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Abstract
This thesis provides a prognosis of the water security situation in Sedgefield, South Africa,
until 2041. The water production capacity of the town was compared to key published
norms and policies, as well as the town’s historical water consumption, using a Linear
Regression forecast of the population growth. The results show that, even with a
decreased water loss of 14,4% and Sedgefield’s water treatment works, desalination plant
and municipal boreholes all operating at maximum capacity to produce a total of 5,2 Mℓ/d,
Sedgefield will be unable to meet its annual average demand by 2029, while peak season
demand will no longer be supplied by 2022. Two drought scenarios were then modelled to
forecast how Sedgefield’s water supply would cope if they had a repeat of the 2009
drought and a drought only 50% as severe as the 2009 one. The results of these models
show that Sedgefield would not be able to meet its annual average consumption from
2015, let alone the peak season consumption when droughts are most likely to occur. Four
possible solutions are then proposed.
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1. Introduction
1.1 Literature Review
1.1.1 Water Scarcity at a Global, Regional and Local scale
Water security has become a major concern, the world over. Anthropogenic drivers
such as climate change, global warming, deforestation and pollution amongst others,
have rapidly increased the complexity of guaranteeing sufficient potable water to a
continually increasing global population (Rygaard et al, 2011; Steffen et al, 2007;
Sullivan et al, 2003; Vorosmarty et al, 2010) (Figure 1).

Figure 1 - Global Water Stress Map
Source: http://www.unep.org/dewa/vitalwater/article69.html
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The 2007 Earthscan report portrays an even more severe situation for Africa (Figure 2),
with no part of Africa that experiences little or no water scarcity, all of central Africa
experiencing economic water shortages, the southern parts of Southern Africa
approaching physical water shortages while the northern edge of North Africa is already
experiencing physical water shortages.

Figure 2 - 2007 Earthscan Report
(Bossio D., Bouman B., Castillo G.E. et al, 2007)

Ninety three percent of global consumptive water use is used for agriculture (US
Defense

Intelligence

Agency,

2012).

Water

security

and

food

security

are

interdependent (Calow et al, 2010), and so if water security decreases, so too does
food security. Exacerbating this, Gleick argues that 20th century water policies followed
a “hard path” of large scale engineering and construction projects (Gleick, 2003). While
this infrastructure brought incredible benefits to billions of people, it displaced tens of
millions from their homes as well as negatively effecting ecosystems downstream, and
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the returns per rand invested are decreasing. Due to land use and space demands,
“hard” engineering solutions are struggling to keep up with population growth rates
(Gleick, 2003).

Water is nonpareil and non-substitutable in sustaining all life on earth, providing
countless ecosystem services. It links the geophysical, socio-ecological and economical
systems, creating the “Global Water System” (Bogardi et al, 2012). Gleick not only
contends that water is central to food and energy production but also to human health
(Gleick, 2003). When global population growth is considered alongside the susceptibility
to drought and the complexities of climate change, water security becomes critical (Rao
and Mamatha, 2004).

Africa is already a water-stressed continent, with very low levels of water related
infrastructure. The continent is also home to some of the world’s least-urbanised
populations with a very low nutritional intake, coupled to this is the fact that the vast
majority of current models forecast the problem increasing; hence water security in
Africa is under serious threat (Rahman, 2012). Figure 3 is a United Nations
Environmental Program map showing African countries water security forecast in 2025.
Maplecroft (2011) states that 44% of the countries facing an extreme water security
risk are African countries. There are currently only three African countries with a low
risk of water security. This contention is supported by Calow et al (2010) in describing a
“spiral of water insecurity” in Africa. The failure of shallow water sources, greater water
demand and increased mechanical failures are the main drivers of the spiral (Calow et
al, 2010).

South Africa’s (SA’s) freshwater resources are regarded as scarce and extremely limited
(Calow et al, 2010). SA only receives an average rainfall of 497 mm/a in contrast to the
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global average of 860 mm/a, making SA the 30th driest country in the world (Dept. of
Water Affairs, 2013). This translates into an annual average rainfall of less than
1700mm3/person (Figure 3), making it more water scarce than all six of its neighboring
countries (Dept. of Water Affairs, 2013). South Africa’s hot climate and water pollution
problems, such as Acid Mine Drainage (AMD) only exacerbate the problem (McCarthy
and Humphries, 2013).

Figure 3 - Water Scarcity in African Countries
Source: United Nations Economic Commission for Africa (UNECA), Addis Ababa; Global Environmental Outlook 2000 (GEO), UNEP,
Earthscan, London 1999.
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Another complexity is that relative to demand, SA’s freshwater resources are
disproportionately available in both time and space (Van Vuuren, 2009). If
unconventional shale gas mining in the Karoo is permitted, it will only make the
situation even more complex, and problematic by increasing water demand (De Wit,
2011). South Africa’s water provision and security is very inconsistent, depending on
where in SA the measurement is taken (Sullivan et al, 2003).

Complicating the situation further still, the Department. of Water Affairs and Forestry
(2004) states that 98% of all SA’s water resources have already been allocated at a
high assurance of supply by 2004. The National Water Resource Strategy (Dept. of
Water Affairs, 2013) shows that as of 2013, 30% of SA’s towns are in water deficit, and
that this number is expected to grow to 55% by 2023 (Figure 4).

Figure 4 - Map of South Africa showing water scarce towns.
Source: (Dept. of Water Affairs, 2013)

The quantity of water available is closely tied to water quality in South Africa. If water
quality deteriorates, the quantity of available water decreases. Turton (2008) contends
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that SA’s water is already so polluted that its natural systems have lost their dilution
capacity and water will need to be treated at continually increasing standards before
being discharged into communal waters.

1.1.2

South African Water Law

Section 2 of The National Water Act 36 (of 1998) (NWA) states that the purpose of the
Act is to ensure South Africa’s water is “used, developed, conserved, managed and
controlled” in ways which: (e) facilitate social and economic development and (f)
provide for growing demand for water use, for “the benefit of all persons” in
accordance with the government’s constitutional mandate as the public trustee of the
nation’s water.

The Water planning regime under the NWA includes a “water resources classification
system”.

This classifies the water resource and the relevant resources quality

objectives. One of the most innovative concepts in this classification system is the
determination of the water reserve (Kidd, 2011). This reserve is defined as:
“the quantity and quality of water required To satisfy basic human needs by securing basic water supply, as prescribed under the
Water Services Act 108 (of 1997) for people who are now, or who will in the reasonably
near future, be –
(i)

Relying upon;

(ii)

Taking water from; or

(iii)

Being supplied from

The relevant water source; and
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To protect aquatic ecosystems in order to secure ecologically sustainable development
and use of the relevant water resources (s1 of the National Water Act)”.
While the Reserve has been clearly defined, it has not been as clearly quantified by the
NWA. Glazewski (2000) points out that the White Paper on National Water Policy for
South Africa submitted by the Dept. of Water Affairs and Forestry (DWAF) in April 1997,
envisages the basic need component of the Reserve having priority over the ecological
component, but the NWA does not appear to do this.
If Glazewski's (2000) interpretation of the White Paper is accurate, then it is feasible
that the full quantity of water in a water resource may be required by the reserve,
dictating that no additional abstractions could be made from that resource, with
possible knock-on effects on growth and development of region. Government, acting in
its capacity as the public trustee of the nation’s water has, in S43 of the NWA has made
licensing and registration compulsory to protect water quality or for water resources
that are identified as being under stress. It may also require a license for one or more
types of water use, as defined by S21 of the NWA.
In order to reduce the backlog of people without access to water, the Free Basic Water
Programme was implemented in 2001. By May 2011, it had assisted the DWA in
supplying water to over 86% of the more than 13 million households in SA (Kidd,
2011). However, it should be noted that for the above figure, the Free Basic Water
Programme includes an improved communal water source up to a maximum 200 m
from the place of residence as “access”.
Regulation 3 of the June 2001 regulations under the NWA states that a minimum of 25
ℓ/c/d is needed in order to satisfy the constitutional right of access to water. This is
implemented using a strategy of 6 kℓ per household per month.
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1.1.3

Knysna Municipal Water Policy

68% of all water abstracted in the Knysna municipal district is for domestic purposes.
11% of the abstracted water is used by industry, agriculture only uses 0.9% and 20%
is Non-revenue water (NRW) (Knysna Municipality, 2012) (see appendix 6). NRW
includes redundancy losses through leaks in pipes, valves, taps and toilet cisterns
amongst others; unmetered connections; broken meters or inaccurate metering; illegal
connections; losses through WTW for backwashing and de-sludging processes; overflow
from storage reservoirs and losses in supply lines through scouring. Therefore, in an
attempt to reduce water consumption, only domestic usage has restrictions (Knysna
Municipality, 2005). These restrictions may include a general surcharge on top of
already prescribed charges; imposed limits of water usage and additional charges
(fines) for usage in excess of the limits; or the municipality may restrict the hours that
households are supplied with water. The only prerequisite to these restrictions is that
the municipality must give public notice.

