damage through corrosion (NRC, 2012). Elevated
concentrations of calcium and magnesium are responsible for hardness, and damage to household
appliances. ‘Hard water’ is water which has a high concentration of calcium and magnesium, which
causes damage to equipment which uses water. There is no evidence to suggest that hard water
causes adverse health effects in humans. Excess sodium and chloride concentrations in reclaimed
water can be detrimental to plants, because they cause leaf burn and negatively affect soil structure.

Therefore, careful control of salt concentrations is crucial to water reuse (NRC, 2012).

A large amount of nitrogeness and phosphorus compounds are present in human waste, as the human
body metabolises and excretes both nitrogen and phosphorus in various forms. One of the primary
forms of nitrogen, nitrate, found in drinking water, can cause public health issues, especially in infants.
Although nutrients such as nitrogen and phosphorus are beneficial for irrigation, an overload of
nutrients can lead to nutrient contamination of underlying aquifers, surface waters, lakes and streams,
resulting in the eutrophication of open water bodies. The result of the excess nitrogen is a stimulation
of the rapid growth of algae which can deplete the oxygen content in the water, alter the state of an
ecological system, affect the functioning of water treatment plants and result in the production of
compounds that affect taste and cause odours in water(NRC, 2012). The SANS 241-1 thus also provides

limits for nutrients such as nitrogen and phosphorus in treated water.

2.9.3 Organic Constituents
Wastewater is rich in organic matter, measured in water quality tests as total organic carbon. Organic
chemicals have several origins. Organics such as pesticides, personal care products and preservatives
originate from domestic products and activities. Certain endocrine disruptors such as pharmaceutical
residues and steroidal hormones are excreted by humans, while others are formed during the water
treatment process. Although modern technology is capable of detecting even minute concentrations
of these chemicals present in reclaimed water, not all may be harmful to human health in small
concentrations or with intermittent exposure. Organic chemicals can, however, cause chronic health

effects after extended periods of consumption (NRC, 2012).

Those chemicals originating from industrial processes need to be considered when wastewater
becomes part of a domestic water supply. Common industrial chemicals include solvents, detergents,

petroleum mixtures and a range of other products, some of which are not removed completely by the
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water reclamation process. For example, dioxane, a common industrial solvent, has been shown to
break through reverse osmosis membranes (NRC, 2012). In order to limit organic chemicals in drinking
water, the SANS 241-1:2011 provides standard limits for the total organic carbon, as well as other

specific organic determinands.

Recently a great deal of attention has been given to the occurrence of personal care products and
pharmaceuticals in wastewater effluents. It is logical that substances such as shampoo and perfumes
enter the sewer system since they are used by the majority of the population (NRC, 2012). Research
indicates that continuous exposure to these organic chemicals, as well as those hormones naturally
excreted by the human body, known as endocrine disrupting compounds, may cause a wide variety of
physiological, behavioural and reproductive effects in animals and humans. It is also speculated that
these chemicals may be linked to a variety of disorders, such as cancers of the reproductive organs as
well as decreased sperm count in males. However, it must be noted that it is difficult to determine
whether these chemicals are the actual cause of these disorders since there is a diverse range of
potential risk factors, both environmental and genetic (Singhal et al., 2009). These chemicals have
been widely detected in recent water tests, but the South African National Standards have not yet

included limits for these substances in the regulations.

2.10 Ensuring Water Quality in Reclamation
In order to achieve a consistent reclaimed water quality, a system should be designed which
incorporates appropriate treatment strategies such as high-level disinfection and process redundancy,
technical controls such as alarm shut downs and frequent inspections, online monitoring devices
which monitor factors such as residual chlorine concentration and effluent turbidity, and operational
controls which react to system failures or variability (NRC, 2012). This section discusses those methods

which are considered effective in ensuring water quality.

2.10.1 Design Principles
The main of objective of any reuse system is that public health is always protected, and that the final
reclaimed water quality is acceptable to consumers. Acceptability is measured by the consumers’
willingness to use reclaimed water. In order to ensure acceptability, four principles are usually the
foundation of the design of the system, which are monitoring, attenuation, retention and blending

(NRC, 2012).
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Water quality is monitored through an online system as well as through the testing of samples in the
laboratory. These practices follow the normal standards applied in drinking water systems. In terms
of the production of potable water, monitoring requirements are stringent, since municipal
wastewater contains many chemicals which originate from consumer products and industrial and
commercial discharges. Thus monitoring programs for potable water reclamation are generally more

complex than those for conventional drinking water supplies (NRC, 2012).

As will be discussed in the water treatment process section, attenuation of contaminants is achieved
through the application of a multiple barrier system. A multiple barrier system ensures that if any one
process fails to remove a certain contaminant there are similar processes capable of removing the
same contaminant, and is an integral part of guaranteeing that the reclaimed water is safe for human

consumption (NRC, 2012).

The purpose of retention is to allow additional time for the attenuation of contaminants, and to allow
sufficient time to respond to system failures. Retention time can be provided by storing reclaimed
water in a canal, segment of a river, conveying it through a pipeline system or storing it in a reservoir

(NRC, 2012).

In accordance with South African drinking water regulations, reclaimed water must be blended with a
water source other than wastewater, such as surface water or groundwater. This is because the
treatment processes involved in reclamation remove most of the minerals from the water, and it is
necessary to balance the water chemistry by blending to ensure public health. These factors of
concern include the absence of minerals such as magnesium and calcium, prevention of downstream

corrosion, and to minimize damage to soils and crops (NRC, 2012).

2.10.2 Water Quality Monitoring and Management
The Water Research Commission (2015), in their guidelines for monitoring and management of water
quality in direct wastewater reclamation, propose monitoring systems for three key processes in a
reclamation plant. These processes are raw water monitoring, operational and control monitoring,
and compliance monitoring. The aim of this monitoring is to allow for the early detection of poor
incoming wastewater quality, the maintenance of the various treatment barriers through alerts
warning of a water quality malfunction, and compliance of the final water quality with the applicable

standards (WRC, 2015).
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The greatest health risk associated with the consumption of reclaimed water is microbial
contamination, in terms of pathogens, and thus should be of primary importance. It is important that
monitoring programmes prioritise the measuring of chemical contaminants. The optimal situation is
that monitoring of the system should be done automatically, which requires advanced and expensive
monitoring systems. Manual samples should also be taken to ensure that the monitoring system is
functioning efficiently. Good protocols and communication will ensure that this can be achieved in an

efficient manner (WRC, 2015).

There is a tendency to have a more extensive monitoring system for larger reclamation facilities, which
serve larger communities, since the risk is considered to be higher. Smaller communities tend to have
a scaled-down version of a monitoring programme. This is an incorrect approach because monitoring
should be extensive regardless of the number of users (WRC, 2015). An important consideration in
the design of monitoring programs is that the water quality should be communicated to all
stakeholders, in order to convince them about the true reflection of water quality in the system,

thereby gaining and maintaining their trust (WRC, 2015).

2.11 Direct Potable Reuse System Design
Contaminants in wastewater are removed via unit operations and processes. Unit operations involve
the use of physical mechanisms, while unit processes use chemical or biological reactions. In a
wastewater treatment plant there are various levels of treatment such as preliminary, primary,
advanced primary, secondary, tertiary, and advanced treatment which comprise both unit operations

and processes (Asano et al., 2007).

Potable reuse systems should be designed with treatment trains that include reliability and
robustness. Redundancy ensures contaminant removal, particularly of those which pose acute health
risks, and robustness employs a combination of technologies that address a broad variety of
contaminants. Potable reuse systems should include redundant barriers for pathogens that cause
waterborne diseases, and employ diverse processes that can function as barriers for many types of
chemicals, especially considering the varied nature of chemical contaminants (NRC, 2012). As the level
of human exposure increases, the higher the level of treatment that the water is required to undergo

(Tram VO et al., 2014).

A wide range of treatment options exist to mitigate microbial and chemical contaminants in reclaimed

water, which can be adapted to meet specific water quality needs (NRC, 2012). The design of the
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Beaufort West Water Reclamation Plant is based on the system which has been successfully used at
the Goreangab Water Reclamation Plant in Windhoek (Marais & Durckheim, 2012). The design of the
Beaufort West Reclamation Plant differs from that of Windhoek in that there are fewer barriers
employed. The treatment process mainly relies on two membrane filtration barriers, ultra-filtration
and reverse osmosis, which are highly automated processes, and therefore easier to operate.
Engineers at the Windhoek Plant did indicate that if they had to redesign their system, they would
have used a reverse osmosis system like Beaufort West. The reason for this is that the Beaufort West
system is highly automated, with alarms connected for monitoring purposes, and therefore does not
require as many skilled personnel for the daily operation as the Windhoek system (lvarsson & Olander,

2011).

The reclamation system used in Beaufort West has three stages: pre-treatment, main treatment, and
post treatment. Pre-treatment consists of pre-chlorination, settlement in the maturation river,
chlorine disinfection and rapid sand filtration. The aim of these processes is to reduce the pressure on
the membranes thereby prolonging their lifetime. The replacement of the membranes is associated
with high costs. After the pre-treatment, the main treatment consists of a series of membrane barriers
where the majority of particles and pathogens are removed. In the post treatment stages, advanced
oxidation, and final chlorination are employed as a safety barrier in ensuring that any remaining
pathogens are removed (Ivarsson & Olander, 2011). Each step in the treatment process is discussed

briefly below.

2.11.1 The Treatment Process

Ferric-Chloride Dosing

The first process, after the pre-treatment of the water at the wastewater treatment works, in order
to prepare the water for potable reuse, is phosphate removal. In this process, Ferric-Chloride is dosed
into the activated sludge (which is the biological material produced from the wastewater treatment
process), to remove orthophosphates, as well as to ensure better settling of suspended solids in the
next process (Marais & Durckheim, 2012). Orthophosphates are the inorganic forms of phosphates,

which are used extensively in fertilisers.

Settling
The next process is settling. The maturation river acts as buffer between the original wastewater
treatment works and the water reclamation plant. The final effluent leaves the existing treatment

works and flows into a maturation river where the remaining suspended solids settle (Marais &
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Durckheim, 2012). The total retention time of the water in the maturation river is 18 hours, to allow

increased settling of particles (lvarsson & Olander, 2011).

The maturation requires frequent cleaning to remove algae, settled particles and sludge. At times
when the maturation river is being cleaned, the water is diverted to the next step in the process, which
is sand filtration. Since the water is fed directly to the sand filters without prior settling, it has to be

backwashed more often (lvarsson & Olander, 2011).

Once the water has passed through the maturation river it is then fed into the reclamation plant and
disinfected with chlorine (Marais & Durckheim, 2012). The aim of the disinfection process is to reduce

pathogens, such as bacteria and viruses, as discussed above (NRC, 2012).

Sand Filtration

The water then undergoes sand filtration in order to remove all macro-organic matter, and any
suspended solids which may not have been removed by the previous processes. The water is forced
to pass through the granular media, sand, thereby removing suspended solids and particulate matter
larger than the pore size. This also protects the downstream membranes from being damaged by large
organic loads (Marais & Durckheim, 2012). This process does not remove any bacteria or viruses from

the water (lvarsson & Olander, 2011).

Ultra-filtration

The third barrier employed is ultra-filtration, which removes organisms by size exclusion. The water is
pumped through membrane straws in order to remove particles larger than 0.05 um, such as bacteria,
viruses, algae and protozoa (Marais & Durckheim, 2012). Ultra-filtration membranes are effective in

the removal of micro-organisms (NRC, 2012).

Reverse Osmosis

The reverse osmosis process consists of semi permeable membranes which allow water to pass
through, thereby removing the remaining organics, pesticides, hormones, aqueous salts and metal
ions (Marais & Durckheim, 2012). Theoretically, the reverse osmosis membranes should remove all
pathogens from the water as they are designed to remove relatively small molecules (NRC, 2012). The

process requires high pressure and is therefore energy intensive (lvarsson & Olander, 2011).

44



Advanced Oxidation

Although the water produced from the reverse osmosis process is suitable for consumption, advanced
oxidation is employed as an extra precautionary barrier. It is a complex process which includes the
dosing of peroxide, followed by the exposure of the water to Ultraviolet light. The purpose of this
exposure is to destroy any remaining dissolved organic contaminants in the water, as well as kill any
remaining pathogens. Furthermore, this process does not produce any hazardous by-products or air

emissions (Marais & Durckheim, 2012).

Following the advanced oxidation, the pH is adjusted, and a small amount of chlorine is added to
protect the water before it reaches the end user (Marais & Durckheim, 2012). The aim of this final
chlorination is to prevent microbiological regrowth in the pipes, and provide protection from any
pathogens which may be reintroduced. The water is then pumped to the reservoir to be blended with
water from natural resources, in the ratio stipulated by regulations, and then distributed to the

consumer.

2.12 Guidelines for Water Reuse
Guidelines for water reuse were initially developed in 1980 by the Environmental Protection Agency
(EPA) of the USA, and updated several times, most recently in 2012. In order to develop this document
and ensure that the information is current and relevant, intense stakeholder engagement was
undertaken in the USA, and the document was researched, written, and reviewed by over 300 experts
in the water reuse field. Currently there are no regulations developed specifically for direct potable
reuse in the USA, although the EPA (2012) consider direct potable reuse as a viable option, based on
advances in technology, monitoring methodology, and health effects data produced from indirect

potable reuse projects, and direct potable reuse demonstration facilities.

The main points highlighted in the EPA guidelines are the inclusion of a viability assessment in any
water reuse project, which examines water reuse laws, regulations, rules and policies in the area of
the proposed project. Since dedicated design criteria for potable reuse are not available, the EPA
(2012) states that the engineers should make use of the general design standards applicable to potable
water, and ensure that a high standard of reliability is achieved at reclamation plants. It is also
specified that public education is critical in the success of a project, especially in an area where the
use of reclaimed water is not commonly practiced. Furthermore, the National Environmental Policy

Act of the United States of America (NEPA) compels all projects receiving federal funds to perform an
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assessment of environmental impacts, and provide mitigation measures for all significant impacts

(EPA, 2012).

In 2015 the South African Water Research Commission drafted a final report titled ‘Guidelines for

Monitoring, Management and Communication of Water Quality in the Direct Reclamation of

Municipal Wastewater for Drinking Purposes’. The main aims of this project were to document the

status of water reuse for potable purposes for planning and regulatory purposes, use the outcome of

the public perception research to develop effective communication methods for various stakeholders,

and to provide the Department of Water and Sanitation with information that can be used to

implement standards for potable water reuse in South Africa which can be included in the SANS 241

(WRC, 2015). The guidelines provided in this document have been adapted to produce Table 2.3,

which will be incorporated into the sustainability study of the plant.

Table 2.3: Direct Potable Reuse Guidelines (Adapted from: WRC, 2015)

Aspect

Comment

Scheme feasibility

Political will is an important factor in determining whether the

reclamation plant project will be a success

There must be a steering committee established before a WRP is
constructed. It should review the different catchments and

sources to the plant and establish proper monitoring protocols

Thorough EIA studies should be completed and the reduced return
flow must be factored into the feasibility of the WRP. A minimum
return flow to the environment can compete against upgrading

the WRP in the future

Financial feasibility must be established. It is also important to
take into consideration that many WRP are built during extreme
droughts and that the production capacity of the plant may reduce
significantly once conventional water sources are no longer

depleted

Water reuse plant

Proper operation and maintenance is very important for water

quality over time

Treatment process units must be thoroughly monitored. The
monitoring data should be stored and reviewed in order to ensure

that each of the treatment units perform as intended. Impromptu
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maintenance should also be carried out based on the monitoring

results

Filters should have a filter-to-waste option to ensure low turbidity
(i.e. it should prevent particle breakthrough) after backwashing to

ensure proper removal of Giardia and Cryptosporidium.

Table 2.3 Continued: Direct Potable Reuse Guidelines (Adapted from: WRC, 2015)

Aspect Comment

On-line monitoring is not optional for potable water reuse

plants.

Monitoring instruments The feed and final water of each of the treatment units
must be measured at a high frequency in order to detect

treatment failures.

The process controllers of WRPs should have a sufficient
skill level to understand each of the treatment processes

that occur at the plant.

Sufficient guidelines should be available on-site at each of
Plant operators/process controllers
the applicable treatment process units that can guide a

process controller during emergencies.

All process controllers must be able to use and calibrate

hand held sampling devices

Good analytical results and data management (archiving) is
very important for public participation and motivating the

Public participation
use of certain technologies. The laboratory should also be

promoted to set the minds of the public at ease.

2.13 Public Perception
As mentioned earlier, in addition to the technology available, public acceptance plays a significantly
large role in the successful implementation of water reuse projects. Direct potable reuse is perceived
as a radical change by the public, and therefore requires detailed research (Asano et al., 2007; Ishiia

et al., 2015).
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The first planned use of recycled water was in the 1950s, but it was only twenty years later that
researchers began to examine issues such as public perception and acceptance of water reuse. This
research was limited to finding methods of encouraging people to accept recycled water, since public
acceptance was considered the primary obstacle to the implementation water reuse projects (Po et

al., 2003).

2.13.1 Factors Affecting Public Perception
In a study conducted by Po et al. (2003), ten key factors which influence public perception towards
water reuse were identified. These factors are the disgust factor; perceptions of risk associated with
using recycled water; specific uses of recycled water; sources of the recycled water; issues of choice,
trust and knowledge; attitude towards the environment; environmental justice issues; cost of recycled
water; and socio-demographic factors. These factors are important in providing an insight into the

reluctance of the public to accept the use of recycled water, and are discussed below.

Disgust Factor

The disgust factor experienced by the public is a psychological issue, which has been mentioned in
literature repeatedly since the beginning of public perception studies in the 1970s (Asano et al., 2007;
Po et al, 2003). This psychological barrier is formed at the thought of drinking recycled water, which
is brought on for many people by their own mental image of raw sewage. A reaction of disgust to
recycled water emanates from the perception that the water is ‘dirty’, and the fear of contamination,

iliness and disease, as a result of using this water (Po et al., 2003).

Terms used in the description of treated wastewater also affect the way people feel. It is for this
reason that Singapore termed the recycled water produced at its plant as ‘NEWater’, and in San Diego,
‘repurified water’ (Po et al., 2003). A possible explanation for people associating recycled water with
the emotion of disgust is through the ‘law of contagion’ (Rozin et al., 2015). This ‘law’ suggests that
an object may acquire undesired properties from another object which can be considered
contaminated, through brief contact. The application of this conception to recycled water is that
although it has been treated to meet the quality standards, people perceive the water as
contaminated and therefore ‘disgusting’, since it has been in contact with stimuli such as human

wastes (Po et al., 2003).

Falkenmark (1989) confirms that people are affected negatively by the terminology which may be

associated with water reclamation. He proposes that different terminology could be used to remove
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the stigma which has naturally been associated with the field. Terms such as ‘used water’ can be
substituted for ‘wastewater’ or ‘sewage’, ‘water renovation plant’ for ‘sewage treatment plant’, and

‘reclaimed water’ for ‘treated wastewater’.

