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Abstract
This research project investigated the current use of decentralised groundwater in various suburbs
around the City of Cape Town, in order to investigate the impact that it would have on the demand
of the City’s piped water supply. Due to the rapid increase in Cape Town’s population and the
current drought being experienced, the use of an alternative water source, groundwater, needs to
be increased to reduce the strain on the potable water supply system. Studies done by Jacobs et
al. (2011), Seyler et al. (2016) and Wright (2013) in Cape Town assessed the impact that
groundwater use has on the water demand of a household. All three studies found that using
groundwater for outdoor use, such as garden irrigation, instead of using potable water, reduced
water demand by up to 50%. This study investigated the factors that would contribute to an
increase in groundwater usage and therefore the reduction in potable water demand in order to
reduce the strain on the Water Supply System.
Eight suburbs were assessed around the City of Cape Town. These varied in income levels,
elevations above sea level and groundwater yields. It was found that groundwater was mainly
used in the dry summer months. The flowrate of the groundwater varied depending on the
elevation of the suburb above sea level. For the study area, the higher income areas were situated
at a higher elevation levels – these had lower groundwater yields yet the number of properties
which made use of groundwater was 30% higher than those in the lower income areas which had
a higher groundwater yield.
Based on results and comparison of data from the City of Cape Town and the investigations
conducted for this study, there was a direct relationship between the income level of the suburb
and the use of groundwater. Therefore, the income level of a household is the main factor that
contributes to groundwater use, as more money can be saved by not using groundwater for large
garden areas and the cost of drilling to the required depth to abstract groundwater is not a
problem; the only concerns are the availability of groundwater in the area and the status of water
restrictions.
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AADD(s)

Annual Avergae Daily (water) Demand(s)

CoCT

City of Cape Town

GAP

Groundwater Abstraction Point

GIS

Geographic Information Systems

kl

kilolitre (1000 litres or 1 cubic meter)

kƖ/d

kilolitre per day
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sqaure kilometer

Ɩ/s

litres per second (flowrate)
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metre (distance)
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Glossary
Aquifer

A body of permeable rock capable of holding or transmitting
groundwater

Borehole

A deep hole made in the ground to abstract groundwater,
usually over 15m deep

Cape Metropolitan Area

Means Cape Town or cape peninsula

City

The area of jurisdiction of the municipality of the City of Cape
Town

DWAF

Department of Water Affairs and Forestry

Erf

Plot of land

Flowrate

The yield of groundwater per second (Ɩ/s), rate at which
groundwater flows per second

GAP

Any type of abstraction of water from the ground for use on the
surface (borehole or wellpoint)

Google Maps

A web based service that provides information about
geographical rgions around the world

Groundwater

The water found in the subsurface of the saturated zone below
the water table

Hydrocensus

Used to determine the quantity of boreholes that are located in a
given location

xi
Irrigation

Artificial provision of water to sustain plants and vegetation

Mediterranean climate

A climate distinguished by warm, wet winters and hot, dry
summers

Megalitres

A million litres

Municipality

Municipality of Cape Town

Potable water

Water that is fit for a person to consume

Private use

Restricted for personal, on-site water use only

Residence time

The average length of time that water till remain in the aquifer

Stand

A property, the building and surrounding area within the
property boundary

SurveyMonkey

An online survey company which allows for free surveys to be
created distributed electronically

Unconsolidated sediments

Loose materials (sand, clay, gravel) with spaces in-between
where groundwater can flow through

Unconfined aquifer

Water table can rise and fall as it is at atmospheric pressure –
can be affected by droughts

Water demand

Amount of water put into a supply scheme as required by
consumers

Water conservation

Preservation, control and development of water resouces

Water use

The amount of actual water used

Water meter

A device which measures the volume of water passing through
it

Yellow Pages

A telephone directory and lisiting of businesses according to the
goods or services they have to offer

Yield

The amount of groundwater extractable from a GAP in litres
per day (Ɩ/day) or per second (Ɩ/s)
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1. Introduction
1.1 Background to study
This study was conducted in order to determine the extent of decentralised groundwater use in
the City of Cape Town and the impact it would have on the potable water demand. The City of
Cape Town mostly relies on surface water resources to supply piped water to the City but due to
the continued growth of the Cape Town urban area, new water resources will be needed within
the next 5 years (Seyler et al., 2016). However, this time has come quicker than expected as Cape
Town is currently experiencing a drought. The City imposed level 3 water restrictions on the 1 st
November 2013 as the dam levels were critically low (City of Cape Town, 2016). Due to the low
levels of dams, potable water should be conserved; therefore, alternative water sources such as
decentralised groundwater should be used where and if possible.
Decentralised groundwater is water that is locally sourced from individual properties (such
as residential houses or schools) as opposed to the City’s supply (OECD, 2009). This alternative
water source can be obtained via some kind of groundwater abstraction point (GAP), such as a
wellpoint or borehole, for surface use; groundwater is perfectly safe for non-potable uses such as
garden irrigation (Jacobs et al., 2011).