1.1.4

Water Scarcity Indices

The most widely used methodology globally for quantifying the amount of water
needed per capita is the Falkenmark Indicator (Brown and Matlock, 2011; Falkenmark,
1989). This index categorises annual water demand per capita into four thresholds:
namely; no stress (>1700 mm3), stress (1000 – 1700 mm3), Scarcity (500 – 1000 mm3)
and absolute scarcity (<500 mm3) (Falkenmark, 1989). Several other indices are
available, and are briefly mentioned below.

Using Falkenmark as a base, Ohlsson (2000) developed the Social Water Stress Index,
which incorporated an “adaptive capacity” of a society, using the United Nations
Development Programme’s (UNDP) Human Development Index (HDI) as benchmarks.
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Gleick and Iwra (1996) combined the minimum basic daily water requirements
according to the 1992 Earth Summit in Rio de Janeiro (drinking, sanitation, bathing and
food preparation) and established 50 ℓ/c/d for moderate climates.

The Water Stress Indicator developed by Smakhtin et al (2004) is another widely used
method to quantify how much water will be needed. However this method was not
designed to be used on a local scale. Also, this indicator uses Mean Annual Runoff
(MAR) as a proxy for total water availability. Thus any water produced by the
desalination plant, which is not affect by the MAR, cannot be factored in. The Water
Scarcity Index is a formula for quantifying the population growth impacts on water
availability (Asheesh, 2007).

De Visser et al (2002) have argued that 6KL per household/month is insufficient
because of the high density of people living in many of SA’s poorest households. For a
household of 8 people, 6 kℓ a month is spent by just 2 flushes of the toilet per person
per day. Kidd (2011) argues that De Visser’s rationale is flawed as people need to live
within their means. However, De Visser is supported by Gleick (1998) in arguing that 25
ℓ/c/d is insufficient. Gleick, excluding water required to grow food, and basing his
calculations on moderate climate conditions, determined a minimum threshold of 50
ℓ/c/d (2003). This is broken down into; Drinking water (5 ℓ), Sanitation Services (20 ℓ),
Bathing (15 ℓ) and Food Preparation (10 ℓ).

The World Health Organization (WHO), the United States (US) Agency for International
Development, and the World Bank all agree on a minimum limit of 40 ℓ/c/d for drinking
and sanitation alone. Falkenmark however argues that in order to provide the minimal
acceptable quality of life in water scarce areas, the threshold of 100 ℓ/c/d is the
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minimum (as referenced by Gleick and Iwra, 1996, in a personal communication with
Falkenmark).
The Council for Scientific and Industrial Research (CSIR) published its “Guidelines for
Human Settlement Planning and Design, Volume 2” which is commonly referred to as
“The Red Book” (Council for Scientific and Industrial Research, 2000). It divided all
areas of South Africa that have piped water in houses according to four levels of
development; moderate development (80 ℓ/c/d); moderate to high development (130
ℓ/c/d); high development (250 ℓ/c/d) and very high development (450 ℓ/c/d).

This study will use the Free Basic Water Programme’s threshold of 25 ℓ/c/d, the WHO &
World Bank threshold of 40 ℓ/c/d, Gleick’s threshold of 50 ℓ/c/d, Falkenmark’s threshold
of 100 ℓ/c/d, the CSIR’s 130 ℓ/c/d for moderate to high development and 250 ℓ/c/d for
high development as well as the current annual and peak season consumption per
capita in Sedgefield, in forecasting water security in Sedgefield.

1.1.5

Forecasting Techniques

Holt and Winters produced a variant of exponential smoothing, and their model became
known as the Holt-Winters method (Goodwin, 2010; Hyndman et al, 2008). The HoltWinters method is a simple, robust and easy to use projection that has been around
since the 1960s and continues to perform consistently well in forecasting compositions
(Chatfield and Yar, 1988). This method has a second parameter built into its formula, a
trend factor as a way of adjusting for the trend in data (Holton-Wilson et al, 2002)
which makes the Holt-Winters method well suited to forecasting population growth, as
the data has a positive trend. However, due to insufficient historical data available the
Holt-Winters method was unable to produce a projection. Therefore Linear Regression
had to be used.
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1.2 Introduction and Objectives
1.2.1

Rationale of the study

Sedgefield, which falls under the Knysna Local municipality, had a severe drought at the
end of 2009 and into early 2010. The town’s only municipal abstraction point, the
Karatara River, stopped flowing and all municipal reservoirs ran dry (Nay and Turner,
2010). Short term solutions to this drought involved trucking water in from George
(about 35kms away) with a convoy of water tankers 24 hours a day, which made news
headlines (Figure 5). This exponentially increased the production supply cost of potable
water with the vehicles alone costing over R50 000 per day; and was not viable beyond
the short term. The main medium to long term solution was to construct a desalination
plant at Myoli Beach in Sedgefield (Figure 6).

The desalination plant capital cost was R16 M in 2009 and was partially funded (44%)
through disaster relief funding from National Government. Due to the severity of the
situation, the Department of Water Affairs (DWA) and the Knysna Local Municipality
rushed the plant to completion using section 24(f)3 of the National Environmental
Management Amendment Act (NEMAA) which states that “It is a defence to a charge in

terms of subsection (2) to show that the activity was commenced or continued in
response to an emergency so as to protect human life, property or the environment ”
(National Environmental Management Act, 1998).

This allowed much of the

Environmental Impact Assessment (EIA) to be carried out post construction and the
plant became operational in April 2010, a mere 78 days after the contract to construct
the plant was signed (Nay and Turner, 2010).

Due to these high costs, it was designed to supplement Sedgefield’s water supply and
be switched off during times of low demand, once the Karatara River’s flow normalized.
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Figure 5 - Local newspaper headlines from December 2009

Figure 6 - The desalination plant at Myoli Beach, Sedgefie ld
Source: (NAY AND TURNER, 2010)
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The plant currently spends most of the time switched off and in preservation mode
during which time all seawater is flushed out of the plant and the membrane vessels
are filled with sodium bisulfite (NaHSO3) concentrate, which is a preservative and
should be changed every 2 months (Keith Turner, personal communication). Voutchkov
(2014) recommends a concentration of 500 to 1000 mg/ℓ of non-cobalt catalyzed
sodium bisulfite be used as this is sufficient to consume most of the oxygen from the
membrane spacers, thereby preventing bio-growth on the membrane surface. The plant
has improved Sedgefield’s water security and as the population grows and water
demands increase, the municipality expects to use the plant more often and for longer
periods (Jonathan Mabula, personal communication).

The desalination plant is expensive to operate and maintain, with average costs of
R3,40/m3 (assuming the plant runs at its most cost-efficient; 24hours a day and
produces 1,5 Mℓ/d and if the electricity cost is R0,50/kWh) (Perring et al, 2010).

The Knysna Local Municipality sought to augment Sedgefield’s water supply with the
sinking of five boreholes. These boreholes were originally planned to top up supply
when the Water Treatment Works (WTW) and the desalination plant could not meet
demand. However, with the large electrical tariff increases since the desalination plant
was commissioned, the boreholes have been pumped significantly more often than
originally planned, in order that the production cost of water is kept as low as possible.