Perceptions of Risk

The perceived risk, in terms of health issues arising from the use of recycled water, has been identified
as an important factor which influences public perception (Po et al., 2003). In many studies,
participants explicitly expressed concerns regarding the safety of using recycled water, the severity of
the pathogens in the water, and the unknown impacts of chemicals used in the treatment processes
(Fielding & Roiko, 2014; Marks, 2006). In a study in the United Kingdom, 89% of participants responded
by saying, ‘l have no objection to water recycling as long as safety is guaranteed’ (Jeffrey & Jefferson,
2002, as cited in Po et al., 2003). This response showed that as long as people are fully assured that

use of recycled water does not pose any risk, they may be willing to use it.

Regardless of the constant assurance of safety from authorities, the public still perceives a great risk
regarding the use of recycled water. The main factors identified as causing risk associated with
drinking recycled water are that the use of this water source is not normal, it may be harmful to
people, there may be unknown consequences, the decision to use the water is irreversible, and that

quality and safety of the water is not within their control (Po et al., 2003).

Specific Uses of Recycled Water
The reuse of water for higher risk applications and domestic purposes is not preferred by the
community. Instead, the reuse of water for non-potable purposes such as irrigation, including irrigated

agriculture; and industry, were generally accepted by the community (Po et al., 2003).

Sources of the Recycled Water
According to researchers in the water reuse field, the past use of the water affects the acceptability
of the recycled water (Asano et al., 2007; Po et al., 2003). People seem to perceive the reuse of their

own waste as more acceptable than using waste from public or secondary sources (Po et al., 2003).

Issues of Choice
As illustrated by the Beaufort West case, the issue of choice is an important factor in whether the
public accepts the recycled water. Since there is a severe water shortage, and no other feasible water

supply solutions have yet been found, people in Beaufort West accepted the potable reuse scheme.
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Increased awareness regarding water conservation in places where there was a water shortage
resulted in people being more accepting of water reuse (Dishman et al., 1989). People tend to question
the need for water reuse in those situations where an alternative water source is readily available,
and will only consider reuse as viable option if other options are impracticable and uneconomical (Po

etal., 2003).

Trust in Authorities and Scientific Knowledge

Trust in the implementing authorities to provide recycled water that has been proven to be safe and
pathogen free could play a significant role in determining public acceptance of water reuse. In many
studies, trust in authorities has been found to be one of the main factors which affects peoples’

perception of the quality of their drinking water (Syme & Williams, 1993; Po et al., 2003).

In terms of institutions, people tend to lay their trust in those institutions which have been established
for many years, have a good safety record, and the intentions of the institution are not politically or

monetarily driven (Po et al, 2003).

Attitude toward the Environment

People who are aware of the need for environmental conservation, are most accepting of water reuse,
since they feel that they will be able to do something positive for the environment. People are more
willing to accept water reuse in cases where they have already implemented a water saving strategy
in their home. People also respond to different conservation issues in a different manner. For example,
certain people respond to issues regarding wildlife conservation, while other people respond to issues
regarding water conservation. The literature did not point out the influences of specific environmental
attitudes to the acceptance of water reuse. It is also evident that individual community members do
not see themselves as being personally responsible for water conservation issues, and instead see the
government as responsible for water shortage issues. This may cause implementation difficulties for

water reuse projects (Po et al., 2003).

Environmental Justice Issues

According to the United States Environmental Protection Agency (2015), environmental justice is the
‘fair treatment and meaningful involvement of all people regardless of race, colour, national origin, or
income with respect to the development, implementation, and enforcement of environmental law,

regulations, and policies’ (http://www3.epa.gov/environmentaljustice/).
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It has been found that environmental justice issues can influence peoples’ perception toward water
reuse. In 1993, the City of San Diego proposed the Water Repurification Project, in order to
supplement the potable water supply. The project proceeded through the planning and preliminary
design phases before being cancelled in 1999. The reason for this cancellation was due to opposition
from the public who felt that it was unjust to the poor and ethnic communities, which they believed
would receive most of the recycled water. Although this was not the case, and the recycled water
would be supplied to approximately half of the city’s residents of a broad socioeconomic group, the
project received a negative reaction from the public which ultimately led to the decommissioning of

the project (Water Reuse Study, 2006).

Cost of Recycled Water

People generally expect to pay less for recycled water, as it is perceived as being of lower quality.
Reduced tariffs can be used as a method of encouraging acceptance (Po et al., 2003). Since water
reuse projects require a large capital investment, due to the machinery needed, some of which may
have to be acquired overseas, the projects tend to increase the cost of water for the public (Asano et
al., 2007). Although some costs may be borne by the authorities, the public generally does have to

pay an increased tariff, which results in a feeling of discontent.

Socio-Demographic Factors

Although some demographic factors have been identified as being significant in the public perception
of reuse projects, the outcome of studies in this area seem to be incongruent. For example, in a study
undertaken by Mckay and Hurlimann (2003), it was found that objections to water reuse projects
would be from people aged 50 and older, and thus specific education programs were recommended
to target this age group. On the contrary, Wilson and Pfaff (2008) found that there was no variation in

perception among any group, regardless of religion or age.

These findings suggest that socio-demographic factors alone cannot be used to determine public
perception, and should be investigated further to determine the significance of socio-demographic

factors in decision making.

2.13.2 Factors Promoting Public Acceptance of Direct Potable Reuse
Currently, many cities in South Africa and globally, incorporate recycled water indirectly into their
water supply systems. Using the experiences of these communities, factors which may encourage

acceptance of potable reuse have been identified (Dishman et al., 1989).
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Water Shortage

Communities living in those areas suffering from acute water shortages tend to be more aware of the
need to practice water conservation, and tend to be accepting of water reuse. Israel, a semi-arid
country, uses recycled water to recharge groundwater sources, which is then pumped into the
country’s potable supply system. Since the public is very aware of the water shortage and
knowledgeable regarding water reuse, the authorities receive no opposition (Dishman et al., 1989).
California, another semi-arid region, employs water reuse extensively, and also receives public
support. On the contrary, in Phoenix, Arizona, which is an arid region, there was public objection when
reused water was proposed for watering golf courses. This illustrates that, in general, people are more
willing to accept water reuse in more arid regions, where the water shortage is clearly evident

(Dishman et al., 1989). This factor is highlighted by the Wilson and Pfaff (2008) study discussed below.

Gradual Introduction

Dishman et al. (1989) believe that it is possible to alter public perception regarding water reuse by the
gradual progression from low to high contact uses. In this manner, the public may eventually accept
the drinking of reclaimed wastewater. This gradual progression has been illustrated by the Santee
California reuse project. In 1961, a lake was filled with reclaimed water, and initially only boating was
allowed on the lake. After some time fishing was allowed in the lake. After about four years the town
opened a public swimming pool which was filled only with reclaimed water. This gradual process
allowed the public to gain confidence with the idea of using reclaimed water, and after some time,

the residents expressed willingness to drink the reclaimed water (Dishman et al., 1989).

Professional and Expert Knowledge

The general public has little knowledge regarding wastewater reclamation. Thus it is important that
authorities and experts, such as engineers, communicate information to the public regarding the
safety of direct potable reuse. It is in this way that public trust and confidence can be gained (Dishman
et al., 1989). This factor will be discussed in the section below, using the study performed by Fielding
and Roiko (2014).

2.13.3 Studies on Public Perception
The most relevant study, to the South African context was that of Wilson and Pfaff (2008), which
examined public perception in the Durban area. The stages performed in this study will be examined

in detail, since important insight is gained into the perception on water reuse of a diverse South African
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community. In order to gain a deeper understanding of issues surrounding public perception, other
studies are also reviewed. The case of multiple reuse projects being shelved in Australia and the USA,
was examined to explore the importance of public perception, and to illustrate that negative public
perception can ultimately result in the failure of a project. A study performed to gain insight into the
perception of academics toward water reuse was also reviewed, to determine whether specific groups
of people hold specific perceptions. The final study reviews the effectiveness of information provision
on public acceptance. This study is examined since information provision has been highlighted as an
important factor influencing public perception by several authors (Dolnicar et al., 2010; Fielding et al.,

2014; Simson & Stratton, 2011).

Study in Durban, Kwa-Zulu Natal

Kwa-Zulu Natal has been facing drought conditions and water scarcity problems over the past few
years. In response to the poor water situation, the eThekwini Municipality proposed water
reclamation for potable purposes for Durban, South Africa’s second most populous city. Since Durban
is a city with diverse cultural, religious, ethnic and environmental groups, a preliminary social
feasibility study was undertaken by Wilson and Pfaff (2008). This study aimed to determine if there
were any deep religious or philosophical issues such that wastewater reclamation for potable

purposes could not be considered as a viable option.

This study was based on a literature review, an email survey to regional and international experts,

interviews with local religious councils, environmental groups and a mixed focus group.

The aim of the literature review was to identify the key factors affecting public perception. The main
finding of the literature review was a consensus among researchers regarding the ten key factors,
highlighted by Po et al. (2003). It must be noted that all ten key issues are ultimately relevant to
acceptance, and if water reuse is to be successfully implemented, issues such as trust and health risks
must be thoroughly addressed. In terms of public acceptance, published case studies indicate that
people are most willing to accept potable wastewater reuse where there is a severe water scarcity

crisis, and they have no other option (Wilson & Pfaff, 2008).

The email survey was sent to 50 international experts, who were identified through the literature
review. The purpose of the email was to obtain personal knowledge from experts in the field regarding
cultural, religious or philosophical objections to wastewater recycling, which would be used to

supplement data collected through other strategies. Some experts felt that members of the Islamic
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faith may be more likely to reject potable reuse than other groups. One expert exposed
comprehensive research that this was not in fact the case, and potable reuse was not against the
Islamic faith. Many of the experts were of the opinion that the public were affected by intractable

‘emotional issues’, which did not stem from religious or cultural beliefs (Wilson & Pfaff, 2008).

Qualitative interviews were conducted with leaders of eight local religious and environmentalist
groups to determine if there were any objections to potable water reuse. The main finding of the
interviews was that there was no evidence to support the proposition that potable reuse is against
the Islamic faith. The Baptist Church also confirmed that wastewater reuse is permissible in the
Christian faith, and is not a spiritual issue for Christians. Religious groups were in support of protection
of the environment; and all living things, and expressed strong concern regarding the destruction of
the environment. The Buddhist Centre and the International Propagation Centre revealed that
according to their faith, solutions were expected to be a result of compromise and the best possible
outcome. The main discussion with both groups gravitated towards the balance between positive
environmental outcomes, and concerns regarding municipal competence. Discussion showed that
ultimately the idea of direct potable reuse was not an issue of religion, but instead one of disgust

(Wilson & Pfaff, 2008).

The focus group included people active in local political and environmental debates, people involved
in issues regarding faith, ethnicity, race and gender, and two representatives of the eThekwini Water
and Sanitation project team. The aim of the focus group was to bring together different perspectives,
knowledge and awareness regarding potable reuse. The focus group did not identify any religious or
philosophical issues with water reuse. The discussions instead tended toward issues of equity and

justice in water resource allocation, and the issue of water scarcity (Wilson & Pfaff, 2008).

The overall findings of the study were that there was no evidence to support the idea of rejection of
potable reuse on religious grounds. Other findings were that justice and equity concerns were high
among the residents in Durban, and the best possible compromise should improve the distribution
and quality of services for the poor. Important concerns included sustainability, environmental
benefits, global warming, pollution and water scarcity. It was also found that people appear to be
more comfortable with unplanned reuse rather than planned reuse, although people in general have
not formed formal opinions. The general feeling was that people are not comfortable with potable

water reuse, but expressed that it is something they would be more willing to consider with a proper
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understanding and quality assurance. Most people consider water reuse as a last resort, and were of

the opinion that reuse should begin with big consumers and industry, before households.

Since most people have not formed strong opinions regarding wastewater reuse, if a reuse strategy is
to be implemented, efforts must be made in the preliminary phases to build a comprehensive
knowledge within the community. Only after this knowledge base is built should studies be

undertaken to determine peoples’ attitude toward wastewater reuse (Wilson & Pfaff, 2008).

The USA and Australia

During the summer of 2003/04 residents in every capital city in Australia, except Darwin, were subject
to water restrictions. Long term drought conditions and increasing water demands in Australia have
urged authorities to consider a range of options, over a number of years, to be considered for wide
scale implementation. Marks (2006) examines the reasons for most potable reuse projects being

postponed or transformed in the USA and Australia.

Attempts to introduce potable reuse in Australia and the USA have involved some form of public
engagement. The outcome of this public engagement, was that despite the assurance of safety, in all
cases, potable reuse projects were met with public opposition, and were therefore withdrawn. The
only exception was Orange County, who proposed a groundwater replenishment system, which
gained acceptance through an intensified level of public education, and was commissioned in 2006

(Marks, 2006).

The overall findings were that public consultation efforts were fundamentally flawed in that there was
a lack of transparency at the earliest planning stages, and minimal community outreach. In the
majority of the eight cases examined, emphasis had been placed on marketing the proposed
reclamation project, instead providing the public with the necessary information and consultation.
Due to the sensitivity of the project, there was a reluctance to draw attention to existing indirect
potable reuse projects already operating in the same country, the result of which was a lack of
transparency, and an inability to draw on public familiarity with existing potable reuse projects (Marks,

2006).
Marks (2006) concludes that the implementation of potable reuse projects is inevitably problematic,
given the risk awareness of the public. If future reuse projects are to be implemented successfully,

and receive ongoing acceptance, the community should be actively involved in the decision making
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process. Furthermore, in order to promote sustainable management of the resource and ensure that
the public are to value the reclaimed water, the water should be priced at a rate which discourages
over-use. The community should be involved in co-management of the resource, which incorporates

a more active role, which is acknowledged and supported by the authorities (Marks, 2006).

Study in Four United States Cities

The most recent study obtained, motivated by technical advancements in the field of direct potable
reuse, was undertaken to determine the public perceptions of direct potable reuse in four major USA
cities in the states of Georgia, Texas, California, and Florida. The cities studied were chosen based on
enhanced awareness of water conservation due to local water scarcity, strict wastewater effluent

requirements, and water reuse projects implemented in close proximity (Ishiia et al., 2015).

The study consisted of a survey of 400 people in each city. In the survey, recycled water was referred
to as ‘purified water’, and respondents were either provided with basic background information
regarding purified water, or detailed information regarding National Primary Drinking Water
Regulations. Contrary to the original hypothesis, which postulated that the level of information
provided to the respondents would alter the response, the level of information provided did not have
a significant impact on respondent perceptions. The overall outcome was that 56% of respondents
agreed with reclaimed water as drinking water as being a good idea for society. Respondents were
most concerned about the taste, smell, and microbial content of reclaimed water. The strongest
reasons for the acceptance of purified water were water shortages, and the environmental benefits
of water reuse instead of withdrawing additional water. Overall, the study highlighted that the

following are significant to the public regarding direct potable reuse (Ishiia et al., 2015):

e The potential for direct potable reuse to improve current tap water standards
e The need for wastewater treatment facilities and officials to gain the trust of the public

e Community specific drivers of implementing direct potable reuse in a given setting

Study of Academic Perception

This study is based on a multiple choice survey that was administered to academics in a university in
Portugal. The main objectives of the study were to estimate the level of opposition or support for
wastewater reuse options, to reveal critical issues which concern the academic community regarding

water reuse (Matos et al., 2014).

Twenty reuse options were considered in the survey, which were divided into three categories. The

low contact options have an indirect link to the people, such as orchard and field crop irrigation.

56



Medium contact options may involve unintentional direct contact with humans, such as firefighting,
toilet flushing and garden irrigation. The high contact options involve intensive human contact, such

as vegetable irrigation and drinking water (Matos et al., 2014).

A total number of 146 people completed the questionnaire. The outcome of the survey was similar to
the outcomes of other studies, in that there was a high level of support for the low and medium
contact reuse options, and a low level of support for high contact options. Figure 2.1 shows the main
outcomes of the survey regarding the respondents’ opinions toward the level of contact (Matos et al.,

2014).
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Figure 2.1: Participant Support for Low, Medium, and High Contact Reuse Options
(Source: Matos et al., 2014)

The main findings of the survey were that there was a concern for public health and water reuse,
which affected the level of support for reuse projects, while economic benefits and trust in authorities
increases the level of support for water reuse. It was also found that the level of acceptance of water
reuse within the academic community is not uniform, especially when the degree of contact increases.
Although, the study did prove that in instances where there is a high level of education among the

public, the level of support for reuse increases (Matos et al., 2014).
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Study on the Effectiveness of Information Provision to the Public

To date there are only a few studies which have examined the effectiveness of information provision
to the public (Fielding & Roiko, 2014). Simpson and Stratton (2011) researched the effect of providing
residents of Queensland, Australia, with a 47 page online information booklet regarding water reuse.
The outcome of the study was a greater acceptance of potable water reuse for drinking purposes
among those who viewed the booklet, as compared to those who did not view it. In another study,
performed by Dolnicar et al. (2010), Australians were willing to use recycled water for most purposes

after receiving information about recycling water, as compared to before receiving the information.

The study by Fielding and Roiko (2014), draws on the studies mentioned above, and aimed at
determining whether information provision regarding water recycling; and the safety of recycled
water for consumption could improve public acceptance. Three information conditions regarding
potable recycled water: basic information; basic information plus information about pollutants in the
water; or information that puts the risk of chemicals in the water in perspective, were compared to a
condition of no information provision. The findings of this study were in accordance with the studies
by Dolnicar et al. (2010), and Simpson and Stratton (2011). The outcome was that the provision of
information ensuring the safety of recycled water, solicited more positive responses to recycled water

for potable reuse.

The main findings of the research by Fielding and Roiko (2014), was that when participants were
guestioned as to whether they would vote in favour of having a potable reuse scheme introduced in
their area, 26% of respondents in the ‘no information’ category would vote in favour of a recycled
water scheme. Respondent support rose to 45% in the basic information category, to 47% in the
pollutant information category, and to 56% in the category which put the risks of water into
perspective. The findings of the study are in contradiction with the study in four USA cities discussed
above, which concludes that the level of information provided has no effect on public perception. The
possible reason for this contradiction may be that in the two studies, people were approached and

given the information in a different manner, which affected their perception.

2.13.4 Gaining Support for Potable Water Reuse
Based on the literature review, it is evident that the success of future potable reuse projects is largely
dependent on public acceptance. Falkenmark (1989) commented that even if all other problems

associated with potable reuse are resolved, the issue of public acceptance could ultimately lead to the
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shelving of a project. In order to prevent this, a strategy should be developed to deal specifically with

public unwillingness to consume reclaimed water.

Although the results of studies regarding the effectiveness of information provision to the public are
inconclusive, this can still be considered as an important factor in gaining public acceptance,
confidence and trust. Fielding et al. (2014) succeeded in providing tentative evidence that providing

information about the safety of recycled water can lead to more positive responses.

2.14 Water Reclamation Plant in Windhoek, Namibia
Since 1968, the worldwide pioneer in direct potable reuse, Namibia, has been supplementing the City
of Windhoek’s water supply with highly treated reclaimed water. The reclaimed water produced by
the Goreangab Reclamation Plant, is fed directly into the line which provides the city’s potable water

supply (Asano et al., 2007).

2.14.1 City of Windhoek
Windhoek is the capital of Namibia, which is located in the southwestern part of Africa, bordering the
Republic of South Africa, as shown in Figure 2.2. It has a population of 250 000 people and is situated
almost centrally in Namibia. Namibia is the most arid country in sub-Saharan Africa, and the water
management issues can be attributed to its climatic conditions. Rainfall, amounting to an annual
average of 360mm, only occurs for a few months a year. Annual evaporation is 3400mm per year, and
is therefore the main ‘consumer’ of water. This factor, as well as limited groundwater resources,
makes the security of water supply to the central areas of Namibia and the city of Windhoek a major

challenge (Asano et al., 2007).

As a result of severe drought, and no other viable water sources for the city, the first, and until very
recently, only direct potable reuse plant in the world was commissioned in 1968. Thus the City of
Windhoek and the original planners involved in the water reclamation project are considered pioneers
in direct potable reuse. As the first reclamation plant, considerable research has taken place in
Windhoek regarding health impacts, process efficiency and water management strategies. This
research continued after the commissioning of the plant, the result of which was the commissioning

of the New Goreangab Plant in 2002 (WRC, 2015).
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Figure 2.2: Location of Windhoek, Namibia (Author)

2.14.2 The Goreangab Water Reclamation Plant
The plant treats both the water from the Goreangab Dam and the final effluent from the city’s waste

water treatment plant. The plant had an initial capacity of 4.3 x 10®> m3/day (Asano et al., 2007).

One of the major factors contributing to the success of the plant was that the industrial effluent was
separated from domestic effluent, and the industrial effluent diverted to a separate treatment plant.
As a result of this separation, the water used for reclamation originates from domestic and business
areas. The original plant, now known as ‘Old’ Goreangab Treatment Plant was upgraded many times,

the last in 1997. The ultimate capacity of the plant is 7.5 x 10° m3/day (Asano et al., 2007).

2.14.3 New Goreangab Water Reclamation Plant
The demand for water increased after independence from South Africa in 1990, when the population
started growing rapidly, at about 5% per annum. This rapid population growth combined with an
increasing development and interest in the city, placed a great amount of pressure on the water
supply. The logical choice to satisfy the increased water demand was water reclamation, since most
of the easily accessible natural resources had already been fully exploited and demand management
strategies had been fully implemented. A new plant, based on 30 years of experience gained from the

old plant, with a capacity of 21 x 10® m3/d, was constructed on the site adjacent to the old plant. This
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plant, officially launched in December 2002, now provides 30% of the city’s potable requirements

during normal water consumption, and up to 50% during severe droughts (Asano et al., 2007).

2.14.4 Process Design
The design for the new plant employs a multiple barrier system, which ensures that high quality
drinking water is produced. This system operates through the use of a certain number of safety
barriers, which are set up based on the risk associated with a particular contaminant in the water to
the user (Asano et al., 2007; du Pisani, 2006). The multiple barrier system is shown in Figure 2.3 below.
Treatment barriers have been defined by du Pisani (2006) as ‘continually present systems that reduce
the undesired substances in the water to an acceptable level’. The new plant includes additional
processes to the old plant, such as ozone and membrane ultrafiltration, which were pilot tested on

site over a period of 30 months (Asano et al., 2007; du Pisani, 2006).
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Figure 2.3: New Goreangab Process Train (du Pisani, 2006)

2.14.5 Public Perception
The greatest challenge to water reclamation and reuse for potable purposes, is gaining public

confidence. Gaining public acceptance is not an easy task, therefore the City of Windhoek must
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guarantee that the water quality is maintained at all times. This is ensured by a substantial investment
in laboratory staff as well as equipment to exercise the required amount of control over water quality.
The water quality is monitored continuously using an on-line process, as well as samples for every
major unit process. The failure of any quality parameter by exceeding an absolute value, will result in

the plant going into recycle mode and water not being delivered (Asano et al., 2007).

The public is informed about the necessity to save water and water reuse through local media,
newsletters and visits to the plant. There is an ongoing water demand management campaign which
has been successful in reducing water consumption. The citizens of Windhoek are used to the fact that
reclaimed water is included in their water supply and are proud that their city is a pioneer in direct
potable reuse (Asano et al., 2007). It is considered that the most important cornerstone ensuring the
success of the Goreangab Reclamation Plant, is public acceptance and trust. For other plants trying to
emulate this plant, the greatest task would to break down the psychological barriers toward water

reclamation held by the public (du Pisani, 2006).

2.14.6 Water Quality
Since direct potable reuse is not widely practiced, specific water quality guidelines are not readily
available. For this reason, the city of Windhoek has compiled guidelines using several relevant drinking
water standards, which are: Namibian Drinking Water Guidelines, National Drinking Water Standards,
United States Environmental Protection Agency, the European Community Guidelines for the use of
water for human consumption, World Health Organisation Drinking Water Guidelines and the South
African Rand Water Standards. Intermediate treated quality criteria were stipulated to ensure that
final water quality requirement is met. In the event that the plant fails to meet the intermediate

quality criteria, the plant goes into recycle mode until the required criteria are met (Asano et al., 2007).

Since direct potable reuse has been practised in Windhoek since 1968, there is a firm foundation of
experience and an extensive database about the treatment train required to remove contaminants
successfully. After over 40 years of operation of direct potable reuse in Windhoek, no adverse health
effects related to the consumption of reclaimed water have been reported (WRC, 2015). This fact
provides evidence for future reuse projects that it is possible for a direct reuse project to function

successfully over a number of years.
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2.14.7 Operation and Maintenance
The operation and maintenance contract for the plant has been outsourced to an internationally
recognised company for a period of 20 years, beginning in September 2002. During this 20 year period,
the operating manager has been responsible for the overall maintenance of the plant, all scheduled
replacements, and other conditions and requirements stated in the private management agreement

contract (Asano et al., 2007).

The private management agreement was designed in such a way that it provides maximum incentive
to the manager to ensure that the water quality guidelines are adhered to, to produce water in line

with the requirements of the city (du Pisani, 2006).

2.14.8 Feasibility and Costs
The value of water is calculated both in financial terms, and in the value of security of supply. If the
other cost alternatives are evaluated, such as transporting water from the perennial rivers to
Windhoek, the cost of water increases dramatically. It is evident that the cost of water is determined
by the quantity produced, and the City ensures a maximum production of reclaimed water whenever

possible (du Pisani, 2006).

2.14.9 Overall
A combination of climatic factors, combined with a lack of alternatives, has led to the need for water
reclamation and reuse. Direct potable reuse is a viable option for the city of Windhoek, Namibia. Du
Pisani (2006) considers the investment in water reclamation as an economically, financially and
environmentally sound one. The success of the Goreangab Reclamation Plant is an excellent example
of the practice of water reclamation in a country with limited resources, both naturally and financially.
This example of direct potable reuse proves that it is possible to overcome public prejudice with

consistent public awareness and marketing.
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3. Research Method

3.1 Beaufort West Water Reclamation Plant Site Visit
The assessment of the sustainability of direct potable water reuse included a site visit to the Beaufort
West Water Reclamation Plant, to observe the operation of the plant on a daily basis, and interview
the process controllers. The technical manager of the plant, an employee of the Beaufort West

Municipality, was interviewed to obtain information regarding the plant.

The information obtained from the technical manager includes details of feasibility studies performed
by the municipality prior to the construction of the plant, the alternative water supply options
investigated, and the important factors which led to the construction of the plant. The cost
considerations involved in the construction of the plant, costs involved for users of reclaimed water,
the construction process and the time needed for construction, were also discussed with the technical
manager. Furthermore, information was obtained regarding the water monitoring processes
undertaken by the municipality, the details of the agreement between the municipality and the
company contracted to operate the plant, as well as their responsibilities. With regard to public

participation, the processes undertaken during all project phases were discussed.

The technical manager also provided a tour of the plant, including an explanation of each of the

treatment steps undertaken in the reclamation process.

3.2 Method of Assessing Sustainability
The information used in the assessment of the plant has been sourced directly from the plant, and the
Beaufort West Municipality. In order to measure and calibrate the progress of water reuse toward
sustainable development goals, several indicators have been chosen. Indicators are important in that
they translate the information obtained through multiple sources into manageable units of

information, which are able to facilitate future decision making processes.

The economic indicators chosen are; feasibility studies undertaken prior to choosing reclamation as
the preferred alternative, capital costs, user costs and maintenance required. The environmental
indicators are; water quality, energy requirements, environmental impact assessment, waste
discharge, and pollution. The societal indicators selected are; public participation, equitable access to

water supply, staffing requirements and education, community size served, and land requirements.
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The indicators are chosen based on those aspects considered important by researchers, as highlighted
in the literature review, as well as on relevant South African regulations. The indicators aim to assess
the three pillars of sustainability: economic, environmental and societal, thereby providing a holistic
assessment. Section 3.3 explains how the indicators are selected, and how they are measured in the
assessment of the Beaufort West Plant. Since conducting interviews with the public is beyond the
scope of this research, the assessment of the social sustainability of the plant, in terms of public

perception, is performed through the literature review.

In order to assess their sustainability, the indicators are benchmarked against the relevant literature,
and South African Regulatory frameworks, such as the National Environmental Management Act.
Certain indicators are discussed and their sustainability assessed. The reason for this is that these
indicators are site specific, as well as there being a lack of other direct potable reclamation plants to
compare the information to. Since direct potable reuse is not widely practiced there is a general lack

of information to which the plant can be compared.

The outcome of the assessment of each indicator was either positive, satisfactory, uncertain or
negative. Positive indicates that an indicator is sustainable, satisfactory indicates that the indicator is
moving toward sustainability and is potentially sustainable, uncertain is used to classify those
indicators about which the sustainability could not be assessed clearly using this study, and require
further research, while negative is useed for those indicators that are considered unsustainable and

would require a large amount of research to move toward being sustainable.

3.3 sources of indicators
Indicators were selected through an evaluation of various sources. These sources are derived from the

literature review, previous studies, and South African regulations and standards.

3.3.1 Previous Studies
This study uses a similar approach to Muga and Mihelcic (2007), who developed a set of indicators
which incorporated economic, environmental and societal aspects to assess the sustainability of
different wastewater treatment technologies. These technologies included a mechanical system, a
lagoon system and a land treatment system. This study was chosen as it makes use of a balanced set
of indicators for a holistic evaluation of the sustainability of different wastewater treatment

technologies.
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Indicators are crucial to the decision-making process, as they assist in making informed decisions, and
function as a suitable measure of progress towards sustainable development goals (DiSano, 2002).
Indicators should be selected on a scientific basis, transparent in that their meaning must be obvious
even to non-experts, relevant in terms of considering the crucial aspects of sustainable development,
qguantifiable, and limited in number (UNDPCSD, 1995). These criteria, developed by the United Nations
Department of Policy Co-ordination and Sustainable Development (1995), were used by Muga and
Mihelcic (2007) to select a set of indicators for use in evaluating wastewater treatment technologies,

which are shown in Table 3.1.

Table 3.1: Set of Indicators Developed for Sustainability Assessment (Muga & Mihelcic, 2007)

Category Indicator

Economic Capital costs

Operation and maintenance

User Cost

Environmental | Energy use

Biochemical oxygen demand

Total suspended solids

Nitrogen

Phosphorus

Pathogens

Societal Public participation

Community size served

Aesthetics

Staffing required to operate plant

Level of education

Open space availability

Another study which is drawn upon, is the basic assessment report performed by Golder Associates
(2012) for the proposed direct potable reuse scheme in eThekwini, South Africa. This study highlights
important aspects to be investigated for a water reuse scheme. This study is also relevant in obtaining

indicators, since it has also been performed within the South African context.
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3.3.2 National Environmental Management Act
The National Environmental Management Act 107 of 1998 is the document which serves as the core
of South Africa’s policy on matters affecting the environment and co-operative environmental

governance.

The National Environmental Management Act (NEMA), serves as the framework within which
environmental management and implementation plans must be formulated, and therefore requires
consideration when determining the indicators to be used in the assessment. This Act requires that
development must be socially, environmentally and economically sustainable. The sustainable
development factors, presented in NEMA, can be summarised as follows:
e The disturbance of ecosystems and loss of biological diversity are preferably avoided, or
minimised and remedied
e Pollution and degradation of the environment are preferably avoided, or minimised and
remedied
e The disturbance of landscapes and sites that constitute the nation’s cultural heritage is
preferably avoided, or is minimised and remedied
e  Waste is avoided, minimised and reused or recycled where possible, and otherwise disposed
of in a responsible manner
e The use and exploitation of non-renewable natural resources is responsible and equitable,
and takes into account the consequences of the depletion of the resource
e The development, use and exploitation of renewable resources and the ecosystems of which
they are part do not exceed the level beyond which their integrity is jeopardised
o Arisk-averse and cautious approach is applied, which takes into account the limits of current
knowledge about the consequences of decisions and actions
e Negative impacts on the environment and on people’s environmental rights should be
anticipated and prevented, and where they cannot be altogether prevented, are minimised

and remedied (NEMA Act 107 of 1998, s. 4a)

Other relevant legislation is also drawn upon in the process of defining the chosen indicators.

3.4 Sustainability Indicators
The chosen indicators are discussed below, and the method by which they are evaluated. Certain
indicators which reflect South African regulations have been included, thus the compliance of the

plant with the regulations is discussed.
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3.4.1 Economic Indicators
Economic sustainability incorporates the financial cost and benefits of the process. This includes costs
incurred initially, such as the capital costs, as well as ongoing costs such as operation and maintenance.

Affordability to the user also plays a role in the economic sustainability (Popovic et al., 2013).

Feasibility Studies

Financial feasibility of the proposed direct potable reuse plant must be established. It must also be
taken into consideration that many water reclamation plants are built during extreme droughts, and
that the required production capacity of the plant may reduce significantly once conventional water

sources are no longer depleted (WRC, 2015).

As considered in the Basic Assessment study for the proposed direct potable reuse scheme in
eThekwini it is important to investigate viable alternatives to a scheme. The basic assessment
performed did not initially include a study of the alternatives, but when the project was communicated
to stakeholders, their first response was regarding other viable alternatives to supplement the water

supply (Golder Associates, 2012). Thus, a study into alternatives had to be undertaken.

Cost Considerations

The capital costs involved in water reclamation include the design and construction of the plant,
associated distribution pipelines, related administrative costs, as well as other costs discussed in the
literature. This cost is, as previously stated, context specific and cannot be compared to the cost of
other treatment facilities. Since this plant is only the second in the world, after Namibia, there are also
no other plants with a similar capacity that the costs can be compared to. This indicator, although it is
an important factor, cannot be measured against norms or standards, therefore the assessment of

the capital costs will be based on empirical evaluation.

User Costs

The costs of the treated water to the user are based on a combination of the type of treatment
technology used, its efficiency, waste discharged and the population size served (Muga & Mihelcic,
2007). In order to determine whether the costs of the reclaimed water are affordable to the user, the
price of water prior to the commissioning of the plant can be compared to the price of water after the

commissioning of the plant, as well as to neighbouring municipalities.
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This study uses the municipality of George as a comparison. The tariffs in George are used as a
comparison as George has experienced similar water shortages to Beaufort West and is investigating
water saving strategies and the possible introduction of a water reclamation plant (George
Municipality, 2013). This allows the water costs to be compared to a municipality in a similar

predicament.

Maintenance

The operation and maintenance is assessed against the applicable guidelines provided by the Water
Research Commission (2015), as discussed in the literature review, section 2.12. The study of the plant
excludes the costs of operation and maintenance, since it is against the policy of the plant to provide

such information to the public.

3.4.2 Environmental Indicators
Environmental sustainability addresses the impact of the treatment processes and human activity on
the natural environment. Indicators which can be used to assess the environmental sustainability of
the reclamation process are greenhouse gas emissions, waste discharge, and energy consumption.
The waste discharged by a process is a good indication of its efficiency and potential harm to the
environment (Popovic et al., 2013). In order to achieve sustainable environmental outcomes,
environmental management must recognise that all elements of the environment are interrelated,
and it must take into account the effects of decisions on all aspects of the environment and all people
in the environment through the selection of the best practicable environmental option (NEMA Act 107

of 1998, s. 4b).

Water Quality

The methods used to determine whether water is suitable for human consumption vary according to
the different guidelines and standards. In simple terms, the water should be safe, palatable and
aesthetically pleasing (WRC, 2015). The quality of drinking water in South must comply with the
specifications in the South African National Standard for drinking water quality, SANS 241-1: 2011, as
stipulated in the Water Services Act (No. 108 of 1997). SANS 241-1 specifies the quality of acceptable
drinking water, in terms of microbiological, physical, aesthetic, and chemical determinands at the
point of delivery. Water that complies with the specified parameters in the guidelines is considered to
present an acceptable health risk for lifetime consumption (WRC, 2015). The primary objective of
these regulations is the production of safe drinking water, in order to protect public health. The SANS

241: 2011 limits can be found in Appendix C.
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In order to acknowledge excellence in drinking water quality management in South Africa, the
Department of Water Affairs has implemented an incentive-based Blue Drop Certification Programme.
The main aims of this programme are to recognise those service providers who are maintaining
standards of best practice, promote transparency and accountability, introduce incentive-based
regulation of drinking water quality management, as well as to provide reliable information to the
public. For the Blue Drop Assessment, compliance is tested against main five criteria, which are:

e water safety planning

e drinking water quality process management and control

e drinking water quality compliance

e management, accountability, and local regulation

e asset management (DWA, 2012)

The Blue Drop scorecard, which outlines the key requirements of the Blue Drop assessment has been

placed in Appendix C.

An important aspect in ensuring water quality over time is the proper operation and maintenance of
a plant. The Water Research Commission (2015) has stated that on-line monitoring is not optional for
potable water reuse plants. Also, treatment processes must be thoroughly monitored, and the final
output of each treatment process must be measured to detect treatment failures. The monitoring
data should be stored and reviewed, by management, in order to ensure that each of the treatment

units is functioning correctly (WRC, 2015).

Energy Requirements

A large portion of maintenance costs may be attributed to energy consumed by machinery during the
treatment process. In the production of energy a large amount of carbon dioxide as well as other
harmful substances are produced, which have been quantified by Eskom, as shown in Table 3.2. In
South Africa electricity is generated from coal and nuclear power. Coal is a non-renewable resource
and moreover, South Africa has had an insufficient supply of energy since 2006, with the price of
electricity in South Africa steadily increasing due to limited resources and pressure due to climate
change. The amount of energy being produced needs to decrease since the burning of coal releases
chemicals into the air which causes acid rain, which damages plants and animals. The burning of coal

also releases carbon into the atmosphere, which causes climate change (CoCT, 2011).
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Table 3.2: Environmental Implications of Using 1kWh of Electricity (Eskom, 2011)

Parameter Use per 1kWh

Coal use 0.53 kg
Water use 141
Ash Produced 155 g
Particulate emissions 0.33g
CO, emissions 0.99 kg
SO; emissions 7.75¢
Nox emissions 4.18¢g

Table 3.2 can be used to calculate the resources consumed by the plant, as well as the emissions, on
a monthly basis. In assessing this indicator the energy requirements of water reclamation can be
compared to other alternatives for obtaining additional water. The alternatives which are used as a
comparison are the importation of water, the use of local surface water and groundwater,

desalination and non-potable reuse.