This study is aimed at forecasting when, even if the desalination plant and the
boreholes are operating at full capacity, Sedgefield will no longer be water secure with
only its three current abstraction points (the WTW, the desalination plant and the
boreholes – for the purposes of this study the boreholes will be considered as one
abstraction point due to the fact that they are all located within a 500 m radius and
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they all draw from the same aquifer). This will inform decision-makers and municipal
management to allow for any additional, timeous planning and implementation to
ensure continued water security of the area. Sedgefield is heavily reliant on tourism,
and so this study will also assist in ensuring the economic viability of the town.

1.2.2

The Research Question

What impact do the desalination plant and boreholes have on water security for the
Sedgefield community?

1.2.3
I.

Objectives of the study
To quantify how much water is needed to meet water security norms
and policies, both locally and internationally.
The amount of water needed for a town to be classified as “water secure” varies
greatly from author to author and from expert to expert. How much water does
a town with a Mediterranean climate such as Sedgefield need in litres per capita
per day (ℓ/c/d) in order to be water secure? This study will consider the South
African Government’s Free Basic Water Program (25 ℓ/c/d), the World Health
Organisation (WHO) and the World Bank’s 40 ℓ/c/d, Peter H. Gleick’s 50 ℓ/c/d, M.
Falkenmark’s 100 ℓ/c/d, the CSIR’s “Guidelines for Human Settlement Planning
and Design Volume 2” moderate to high (130 ℓ/c/d) and high (250 ℓ/c/d)
development benchmarks; Sedgefield’s current annual average water demand of
242 ℓ/c/d and Sedgefield’s average peak season demand of 298 ℓ/c/d and the
average peak season demand during drought (206 ℓ/c/d).
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II.

To establish the projected requirements needed to meet the water
security norms and policies.
This objective aims to forecast population growth in Sedgefield and determine
future water demand to meet the identified norms and policies. It is
acknowledged that these projections do not take cognizance of the impact of
the influx of seasonal holiday makers, particularly over the December/January
peak holiday season.

III.

To establish the projected water consumption of Sedgefield.
This objective aims to forecast the increase in Sedgefield’s water consumption
based on population growth, with specific reference to consumption over the
critical December/January holiday season. How will these amounts compare to
the water security norms and policies? The probable impact of water restrictions
will also be discussed.

IV.

To establish the projected water production capacity in relation to the
Karatara River extraction site, the five existing municipal boreholes
and the Myoli Beach desalination plant.
With only three sources for water abstraction, what is the water production
capacity of Sedgefield? The impact of droughts on the availability of water that
can be extracted from the Karatara River and the boreholes will be analysed. The
mechanical limitations associated with the three sources of produced water as
well as NRW will also be taken into account in these projections. This will reflect
the maximum water production capacity on both a short term and a medium
term basis.
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V.

To establish for how long the Myoli Beach desalination plant can
provide water security for Sedgefield.
The primary objective is to determine, therefore, based on the existing
production capacity of Sedgefield and taking into account the projected
population growth, the impact of seasonal tourism and the possibility of further
droughts, when Sedgefield will have less water than:
A - the municipal water demand; and
B - the minimum municipal standards measured against accepted norms and
policies.
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1.3 The Study Area
The town of Sedgefield lies on the Southern Cape coastline of South Africa, roughly
midway between the cities of Cape Town and Port Elizabeth (Figure 7). Sedgefield,
which falls under the jurisdiction of the Knysna Local Municipality, is (approximately) 25
km west of Knysna and 40 km east of George (Figure 8). It is situated in the heart of
the Garden Route, a popular tourist attraction and is surrounded by forests, mountains,
beaches, numerous freshwater and saline lakes and national parks. The town had 6 210
permanent residents in 2011 (Knysna Municipality, 2011; Statistics South Africa, 2012).

Figure 7 - Sedgefield on the Southern Cape coastline
Source: (Google Maps, 2014)
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Figure 8 - Sedgefield in the heart of the Garden Route
Source: (Google Earth, 2013a)

The desalination plant, which has a maximum production capacity of 1,5 Mℓ/d is located
in the car park at Myoli Beach, south-south-east of Sedgfield (Figure 9). Both the intake
wells and the wells that discharge the brine (concentrate) are buried under the sand at
Myoli beach.

The five municipal boreholes have a maximum production capacity of 1,2 Mℓ/d and are
located immediately north of the N2 highway. They are indicated by the green dots in
Figure 10, while the WTW, located alongside the Karatara River, approximately 2,7 km
north of Sedgefield is indicated by the white arrow in Figure 10 and has a maximum
production capacity of 2,5 Mℓ/d. The desalination plant at Myoli beach is indicated by
the blue dot in Figure 10.
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Figure 9 - 1:50 000 TOPOGRAPHICAL MAP OF SEDGEFIELD INDICATING THE LOCATION OF THE DESALINATION PLANT.
(SCALE ALTERED)
Source: (CHIEF DIRECTORATE OF MAPPING AND LAND SURVEYING, 2001)

Figure 10 - Sedgefield Water Production Sources
Source: (Google Earth, 2013b)
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The area that the Sedgefield WTW supplies water to includes; Cola Beach,
Groenvlei/Lake Pleasant, Meedigsride, Myoli Beach, Ruigtervlei, Sedgefield Sub-Place,
Sedgehill and Smutsville. Sedgefield Sub-Place comprises both The Island and the
Central Business District (CBD). This area is roughly outlined in yellow in Figure 10.
The Knysna Local Municipality calculates that approximately 20% of the water that it
produces is NRW (J Mabula, personal communication), of which approximately 5% is
bulk transmission loss and 15% is due to internal losses (Umvoto Africa (Pty) Ltd,
2010). Sedgefield has a Mediterranean climate like most of the Western Cape province.
The winter rainfall that this climate brings means that Sedgefield’s dry season is during
the summer months; and, therefore, the lowest water supply period coincides with the
period of highest water demand - in the December/January school holidays, due to
tourism.
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2. Methodology
This study was conducted using a quantitative methodology. This method has been
chosen because the data used in this study are exclusively historical quantitative data.
This study is a desktop study as historical water consumption data, as well as historical
population statistics are required for as many years as possible to ensure the reliability
of the modelling. Other historical data include the implementation of water restrictions.
All data were obtained from both the Knysna Local Municipality and the DWA.
Population data were sourced from the Senior Clerk of the Integrated Development Plan
(IDP) at the Knysna Local Municipality, which had limited and indirect access to the
Stats SA database. The water data were obtained through a variety of officials based at
both the Knysna Local Municipality and the DWA. This included the Environmental
Manager for Knysna, the Sedgefield Superintendent of Water and Sewerage, the
Knysna Superintendent of Water and Sewerage Purification and the Knysna Foreman
for Water and Sewerage. Keith Turner, principal engineer from Royal Haskoning DHV
(RHDHV), was also consulted as he oversaw the planning and construction of the
desalination plant at Myoli Beach. Rainfall data were also obtained from the Knysna
Superintendent of Water and Sewerage Purification.
The data set of water production supplied by the Knysna Local Municipality has a few
isolated months with either no data or unverified data. For example, in January 2009
the Knysna Local Municipality billed out almost double the amount of water than they
abstracted. Obvious errors, such as this, were manually corrected. This was done by
determining the average water consumption for January 2007, 2008, 2010, and 2011.
While every effort has been taken to ensure the reliability of the data, the Knysna Local
Municipality remains the sole collectors of all municipal water production and
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consumption data in Knysna. Figure 11 gives a schematic overview of the methodology
that will be followed.

To establish the extent to which the Myoli Beach
desalination plant can provide water security for
Sedgefield, both in relation to the norms and
policies, and projected water demand.

To quantify how much
water is needed to meet
water security norms and
policies, both locally and
internationally.

To establish the projected
water volume required to
meet the water security
norms and policies.

To establish the projected
water demand of
Sedgefield.

To establish the projected
water production capacity
under varous scenarios.

Review of literature

Historical population data
forecast using Linear
Regression.

Historical water
consumption data forecast
using Linear Regression.

Maximum production
capacity will be determined
of all the abstraction sites
combined.