Environmental Impact Assessment (EIA)

Prior to the construction of the plant, in the initial planning phases, thorough EIA studies should be
completed (WRC, 2015). An environmental assessment is required by the National Environmental
Management Act 107 of 1998, Chapter 5, for certain listed activities. An EIA is the ongoing process of
identifying and mitigating the biophysical, social and other relevant effects of development proposals
prior to decisions being taken. It is a pro-active process where potential environmental impacts
associated with an activity, both positive and negative, are assessed, investigated and reported. The
process contributes to the objectives of integrated environmental management, as decision makers
are informed of the impacts of an activity, and on the conditions which authorisation of the activity

should be subject to, if necessary (National Environmental Management Act 107 of 1998).

Certain activities, as noted in each of the three listings in NEMA, require varying levels of impact
assessments. Listing notice 1 stipulates the activities requiring a basic assessment report. These are
typically activities that have the potential to impact negatively on the environment, but these impacts
are generally known due to the nature and scale of such activities. Listing notice 2 identifies the

activities requiring both scoping and an Environmental Impact Report. These are typically large scale
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or highly polluting activities and the full range of potential impacts need to be established through a
scoping exercise prior to being assessed. Listing notice 3 contains activities that will only require an
environmental authorisation through a basic assessment process if the activity is undertaken in one
of the specified geographical areas indicated in that listing notice. Geographical areas differ from

province to province (National Environmental Management Act 107 of 1998).

The main objectives of an EIA are to improve the environmental design of a proposal by ensuring that
resources are used appropriately and efficiently. An EIA must also identify appropriate measures for
mitigating the potential impacts of the proposal. This is intended to facilitate informed decision
making, avoid irreversible changes and serious damage to the environment, and safeguard valued

resources and natural ecosystems (National Environmental Management Act 107 of 1998).

Waste Discharge

Waste management guidelines have been laid out in the National Environmental Management Waste
Act (2008), which states that in order to achieve sustainable development the generation of waste
should be avoided, or where it cannot be avoided, that it is reduced, reused, or recycled, and only as
a last resort safely disposed of. The Act provides that pollution and the consumption of natural
resources should be minimised through vigorous control measures, cleaner technologies and
production practices, in order to ensure that the environment is protected from the impact of waste.
Other objectives of this Act are to protect public health and prevent ecological degradation, through
the promotion of integrated waste management (National Environmental Management Waste Act

107 of 1998, s. 2a).

Certain activities that are likely to have a detrimental effect on the environment and require the
performance of an environmental assessment in order to obtain a waste management licence, have

been listed in Schedule 19(2) of the National Environmental Management Waste Act.

Pollution

In accordance with NEMA, an environmental management plan, if required for a project, must include
a description of how to modify, remedy, control or stop any action, activity or process which causes
pollution or environmental degradation. If pollution or degradation is unavoidable, the migration
pollutants must be remedied (National Environmental Management Act 107 of 1998, s. 2g). The

environmental assessment practitioner, in preparing the report, must propose measures which can
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be taken to prevent and mitigate any pollution resulting from the activity (National Environmental

Management Act 107 of 1998, s. 240, ss. 1 aii bb).

South Africa relies on the National Environmental Management Air Quality Act, for guidelines
regarding air pollution. The main objective of this Act is to protect the environment by providing
reasonable measures for the protection and enhancement of the quality of air in the Republic, the
prevention of air pollution and ecological degradation, and to ensure that peoples human rights are
protected in terms of the Constitution of the Republic of South Africa, by providing ambient air quality
that is not harmful to the health of people. Considering this document, the SANS 1929: 2011 Edition
2 has been developed, which outlines the limits for common pollutants regarding ambient air quality.

These common pollutants include sulphur dioxide, nitrogen oxide, particulate matter, ozone and lead.

3.4.3 Societal Indicators
The final aspect of sustainability to be considered is societal. The societal aspect considers the end
users, all stakeholders, and the staff involved in the plant. Societal indicators determine cultural
acceptance of the wastewater treatment processes through public participation, worker satisfaction

through a better education, and increased opportunities for employment (Muga & Mihelcic, 2007).

Public Participation

A comprehensive public participation programme is necessary to ensure the success of all water reuse
projects. Emphasis is placed on stakeholder engagement in international guidelines, such as the US
Environmental Protection Agency 2012 Guidelines for Water Reuse, and the World Health
Organisation Drinking Water Quality Guidelines, as well as local guidelines, such as those produced by

the Water Research Commission (WRC, 2015).

Chapter 4 of the Local Government Municipal Systems Act 32 of 2000 outlines the responsibilities of
a municipality in terms of public participation. This Act requires that municipalities develop a culture
of participatory governance by putting in place mechanisms and procedures that allow for public
participation in the affairs of the municipality. Central to this is the need for community members to
be well informed about the affairs of the municipality at all times, and to take part in the decision-
making processes of council. The main requirements of a municipality, as stated in the Local

Government Municipal Systems Act, in terms of public participation, have been outlined Table 3.3.
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Table 3.3: Requirements of a Municipality in terms of Public Participation

(Adapted from the Local Government Municipal Systems Act 32 of 2000)

Requirement

Main Elements

Development of culture of community

participation

A municipality must develop a culture of municipal
governance that complements formal representative
government with a system of participatory governance,
and must for this purpose encourage the local
community to participate in the affairs of the
municipality. A municipality must also contribute to
building the capacity of the local community to enable it

to participate in the affairs of the municipality.

Mechanisms, processes and
procedures for community

participation

A municipality must establish appropriate mechanisms,
processes and procedures to enable the local community
to participate in the affairs of the municipality, and must
for this purpose provide for:

(a) the receipt, processing and consideration of petitions
and complaints lodged by members of the local
community

(b) notification and public comment procedures

(c) public meetings and hearings by the municipal council
and other political structures and political office bearers
of the municipality

(d) consultative sessions with locally recognised
community organisations and, where appropriate,
traditional authorities

(e) report-back to the local community.

When establishing mechanisms, processes and
procedures the municipality must take into account the
special needs of:

(a) people who cannot read or write

(b) people with disabilities

(c) women

(d) other disadvantaged groups
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Table 3.3 Continued: Requirements of a Municipality in terms of Public Participation

Requirement Main Elements

A municipality must communicate to its community information
concerning:

(a) the available mechanisms, processes and procedures to
Communication of
encourage and facilitate community participation
information concerning
(b) the matters with regard to which community participation is
community participation
encouraged

(c) the rights and duties of members of the local community

(d) municipal governance, management and development.

The municipal manager of a municipality must give notice to the
Public notice of meetings of
public, in a manner determined by the municipal council, of the
municipal councils
time, date and venue of every meeting of the council

Meetings of a municipal council are open to the public, including
Admission of public to the media, and may not exclude the public, including the media,
meetings from a meeting, except when it is reasonable to do so due to the

nature of the business being transacted

When anything must be notified by a municipality through the
media to the local community in terms of this Act or any other
applicable legislation, it must be 50 done:

Communications to local (a) in the local newspaper or newspapers of its area
community (b) in the newspaper or newspapers circulating in its area and
determined by the council as a newspaper of record; or

(c) by means of radio broadcasts covering the area of the

municipality.

The importance of public participation is emphasised in NEMA, which states that the law should
establish procedures and institutions to facilitate and promote public participation in environmental
governance. Public participation plays a crucial role in the EIA process in providing stakeholders with
information and opportunities to comment on the proposed project. It also provides project team and
the authorities with a better understanding of public issues regarding the proposed project (National

Environmental Management Act 107 of 1998).
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The Act states that the participation of all stakeholders in environmental governance must be
promoted, and all people must have the opportunity to develop the understanding, skills and capacity
necessary for achieving equitable and effective participation. The Act goes further to state that
participation by vulnerable and disadvantaged persons must be ensured (National Environmental
Management Act 107 of 1998, s. 4f). The decisions made by the authorities must take into account
the needs and values of all interested and affected parties (National Environmental Management Act
107 of 1998, s. 4g). Community wellbeing and empowerment must be promoted through
environmental education, the raising of environmental awareness, and the sharing of knowledge

(National Environmental Management Act 107 of 1998, s. 4h).

The main elements of the public participation process, which were used in the basic assessment for
the proposed eThekwini direct potable reuse project as required by Government notices GNR 385,
386 and 387 under the National Environmental Management Act of 1998, have been summarised in

the table below.

Table 3.4: Main Elements of Public Participation in Environmental Assessment (Author)

Phase Requirements

Allow the community to receive information about the
proposed project and its components, to raise issues of
Planning concern, make suggestions for enhanced project benefits and
reasonable alternatives, and contribute relevant local

knowledge and information to the environmental assessment.

Verify that the comments raised during the planning phase

have been considered in the specialist studies. Comment on the
Environmental Assessment
findings of the specialist assessments, and raise additional

issues and suggestions.

When the lead authority has made a decision on whether or

not the project may proceed, registered stakeholders must be
Decision Making
informed of the decision, and allowed the opportunity to

appeal the decision.

There are several stakeholders involved or related to a water reuse scheme that may need to be

consulted. The stakeholders have different levels of involvement with the project as well as varied
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interactions with the system. A study by Salgot (2008) has identified the following stakeholders in a
reuse scheme:

e Politicians

e Civil servants such as health, water and waste authorities

e Managers

e QOperators

e Endusers

e Neighbours

e Indirectly related groups such as facilitators, lawyers and researchers

Equitable Access to Water Supply

The fundamental issue that has to be addressed in South Africa in the water sector is that of equity.
The goal of the Department of Water Affairs and Forestry is to ensure that everyone has equal access
to basic water supply services (DWAF, 1994). NEMA declares that the state must respect the rights of

everyone, and strive to meet the basic needs of previously disadvantaged communities.

The Department of Water Affairs and Forestry, in the White Paper on Water Supply and Sanitation,
has defined basic water supply as a quantity of 25 litres per person per day, which is considered the
minimum requirement for direct consumption, for the preparation of food and for personal hygiene.
The maximum distance from an outlet, over which a person should have to cart water to their
dwelling, is 200m. In terms of availability, the flow rate of water should not be less than 10 litres a

minute and the water should be available on a regular, daily basis (DWAF, 1994).

Staffing Requirements and Education
Increased education of the local community is considered an important indicator for sustainability.
With regard to water treatment, the level of mechanisation of a system is often indicative of the
number of operators required to run the plant, as well as their level of education. An operator that
has been well trained in the functioning of the plant, can reduce the risk of a system failure, protect
worker safety, and respond quickly to any problems. Even the most perfectly designed plant will not
perform adequately without well informed responsible operators (Muga and Mihelcic, 2007). The
guidelines produced by the Water Research Commission (2015) provide the following instruction
regarding process controllers at the plant:

e The process controllers of a water reclamation plant should have a sufficient skill level to

understand each of the treatment processes that occur at the plant
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e Sufficient guidelines should be available on-site at each of the applicable treatment process
units that can guide a process controller during emergencies

e All process controllers must be able to use and calibrate hand-held sampling devices

Community Size Served

The size of the community dictates the required treatment capacity of the plant. A predicted future
increase in population means that a larger plant capacity, which is more costly is required. A system
must therefore be designed to cater for current and future water needs, without becoming too costly
and consuming large amounts of resources. To prevent this situation from arising, in the planning
stages, engineers will have to model the reclamation plant in conjunction with the predicted
population as well as external factors which affect the water supply, such as climate change, to decide
the optimal plant size. This may be a complex process which will yield approximate values and no exact

answers, since the effects of climate change and other factors can only be estimated.

Land Requirements

Smaller land requirements for a water reclamation plant are beneficial in that it will allow land to be
used for other economic or environmental purposes. This is especially importantin urban areas, where
land is expensive and in demand. Thus, a minimum land requirement can be seen as a benefit to the
community, especially in urban areas where land is at a premium. In urban areas there is a need for
open green spaces which provide ecological and social benefits. Open land can also serve as a natural
buffer between a community and the aesthetic concerns generally associated with water treatment

(Muga & Mihelcic, 2007).
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3.5 Final Set of Indicators

The final set of sustainability indicators selected, as well as their source, to be used for the purposes

of this study, are summarised in Table 3.5 below.

Table 3.5: Final Set of Sustainability Indicators (Author)

Literature

Indicators Source | Benchmark I Comment
Economic
Manager of technical services at The initial costs incurred in start up. These
Capital Cost the Beaufort West Municipality, Discussion costs include planning, building,

machinery and equipment, training of staff

Maintenance

Process controllers at the plant,
Manager of technical services at
the Beaufort West Municipality

Literature - WRC Guidelines

Is the plant meeting the maintenance
requirements specified in the literature?

User Costs

Beaufort West Water Services
Audit

Water tariffs in George, Previous
tariffs in Beaufort West

Are the users paying for the total cost of
the treated water or is the cost
supplemented by the municipality?

Feasibility Studies

Manager of technical services at
the Beaufort West Municipality

Discussion, eThekwini Basic
Assessment

Cost analysis type studies performed by
the municipality prior to the building of
the plant. Were these studies adequate?
What alternatives were considered and
what would have been the cost of these
alternatives?

Envi

ronmental

Water Quality

Water quality tests

Sans 241: 2011, WRC Guidelines

Water quality is assessed by the
percentage removal of conventional water
quality constituents such as BOD, TSS, NH;,
Phosphorus and Pathogens

Energy Requirements

Plant, Literature

Literature, Eskom

What processes are used to measure
energy use?

Includes the nature of waste, quantity

Environmental Affairs

Waste Discharge Plant SA Regulations . it )
= £ produced, constituents, and disposal site
Pollution Site visit SA Regulations Is the plant polluting the environment?
An assessment of the feasilbility studies
Wi f he pl i 2
T el AT estern Cape Department o NEMA Regulations done by the plant wrt the environment

Was an environmental management plan
produced?

Societal

Equitable Access to Water Supply

Beaufort West Municipality
Water Services Development
Plan

Department of Water Affairs and
Forestry:White Paper on Water
Supply and Sanitation Policy

Does the construction of the plant
increase equity in terms of access to a
water supply?

Public Participation

Manager of technical services at
the Beaufort West Municipality

NEMA Regulations

The extent to which the public was
involved in the planning phases as well as
ongoing involvement

Were the staff sourced from the local

Staffing Requirements Process controllers at the plant Discussion .
community?
The training received by the staff for this
particular project. Has the training been

Staff Education Process controllers at the plant Discussion effective in skilling up labourers? Since the
project is a first for South Africa the staff
would require a very specific education
— Beaufort West Water Services < : What is the size of the community being
Community Size Served ) Discussion . K N
Audit supplied with reclaimed water?
Land Requirements Google Earth Discussion Are there large land requirements?
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4. Results and Discussion
In order to assess the sustainability of water reclamation for direct potable reuse, the selected
indicators are applied to the Beaufort West Water Reclamation Plant. Information regarding each
indicator is drawn from the visit to the plant, data sourced about the plant, and relevant literature on

water reclamation.

4.1 Economic Indicators

4.1.1 Feasibility Studies
The Beaufort West Integrated Development Plan 2007 identified the scarcity of water as limiting the
potential for the further development of the town. In order to address the issue, the municipality
explored several options for additional water sources. The options identified include water
reclamation, the development of ground water sources, rainwater harvesting and demand side
management. Although water reclamation emerged as the most immediate solution, it is likely that a
suite of these options would be developed further to support the continued growth and development

of Beaufort West (Ninham Shand, 2009).

Prior to the selection of water reclamation as the chosen alternative, one of the main options
investigated was the transferring of water from the Orange River Scheme to Beaufort West. The
findings of the investigation were that there was an insufficient quantity of water in the scheme to
supply Beaufort West, in addition to the areas currently being supplied. An additional limiting factor
was that 380 km of pipeline would have to be built to transport the water, which would be too

expensive (Ninham Shand, 2009).

According to the head engineer of the current plant operators, Water & Wastewater Engineering, all
other possible alternatives investigated were not viable or already had already been developed
(Mattheus, 2013). As decided by the municipality, the most efficient way to construct the plant was
to invite tenderers, who had to provide a proposal showing the most feasible way to construct a water

reclamation plant (Wright, pers. comm, 2015).

4.1.2 Capital Cost
The funding for the Beaufort West Water Reclamation Plant, in terms of capital, was provided by the

National Treasury. A total sum of R42 million was provided, for the upgrading and optimisation of the
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existing wastewater treatment works, construction of the water reclamation plant, and the new rising

main to the existing reservoir (Holloway et al., 2012).

The water treatment works and reclamation facilities are located next to each other, therefore the
cost of pumping the water from the treatment works to the reclamation plant is minimal. Significant
pumping costs incurred are for the running the machinery in the reclamation plant, and pumping of
the reclaimed water to the reservoir to be distributed to the end consumer (Wright, pers. comm,

2015).

Since the wastewater treatment plant was upgraded when the water reclamation facility was
constructed, the quality of the effluent produced is of a suitable standard. This helps to reduce costs
of reclamation, since the lower the level of treatment the water requires, the lower the costs (Wright,

pers. comm, 2015).

4.1.3 User Costs

4.1.3.1 Prior to the Plant
Table 4.1 shows the block step tariff structure from 2009, prior to the construction of the water
reclamation plant, until 2014. The first 6 kl of water is provided free to those consumers who are poor,
and qualify for indigent relief. The block tariff system provides an affordable tariff for up to 20kl of
water usage per month, and has been structured to discourage the inefficient or wasteful use of water.
It must be noted that the tariffs up to 20 kl of water do not recover the cost of purification and
distribution of the water. Higher tariffs are charged for excessive water consumption in order to

balance the under recovery (BWM, 2014).

Table 4.1: Beaufort West Municipality Block Tariff Structure for 2009 to 2014 (BWM, 2014)

Block 2013/14 2012/13 2011/12 2010/11 2009/10
Description
(kl/month) (R/KI) (R/KI) (R/KI) (R/KI) (R/KI)
Indigent
0-6 R0.00 R0.00 R0.00 R0.00 R0.00
Households
0-6 R8.93 R8.20 R6.08 R4.00 R3.64
Other 7-20 R10.23 R9.39 R6.96 R4.58 R4.17
Households 21-50 R11.13 R10.31 R7.64 R5.03 R4.58
> 50 KI R12.18 R11.17 R8.28 R5.45 R4.96
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The costs shown in table 4.1 are the normal charges. These tariffs were influenced by the different
drought phases, and the costs rose substantially as the drought intensified during 2010. Severe

penalties for over consumption were imposed as the drought worsened.

Prior to the plant, using the conventional system, the cost of the production of drinking water was
approximately 90c/m3 (BWM, 2011). By comparison, treatment using water reclamation doubles the
cost involved in the production of drinking water (Wright, pers. comm, 2015). The water tariff after
the construction of the reclamation plant, in 2011/12 has not increased by an amount that would
cover the treatment of the water, which could be because this is included in the basic charge shown
in the table, which has increased substantially since 2010, or because the municipality pays for most

of the cost of the water reclamation process.

Table 4.2: Beaufort West Municipality Basic Monthly Charge (BWM, 2014)

Description 2013/14 | 2012/13 | 2011/12 | 2010/11

Basic Charge per month | R104.40 | R93.00 | R68.90 | R45.35

The costs of water can be compared to a nearby town, George. The cost of water, shown in Table 4.3
is much higher in George, which like Beaufort West, is also in the arid Karoo region, and therefore
faces a water shortage. Even though the cost of water is higher, the first 6 kl of water is provided free
to all consumers, not just indigent houses, as in the case of Beaufort West. This implies that higher
consumption blocks are charged at a rate greater than the cost in order to generate a surplus to cater
for consumers who use up to 6 kl per month. The water usage block tariff has been structured for a
basic affordable tariff for up to 20 kl per household per month. Punitive tariffs are in place for
excessive water consumption and to cross-subsidise under-recovery. It must be noted that even
though the costs of water are higher, the basic charge in 2014 was R63.45, which is nearly half that of
Beaufort West (George Municipality, 2013). As mentioned, this large basic charge in Beaufort West
might be due to the need to pay for the cost of the reclamation of the water, as the technical director
at the Beaufort West Municipality did indicate that the consumers bear some of the cost of the

treatment, and the remainder is subsidised by the municipality.
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Table 4.3: George Municipality Block Tariff Structure for 2009 to 2014 (George Municipality, 2013)

Block 2013/14 2012/13 2011/12 2010/11 2009/10
(kl/month) (R/Kl) (R/Kl) (R/Kl) (R/KI) (R/KI)
0-6 RO.00 RO.00 R0.00 R0.00 R0.00
7-12 R11.11 R9.53 R8.82 R8.32

R7.30
13-15

R12.79 R10.96 R10.15 R9.58

16 - 20

R8.40
21-30 R15.34 R13.15 R12.18 R11.49
31-50 R18.41 R15.79 R14.62 R13.79 R10.08
>50 R21.00 R18.00 R16.67 R15.73 R12.10

4.1.4 Maintenance
The municipality invited tenders for the design, construction and operation of the plant, based on a
20-year service-level agreement. The tender was awarded to Water and Wastewater Engineering.
Since they are stationed in Cape Town, the head engineer of the company visits the plant once a month
to perform a routine inspection and ensure that the plant is operating efficiently (Wright, pers. comm,
2015). The monitoring data is recorded by the process controllers and submitted to Water and

Wastewater engineering for their records (Process Controller, pers. comm, 2015).

Service Level Agreement

The Beaufort West Municipality has a 20-year public-private partnership concession agreement to
design, build and operate the plant, with Water and Wastewater Engineering. The contract is
performance based, and if the water does not meet the required standard, the plant will automatically
shut down. Water and Wastewater Engineering’s responsibilities include daily monitoring, routine
maintenance, and specialised maintenance on membranes. The company is paid per kilolitre of water
that is delivered to the town, which ensures that the municipality is able to meet its service delivery
mandate. The reason for this is if the plant shuts down and lower volumes of reclaimed water are
produced, a financial penalty will automatically be incurred. This ensures that Water & Wastewater
Engineering maintain the required standard in the maintenance of the plant. The major maintenance
of the plant includes replacing the reverse osmosis pumps every 3 years, and replacing the ultra-
filtration membranes every 5 years. This is an expensive process as the membranes are imported while
the pumps are obtained locally. The cost of replacing parts, and maintenance of the plant, is included

in the price paid to Water and Wastewater Engineering per kilolitre (Wright, pers. comm, 2015).
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Failures

There have been no operational failures since the plant was commissioned in 2011. When there is
load shedding the plant shuts down, but there is still sufficient water supply to the town. Once the
load shedding is over, the system has to be reset, which can be done by the on-site plant operators. If
there is a problem which the operators cannot fix, they call the technician, who is able to view and fix
the system remotely. In the event that the problem cannot be fixed remotely, the technician who lives

in Beaufort West will visit the site (Wright, pers. comm, 2015).

Back-up System
The plant is closed for 3 days every month for maintenance. During this time the Gamka Dam is opened

fully to ensure that Beaufort West has an adequate water supply (Wright, pers. comm, 2015).

4.2 Environmental Indicators

4.2.1 Water Quality
There are no heavy industries in Beaufort West, thus all the wastewater produced is fed to the
wastewater treatment works. This wastewater consists of domestic sewage as well as wastewater
from abattoirs. Since the quality of water discharged from abattoirs is not monitored, the municipality
has made a commitment to put a monitoring system in place, to test whether the quality of the
discharge complies with the standards (BWM, 2011). The design of the multi-barrier system in the
water reclamation plant ensures the optimal removal of organics, harmful pathogens, and physical

and aesthetic determinands (Marais & Durckheim, 2012).

Prior to the construction of the reclamation plant, the majority of Beaufort West’s water was obtained
from boreholes. This water was hard, which means it had a high mineral content, and could cause
damage to machinery. The hardness was not regulated since there is no standard regarding hardness
in SANS 241. The final effluent from the wastewater treatment works and the final reclaimed water
from the water reclamation plant are tested daily at the laboratory on site, as well as on a monthly
basis, by an independent laboratory, to ensure that it consistently meets the criteria laid out in the
drinking water standards. It has been found that by mixing the reclaimed water with the water from
natural sources, the water quality at Beaufort West has actually improved, and the hardness

decreased. (Wright, pers. comm, 2015).

Once the final water is produced at the reclamation plant, it is pumped to the existing reservoir, using

the new 5 km pipeline which was constructed for the project, and mixed with the water from the
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boreholes and the treated dam water. The town’s water is made up of 20% reclaimed water. According
to SANS 241-1 (2011), it is not permissible for the reclaimed water to constitute more than 25% of the
final water supplied to the town, since it lacks essential nutrients. The mixed water is then pumped to

the town using the existing pipe network (Wright, pers. comm, 2015).

Monitoring

The literature review identified water quality monitoring as an extremely important process in direct
potable reuse. After the commissioning of the plant, Beaufort West began an extensive sampling
process, which they continue to do. On a daily basis, a final water sample taken from the outlet of the
reclamation plant which is tested for strategic chemical components. The final water supplied to the
town is monitored twice weekly at 13 different places in the town. If the analysis at any point shows
that the water does not meet the requirements, the supply to the town is immediately shut off
(Wright, pers. comm, 2015). The table below provides an overview of the parameters sampled, and

the number of samples taken over the 2011/2012 financial year.

Table 4.4: Number of Water Quality Samples Taken (BWM, 2014)

Parameter Sampled | No of Samples
Free Chlorine 96
Conductivity 96
turbidity 97
pH 96
Iron 96
Manganese 96
Aluminium 96
E. Coli 136
Total 809

The water reclamation plant delivers water which complies with the SANS 241-1: 2011 (Edition 1)
Drinking Water Standards. The compliance of the plant with these standards is summarised in Table

4.5, and detailed results of final water quality tests can be found Appendix D.

85



Table 4.5: Summary of Beaufort West Reclamation Plant Final Water Quality Results

(Metcalf et al., 2014)

Determinand Unit Sans 241-1: 2011 Final Water (Average)

Total Dissolved Solids mg/I <1200 34
Turbidity mg/| <1 0.2
Ammonia as N mg/I <1.5 <0.1
Nitrate and Nitrite as N mg/I <11.9 1.4
Faecal Coliforms Count/100ml Not detected 0
E.coli Count/100ml Not detected 0
Dissolved Organic Content | mg/I <10 <1.0

It must be noted that the performance, in terms of drinking water quality management and Blue Drop
Status, has improved significantly for the Beaufort West Municipality. The Blue Drop Status in 2010,
prior to the commissioning of the water reclamation plant, was 83.8, and in 2012, one year after the
construction of the plant, the score was 94.91. This placed the municipality at 24" on the National Log
Position. The table below shows the scores of the municipalities in the Western Cape that are in close
proximity to Beaufort West. Beaufort West attained 12 position, out of a total of 26 municipalities

(BWM, 2014).

Table 4.6: Blue Drop Scores in the Western Cape (DWA, 2012)

Water Services Authority | Blue Drop 2012 | Blue Drop 2011 | Blue Drop 2010
City of Cape Town 98.14 97.61 98.2
Eden District Municipality 98.12 - -
George 98.12 96.32 96.9
Bitou 97.74 96.12 97.7
Witzenberg 97.63 97.56 93.3
Overstrand 96.82 90.56 71.6
Drakenstein 96.29 95.72 91.7
Mossel Bay 95.68 95.27 84.5
Stellenbosch 95.56 95.74 94.9
Saldanha Bay 95.40 87.69 80.8
Swartland 95.24 92.89 68.6
Beaufort West 94.91 92.01 83.8
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Table 4.6 Continued: Blue Drop Scores in the Western Cape (DWA, 2012)

Water Services Authority | Blue Drop 2012 | Blue Drop 2011 | Blue Drop 2010
Knysna 92.00 89.76 75.2
Bergrivier 90.60 85.2 62.7
Breede Valley 89.02 85.93 74
Cape Agulhas 86.64 73.01 78.6
Swellendam 85.16 80.5 67.3
Cederberg 80.39 51.05 60
Theewaterskloof 71.50 75.41 49
Laingsburg 71.16 80.54 63.9
Matzikama 70.29 32.98 30.1
Prince Albert 70.08 70.72 55
Oudtshoorn 64.58 36.88 44.8
Langeberg 51.62 32.39 0
Hessequa 35.59 14.1 46.2
Kannaland 28.47 55.05 194

Since the commissioning of the plant there have been no reported incidents of water-borne diseases,
and the plant continues to deliver water that is in full compliance with SANS 241 (Wright, pers. comm,
2015). The Water Research Commission (2015), in their guidelines for monitoring and management
of water quality in direct wastewater reclamation, propose monitoring systems for three key
processes in a reclamation plant. These processes are raw water monitoring, operational and control
monitoring, and compliance monitoring. In accordance with this, it is evident from that Beaufort West

has incorporated all three of these aspects into the design and running of the plant (WRC, 2015).

The maturation river acts as a failure mechanism and ensures that the effluent entering the
reclamation plant is of sufficient quality to be treated further. If there is a failure at the wastewater
treatment works, the maturation river can be closed so that no water enters the reclamation plant.
The waste contained in the effluent can then settle, and if the water is of sufficient quality the river
can be re-opened and the water allowed to flow into the reclamation plant. This river is monitored
constantly, and if the water does not reach the desired pre-treatment quality it can be diverted to the
waste pond. The maturation river is cleaned regularly to ensure that waste does not accumulate and

thereby lower the quality of the water entering the plant (Wright, pers. comm, 2015).
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The objectives of operational monitoring, performed by the process controllers and automated
system, are to monitor each control measure in a timely manner to allow effective system
management, and ensure that health-based targets are being achieved. It has been ensured that the
necessary data capturing and record keeping systems are in place to satisfy the requirements of the

Water Services Act (BWM, 2011).

Compliance monitoring is the final process in ensuring that the water reaching the end-users meets
the stipulated requirements. The water quality samples are loaded electronically onto the Department
of Water Affair’s Blue Drop System. Once entered, the water quality data is automatically compared
to the SANS 241 Standard. These real-time systems allow the immediate detection of any water quality
problems, which enables the use of immediate intervention to correct any problems (BWM, 2011). It
has not been necessary thus far to warn consumers of any health risks regarding the water supply, but

should a problem arise, safety management procedures are in place should it become necessary.

4.2.2 Energy Requirements
The municipality is billed directly for the energy usage of the plant. The plant consumes approximately
77 245kWh of energy per month (Wright, pers. comm, 2015). As stipulated in the literature, the energy
demands of direct potable reuse are relatively high. Using the information provided by Eskom (2011),
the environmental implications of the Beaufort West Plant’s monthly energy usage have been
calculated, to provide an indication of the resources being consumed and the harmful substances

being emitted.

Table 4.7: Environmental Implications of Beaufort West Plant’s Monthly Energy Usage
(Adapted from Eskom, 2011)

Parameter Use per 1kWh Plant/month

Coal use 0.53 kg 40 940 kg
Water use 141 108 143/
Ash Produced 155¢ 11 973 kg
Particulate emissions 0.33¢g 25 kg
CO; emissions 0.99 kg 76 472 kg
SO, emissions 7.75¢ 599 kg
Nox emissions 4.18¢g 323 kg
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Energy usage is an important factor not only for energy demand but because of the implications for
greenhouse gas emissions. A study performed in San Diego County, California, has quantified the

energy requirements for different water reuse scenarios (Equinox Centre, 2010).

Table 4.8: Power Consumption for Water Supply alternatives for San Diego County

(Equinox Centre, 2010)
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From Table 4.8 it is evident that potable reuse is less energy intensive that desalination and importing
water, but it takes double the amount of energy as extracting groundwater or treating water for non-

potable purposes (Equinox Centre, 2010).

In the planning phases of the reclamation plant, it was confirmed by the Beaufort West Municipality
that they did have sufficient capacity to provide the required 315 kW to run the reverse osmosis
machinery, and the pumps required to transfer the reclaimed water to the reservoirs. It was thus
concluded that the proposed activity would not have a cumulative impact in terms of strain on the
power capacity. The proposed pipeline is slightly larger than required for the capacity in order to

reduce friction, enabling water to be transported using less energy (Ninham Shand, 2009).

4.2.3 Environmental Impact Assessment
An environmental impact assessment was carried out in accordance with the National Environmental

Management Act of 1989. In order to obtain environmental authorisation for the project a basic
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assessment was conducted by Ninham Shand Consulting Services, and submitted to the Western Cape
Department of Environmental Affairs and Development Planning (Ninham Shand, 2009). Since the
plant and pipeline fall under listing notice 1 of the National Environmental Management Act of 1998,

a basic assessment report was required in order to obtain environmental authorisation for the project.

The pipeline, which carries reclaimed water from the plant to the existing reservoirs, has a diameter
of approximately 250mm, and a length of 3 700m. At the reservoirs, reclaimed water is mixed with
water from other sources and fed into the bulk supply system of Beaufort West (Ninham Shand, 2009).
A map of the town, showing the proposed pipe route from the reclamation plant to the reservoir can

be found in Appendix E.

As required in an environmental impact assessment, alternatives to the proposed activity were
investigated. Alternative 1 proposed the introduction of the reclaimed water to the treated water at
the potable water supply reservoir, thereby resulting in the greatest dilution. Alternative 2 proposed
to introduce the reclaimed water directly into the nearest connection of the water reticulation
network, resulting in a higher concentration of reclaimed water for residents closest to the input point.
This alternative would have been the most economically viable option for the municipality’s proposed
water reclamation facility. However, it would be less equitable to the residents of Beaufort West as
the concentration would be greater in closer communities. The no-go option was also investigated but
would have resulted in 1 200m3 of additional potable water per day not being available to support the
development of Beaufort West. Thus alternative 1 was chosen for the construction of the plant

(Ninham Shand, 2009).

In terms of alternative site options, the environmental assessment practitioner found that the
proposed project would have similar impacts on the biophysical environment, predominantly due to
there being no alternative sites as a result of the inherent link with the existing wastewater treatment
works, and potable supply mains. The preferred alternative was identified due to its equitable
distribution of reclaimed water, and efficiency in energy and infrastructure use by keeping effluent

within the boundary of the wastewater treatment works (Ninham Shand, 2009).

The main findings of the assessment were that the construction of the pipeline on commonage would
not be expected to have a negative impact on the community, as the site is already disturbed and the
new pipeline would lie adjacent to an existing pipeline. The reclamation plant would be constructed

on the existing wastewater treatment works site, and would therefore not require a detailed impact
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assessment. An environmental management plan was provided for the construction, operational and
decommissioning phases. The chosen site has additional benefits in that water reclamation is
permitted in terms of the property’s existing land use rights, as it is within the boundary of the existing

wastewater treatment works (Ninham Shand, 2009).

4.2.4 Waste Discharge
During the construction phase, 30m* of solid waste was produced, which was disposed of at the
municipal waste facility. In the operational phase no solid waste is expected to be produced (Ninham

Shand, 2009).

The reclamation process will produce effluent which will amount to a reduction in current licensed
effluent capacities, due to its being the same effluent produced by the existing wastewater treatment
works, with additional water extracted by the reclamation process. Effluent will be disposed of in the
manner it is currently being dealt with by the municipality. The existing wastewater treatment works
has a series of waste ponds where the waste from the process is deposited. Effluent that results from
the reclamation process is directed to the existing waste ponds, keeping the waste in a closed system

(Ninham Shand, 2009).

All the phosphates, dissolved salts and waste produced by the reclamation process flow out into the
waste ponds. The solid matter and sediment in the water then settles, and the remaining water is
pumped, free of charge, to the town, for irrigation purposes. Due to the water shortage, the
municipality had already been using all of the water that was treated at the wastewater treatment
works to irrigate sports fields, parks and other municipal lands (Ninham Shand, 2009). The reclamation
process is based on the principle of recycling, hence optimising the use of resources (Ninham Shand,

2009).

The waste pond allows for the accumulation of waste to about 1m in depth before it has to be cleaned,
and the sludge disposed of. According to the manager of technical services at the Beaufort West
Municipality (Wright, pers comm, 2015), the waste pond has not been cleaned since the
commissioning of the plant, and it will not require cleaning anytime soon. He confirmed that an
amount of residual sludge of 1m in depth would take an extended period to accumulate, thus they
have not planned how this will be disposed of. This lack of planning may pose a problem in the future,

when the waste pond has been filled to capacity and the waste must be disposed of.
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This is an efficient method of recycling as it minimises the waste produced. However, according to
Asano et al. (2007), since this water is being reused for irrigation, if the capacity for the vegetation to
take up the nutrients present in the water is exceeded, then the groundwater and surface water can
become overloaded with nutrients. This can in turn lead to human health effects and environmental
impacts, such as eutrophication and algal bloom. Excess salinity, as a result of nutrients in the water,

can be detrimental to plant growth, and high levels of sodium can adversely impact soil structure.

Since the treatment of wastewater or effluent is not classified as a listed activity, according to the
National Environmental Management Waste Act (2008), a waste management licence is not required

for the plant.

4.2.5 Pollution
It is a general perception that wastewater treatment facilities, regardless of how well designed they
may be, generate odour as a by-product of the wastewater collection and treatment process (Muga
& Mihelcic, 2007). On visiting the plant it was clear that there was no noise pollution, air pollution or
smell produced by the water reclamation plant. This could be due to the wastewater treatment works

removing any smell that the wastewater had, prior to its entering the water reclamation plant.

With regard to noise pollution, all pumps and mechanical equipment is housed in the reclamation
plant, and noise is within the acceptable SANS limits for the current zoning of the property.
Disturbance of neighbours is not an issue since the nearest neighbour is 480m away (Ninham Shand,

2009).

In terms of air pollution, the reclamation process does not produce any emissions that are disposed

of into the atmosphere (Ninham Shand, 2009).