Figure 11 Methodology Flow Diagram

The Knysna Local Municipality published a Water Conservation and Water Demand
Management (WC/WDM) strategy in 2008. However, Umvoto (Pty) Ltd’s (2010) report
required the Knysna Local Municipality to “fully implement” their WC/WDM strategy by
2012, as by 2010 it was “still unknown” which actions the municipality had been
implemented. In response to this the Knysna Local Municipality published an entirely
new draft WC/WDM plan in August 2013. The 2013 WC/WDM strategy included the
following actions to reduce consumption and NRW: Tariffs, metering and credit control;
water restrictions; leakage repair; pressure management; consumer education; the
introduction of water efficient fittings; the elimination of automatically flushing urinals
and the promotion of grey-water tanks and rain-water tanks.
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2.1 Objective One – Water Security Norms and Policies
The first objective will be answered through a literature review.

2.2 Objective Two – Requirements to meet water security
Norms and Policies
The second objective will be answered through a forecast of population growth. The
population was chosen to include all areas that are supplied with water from
Sedgefield’s reservoirs, which in turn are supplied by the Sedgefield WTW, the five
municipal boreholes and the Myoli Beach desalination plant. These reservoirs supply
water to the following nine areas: Cola Beach, Groenvlei/Lake Pleasant, Meedigsride,
Myoli Beach, Ruigtervlei, Sedgefield Sub-Place, Sedgehill and Smutsville. Sedgefield
Sub-Place comprises both The Island and the Central Business District (CBD). For
purposes of this study these nine areas will collectively be called Sedgefield.
The exact population for the nine residential areas supplied with water from the town’s
reservoirs is only available for the years when Stats SA conducted a census i.e. 1996,
2001 and 2011. However, according to Stats SA, these nine areas comprise over 95%
of the total population of Sedgefield, so any growth (or lack thereof) in Sedgefield will
be reflected in the data for these areas.
The municipal ward boundaries were ignored for this study as they do not correspond
exactly with the areas supplied with water from Sedgefield’s reservoirs. The ward
boundaries were also changed in 2011.
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2.2.1 HIV and Aids
According to Dr Laurel Giddy, the Family Physician for Primary Healthcare in Knysna
and Bitou (Plettenburg Bay) Local Municipalities and who oversees the Sedgefield clinic,
HIV/Aids deaths are slowly decreasing in Sedgefield due to Antiretrovirals (ARVs) being
issued earlier to patients and this is increasing the life expectancy of HIV positive
patients. Knysna Provincial Hospital (KPH) (which oversees, staffs and supplies the
Sedgefield clinic) has an adequate number of well-trained staff, no shortage of ARV
stock, and no waiting lists of patients requiring HIV/Aids treatment. Dr Giddy has
noticed a trend of people from other regions nearby relocating to the Knysna Municipal
area in order to benefit from the provision of good ARV treatment protocols, which
could further increase the population of Sedgefield slightly. For the purpose of this
study, the impact of HIV/Aids on the population of Sedgefield, both in terms of the
decreasing mortality rate and the provision of good ARV treatment protocols, will not be
factored into the forecasts separately, as specific figures are not available. However, as
KPH began treating HIV/Aids patients in 2004, the historical data will reflect the impact
of these two factors contributing to an increase in population. This is supported by the
The World Bank (2014) which shows a gradual increase in spending on public health
care in SA from $450/capita in 2005 to $645/capita in 2012. Unicef (2014) expects the
population of Africa to increase so rapidly that the Economist (2014) is discussing the
possibility of a Malthusian Catastrophe by 2100 when the resource base could be
depleted by over population.

2.2.2 Linear Regression
Linear Regression is a robust and classic parametric model (Grömping, 2009) that can
be used to make forecasts of the population which reflects an increasing trend (HoltonWilson et al, 2002, pg 51). The most common technique used to derive the regression
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line is the method of least squares. The linear equation that the least squares method
presents is inherently simple and elegant (Marill, 2004).
Having only three data points to base the forecast on is not preferable for making
accurate predictions. However, using less complex models such as Linear Regressions
tend to be more accurate (Bianco et al 2009 pg 1413). The three years of available
data is spread over sixteen years. Additionally, the range of data spanned the two most
impactful events of the time related to the study i.e. the economic recession of 2008,
and the drought of 2009/2010. However, the data also included enough time post each
event to factor in any significant changes since these events. Starting in 1996, the data
also excluded the rapid urban growth that followed the immediate end of Apartheid in
SA (Rogerson, 1999, 1998). A high R2 value of the Linear Regression will indicate a
significant correlation in the trend between the three data points. The population
growth rate of SA, as determined by The World Bank (2015) has been at 1,3% between
2003 and 2012, which would also make a Linear Regression more accurate.

The forecast is set to run up to 2036 (i.e. a forecast period of 25 years) as it was felt
that this will be detailed enough but will still give the Knysna Local Municipality enough
time to plan, budget and implement possible measures to improve Sedgefield’s water
security, without being too far distant that the projections are considered futuristic.
Notably, Water Treatment Infrastructure is typically upgraded every 25 years or less, so
a forecast up until 2036 will determine the water demand that the Knysna Local
Municipality could expect to supply when the next upgrade is completed.

2.3 Objective Three – Projected Water Consumption
The third objective requires that the future water demand is determined from: the
future population forecasts; and the minimum amount of water needed, based on the
applicable per capita litres per day requirement, to meet the water security norms and
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policies identified in objective one. This will inform the study of when / if Sedgefield will
have less water than the norms and policies require. Sedgefield’s current water usage
will also be projected to determine when the town’s current average water consumption
will no longer be met.
As there are no reliable data available to quantify the number of tourists and holidaymakers who visit Sedgefield each year, particularly during the peak December and
January summer season, which for the purposes of this study will be referred to as the
peak season, it is assumed that the annual tourists and holiday-makers increase at the
same percentage as Sedgefield’s annual population growth. For the purposes of this
study, projected water consumption requirements will be based on a Linear Regression
forecast of historical water consumption, which will be inclusive of the peak holiday
season consumption attributable to the influx of tourists and holiday makers.
Cognizance will be taken of 2009, 2010 and 2011, when the effect of the drought is
clearly visible on Sedgefield’s water consumption – both in terms of its ℓ/c/d and its
absolute consumption (Figure 15). This drought was caused by a shortage of rainfall
during 2008, 2009 and 2010 as Sedgefield received less than 600 mm of rainfall per
year. This contrasts with 2006 and 2007 before the drought and 2012 and 2013 after
the drought, which all received over 900 mm/year. It is highly unlikely that Sedgefield
will suffer from such a severe drought for three out of every ten years, as from 2000
onwards; Sedgefield has not had another 3 consecutive years of less than 600
mm/year. The averages for Sedgefield’s historical water consumption that will be used
to multiply by the forecast population growth will be calculated while omitting the data
when the effect of the three drought years (2009, 2010 and 2011) is clearly visible.
Water restrictions were implemented in Sedgefield from 2009, showing a decrease in
consumption. These water restrictions have not been lifted since 2009, although the
municipality is not actively publishing water consumption figures nor are they
aggressively fining transgressors, as they did in 2009 to reduce consumption.
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No water production or consumption data are available prior to 2001, as the Knysna
Local Municipality’s computer that stored these data and the backup were lost in
flooding in November 2007.

2.3.1 Holt-Winters Exponential Smoothing
Although Holts-Winters exponential smoothing would have been the preferred model to
forecast the water consumption (it is a very simple, transparent and reliable model yet
it can accommodate both trends and seasonality in data (Chatfield and Yar, 1988;
Holton-Wilson et al, 2002; Kalekar, 2004) as is the case with the Sedgefield water
consumption data which reflects both an increasing trend and a seasonal peak), we
were unable to use it due to insufficient data being available. Furthermore, as there is a
very noticeable increase in the town’s water consumption during December and January
each year, the forecast of water consumption figures will be done on both an annual
and a seasonal basis to enable easy identification of when the significantly higher peak
season consumption will be greater than the production capacity under two different
drought scenarios. However, due to insufficient historical data being available the HoltWinter’s model was not able to be used. Therefore, a Linear Regression had to be used.
Noting that the town has no large dam or significant water storage facilities, this will
inform the study of when / if Sedgefield will have less water than the peak season
demand, which could have serious financial implications for the town.