4.3 Societal Indicators

4.3.1 Public Participation
The public participation was performed according with the NEMA Environmental Impact Assessment

Regulations Guideline and Information Document Series.

Planning Phase
Although the initial response of the residents toward the plant was negative, about the reuse of

sewage for drinking purposes, once they received education regarding the plant their initial
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perceptions were altered. The construction of the water reclamation plant was communicated to
everyone and there were no complaints. The public was enthusiastic about the plant, especially

because their current water quality would increase (Marais & Durckheim, 2010).

In order to ensure that all members of the community were aware of the construction of the plant
and pipeline posters were placed around the town. A presentation was also given to the community
which provided information regarding the drought experienced in Beaufort West and the construction

of the plant (Wright, pers. comm, 2015).

EIA Phase

During the EIA process, importance was placed on informing all community members of the proposed
construction of the plant. It was clearly communicated to the community that the treated effluent
from the wastewater treatment works would undergo further treatment and then be used for potable
water purposes. Awareness was created in the community through the publication of newspaper
articles and the handing out of leaflets from door to door. Community committee meetings were held
by Water and Wastewater Engineering in conjunction with the municipality, in which questions
surrounding the plant were answered as transparently as possible. In these meetings no major
objections were received from the public, thus the EIA process was considered complete (Marais &
Durckheim, 2010). The greatest concern expressed by the community in these meetings was that they
all would not receive water, since they had been exposed to the drought conditions experienced in
Beaufort West over the previous years. The public were assured that they would all receive equal

access to water supplies (Wright, pers. comm, 2015).

The public participation undertaken for the project, included in the basic assessment report, has been

summarised in Table 4.9.
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Table 4.9: Public Participation Undertaken During the EIA Phase
(Adapted from Ninham Shand, 2009)

Requirement Engagement

Fixed at a place conspicuous to the public at the boundary or on the
Notice Board fence of the site where the activity is to be undertaken and any

alternative proposed site

Written notice given to:

e the owners and occupiers of land within 100 m of the
boundary of the site or alternative who are or may be
directly affected by the activity

e the municipal councillor of the ward in which the site or

Written notice
alternative site is situated and any organisation of ratepayers
that represents the community in the area

e the municipality which has jurisdiction in the area

e any organ of state having jurisdiction in respect of any aspect

of the activity

Advertisement Local newspaper

A register of | & AP was maintained and made available to any person
Register of | & AP
requesting access to the register

All | & AP were given access to the basic assessment reports and any
Access to Information
other related reports

All | & AP, stakeholders that have direct interests in the site and
Comments municipalities and other organs of state were informed of the project

and provided an opportunity to comment

Notices in English, Afrikaans and Xhosa were placed along the pipeline where vehicle and pedestrian
crossing was obvious, and at the entrance to the water reclamation plant and wastewater treatment
works. The notices advertised that a basic assessment process was underway and invited interested
and affected parties to register. Copies of the basic assessment report were placed at the local library,
municipal offices and on the environmental assessment practitioner’s website, for public viewing

(Ninham Shand, 2009).
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Continuous Education

Public participation is an ongoing process, and there have been no complaints about the plant since
its commissioning. People are encouraged to visit the plant, to see how it operates, whenever they
wish. On a yearly basis, during Water Week, schools are encouraged to visit the plant. They are taken
on a tour through the plant where each process is explained, and they are able to taste, smell and
touch the reclaimed water. This has a positive impact on the community, and children are encouraged
to inform their parents regarding what they learn at the plant. In addition to these tours, test results
are made available to the public through their publishing in the local newspaper (Wright, pers. comm,

2015).
The public engagement process involved in the different phases of the project has been summarised
in the table. The comments are regarding the strengths and drawback of the participation undertaken

in that particular phase of the project.

Table 4.10: Public Engagement Involved in the Project (Author)

Phase Engagement Comments

The community were simply
informed about the project. It
seems that they did have an
The community received information about | ©PPortunity to discuss
alternatives, and contribute
relevant local knowledge and

the proposed project and its components,

Planning Phase | and was able to raise issues of concern. information to the
environmental assessment.
Presentations given and posters placed This could be because the
around town. municipality had already

conducted feasibility studies
and found that water
reclamation was the only
viable alternative.
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Table 4.10 Continued: Public Engagement Involved in the Project (Author)

Engagement

Comments

Emphasis placed on informing all community members
of the proposed construction of the plant. It was clearly
communicated to the community that the treated
effluent from the wastewater treatment works would
undergo further treatment and then be used for potable
water purposes. Awareness was created in the
community through the publication of newspaper

articles and pamphlets

The environmental impact assessment
report is unavailable electronically, at
the Beaufort West Municipality or
library or through any other source.
This document should be readily

available to the public.

Committee meetings were held to answer questions

from the community as transparently as possible.

Although the questions asked by the

community were answered, it seems

like they were not directly involved in
the decision making process. A top-

bottom approach was used.

The plant has an ethos of continuing education. Schools
are encouraged to visit the plant. Water quality test
results are made available to the public through their
publishing in the local newspaper. A public complaints
register is kept on site to allow the public to record any
complaints regarding the operation on the facility and

water quality concerns.

The attitude adopted by the plant,
post construction has helped to make
the plant a success, and maintain

public acceptance and trust.

Equitable Access to Water Supply

As stated in the basic assessment report, the project would not address all the water requirements

but rather contribute to the current need. Furthermore, it was intended that the project would

contribute to the municipality’s initiative to speed up the delivery of water to the remaining

households which do not have basic access to water supply (Ninham Shand, 2009).

Table 4.11: Table Showing Percentage of BWM without Access to Basic Water Supply

(Adapted from DWAF, 2015)

Basic Water Supply 2011/12

2012/13

2013/14

Below Minimum Service Level 1%

2%

2%
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From the table it can be concluded that BWM has not met its target of providing all households with
basic water supply. The percentage of those without access to basic supply has actually increased from
2011 to 2014, suggesting that the roll-out of water supply to households is not meeting population

growth.

4.3.2 Staffing Requirements
According to the IDP (2007), 35.06% of the economically active population in Beaufort West is
unemployed, and the average income per household against national standards in 2007 was low, R800
versus R2 400 per month nationally. During the construction phase there were approximately 26
employment opportunities created, with a value of R400 000, but it is unknown what percentage of

this accrued to previously disadvantaged individuals (Ninham Shand, 2009).

Three permanent employment opportunities have been created during the operational phase of the
activity, with an expected value of R4 219 000 during the first ten years, R1 547 750 of which will go
to previously disadvantaged individuals (Ninham Shand, 2009).

There are three process controllers, sourced from the local community, who operate the plant on a
daily basis. Their daily duties are to monitor the plant, analyse the final water produced in the on-site
laboratory, ensure that the pumps are functioning correctly, and manually clean the sand filters. The
monitoring of the plant is automated, which allows the water to be checked after each process. The
automated system also allows the process to be monitored by Water and Wastewater Engineering at

their offices in Cape Town (Wright, pers. comm, 2015).

The plant has been effective in skilling up some members of the local community. However, since the
plant is highly automated, it does not have a great potential to impact social and economic
development in the community. Only general labourers for construction were sourced from within
Beaufort West. The design team had to be sourced outside of Beaufort West since there were no
sufficiently qualified engineers to do the design, operation and maintenance of the plant. It would be
more efficient if the engineering company that runs the plant were from Beaufort West, as they would
not have to travel every month to do the routine inspection, and the plant would generate greater

economic gain for the Beaufort West community.
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4.3.3 Staff Education
The process controllers were initially involved in the construction of the plant, and were then
approached to be trained as process controllers. The prior qualifications required for the post of
process controllers was a matric certificate. They received three months of on-the-job training prior
to the commissioning of the plant regarding the functioning of the plant and how to use the system.
After the commissioning of the plant they also received three months of on-the-job training. If there
are any changes to the plant system, the head engineer of Water and Wastewater Engineering visits
the plant to update and educate the technicians regarding the changes (Process Controller, pers.

comm, 2015).

Although the process controllers did receive on-the-job training, they did not undergo any formal
training (Process Controller, pers. comm, 2015). It is evident, from discussions with them that they do
not fully understand the functioning of the plant, and are just doing what they were told to. Although,
it must be noted that one of the process controllers is now undergoing part time formal university

training in water treatment.

4.3.4 Community Size Served
The plant serves all 41 000 inhabitants of Beaufort West Municipality, which is approximately 8 800
households (Wright, pers. comm, 2015). The plant treats 1.5 Ml/day of final effluent from the
wastewater treatment works, resulting in 1.2 Ml/day of additional potable water, to cater for the

needs of the community (Ninham Shand, 2009).

4.3.5 Land Requirements
In addition to the existing wastewater treatment works and waste ponds, the main land requirements
are the site of the reclamation plant itself and the maturation river which feeds the effluent from the
wastewater treatment works into the reclamation plant. It is evident that the waste ponds require the

most land, which may be a problem for the construction of water treatment works in urban areas.
In addition to the area of the treatment facility, the new pipeline constructed; to transport water to

the bulk supply reservoir, results in the disturbance of a width of approximately 5m, while the pipeline

length is 3 700m. The total disturbance footprint is 18 500m? (Ninham Shand, 2009).
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Table 4.12: Land Requirements of the Beaufort West Water Reclamation Plant (Author)

Water Treatment Works 3500 9,4
Water Reclamation Plant 640 1,7
Maturation River 1242 3,3
Waste Ponds 31964 85,6
Total 37346 100

The layout of the wastewater treatment works and water reclamation plant are shown in Figure 4.1.

WASTE POND

4

Figure 4.1: Image Showing Layout of Beaufort West Water Treatment Facility
(Google Earth, Version 6.2)

4.4 Sustainability Discussion

4.4.1 Water Availability
Water conditions in Beaufort West stabilised in March 2011, after the commissioning of the plant
(Holloway et al., 2012). Prior to the drought, the town extracted water from 17 boreholes, and
obtained water from the Gamka Dam, which was suffering from over-extraction. In addition to the
construction of the plant, seven boreholes were upgraded and ten new boreholes drilled, with the
additional funding of R10.5 million received from the National Treasury (Holloway et al., 2012). With

the introduction of the plant the water level in the dam can be maintained (Wright, pers. comm, 2015).
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Beaufort West can be commended for the measures implemented, since they have secured their
water supply situation. Although they did not have the money to build the plant, they took the

initiative to secure the funds, and build the first direct reclamation plant in South Africa.

4.4.2 Non-monetised Costs and Benefits
There are costs and benefits which are significant, but cannot be directly quantified. Some of the
economic, environmental and societal considerations, in relation to the Beaufort West Reclamation

Plant, that are of relevance and have not been monetised are summarised in the tables below.

Table 4.13: Non-monetised Benefits of Direct Potable Reuse
(Adapted from Asano et al, 2007; EPA 2008)

Non-monetised Benefits Description

Wastewater reuse provides a reliable, local supply of
water during regional shortages. The Beaufort West
Improved reliability Municipality is more able to meet the needs of its water
users and the environment in both wet and dry periods

and under other stresses.

By reducing dependence on imported water and providing
Enhanced self-sufficiency a local water supply, water reuse has increased the

community’s self-sufficiency.

By embracing water reuse, Beaufort West has gained
Enhanced reputation for
international recognition for their environmental
environmental stewardship
stewardship.

By meeting increased water demands with new sources,
Enhanced regional economic vitality
the community is able to maintain local economic growth.

If some existing surface or groundwater supplies are
replaced by water reuse, more water can be made
Increased water for the environment | available to meet environmental needs (e.g., instream
flows for environmental restoration, reducing withdrawals

of over-tapped aquifers).
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Table 4.14: Non-monetised Costs of Direct Potable Reuse

(Adapted from Asano et al, 2007; EPA 2008)

Non-monetised Costs

Description

Effects on the overall carbon

footprint of water supplies

Unless offset by low-carbon energy sources, water reuse may
increase the overall carbon footprint of a water supply

compared to existing supplies.

Public health effects

Inadequate protection against equipment failures could expose
the public to pathogens causing acute gastrointestinal illness or

low levels of hazardous chemicals.

Public perception of reduced quality

Public concern over the perceived lower quality of the drinking
water supply could lead to increased stress among some

individuals and increased expenditures on bottled water.

Effects on downstream flows

Water reuse will reduce downstream flows, with potential

adverse ecological effects.

4.4.3 Final Assessment of Indicators

In Table 4.15 each indicator has either been classified as positive, satisfactory, uncertain or negative.

As discussed in the research method chapter, the asessment of each indicator is based on the

background obtained in the literature review, the assessment of the plant, as well as the opinion of

the author. ‘Positive’ indicates that an indicator is sustainable, ‘satisfactory’ indicates that the

indicator is moving toward sustainability and is potentially sustainable, ‘uncertain’ is used to classify

those indicators about which the sustainability could not be assessed and require further research,

while ‘negative’ is used for those indicators that are considered unsustainable and would require a

large amount of research to move toward being sustainable.

101



Table 4.15: Table showing Assessment of Final Indicators (Author)




Table 4.15 Continued: Table showing Assessment of Final Indicators (Author)

Indicators ] Evaluation I Comment
Societal
. . The construction of the plant has not improved
Equitable Access to Water Supply Negative

equity in terms of access to water supply.

Public Participation

Satisfactory

Although the public were educated and informed
about the plant, they were not involved in the
decision making process. See section 4.3.1 and
section 5.5.2

Staffing Requirements

Negative

Although the staff were sourced from the local
community, since the plant is automated only
three process controllers are required. See section
4.3.2

Staffing Education

Satisfactory

The staff did not receive a formal education, and
instead received on the job training. However,
they have been offered fromal university training
after the commissioning of the plant. See section
433

Community Size Served

Uncertain

Since the plant has only been functioning for a
short period of time it is uncertain as to whether
it has been effeiciently designed in catering for
the changing needs in the Beaufort West
community as well as the environment. See
section 4.3.4 and section 5.5.3

Land Requirements

Satisfactory

Although the plant itself does not require a large
area, the land needed to discharge the waste
produced requires a measurable amount of land,
which would pose a serious problem in urban
areas. See section 4.3.5

Figure 4.2 has been produced in order to provide a simple visualisation of the sustainability outcomes

presented in Table 4.15. This ‘circle of sustainability’ allows the progress of each indicator towards

sustainability to be judged by looking at the colour of the corresponding segment of the circle. The

circle shows that the main barriers regarding the implementation of direct potable reuse projects are

the societal aspects.
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Figure 4.2: Evaluation of Sustainability Indicators (Author)
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5. Conclusion and Future Research
The study set out to determine the sustainability of water reclamation for potable purposes through
an assessment of the Beaufort West Reclamation Plant, as well as an examination of the relevant
literature. In order to achieve this, economic, environmental and societal indicators were selected to
determine the sustainability of direct potable water reuse. Furthermore, through the assessment of
the plant, and the study of the relevant theoretical literature, the study sought to determine whether

potable water reuse can be employed as a viable solution to the problem of water scarcity.

This chapter has two main objectives. Firstly, it aims to provide a condensed analysis of the findings
of the literature study, as well as the main findings regarding the chosen indicators, with special regard
to the Beaufort West Water Reclamation Plant. Secondly, the chapter outlines future research needs,

which will aid in assisting decision makers regarding the implementation of potable reuse projects.

5.1 Economic Indicators

Feasibility Studies
The outcome of the feasibility studies performed prior to the construction of the plant was that direct
potable reuse is the most sustainable solution to the water supply problem in Beaufort West. In

addition to this, many experts in the field consider reuse as the most viable alternative.

However, the literature review and the study of the plant showed that the feasibility of a reclamation
project is site and context specific. Prior to a decision being taken regarding the construction of a
reclamation plant, a multitude of factors must be investigated, including the water history of a region

and alternative supply measures.

Capital Cost

Although the capital cost of a particular reuse project is site specific, the research suggests that
potable reuse projects tend to be more expensive than most water conservation options, and the use
of existing water sources, but less expensive than seawater desalination. Since there are no other
direct potable reuse plants in South Africa to which the capital cost of the Beaufort West Plant can be
compared, it is uncertain as to whether the cost involved was reasonable. It must be noted that the
only other option for acquiring additional water to meet demands in Beaufort West, was a water
transfer scheme. This option would involve a very large cost, surpassing that of water reclamation,

due to the infrastructure required, as well as pumping needs. It must also be noted that in South
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Africa, water is a scarce resource, thus transfer schemes have reached capacity, and are unable to

supply any additional areas with water.

Costs in terms of future water reuse projects are widely variable, because they are dependent on site-
specific factors. These factors are size, location, incoming water quality, regulatory requirements for
water quality, treatment process, waste disposal, pumping requirements, costs of energy, and the
complexity of the approval process. The lowest-cost water reuse systems supply non-potable
reclaimed water to irrigation or industrial cooling operations located in close proximity to the

wastewater treatment pIa nt.

User Costs

Since water reclamation is a costly process, reclaimed water rates may not return the full cost of
treating and delivering reclaimed water to end users. Thus, larger consumers may have to be charged
more, to subsidise the cost of treatment, as is done in Beaufort West. The cost of water to the
consumers in Beaufort West illustrates that with sufficient support from the government and efficient
budgeting by the municipality concerned, a reclamation plant can be constructed without consumers
having to pay an exorbitant price for the water. However, the price of water does not reflect the value
of the treatment that it has undergone, which may result in a lack of appreciation for the water by

consumers, and subsequent wastage. The price of water needs to be set at a sustainable value.

Maintenance

In terms of maintenance, the Beaufort West Plant illustrates that with suitably qualified engineers and
well-trained process controllers, the plant can be well maintained, ensuring that the desired water
quality is achieved consistently. Unlike in the Beaufort West case, where the engineering company
contracted to operate the plant is situated a considerable distance away, it would be more efficient if
they were located closer to the plant. This would allow immediate response in the case of an

emergency, closer monitoring, as well as reduced travel distances for routine maintenance.

Although the exact cost of the major maintenance of the plant could not be disclosed, it was indicated
that it is very costly, as the membranes for the machinery have to be imported. This indicator was
therefore deemed ‘satisfactory’ as this may not be sustainable in the long term. If reclamation facilities
are to become more common in South Africa, the machinery required should ideally be produced

locally.
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5.2 Environmental Indicators

Water Quality

Although, the origin of wastewater means that any substance used or excreted by humans has the
potential to be present in the final reclaimed water, the literature reviewed indicates that current
technology is capable of removing all contaminants to such a level that the water can be considered
safe for extended periods of human consumption. The study of the Beaufort West Plant has been
successful in proving that the quality of reclaimed water is capable of consistently meeting the criteria

specified in South African water quality regulations.

Like the Beaufort West Plant, reclamation facilities should develop sufficient monitoring and
operational plans to respond to variability, equipment malfunctions, and operator errors, to ensure
that reclaimed water meets the appropriate quality standards for its use. This is critical in ensuring

the sustainability of water reclamation in the future, and maintaining public acceptance and trust.