2.4 Objective Four – The Water Production Capacity
The fourth objective will determine the production capabilities of the three municipal
abstraction sites that supply water to Sedgefield, namely the Sedgefield WTW, the five
boreholes and the Myoli Beach desalination plant, and compare this to the projected
norms and policies, annual (current) water consumption and peak season water
consumption of the town. Expert opinion was consulted to determine, firstly, the
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reliability of the desalination plant if it is needed to produce water continuously at
optimum capacity, 24 hours a day for weeks or months at a time. Keith Turner from
RHDHV, has stated that the desalination plant can actually produce a little more than
1,5 Mℓ/d, but that this figure is rounded down to 1,5 Mℓ/d to include services and
maintenance downtime. Secondly, if Sedgefield were to experience another drought of
the severity of the 2009/2010 drought, where the Karatara River stops flowing, how
much water will be able to be abstracted from the municipal boreholes given that the
drought will also affect the amount of water available from the boreholes? The
Sedgefield Superintendent of Water and Sewerage, Mr. Calvin Jafta, has stated that in
his professional opinion after consultation with the geo-hydrologist who constructed the
Sedgefield municipal boreholes, Mr. Roger Parsons from Parsons & Associates, that
because the boreholes are supplied by a shallow aquifer, they would probably be
unable to provide any water should such a scenario occur.
There are two seawater characteristics that can reduce the production of desalination
plants, namely: water temperature, and the total dissolved solids (TDS) in the
seawater. The Knysna Local Municipality has monitored both of these characteristics
very closely. The temperature of the water at Myoli Beach has hovered between 11 oC
and 15 oC. This is well within the maximum production capacity range of the plant. The
plant was also built with extra-large (16 inch diameter) membrane housings to negate
any unusual spike in TDS and still remove between 95% and 98% of the TDS. This is
within the acceptable range for the plant, with the result being that whenever the plant
has operated, TDS has not reduced the production capacity and the permeate produced
has complied with drinking water quality standards according to SANS 241 and is on par
with the water quality produced by the WTW, which achieved a Blue Drop score of
95,3% (Umvoto, 2010), which is above the overall Knysna Local Municipality Blue Drop
Score (92,25%) and national average score of 87.6%.
However, the reliability of the plant is not certain. In September 2012 the intake wells
of the plant, which had been buried vertically 8m under the sand at the low tide mark,
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were exposed at the surface. Although it was initially reported as “Storm damage” the
municipality now acknowledges that it may have been a design flaw. The plant is only
due to become operational again towards the end of 2014, and the intake wells will be
buried horizontally 3m beneath the low tide mark.
Knysna Local Municipality has acknowledged that 20% of the water they produce is
NRW. This means that consumption cannot exceed 80% of Sedgefield’s production
unless improved WC/WDM measures are introduced in Sedgefield. The WC/WDM
strategy aims to reduce water consumption in the Knysna municipal area by 25% by
2020. Currently there is “no or little” promotion of grey-water use and bylaws could be
amended to remove automatically flushing urinals in privately owned facilities (Knysna
Municipality, 2013). It is noted 20% NRW as recorded by the Knysna Municipality
(2012) is significantly less than the 28% NRW for the Knysna Local Municipality as
recorded by Umvoto (Pty) Ltd (2010) only two years prior. However, Umvoto (Pty) Ltd
(2010) did recommend that the Knysna Local Municipality reduce their NRW to between
15% and 20%. 20% NRW is conservative as the WC/WDM report cites figure of 22,5%;
26,7% and 35,6% NRW for Sedgefield for 2010 to 2012 (Knysna Municipality, 2013).

Once the production capacity under various scenarios has been determined, a
comparison with Sedgefield’s water consumption will be made. For example, if
Sedgefield were to experience another drought of the severity of the 2009 drought,
how much better off will they be due to the desalination plant particularly at peak
season time when consumption is highest?
The outcomes of the statistical forecast models will be presented in a series of graphs,
with tables used to support the graphs and will lead the discussions reflected in the
next chapter.
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3. Results
3.1 Objective One - Water Security Norms and Policies
The following norms and policies were selected from the literature review:
1) The Free Basic Water Program (25 ℓ/c/d)
2) WHO & World Bank’s threshold (40 ℓ/c/d)
3) Gleick’s threshold (50 ℓ/c/d)
4) Falkenmark’s threshold (100 ℓ/c/d)
5) The Red Book’s “Moderate to High” development level (130 ℓ/c/d)
6) The Red Book’s “High” development level (250 ℓ/c/d)

3.2 Objective Two - Requirements to meet Water Security
Norms and Policies
The total population data of the areas supplied with water by the Sedgefield reservoirs
during the three population census years (1996; 2001 and 2011) are shown in Appendix
1.
Although Linear Regression had to be used due to a lack of historical data, the three
years of available data (Figure 12) shows a strong significant correlation between the
two variables (R2 = 0.952). Umvoto (2010) and the Knysna IDP (Knysna Municipality,
2007) also concur that Sedgefield’s “historical and current” growth rate is 5% pa.
Supporting this further, the total population forecast in this study by 2035 (20 065) is
in-between the Umvoto’s low (17 877) and medium (29 740) growth rate forecasts for
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Sedgefield’s population by 2035 and significantly below Umvoto’s high growth rate
forecast for 2035 of 44 720 people (Umvoto, 2010), which suggests that a Linear
Regression is a suitable and accurate method of forecasting the population growth of
Sedgefield in the absence of more available data.
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Figure 12: Linear Regression of population growth in Sedgefield over the last three national censuses.

Using this regression equation (y = 464.17x – 924521), a forecast of Sedgefield’s
population growth was made up until 2036 (Figure 13).
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Figure 13: Forecast of Sedgefield’s population growth until 2036 using a projected Linear Regression based on historical
population growth.

3.3 Objective Three - Projected Water Consumption
3.3.1 Projected Water Consumption to meet the Norms and Policies
The volume of water (ℓ/c/d) that will be needed for each of the four norms and policies
in order for Sedgefield to be able to supply its forecast population with water up until
2041 is shown in Figure 14 (see Appendix 4 for data).

3.3.2 Projected Water Consumption based on historical
consumption.
A more reliable indicator of Sedgefield’s water security is a forecast using its historical
water consumption. Figure 15 shows both Sedgefield’s annual average historical water
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consumption and its peak season average historical water consumption over the last
decade. Sedgefield’s annual average historical water consumption (Appendix 2) is 56
ℓ/c/d less than the average peak season historical consumption (Appendix 3) for the last
decade.
When these two figures (242 ℓ/c/d and 298 ℓ/c/d) are extrapolated over the Linear
Regression of expected population growth in Sedgefield (Figure 13) the result is a
projection

of

water

consumption
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shown

in

Figure

14.

Water required for Sedgefield's current consumption to keep up
with population growth
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Figure 14 - Water requirements for Sedgefield’s current consumption to keep up with its population growth, based on six scenarios.
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Figure 15 - Sedgefield’s average water consumption in peak season and annually per day.

3.4 Objective Four – The Water Production Capacity
Sedgefield’s three water sources are

capable of producing a maximum of

5,2 Mℓ/d (Appendix 5) if all three sources of abstracting water are running at maximum
sustained capacity. After the Knysna Local Municipality’s acknowledged 20% NRW is
considered, it leaves a maximum of 4,16 Mℓ/d available for consumption.
Sedgefield will not be able to produce enough water on a daily basis to meet its peak
season average consumption by 2022, nor will the town be able to supply the Red
Book’s 250 ℓ/c/d by 2028; and by 2029 it will no longer be able to meet its annual
average consumption (Figure 16).
During the three drought years (2009, 2010 and 2011) peak season consumption
dropped to an average of 206 ℓ/c/d (Appendix 3). This is most likely due to three
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causes; severe water restrictions, a large public awareness campaign and fewer tourists
visiting Sedgefield during the drought. As it is possible that these three causes are
repeated should Sedgefield suffer from another severe water shortage and the town
was able to reduce its water consumption to 206 ℓ/c/d again, the municipality would be
able to supply sufficient water for the town until the end of 2035 (Figure 16).
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Figure 16: The maximum water production of Sedgefield with all three sources operating at full capacity.