Energy Requirements

The level of energy consumption involved in direct potable reuse may be insignificant to consumers
because the energy cost of delivered water to a home is minimal, but, collectively it influences regional
and national energy policy strategies regarding future energy requirements. This includes whether to
expand power grids, build new power generation facilities, and how to meet greenhouse gas emission

targets.

Although technology has advanced sufficiently to allow the production of water which surpasses the
drinking quality requirements, this technology requires a large energy input. If reclamation is to be
fully sustainable, technology will need to develop such that it has a lower energy requirement. If this
is achieved, it is possible that direct potable reuse will be favoured over other water supply

alternatives.

Environmental Impact Assessment

In terms of site location and environmental impact, there is a greater chance of achieving sustainability
if the reclamation plant is built within the boundary of the existing wastewater treatment works. This
location is preferable since a detailed impact assessment would not be required, and reclamation

would be permitted in terms of the property’s existing land use rights.
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For future projects, it is essential that in the planning phases a detailed environmental impact
assessment is undertaken, and an environmental management plan produced. This will ensure that

the predicted impacts are mitigated, and if they cannot be mitigated, they are reduced.

Waste Discharge

Since the waste from the Beaufort West Plant is reused for irrigation purposes, it can be concluded
that the plant is achieving sustainability in terms of this indicator. Also, the reclamation plant uses the
output of the wastewater treatment works, as its input, which reduces the total waste produced.
However, it is concerning that it has not been planned how the waste will be disposed of once the
waste pond has reached capacity, which may pose a problem in the future. This aspect should have

been handled in the environmental management plan.

Pollution

Depending on the specific designs and pumping needs, which in turn relates to energy requirements,
reuse projects may have a larger or smaller carbon footprint than existing supply alternatives. During
the physical reclamation process, there is no air pollution and minimal noise pollution, thus this

indicator has been declared sustainable.

5.3 Societal Indicators

Staffing Requirements and Education

Since reclamation plants are highly automated, they lack the ability to provide job opportunities to
the local community on a long term basis. Although general labourers can be employed for the
construction period, once the construction has been completed there are limited job opportunities,
in terms of daily work. The Beaufort West plant was successful in providing three process controllers
with an on-the-job education as well as an opportunity for long term employment. These controllers

were then offered an opportunity to obtain a higher education.

Land Requirements

The plant itself does not have a large land requirement, but the waste ponds require a large area,
which may pose a problem regarding the construction of water treatment works in urban areas. This
problem can be overcome by constructing reclamation facilities adjacent to existing wastewater
treatment works, which already have waste ponds. Thus the effluent from the wastewater treatment
works can be re-routed from the waste ponds to the reclamation plant for further treatment, and the

final waste directed to the ponds.

108



Equitable Access to Water Supply
The plant has not had any impact on reducing the number of people without access to water. Thus, it

can be concluded that the plant does not have any impact on equity of water supply.

Public Perception

Based on the literature review, public perception has proven to be a determining factor in the success
of a reuse project, since the lack of public acceptance has been the cause for the failure of several
reuse projects. In order to encourage public acceptance and allow informed decision making among
authorities, knowledge of water supply and treatment must be enhanced. The public, and decision
makers must be provided with scientific and technical material in order to understand water
reclamation, and to allow them to evaluate proposals. As illustrated in the Beaufort West case, it is
possible to gain public acceptance, especially if the effects of water scarcity are affecting their daily

lives.

5.4 Final Conclusion
Based on the literature review and the assessment of the plant, it is evident that there are no
technological hurdles hindering the application of potable reuse projects. Although reclamation
technology is quite advanced, technology will no doubt, be constantly upgraded due to the increased

interest in water reclamation.

In determining the most sustainable option, it is important to consider non-monetised costs and
benefits of water supply alternatives, which are frequently overlooked when assessing proposed
projects. Although it is evident from the study that water reuse is an attractive solution to the water
scarcity problem, it can also be concluded that assessment of the sustainability of this solution is
context specific. The applicability of sustainability of direct reuse has to be addressed based on the
geographical, societal and political context, existing infrastructure, and availability of funds, among

other context specific factors.

Water scarcity is a pressing issue, which requires solutions which are sustainable and can be

implemented immediately. In order to achieve overall sustainability, water reclamation would have

to be employed in conjunction with other water conservation strategies.
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5.5 Future research

5.5.1 Production of Water Quality Standards
In conjunction with the views of the Water Research Commission (2015), to ensure the sustainability
of reuse projects, and the production of safe drinking water, the Department of Water and Sanitation
should regard the production of standards for water reuse in South Africa as a high priority, since there
are no specific guidelines. These standards should be included in the SANS 241 as a separate section,

for water reclamation plants which produce drinking water.

5.5.2 Public Perception Studies
To generate achievable development targets, with regard to water reuse, there is need for further
studies, especially at a local level, which explore significant factors such as public perception, public
health, and environmental impacts. Since public perception studies in South Africa have revealed

inconclusive results, further studies will allow experts to gain a broader understanding of the subject.

An issue highlighted in the review as not being fully understood by researchers is trust in the
implementing authority. Since trust in the implementing authority has a considerable effect on how
the public perceives the quality of the water, further research is required to determine the role of
trust in how people make decisions regarding the reuse of recycled water. In this way, institutions

which are capable of gaining public trust can be built.

The public perception study performed in the City of Durban draws the conclusion that there were no
religious objections to water reclamation for potable purposes, but, allegedly the City of Durban has
opted for the construction of two desalination plants, due to public objections and religious concerns.
Since desalination is considered to be a more expensive, energy intensive process, further research

should be undertaken to determine how the community of Durban truly perceives wastewater reuse.

It is evident that public perception surrounding water reuse is an intricate and sensitive subject which
requires extensive future research. This research and possible understanding of public perception will
assist implementing authorities to introduce reuse projects with a greater chance of public

acceptance, and therefore success.
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5.5.3 Life Cycle Costing
Life cycle costing should also be undertaken to determine whether reclamation projects are financially
sustainable. This will aid decision makers in assessing which water conservation strategies to

implement.

5.5.4 Local Machinery Production
Although the membranes for the machinery are available internationally, dedicated research should
be performed into producing these membranes locally. Should this be achieved, direct potable reuse
will become more affordable as a long term solution, since the membranes have to be replaced every

few years.

111



Reference List
Adewumi, J. R., llemobade, A. A. and Van Zyl, J. E. (2010). ‘Treated wastewater reuse in South Africa:
Overview, potential and challenges,” Resources, Conservation and Recycling. Available Online at:

http://linkinghub.elsevier.com/retrieve/pii/50921344910002132 (2015.04.20)

Adewumi, J. R., llemobade, A. A. and van Zyl, J. E. (2014). ‘Factors predicting the intention to accept
treated wastewater reuse for non-potable uses amongst domestic and non-domestic respondents,’
Journal of the South African Institution of Civil Engineering. Available Online at:
http://www.scielo.org.za/scielo.php?pid=51021-20192014000100002&script=sci_arttext
(2015.04.27)

Aloj, E., De Castro, M., Totaro, M., and Zoll0, A. (2012). Climate Change and Water Resource
Availability: What to Do? Available Online at:
http://link.springer.com/10.1007/978-3-642-22266-5 (2015-03-18)

Asano, T., Burton, F. L., Leverenz, H. L., Tsuchihashi, R. and Tchobanoglous, G. (2007). Water Reuse:

Issues, Technologies, and Applications. New York: McGraw-Hill

Babel, M. S., Agarwal, A. and Shinde, V. R. (2014). ‘Climate Change Impacts on Water Resources and
Selected Water Use Sectors’, in S. Shreshtha, M. S. Babel and V. P. Panday (eds), Climate Change and

Water Resources. Boca Raton: CRC Press

Bates, B. C., Kundzewicz, Z. W., Wu, S., and Palutikof, J. P. (2008) Climate Change and Water.
Technical Paper of the Intergovernmental Panel on Climate Change, IPCC Secretariat, Geneva, 210
pp. Available Online at: http://www.ipcc.ch/pdf/technical-papers/climate-change-water-en.pdf
(2015.03.26)

Beaufort West Municipality (BWM). (2010). Water Services Development Plan for 2010/2011.
Available Online at:
http://www.beaufortwestmun.co.za/engineering/content/WATER/Front%20Page%20Executive%20S
ummary%20WSDP%202010_2011.pdf (2015.09.18)

112



Beaufort West Municipality (BWM). (2011). Water. Available Online at:

http://www.beaufortwestmun.co.za/engineering/eng_water.html (2015-03-05)

Beaufort West Municipality (BWM). (2014). Annual WSDP Performance and Water Services Audit
Report for 2013/2014. Available Online at:

http://www.beaufortwestmun.co.za/engineering/eng_water.html (2015.09.20)

Beaufort West Municipality (BWM). (2015). Integrated Development Plan 2012 — 2017, 3™ Annual
Review (Draft) 2015/2016. Available Online at:
http://mfma.treasury.gov.za/Documents/01.%20Integrated%20Development%20Plans/2015-
16/02.%20Local%20Municipalities/WC053%20Beaufort%20West/WC053%20Beaufort%20West%20
Draft%20IDP%20Review%202015%2016.pdf (2015.09.20)

Brown, R. M. (2014). ‘The Importance of Water Reuse,” Water & Sanitation Africa.
Available Online at:
http://Oreference.sabinet.co.za.innopac.wits.ac.za/webx/access/electronic_journals/sh_san/sh_san

_v9_n1l_a4.pdf (2015.08.24)

City of Cape Town (CoCT). (2011). Smart Living Handbook. Available Online at:
http://www.capetown.gov.za/en/EnvironmentalResourceManagement/Documents/Smart_Living_H

andbook_Eng_FULL%20VERSION_4thEd_2011-05.pdf (2015.08.02)

City of San Diego. (2013). Water Purification Demonstration Project, Project Report (Final Draft).
Available Online at:

www.sandiego.gov/water/purewater/pdf/projectreports/wpdpfinalprojectreport.pdf (2015.09.11).

Department of Environmental Affairs. (2011). World Cup Legacy Report. Available Online at:
https://www.environment.gov.za/sites/default/files/docs/water.pdf (2015.12.16)

Department of Water Affairs (DWA). (2011). Drinking Water Quality Process Management and

Control. Available Online at:

https://www.dwa.gov.za/dir_ws/DWQR/Subscr/ViewNewsDoc.asp?FilelD=263 (2015.10.04)

113



Department of Water Affairs (DWA). 2012. Blue Drop Report. Available Online at:
https://www.dwa.gov.za/Documents/BD2012/Intro.pdf (2015.10.04)

Department of Water Affairs and Forestry (DWAF). (1994). Water Supply and Sanitation Policy —
White Paper. Available Online at: https://www.dwa.gov.za/Documents/Policies/WSSP.pdf
(2015.09.21)

Department of Water Affairs of the Republic of South Africa. (2012). Proposed National Water
Resource Strategy 2 — Managing Water for an Equitable and Sustainable Future. Available Online at:

Available Online at: http://www.gov.za/sites/www.gov.za/files/Final_Water.pdf (2015.08.25)

DiSano, J. (2002). Indicators of Sustainable Development: Guidelines and Methodologies. United
Nations Department of Economic and Social Affairs, New York. Available Online at:

http://www.un.org/esa/sustdev/csd/csd9 _indi_bp3.pdf (2015.09.16)

Dishman, C. M., Sherrard, J. H. and Rebhun, M. (1989). Gaining Support for Direct Potable Water
Reuse. Available Online at: http://ascelibrary.org/doi/pdf/10.1061/(ASCE)1052-39I
28(1989)115:2(154) (2015.09.08)

Dolnicar, S. and Schafer, A. (2009). ‘Desalinated Versus Recycled Water: Public Perceptions and
Profiles of Acceptors,’ Journal of Environmental Management. Available Online at: http://0-ac.els-
cdn.com.innopac.wits.ac.za/S0301479708000637/1-s2.0-S0301479708000637-
main.pdf?_tid=566357e2-5acf-11e5-b56f-
00000aab0f27&acdnat=1442228405_65ec62287e45d828acfa768c8cbdd332 (2015.09.14)

Dolnicar, S., Hurlimann, A. and Nghiem, L.D. (2010). ‘The Effect of Information on Public Acceptance
- The Case of Water from Alternative Sources,” Journal of Environmental Management. Available
Online at: http://0-ac.els-cdn.com.innopac.wits.ac.za/S0301479710000319/1-s2.0-
S0301479710000319-main.pdf?_tid=ebacddba-5ace-11e5-97ad-
000002ab0f26&acdnat=1442228218 d94508076924531463cbdc555e31f869 (2015.09.14)

Du Pisani, P.L. (2006). ‘Direct reclamation of potable water at Windhoek’s Goreangab reclamation

plant,” Desalination 188, 79—-88. Available Online at:
http://linkinghub.elsevier.com/retrieve/pii/50011916406000269 (2015.09.03)

114



DWAF, Walmsley R. D., Walmsley J. J., Mzuri Consultants and Silberbauer M. (1999). National State
of the Environment Report. Available Online at:

<http://www.environment.gov.za/soer/nsoer/issues/water/index.htm (2015-02-18)

United States Environmental Protection Agency (EPA). (2008). Clean Watershed Needs Survey 2004
Report to Congress. Available at:

http://water.epa.gov/scitech/datait/databases/cwns/upload/cwns2008rtc.pdf (2015.10.13)

Equinox Center. (2010). The Potential of Purified Recycled Water. Available Online at:
http://www.equinoxcenter.org/assets/files/pdf/EquinoxPotentialofrecycledwaterjuly2010finalrev.p

df (2015.10.14)

Eskom. (2011). Solar Water Heating Rebate Programme. Available Online at:
http://www.eskom.co.za/AboutElectricity/FactsFigures/Documents/The_Solar_Water_Heating SW
H_Programme.pdf (2015.07.23)

Falkenmark, M. (1989). The Massive Water Scarcity Now Threatening Africa: Why isn’t it Being
Addressed? Available Online at: http://0-www.jstor.org.innopac.wits.ac.za/stable/pdf/4313541.pdf
(2015.09.09)

Fielding, K. S. and Roiko, A. H. (2014). Providing Information Promotes Greater Public Support For
Potable Recycled Water. Water Research 61, 86-96. Available Online at:
http://linkinghub.elsevier.com/retrieve/pii/50043135414003479 (2015.09.12)

Golder Associates. (2012). Basic Assessment Report: eThekwini Water Reuse. Available Online at:
file:///C:/Users/Nadine's%20PC/Downloads/10612125 BA_ Written_Report_111012_MN%20Report
.pdf (2015.10.11)

Gosling, S. N. and Arnell, N. W. (2013). ‘A Global Assessment of the Impact of Climate Change on

Water Scarcity,” Climatic Change. Available Online at: http://link.springer.com/10.1007/s10584-013-
0853-x (2015.03.03)

115



Holloway, A., Fortune, G., Zweig, P., Barrett, L., Benjamin, A., Chasi, V. and de Waal, J. (2012). Eden
and Central Karoo Drought Disaster 2009 -2011: “The Scramble for Water”. Available Online at:
https://www.westerncape.gov.za/text/2012/11/eden-and-central-karoo-drought-disaster-2009-
2011.pdf (2015.09.23)

Hudson, H. E. and Gilcreas, F. W. (1976). ‘Health and Economic Aspects of Water Hardness and

Corrosiveness,’” Journal of American Water Works Association.

ioL News. (2014). New Seawater Plan for KZN. Available Online at:

http://mobi.iol.co.za/#!/article/new-seawater-plan-for-kzn-1.1668834 (2015.09.08)

Intergovernmental Panel on Climate Change (IPCC). (2007). Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Available Online at:
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wgl _repo

rt_the_physical_science_basis.htm (2015.09.15)

Ishiia, S.K., Boyera, T.H., Cornwellb, D. and Viac, S. (2015). Public perceptions of direct potable reuse
in four US cities. Available Online at: http://www.awwa.org/publications/journal-
awwa/abstract/articleid/53621192/issueid/53621193.aspx?getfile=/documents/dcdfiles/53621192/j
aw201511ishii_pr.pdf (2015.09.10)

Leverenz, H. L., Tchobanoglous, G. and Asano, T. (2011).’Direct potable reuse: a future imperative,’
Journal of Water Reuse and Desalination. Available Online at:

http://www.iwaponline.com/jwrd/001/jwrd0010002.htm (2015-03-11)

Ivarsson, 0. and Olander, A. (2011). Risk Assessment for South Africa’s First Direct Wastewater
Reclamation System for Drinking Water Production. Available Online at:

http://publications.lib.chalmers.se/records/fulltext/146252.pdf (2015.03.03)

Kasprzyk-Hordern, B., Dinsdale, R. M. and Guwy, A. J. (2008). The Occurrence of Pharmaceuticals,
Personal Care products, Endocrine Disruptors and lllicit Drugs in Surface Water in South Wales, UK.
Water Research 42:13. 3498-3518. Available Online at:
http://dx.doi.org/10.1016/j.watres.2008.04.026 (2015.10.11)

116



Kharraz, J. E., EI-Sadek, A., Ghaffour, N. and Mino, E. (2012). Water Scarcity and Srought in WANA
Countries. Procedia Engineering 33, 14-29. Available Online at:

http://linkinghub.elsevier.com/retrieve/pii/$1877705812012039 (2015.03.03)

Kiem, A. S. (2014). ‘Climate variability and Change’, in S. Shreshtha, M. S. Babel and V. P. Panday

(eds), Climate Change and Water Resources. Boca Raton: CRC Press

Kummu, M., Ward, P. J., de Moel, H. and Varis, 0. (2010). Is Physical Water Scarcity a New
Phenomenon? Global Assessment of Water Shortage over the Last Two Millennia. Environmental
Research Letters 5, 034006. Available Online at: http://stacks.iop.org/1748-
9326/5/i=3/a=034006?key=crossref.273693a90fc59f2efed1721b344c6ceb (2015.04.23)

Kusangaya, S., Warburton, M. L., Archer van Garderen, E. and Jewitt, G. P. W. (2014). ‘Impacts of
Climate Change on Water Resources in Southern Africa: A Review,” Physics and Chemistry of the
Earth, Parts A/B/C 67-69, 47-54. Available Online at:
http://linkinghub.elsevier.com/retrieve/pii/S147470651300140X (2015.09.12)

Leverenz, H.L., Tchobanoglous, G., Asano, T. (2011).’Direct potable reuse: a future imperative,’
Journal of Water Reuse and Desalination. Available Online at:

http://www.iwaponline.com/jwrd/001/jwrd0010002.htm (2015-03-11)

Marais, P. and Durckeim, F. (2012).’Beaufort West Water Reclamation Plant — First Direct (toilet-to-
tap) plant in South Africa,” Water & Sanitation Africa. Available Online at:
http://0-reference.sabinet.co.za.innopac.wits.ac.za/document/EJC106532 (2015.08.24)

Marks, J. S. (2006). ‘Taking the Public Seriously: the Case of Potable and Non-Potable Reuse,’
Desalination 187, 137 — 147. Available Online at:
http://linkinghub.elsevier.com/retrieve/pii/50011916405007277 (2015.04.20)

Matos, C., Friedler, E., Monteiro, A., Rodrigues, A., Teixeira, R., Bentes, |. and Varajao, J. (2014).
‘Academics Perception Towards Various Water Reuse Options: University of Tras-Os-Montes E Alto-
Douro-UTAD Campus (Portugal) As a Case Study,” Urban Water Journal 11, 311-322. Available Online
at: http://www.tandfonline.com/doi/abs/10.1080/1573062X.2013.775314 (2015.03.03)

117



Mattheus, C. (2013). ‘Timeous Water Reclamation Interventions Critical,” Water & Sanitation Africa.
Available Online at: http://0-reference.sabinet.co.za.innopac.wits.ac.za/webx/access/electronic_

journals/sh_san/sh_san_v8_n1_a6.pdf (2015.08.24)

Mayer, W. (2011). Karoo Direct Water Reclamation Plant a First for South Africa. Available Online at:
http://www.savingwater.co.za/2011/01/02/10/karoo-direct-water-reclamation-plant-a-first-for-
south-africa/#more-3504 (2015.08.24)

McKay, J. and Hurlimann, A. (2003). Attitudes to reclaimed water for domestic use: Part 1..