2036

4

Discussion

4.1 Objective Three - Projected Water Consumption
4.1.1 Projected water consumption to meet the norms and policies
The norms and policies identified from literature only meet the most basic water needs
of the population and do not include water used to support a modern, “westernized”
lifestyle and quality of life (De Visser et al, 2002; Gleick and Iwra, 1996) which may
include water uses such as washing cars, watering gardens or even the operation of
washing machines, which most of Sedgefield’s residents either already have or aspire
to.

So, while the Knysna Local Municipality may be able to legally “claim” that Sedgefield is
a water-secure town as long as it can supply more than the Free Basic Water Program’s
25 ℓ/c/d, it is reasonable to assume that the tourism and commercial industries would
suffer enormously if water were only supplied at this rate (Butler, 1980; Schmidt-Thomé
and Greiving, 2013). Water underpins tourism in South Africa by sustaining an
environment sufficient to attract significant tourism (Muller et al, 2008), especially
during the summer months. Few tourists would chose to come to a town that has
significantly less water than they would regularly use, especially during the peak season
(December and January) which is the summer school holidays when it is the hottest
and when the town’s tourism and commercial industries are the busiest (Higham and
Hall, 2005).One of the reasons for the decrease in water consumption in Sedgefield
during the 2009, 2010 and 2011 drought, was likely the decrease of tourists due to the
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water crisis. Notably the peak season average decreases significantly more than the
annual average during the drought years.

4.1.2 Projected Water Consumption based on historical
consumption.
It is clear that the current consumption rates of Sedgefield (both the annual average
and the peak season average) are substantially higher than all the international norms
and policies assessed in this project (Figure 14), as is to be expected from a fairly
affluent society. The implication of this is significant as the Knysna Local Municipality
may legally claim that they are meeting their constitutional requirements of access to
water in Sedgefield at 25 ℓ/c/d (Muller et al, 2009). However, this is only 8,3% of the
town’s peak season average consumption and 10,3% of the residents’ annual average
consumption. This means that the residents’ lifestyles will have to change drastically for
at least part of the summer months when supply drops below 298 ℓ/c/d and for most of
the year should the water supply drop below 242 ℓ/c/d (Butler and Memon, 2006). This
forced lifestyle change, even if it is only for a few weeks, is likely to have a large
negative effect on the tourism and commercial industries of the town (Butler, 1980;
Muller et al, 2009; Schmidt-Thomé and Greiving, 2013), so the date at which the
population growth exceeds the municipality’s ability to supply 298 ℓ/c/d is important for
all future planning for Sedgefield. Results from the current study indicate this could be
2022 based on extrapolation of existing consumption and supply data.
Considering that Sedgefield was able to reduce its peak consumption during the
drought to 206 ℓ/c/d, and assuming the town can repeat this again in a future water
shortage through water restrictions, public awareness campaigns and a decrease in
tourism; the population growth would only exceed the municipal supply capacity in
2035.
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This means that depending on how Sedgefield is able to reduce its water consumption
during peak season will determine when the municipality needs to upgrade their water
supply system. The low water consumption scenario based on the water consumption
of the 2009, 2010 and 2011 drought of 206 ℓ/c/d only requires an upgrade by 2035.
However a high water consumption scenario based on current peak season demands of
298 ℓ/c/d would require an upgrade by 2022.

4.2 Objective Four – The Water Production Capacity
In a high demand scenario, Sedgefield will have to find another water source by 2022,
or run the risk of a water shortage, and the probable re-introduction of water
restrictions. While water restrictions are likely to reduce consumption (Cooper et al,
2011; Kenney et al, 2004), they are also likely to have less of an effect in 2022
compared to 2009, as technically the restrictions from 2009 are still currently in place,
but not enforced. This means that some conscientious residents may still be complying
with the restrictions from 2009 and so they will not need to reduce their water
consumption if the restrictions are re-enforced. Also, as the possible water restrictions
in 2022 will be due to a shortage of abstraction and production rather than severe
drought, the public may see the water shortage as the result of poor municipal planning
/ management, and may be less likely to adhere to the restrictions than they were in
2009 (Hurlimann and Dolnicar, 2010; Willis et al, 2011). Even when water restrictions
are caused by drought and people have a more positive attitude towards the
restrictions, the restrictions do not consistently translate into water saving behavior
(Cooper et al, 2011; Dolnicar and Hurlimann, 2010; Stoutenborough and Vedlitz, 2014).

As is the case with peak season consumption, the effect of water restrictions on annual
average consumption is difficult to quantify (Kundzewicz and Gerten, 2014). However,
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due to both fatigue and inconvenience issues, people are less likely to be willing to
comply with restrictions for a sustained period of many consecutive months, thus
reducing the effect of any restrictions, post 2028 (Cooper et al, 2011; Gilbertson et al,
2011) and decreasing the likelihood of Sedgefield reaching its low demand scenario of
206 ℓ/c/d.

The one guaranteed effect that the re-enforcement of water restrictions will have will
be to increase awareness and publicity of the water shortage in Sedgefield. This is
necessary to make the public aware of the restrictions so that they can comply with
them (Jacobs et al, 2007). However, it may also serve as an extra deterrent for people
considering visiting Sedgefield and, therefore, will have a negative effect on the town’s
tourism and economic growth. Should the municipality choose not to enforce water
restrictions it is highly likely that the town’s water demand would increase above the
pre-drought levels, as drought conditions increase water demand, especially for
landscaping purposes (Kenney et al, 2004).
Water Augmentation Schemes, such as the re-cycling of treated effluent from WWTW
for drinking purposes, have been tried in Australia, and have mostly been accepted by
the public as necessary. However, when the public awareness and information
campaign began too late, such as at Toowoomba, the lack of public acceptance was
sufficient to prevent the Water Augmentation Scheme from being implemented
(Dolnicar and Schäfer, 2009; Gilbertson et al, 2011; Hurlimann and Dolnicar, 2010;
Rygaard et al, 2011; Willis et al, 2011). Therefore, not only would the pros and cons of
the re-enforcement of water restrictions in Sedgefield need to be weighed up very
carefully, the public awareness and information campaign should also be prepared
before any water restrictions are re-enforced or increased in Sedgefield in the future.
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4.3 Drought Scenario 1
The decision to spend R16 million on the Myoli Beach Desalination Plant in 2009 was
motivated by the desire to increase water security in Sedgefield, especially during times
of drought, as was the case when the decision was made (Perring et al, 2010).
Therefore, if Sedgefield were to suffer from another drought of equal severity to the
2009/2010 drought, how much more water secure would the town be now that it also
has an operational desalination plant and five boreholes?

During the 2009/2010 drought the Karatara River stopped flowing, so no water could
be abstracted at Sedgefield’s WTW. In 2009/2010 this was the town’s only abstraction
point. Therefore, a similar drought today is also likely to stop the flow in the Karatara
River equating to zero production capacity at Sedgefield’s WTW.

According to the Superintendent of Water and Sewerage for Sedgefield, who consulted
with the geo-hydrologist responsible for the construction and on-going monitoring of
the boreholes in Sedgefield, the boreholes would run dry very shortly after, if not
simultaneously with the Karatara River ceasing to flow. This would be caused by the
aquifer, which the boreholes draw from, being located in a hill above the Karatara River
and above the boreholes themselves. Therefore, should the river stop flowing, the
draw-down of the aquifer is likely to be very large with almost no recharge available
(Figure 17).
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Figure 17 - Sedgefield’s aquifer.
Source: (Google Earth , 2013c)

The aquifer also separates the Karatara River from both Sedgefield and the coastline
which could cause a saline intrusion into the groundwater should the aquifer be overpumped when the river is not able to recharge it, and it may also cause an intrusion
from the numerous soak-aways that houses have on much of the low-lying land in
Sedgefield, which has concerned the DWA (Knysna Creative Heads Consortium, 2013).
Sedgefield’s Blue Drop Score has decreased annually from 95,3% (2009), 91,5%
(2010), 89,87% (2011) and 77,07% (2012). The 2012 report specifically mentioned
Sedgefield’s “conservative chemical monitoring programme” as a cause for concern and
to “prioritise coagulant process optimisation” to reduce the risk of chemical quality
failure. Therefore, despite the construction of five municipal boreholes and the month
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long pump test of the boreholes, the municipality would most likely take a “safety-first”
approach and reduce abstraction from the boreholes, even if there is still some water in
the aquifer. Should another severe drought strike Sedgefield, the only source of water
the town could rely on would be the 1,5 Mℓ/d from the desalination plant (Appendix 5).

If a drought struck Sedgefield as soon as next year (2015), the municipality could still
supply the government’s minimum requirement from the Free Basic Water Program of
25 ℓ/c/d. However, the municipality would only be able to supply 54% of their drought
peak season average; just under half (46%) of their annual average consumption per
day, and only 37% of their peak season average consumption (Figure 18 and Table 1).
It is also clear that should a drought of this severity occur after 2017, the municipality
will not be able to supply the 100 ℓ/c/d, that the Falkenmark threshold requires for
water security, and this is all without leaving any water to protect aquatic ecosystems
defined as “the reserve” by the Water Services Act 108 (of 1997) and s1 of the National
Water Act. The reserve quantity of 37% of MAR in the Karatara River, as required by
law, has not been included as this has been shown to decrease to 7% in low flow
seasons, even without drought. The loss of these ecosystems and the services they
provide would be significant. While some of these ecosystem services can be quantified
with a monetary value (Kremen and Ostfeld, 2005), some ecosystem services are of
intrinsic value only (Daly and Farley, 2004). There are also a number of Red Data
Species, such as the Knysna Seahorse, the Checked Goby and the freshwater mullet
which would likely be lost. The reduction in the number of tourists as well as the
number of residents who may choose to relocate as a result of the water restrictions is
not quantifiable, but it will cause a decrease in consumption that is not reflected in
Figure 18.
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Figure 18 - Water security during drought scenario 1 and 2.

2021

2026

2031

2036

Free Basic Water Program (25
ℓ/c/d)

Table 1: The production capacity in drought scenario 1 and 2.
Source

Maximum

Drought

Drought

Capacity

Scenario 1

Scenario 2

Desalination Plant

1 500 000 ℓ/d

1 500 000 ℓ/d

1 500 000 ℓ/d

Boreholes x 5

1 200 000 ℓ/d

0 ℓ/d

600 000 ℓ/d

WTW

2 500 000 ℓ/d

0 ℓ/d

1 250 000 ℓ/d

Total

5 200 000 ℓ/d

1 500 000 ℓ/d

3 350 000 ℓ/d

Total less 20%

4 160 000 ℓ/d

1 200 000 ℓ/d

2 680 000 ℓ/d

unaccounted loss

4.4 Drought Scenario 2
If a drought that was only half as severe as the 2009 drought were to occur, that is to
say both the WTW and the boreholes can abstract at 50% of their capacities, while the
desalination plant can still abstract at 100% of its capacity, how would Sedgefield fair?

Under Drought Scenario 2, the municipality would be able to produce a maximum of
2,68 Mℓ/d once the 20% water loss is factored in (Appendix 5).

With the Karatara River WTW and the Boreholes abstracting at 50% of their capacities,
and the desalination plant operating at 100% capacity, Sedgefield would currently not
be able to meet its peak season average consumption (Figure 18). Notably, from 2015
Sedgefield would not be able to meet its annual average consumption either. This is
cause for concern as while the probability is not very high of a drought as severe as the
2009 drought occurring again soon, the probability of a drought only half as severe is
much more likely (Fauchereau et al, 2003; Rouault and Richard, 2004), especially when
the uncertainties of global warming and its impacts on global climate change are
considered (Dai, 2011; Kusangaya et al, 2014; Wilhite et al, 2014) . And yet, even with
nearly five years having passed since the 2009 drought and many millions of rands
having been spent on a desalination plant, and five boreholes installed to improve
Sedgefield’s water security, the municipality would still not be able to meet the annual
average consumption of Sedgefield. The impacts that this scenario could have on
Sedgefield would be large, especially in the tourism and commercial industries.
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4.5 Possible Solutions
4.5.1 Reducing the 20% NRW
If the 20% NRW can be eliminated the Knysna Local Municipality will be able to supply
Sedgefield its peak season average consumption until 2028, its annual average
consumption until 2038 and its peak season drought average until 2046. This can be
done by reducing the lifespan of the pipes, i.e. improving the pipe replacement scheme
to ensure that more pipes are replaced before they leak / burst. Also, maintenance can
be improved by shortening the response time of municipal workers to leaking / burst
pipes. This method would also require the least capital of all three options discussed.
However it is extremely unlikely that all redundancy, such as NRW, can be completely
eliminated as some of this water is used for maintenance purposes. The 20% NRW of
the Knysna Local Municipality is already at the lower end of municipal NRW, nationwide.
The ISDF considers 14,4% NRW for the Knysna Local Municipality an achievable target.
This may be due to the installation of meters on illegal connections reducing water
demand slightly - as water use is now being monitored - but not removing water use
from the connection completely. With 14,4% NRW, Sedgefield’s peak season average
demand can be met until 2022, its annual average until 2029 and its drought peak
season average until 2038.

4.5.2 Waste Water Re-use
The Knysna Local Municipality could upgrade the Waste Water Treatment Works
(WWTW) in Sedgefield. Re-using water from the WWTW that is currently being
discharged as effluent out to sea, as proposed by Perring et al (2010), can supply an
additional 1 Mℓ/d of potable water. This requires the upgrading of Sedgefield’s WWTW
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from its current capacity of 0,75 Mℓ/d to 2 Mℓ/d. The effluent can be treated by the
WWTW and then further polished by filtering it through a sand dune. The report
conducted by the DWA (Dept. of Water Affairs, 2010) concluded it was possible to
intercept the treated waste water on the other side of the sand dune and then store it
in the town’s reservoir for use as needed. It also stated that this would have minimal to
no drawdown on the Sedgefield aquifer. The numerical groundwater model (Dept. of
Water Affairs, 2010) which considered both predictive particle tracking scenarios and
mass transport modeling, concluded that the 700 days of travel through the sand dune
is ample time for the further treatment by the sand aquifer of the already treated waste
water. Another consideration is for the effluent from the WWTW to be pumped to the
WTW for re-use (Figure 17). While this will increase the security of supply should the
Karatara River stop flowing again, in order for this water to be treated by the WTW
during non-drought conditions, an upgrade of the WTW would be required to increase
its production capacity. This recycling would also require the effluent to be pumped
approximately 5 km uphill to the WTW, which will be very costly on top of the initial
capital costs of laying the pipeline. The pipeline would also need to be constructed
underneath a National Highway (N2) which would further complicate the construction
and possible maintenance of the pipeline. Currently, the Knysna Local Municipality has
showed no interest in developing such a pipeline.

4.5.3 A Second Desalination Plant
Another method of increasing water supply (by 1,5 Mℓ/d) would be to construct another
desalination plant. This would require large-scale funding to construct, and the
operational costs of producing potable water from desalination plants are increasing
with South Africa’s increasing electricity price. Another complication to a second
desalination plant is the brine discharge. Currently the brine that is discharged at Myoli
Beach has to be monitored closely in winter, to prevent a salt accumulation that is
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harmful to the environment, so a second desalination plant will likely have to be sited a
few kilometers away.