Melbourne Water (1998). Exploring Community Attitudes to Water Conservation and

Effluent Reuse. A consultancy report prepared by Open Mind Group. St Kilda, Victoria.

Metcalf, G., Pillay, L., Murutu, C., Chiburi, S., Gumede, N. and Gaydon, P. (2014). Wastewater
Reclamation for Potable Reuse, Volume 2: Integration of MBR Technology with Advanced Treatment

Processes. Available Online at: www.wrc.org.za (2015-03-05)

Miller, G. W. (2006). ‘Integrated concepts in water reuse: managing global water needs,” Journal of
Water Reuse and Desalination. Available Online at:

http://linkinghub.elsevier.com/retrieve/pii/50011916405007216 (2015-03-02)

Muga, H. E. and Mihelcic, J. R. (2007). ‘Sustainability of Wastewater Treatment Technologies,’
Journal of Environmental Management. Available Online at:

http://linkinghub.elsevier.com/retrieve/pii/S0301479707001028 (2015-03-24)

National Research Council (NRC). (2004). Confronting the Nation’s Water Problems: The Role of
Research. Available Online at: http://www.nap.edu/catalog/11031/confronting-the-nations-water-

problems-the-role-of-research (2015.10.15)

National Research Council (NRC). (2012). Water Reuse: Expanding the Nation’s Water Supply
Through Reuse of Municipal Wastewater. Available Online at:
http://awpw.assembly.ca.gov/sites/awpw.assembly.ca.gov/files/hearings/NAS%20water%20reuse%
20article.pdf (2015.10.11)

118



Ninham Shand Consulting Engineers. (2009). Final Basic Assessment Report: Reclaimed Water in

Beaufort West.

Pimentel, D. and Pimentel, M. (2003). Sustainability of Meat-Based and Plant-Based Diets and the
Environment. Available Online at: http://ajcn.nutrition.org/content/78/3/660S.full.pdf (2015.09.11)

Schroeder, E., Tchonaoglous, G., Leverenz, H. L. and Asano, T. (2012). Direct Potable Reuse: Benefits
for Public Water Supplies, Agriculture, the Environment, and Energy Conservation. Available Online

at: http://nwri-usa.org/documents/NWRIWhitePaperDPRBenefitsJan2012.pdf (2015.09.10)

Po, M., Kaercher, J. D. and Nancarrow, B. E. (2003). Literature Review of Factors Influencing Public
Perceptions of Water Reuse. Available Online at:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.197.423&rep=rep1&type=pdf
(2015.04.27)

Popovic, T., Kraslawski, A. and Avramenko, Y. (2013). Applicability of Sustainability Indicators to
Wastewater Treatment Processes. Available Online at:
http://www.researchgate.net/profile/Andrzej_Kraslawski/publication/263458991_Applicability_of_S
ustainability_Indicators_to_Wastewater_Treatment_Processes/links/02e7e53aed76bbf921000000.p
df (2015-03-24)

Rozin, P., Haddad, B., Nemeroff C. and Slovik, P. (2015). ‘Psychological Aspects of the Rejection of
Recycled Water: Contamination, Purification and Disgust,” Judgement and Decision Making Vol. 10.
No 1, pp 50 — 63. Available Online at: http://journal.sjdm.org/14/14117a/jdm14117a.html
(2015.09.08)

Salgot, M. (2008). ‘Water reclamation, recycling and reuse: implementation issues,” Journal of Water
Reuse and Desalination. Available Online at:

http://www.sciencedirect.com/science/article/pii/50011916407005243 (2015-03-02)
Saving Water SA. (2010). Water Sharing Scheme for Beaufort West. Available Online at:

http://www.saingwater.co.za/2010/11/25/14/water-sharing-scheme-for-beaufort-west/#more-3310
(2015.08.24)

119



Simpson, J. and Stratton, H. (2011). Talking About Water: Words and Images that Enhance
Understanding Waterlines Report. National Water Commission, Canberra. Available Online at:
http://archive.nwc.gov.au/__data/assets/pdf_file/0020/10928/49 Talking_About_Water.pdf
(2015.09.14)

Singhal, N., Song, Y., Johnson, A and Swift, S. (2009). Estrogenic Endocrine Disrupting Compounds.
Available Online at:
https://www.aucklandcouncil.govt.nz/SiteCollectionDocuments/aboutcouncil/planspoliciespublicati

ons/technicalpublications/tr2010005.pdf (2015.09.14)

Syme, G. J., and Williams, K. D. (1993). The psychology of drinking water quality: An exploratory
study, Water Resources Research, 29(12), 4003—4010, http://dx.doi.org/10.1029/93WR01933

United Nations (UN). (2007a). Coping with Water Scarcity: Challenge of the twenty-first Century.
Available Online at: www.worldwaterday07.org (2015.03.04)

Tram VO, P., Ngo, H. H., Guo, W., Zhou, J. L., Nguyen, P.D., Listowski, A. and Wang, X. C. (2014). A
Mini-Review on the Impacts of Climate Change on Wastewater Reclamation and Reuse. Science of
the Total Environment 494-495, 9—-17. Available Online at:
http://linkinghub.elsevier.com/retrieve/pii/S0048969714009632 (2015.09.18)

United Nations (UN). (2007). Indicators of Sustainable Development: Guidelines and Methodologies,
3rd ed. United Nations, New York. Available Online at:

http://www.un.org/esa/sustdev/natlinfo/indicators/guidelines.pdf (2015.09.16)
United Nations World Commission on Environment and Development. (1987). Our Common Future.
Available Online at: http://www.ask-force.org/web/Sustainability/Brundtland-Our-Common-Future-

1987-2008.pdf (2015-04-16)

United States Environmental Protection Agency. (2012). Guidelines for Water Reuse. Available

Online at: http://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf (2015.09.12)

United States Environmental Protection Agency. (2015). Environmental Justice. Available Online at:

http://www.epa.gov/environmentaljustice/ (2015.09.07)

120



Vairavamoorthy, K., Gorantiwar, S. D., and Pathirana, A. (2008). Managing Urban Water Supplies in
Developing Countries — Climate Change and Water Scarcity Scenarios. Physics and Chemistry of the
Earth, Parts A/B/C, Integrated Water Resources Management in a Changing World 33, 330-339.
Available Online at: http://www.sciencedirect.com/science/article/pii/S1474706508000223
(2015.03.03)

Water Research Commission (WRC). (2015). Guidelines for Monitoring, Management and
Communication of Water Quality in the Direct Reclamation of Municipal Wastewater for Drinking
Purposes.

Wilkinson, R. C. (2007). Analysis of Energy Intensity for Water Supplies to the West Basin Water
District, West Basin Water District, Carson. Available Online at:
http://www.westbasin.org/files/general-pdfs/Energy--UCSB-energy-study.pdf (2015.09.11)
Wilson, Z. and Pfaff, B. (2008). ‘Religious, Philosophical and Environmentalist Perspectives on
Potable Wastewater Reuse in Durban, South Africa,” Desalination 228, 1-9. Available Online at:
http://linkinghub.elsevier.com/retrieve/pii/50011916408002282 (2015.04.20)

World Health Organisation (WHO). (2002) Global Assessment of the State-of-the-Science of

Endocrine Disruptors. T. Damstra, S. Barlow, A. Bergman, R. Kavlock and G.V.D. Kraak (eds),

International Programme on Chemical Safety (2015.10.19)

Legislation

Department of Environmental Affairs and Tourism. Government Notice No. R. 385. Regulations in

Terms of Chapter 5 of the National Environmental Management Act, 1998, 21 April 2006

Local Government Municipal Systems Act 32 of 2000

National Environmental Management Act 107 of 1998

National Environmental Management Air Quality Act No 39 of 2004

National Environmental Management Waste Act: Act No 59 of 2008

121



South African National Standard, SANS 241-1: 2011 Edition 1. Drinking Water, Part 1:

Microbiological, Physical, Aesthetic and Chemical Determinands.

South African National Standard, SANS 1929:2011 Edition 2. Ambient air quality: Limits for common

pollutants

122



Appendices

Appendix A: Interviews
A1l: Interview with Mr C Wright, technical Manager at the Beaufort West Municipality

20 July 2015
1. Who owns the plant?

Beaufort West Municipality

2. Prior to constructing the plant, was an investigation into building a pipeline to transfer
water from elsewhere to Beaufort West performed?
Yes, in depth studies into all possible alternatives were conducted. The nearest water scheme is
the Orange River Scheme, which does not have the capacity to provide water to Beaufort West,
and even if it could supply Beaufort West, the length of pipeline required would be 380km,

which would be very expensive.

3. Does the wastewater treatment work treat all the wastewater produced by the town?
Yes, all the town’s wastewater is directed to the plant. This is possible because there are no

heavy industries within the town.

4. Isthe stormwater also fed to the plant?

No

5. How many households does the plant receive wastewater from?

8888 households, which is approximately 40 000 people.

6. How is the reclaimed water delivered to consumers?
It is pumped by the new pipeline to the existing reservoir, where it is blended with water from

the Gamka Dam and boreholes, and then delivered to consumers using the existing pipelines.

7. How often and by whom is the water tested?
The final effluent from the wastewater treatment works and final reclaimed water is tested on
site daily by the process controllers. The final reclaimed water is also tested once a month by an

independent laboratory.
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8. Have there been any failures since the commissioning of the plant?
No there haven’t. When there is loadshedding the system has to be reset, but there is still water

supply to the town. If there is any problem the technician, in Beaufort West, is called to fix it.

9. How does the service-level agreement work?
The municipality pays Water and Wastewater engineering per kl supplied to the town. This

price paid per kl includes any maintenance to the plant that the company has to perform.

10. Is there any major maintenance required?
The reverse osmosis membranes have to be replaced every three years, and the ultra-filtration
membranes every five years. These have to be imported from overseas. Maintenance is
included in the service-level agreement with Water and Wastewater Engineering therefore they

have to replace the parts required.

11. How often is maintenance performed?
The plant is shut down for three days a month to clean the reverse osmosis and ultra-filtration
membranes. During this time the Gamka Dam is opened fully to ensure a supply of water to

Beaufort West.

12. How many staff are required for the operating of the plant?

There are three process controllers from the town of Beaufort West.

13. What are the duties of the process controllers?
They monitor the plant on a daily basis, and check that the pumps are functioning correctly.

They analyse the water produced by the plant, daily, in the on-site laboratory.
14. What is the total monthly energy usage of the plant?
11 245kWh. The electricity cost is paid by the municipality, and does not form part of the

service-level agreement with Water and Wastewater Engineering.

15. Have there been any complaints from the public since the commissioning of the plant?

No, there have not.

16. Is there any ongoing public participation?
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Yes, people are able to visit the plant whenever they want to, and the water quality tests for the
final water are published in the local newspaper every month. During water week, schools are
encouraged to visit the plat. They are taken on a tour through the plant, where each process is
explained. This has a positive impact on the community, and the children inform their parents

about the plant.

A2: Interview with Process Controllers, Beaufort West Water Reclamation Plant

20 July 2015
1. Dovyou live in Beaufort West

Yes

2. How were you selected as process controllers?
We were employed as general construction labourers on the site. We then gave our CV to the

head engineer at Water and Wastewater Engineering, for selection as process controllers.

3. What qualifications do you have?

Our highest qualification is a matric certificate.

4. What training did you receive?
We received three months of training prior to the opening of the plant, on how the plant
operates, our daily duties which include water quality testing in the on-site laboratory, and how

to use the online system.

5. Have you received any further training?
After we started working we received three month of in-job training. We are currently
undertaking part-time studies in plant operation theory, wastewater treatment, maths, and

science. These studies are sponsored by Water and Wastewater Engineering.
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Appendix C: South African Water Quality Standards

Table C1: Microbiological Determinands (SANS 241:2011)

Determinand

, . b
E. coli * or faecal coliforms

Acute health—1

Count per 100 mL

| Standard Limits

Mot detected

Cytopathogenic viruses ©

Acute health -2

Count per 10 L

Mot detected

Protozoan Parasites
Cryptosporidium spp

Gigrdia spp

Acute health -2

Acute health -2

Count per 10 L

Count per 10 L

Mot detected

Mot detected

Total coliforms ®

Operational

Count per 100 mL

£10

Heterotrophic plate count f

Operational

Count per mL

< 1000

Somatic coliphages &%

Operational

Count per 10 mL

Mot detected

* Definitive, preferred indicator of faecal pollution.

® Indicator of unacceptable microbial water quality, could be tested instead of E. coli, but is not
the preferred indicator of faecal pollution. Also provides information on treatment efficiency and

after growth in distribution networks.

© Confirms a risk of human infection and faecal pollution, and also provides information on

treatment efficiency. The detection of selected viruses confirms faecal pollution of human origin.

® Confirms a risk of infection and faecal pollution, and also provides information on treatment

efficiency. The detection of selected protozoan parasites confirms a human health risk.

“ Indicates potential faecal pollution and provides information on treatment efficiency and after

growth.

" Process indicator that provides information on treatment efficiency, after growth in distribution

networks and adequacy of disinfectant residuals.

® Process indicator that provides information on treatment efficiency.
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Table C2: Physical, Aesthetic, Operational and Chemical Determinands (SANS 241:2011)

Determinand

Physical and aesthetic determinands

Standard Limits ®

Free chharine

Chronic hiealth

=3

Momnochloramine

Chronic health

=23

Codour

Aesthetc

mg/L Pt-Co

215

Conductivity at 25 °C

Aesthethc

msm

=170

O:Bour or taste

Aesthetc

Inoffernsive

Total Dissolved Solids

Aesthetic

mgfL

= 1200

Turbidity ®

Operational

MTLU

21

Aesthetc

NTU

=5

pHat2sC*

Operatbonal

pH units

23—59.7

Chemical determinands

= macro-determinands

Mitrate as N

Acute health -1

mgfL

Mitrite as N°

Acute health - 1

mgfL

Sulfate as S0,

Acute health -1

FrgfL

Aesthetic

mgfL

Fluoride as F~

Chronic health

mgfL

Ammomia a5 N

Aesthate

FrgsL

Chloride as CF

Aesthetic

mgfL

Sodium as Ma

Aesthethc

mgfL

Jinc as In

Aesthetic

Chemical — micro-determinands

mgfL

Antirmony as Sb

Chronic hiealth

gL

Arcenic as As

Chronic hiealth

Ha/L

Cadrmium as Cd

Chronic health

/L

Total Chramium as Cr

Chronic hiealth

gL

Cobalt as Co

Chronic hiealth

Ha/L

Copper as Cu

Chronic hiealth

el

Cyanide [recoverable)

Acute health -1

Ha/L

lram as Fa

Chronic health

/L

Aesthate

gL

Lead as Ph

Chronic hiealth

Ha/L

Mangamnese as Mn

Chronic hiealth

Ha/L

Aesthate

gL

Mercury as Hg

Chronic hiealth

pa/L

Mickel as Wi

Chronic hiealth

el

Selemium as Sa

Chronic hiealth

Ha/L
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Table C3: Blue Drop Scorecard (DWA, 2011)

Key Performance Area

Key Performance Indicator

Water Safety Planning

Water Safety Planning Process

Risk Assessment and Review of Control Measures

Risk-Based Monitoring Programmes

Credibility and Submission of Drinking Water Quality Data

Incident Management

Drinking Water Quality
Process Management &
Control

Compliance with Regulation - Works Classification

Compliance with Regulation - Process Controller Registration

Availability of signed WTP logbook

Drinking Water Quality
Compliance

Compliance per Determinand (according to Monitoring Programme)

Risk Assessment Defined Health Index

Operational Efficiency Index

Management,
Accountability & Local
Regulation

Management Commitment

Publication of Performance

Service Level Agreements / Performance Agreements

Asset Management

Annual Process Audit

Asset Register

Availability & Competence of Maintenance Team

Operations and Maintenance Manual

Maintenance and Operations Budget and Expenditure

Design Capacity versus Operational Capacity
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Appendix D: Beaufort West Reclamation Plant Water Quality Tests

Table D1: Detailed Water Quality Tests for Beaufort West Reclamation Plant
(Water & Wastewater Engineering, 2011)

Determinant Unit 241 Final | o0 oliance
Class | Water
Physical and organoleptic
requirements
Colour (aesthetic) mglL Pt <2 3 Passed
Conductivity mSim <150 4 Passed
Total Dissolved Solids mg/L <1000 24 Passed
| (Calculated)
Odour TON <35
pH value pHunits | 50-9.5 61 Passed
Taste FTN <3
Turbidity NTU <1 0.3 Passed
Chemical Requirements —
macro determinant
Ammonia as N mg/L <10 01 Passes
Calcum as Ca mgil <150 <0.5 Passed
Chioride as CT mglL <200 E:] Passed
Fluoride as F ma/L <10 <01 Passes
| Magnesam as Mg mglL <70 <01 Passed
Nitrate plus Nitrite as N mg/L <10 03 Passed
Potassium as K mg/L <30 =20 Passed
Sodum as Na mgil <200 2 Passed
Sulphate as S0, mgiL < 400 3 Passed
Zinc as ZN | ma'l <50 L] Passed
micro determinant
Aluminium as Al mg/L <03 <0.02 Passed
Antimony as S5b ma/L <000 <001 Passed
Arsenic as As mgiL < 0,01 <0.01 Passed
Cadmaum as Cd mg/L < 0,005 < 0.005 Passed
Total Chromium as Cr mgll =01 =001 Passed
Cobalt as Co mgilL <035 < .01 Passed
Copper as Cu L <1 0.04 Passed
Cyanide as CN_ %- <005 <005 Passed
ron as L <02 <0.01 35!
Lead as Pb mg/L < 0,02 <0.02 Passed
Manganese as Mn mgl'L <01 <0.01 Passed
Mercury as Hg mg/L < 0001 0.001
Nickel as Ni mgL <015 <0.02 Passed
Selenium as Se mg/lL <0.02 <002 Passed
Vanadium as V mgiL <02 0.1 Passed
Chemical Requirements —
ic determinant
| Dissolved Organic Carbon mgl | <10 T 55 T Passed |
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