4.5.4 Inter-Basin Transfer
A large-scale inter-basin water transfer (IBT) scheme has been discussed by the Eden
Municipality. This scheme would transfer water from the Keurbooms River in
Plettenberg Bay to a large dam that would be constructed in the upper catchment area
of the Knysna River, in the Outeniqua Mountains. While this may be possible, the
implementation of the scheme is highly unlikely. Plettenberg Bay has had its own water
shortages and restrictions and although the town has constructed its own desalination
plant, the loss of a large amount of the water from the Keurbooms River which is the
town’s only significant river is not likely to be accepted by the public or the Bitou Local
Municipality. Despite reducing the number of Catchment Management Agencies (CMAs)
in SA from nineteen to nine, the DWA has still struggled to get more than two CMAs
fully operational, which according to Bourblanc and Blanchon (2013) is partly due to the
creation of IBT schemes. The Eden Municipality would need to weigh-up the extremely
high cost of the construction and transfer of an IBT scheme with the possibility of
finding alternative water sources to make use of (Cabo et al, 2014). Finally, an IBT
scheme can impact on water quality (Fornarelli and Antenucci, 2011), which would incur
additional costs of both monitoring and treatment of the Keurbooms River and the
transferred water.
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5. Conclusion
This thesis provides a forecast of the water security situation in Sedgefield, South
Africa, until 2041. The water production capacity of the town was compared to key
published norms and policies, as well as the town’s historical water consumption using
the forecast population growth. Although an exponential forecasting model would have
been preferred, a linear model (which was all available data allowed us to do) would
likely differ only by understating the results of the scenarios.

Sedgefield’s current maximum production capacity is 5,2 Mℓ/d, which at their current
population growth rate, will only provide enough water to supply the town’s peak
season consumption until 2020, while the annual average consumption can be supplied
until 2028. However, if Sedgefield has a drought, the town’s water security would be
threatened immediately. The two drought scenarios that were modelled showed that
even in a drought only half as severe as the 2009 drought and despite millions of Rands
having been spent on a desalination plant and boreholes to improve the town’s water
security they would not be able to meet annual average consumption from 2015, let
alone the peak season consumption when droughts are most likely to occur. Four
alternative mitigation options are proposed:


Reducing water loss from NRW



Waste water re-use



Upgrading of the desalination water treatment system



Inter basin transfer from Keurbooms River

Of the four solutions proposed, reducing the 20% NRW is likely to be the most costeffective and manageable process to implement. The 20% NRW in 2012 has already
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decreased from 28% in 2010 indicating that the ISDF’s target of 14,4% NRW by
improving the WC/WDM strategy is within range.

As the IBT scheme is deemed highly unlikely to be operational by 2036 due to a lack a
of available water in the Bitou Municipal area and the high costs involved, a water
supply and water demand graph including the proposed solutions of decreasing NRW to
14,4%; recycling 1 Mℓ/d from the WWTW and the construction of a second desalination
plant to produce 1,5 Mℓ/d is shown in Figure 19. From Figure 19 it is clear that if
Sedgefield can successfully decrease its NRW to 14,4% the town’s peak season demand
(298 Mℓ/d) could be supplied until 2022 and its annual average demand (242 Mℓ/d)
could be supplied until 2029 without the construction of a second desalination plant or
recycling water from the WWTW.
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Figure 19 – Proposed water supply and demand in Sedgefield.
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7. Appendices
Appendix 1: Population census figures from the three national censuses (Statistics
South Africa, 2012).
Place names

1996

2001

2011

Cola Beach

2

2

112

Groenvlei / Lake Pleasant

12

7

18

Meedigsride

277

530

876

Ruigtervlei

177

148

879

Myoli Beach

94

165

43

Sedgefield Sub-Place

766

1205

2234

Sedgehill

69

121

622

Smutsville

1167

1709

4443

Total

2564

3387

9227
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Appendix 2: The annual average consumption from 2004 to 2013, with and without drought.

Year

Jan
(kℓ)

Feb
(kℓ)

Mar
(kℓ)

Apr
(kℓ)

May
(kℓ)

June
(kℓ)

July
(kℓ)

Aug
(kℓ)

Sept
(kℓ)

Oct
(kℓ)

Nov
(kℓ)

Dec
(kℓ)

Total
Consumption
(kℓ/d)

Average
Consumption
(ℓ/c/d)

2004

69 208

52 212

53 631

49 822

46 619

46 309

50 454

48 352

45 591

49 241

62 833

65 174

1 752

309

2005

58 538

52 775

61 713

52 100

44 680

44 649

41 975

44 708

43 803

51 080

47 358

7 5395

1 695

276

2006

53 767

53 767

61 564

59 950

33 051

43 328

47 310

42 470

35 610

48 510

50 960

67 312

1 637

248

2007

65 600

55 860

57 210

50 050

45 000

48 360

49 356

49 602

49 516

54 780

56 860

68 509

1 783

252

2008

63 410

59 770

61 380

60 220

56 840

50 830

55 230

49 880

52 260

54 390

55 770

75 851

1 906

253

2009

49 180

38 820

49 880

45 990

42 760

39 576

46 840

34 690

41 310

43 587

46 167

57 850

1 470

184

2010

50 155

31 060

36 235

29 960

46 680

42 860

43 530

43 260

39 790

45 750

50 410

37 117

1 361

161

2011

53 810

45 870

53 940

49 340

48 610

22 092

41 480

47 350

50 130

50 770

46 711

65 559

1 577

177

2012

54 122

50 150

51 340

50 053

49 839

35 942

41 387

50 540

40 290

46 456

56 993

70 115

1 636

174

2013

76 354

52 896

59 676

52 748

54 898

52 227

41 387

50 540

40 290

46 456

56 993

70 115

1 793

182

Total

594
144

493
180

546
569

500
233

468
977

426
173

458
949

461
392

438
590

491
020

531
055

652
997

16 612

2 216

Average

59 414

49 318

54 656

50 023

46 897

42 617

45 894

46 139

43 859

49 102

53 105

65 299

1 661

222

Total
without
drought

440
999

377
430

406
514

374
943

330
927

321
645

327
099

336
092

307
360

350
913

387
767

492
471

12 203

1 694

Average
without
drought

62 999

53 918

58 073

53 563

47 275

45 949

46 728

48 013

43 908

50 130

55 395

70 353

1 743

242

Note: The three drought years (2009, 2010 and 2011) are indicated in red.

Appendix 3: The peak season average consumption from 2004 to 2013, with and without drought.

Year
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

January
(kℓ)
69 208
58 538
53 767
65 600
63 410
49 180
50 155
53 810
54 122
76 354

December
(kℓ)
65 174
75 395
67 312
68 509
75 851
57 850
37 117
65 559
70 115
70 115

Total
Consumption
(kℓ/d)
2 167
2 160
1 953
2 163
2 246
1 726
1 408
1 925
2 004
2 362

Average
consumption
(ℓ/c/d)
382
352
296
306
298
216
166
216
214
240

Total
Average

594 144
59 414

652 997
65 300

20 115
2 012

2 685
268

440 999

492 471

15 056

2 087

63 000

70 353

2 150

298

153 145

150 526

5 059

598

51 048

50 175

1 686

206

Total without
drought
Average without
drought
Total during
Drought
Average during
Drought

Note: The three drought years (2009, 2010 and 2011) are indicated in red.

Appendix 4: The amount of water needed to meet water security norms and policies and a forecast of consumption using
historical consumption rates.

Year

Forecast
population

Free Basic
Water
Program
(25 ℓ/c/d)

1996

2 564

64 100

102 560

128 200

256 400

2001

3 387

84 675

135 480

169 350

338 700

2006

6 604

165 101

264 161

330 201

660 402

2011

9 227

230 675

369 080

461 350

922 700

2016

11 246

281 143

449 829

562 286

1 124 572

2021

13 567

339 164

542 663

678 329

1 356 657

2026

15 887

397 186

635 497

794 371

1 588 742

2031

18 208

455 207

728 331

910 414

1 820 827

2036

20 529

513 228

821 165

1 026 456

2 052 912

WHO &
World Bank
(40 ℓ/c/d)

Gleick
(50 ℓ/c/d)

Falkenmark
(100 ℓ/c/d)

Peak
Season
Drought
average
demand
(206
ℓ/c/d)

1 900 762
2 316 618
2 794 713
3 272 809
3 750 904
4 228 999

Peak Season
average
demand
(298 ℓ/c/d)

Annual
average
demand
(242 ℓ/c/d)

2 749 646

2 232 934

3 351 225

2 721 464

4 042 838

3 283 110

4 734 451

3 844 756

5 426 064

4 406 401

6 117 678

4 968 047

Appendix 5: The percentage of water usage per sector in the Knysna Municipal District.
Water Usage in the

% of

Knysna Municipal District

water use

Domestic

68%

NRW

20%

Industry

11%

Agriculture

0.9%

64