1.2 Problem statement
The Western Cape area is situated at the tip of Southern Africa and is a water scarce area with a
Mediterranean climate (Mlisa, 2007). Most of the rainfall occurs during the winter months;
during the hot summer months the water demand increases by a factor of 1.6 (Seyler et al., 2016).
Therefore, the City of Cape Town (CoCT) has implemented water restrictions to alleviate the
demand on the water network (City of Cape Town, 2016).
Cape Town’s population growth and economic development has resulted in an increase in
domestic water demand (Western Cape Government, n.d.); therefore, there is a need to find
alternative water sources to reduce the demand on the municipal water supply system other than
only implementing water restrictions. This project focused on groundwater as the alternative
water source. The aim was to get an understanding of how much groundwater is currently being
used in suburbs around the City of Cape Town, the contributing factors towards groundwater
usage and the effect that groundwater use has on the demand of the City’s piped water supply
system.

1.3 Objective of investigation
The objective of this investigation is to:


Identify the approximate groundwater yield in different suburbs
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Investigate the correlation between groundwater use and Municipal water use in various
suburbs



Identify the effect that groundwater use has on the demand of the City of Cape Town’s
piped water supply system.



Identify whether groundwater use corresponds to the income level of the household



Describe the contributing factors towards groundwater usage



Identify trends and recommendations for future research

1.4 Focus and limitations of the investigation
This research project only investigated the current use of decentralised groundwater in the City
of Cape Town in the Western Cape province in South Africa. The suburbs investigated was
Grassy Park, Plumstead, Pinelands, Rondebosch, Meadowridge, Bergvliet, Constantia and
Bishopscourt (the reasons for this selection will be discussed in Section 3.4). Due to the time
constraints for this investigation, only the eight suburbs assessed was included in this study.
The AADD data analysed was obtained from the City of Cape Town. It is acknowledged
that this data is not 100% correct, this could be due to various errors in recording water usage
values for properties around the entire City of Cape Town, leakages of water, etc. However,
collecting accurate data on such large scales is challenging, this data was therefore used for the
purpose of this study. The data gathered from suburb assessments reflects only a sample of the
suburb; it will be assumed that the rest of the properties in these suburbs use groundwater in a
similar manner.
The overall water demand by consumers is not constant. The replacement of potable water
supplied by the municipality with groundwater may even increase this total demand; however,
this still reduces the demand for municipal water (Wright, 2013). It is assumed that the total water
demand for municipal piped water supply remains constant. Therefore, the use of groundwater
as an alternative water source will have a direct effect (possible reduction) on the municipal water
demand (Jacobs et al., 2011).
The quality of groundwater plays an important role with respect to the purposes for which
the abstracted groundwater is used. However, it is beyond the scope of this investigation to
determine the groundwater quality and it can be assumed that all groundwater abstracted will be
used for outdoor activities such as garden irrigation or non-potable water uses. It is further
assumed that all types of Groundwater Abstraction Points (GAPs) will be used in the same way;
i.e. no distinction will be made between the different types of GAPs such as boreholes or wellpoints.
Lastly, it is a legal requirement to register a households’ GAPs in the City of Cape Town
even if groundwater is only being used for domestic purposes, as well as display a groundwater
sign on the property. It is only a legal requirement during water restrictions. (Department of
Perin: UCT Research Project
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Water Affairs, 2013; City of Cape Town, 2016). Since water restrictions are fairly new, there are
many households who have still not registered their GAPs or displayed the groundwater signs on
their property boundary. Therefore, the obtained data may not be completely correct due to the
above reason.

1.5 Outline of report
Chapter 2, literature review, consists of a desktop review of how the current drought in the
Western Cape affects groundwater use and it touches on the water restrictions implemented due
to the drought. It also defines the borders, elevation levels and income brackets of the suburbs
investigated in this study. It explains the difference in groundwater abstraction points (GAPs)
such as boreholes and wellpoints, and consists of a review of past research work similar to the
current study being conducted.
Chapter 3, methodology, outlines the approach taken for the collection of data and
evaluation of the results from the investigations conducted. It lists the assumptions and
limitations of the methods conducted which may affect the results of this investigation.
Chapter 4, results and discussion, compares the various datasets, finds correlations and
trends and discusses all outcomes in detail.
Chapter 5, conclusions and recommendation, concludes the study and summarises the
outcome of the investigation. Recommendations are proposed for future work that would be
beneficial to this study.

Perin: UCT Research Project
Chapter1: Introduction

2-1

2. Literature review
2.1 Groundwater
Groundwater is water found underground, below the water table (Groundwater.org, 2016). It
comes from rain falling on the Earth’s surface, infiltrating through the soils and finally reaching
the water table – this is called groundwater recharge (Figure 2-1). Adequate recharge is necessary
to sustain a groundwater resource. Recharge of groundwater is approximately 2% to 4% of the
yearly rainfall (Department of Water Affairs, 2015). Extensive use of groundwater, abstracted
by means of groundwater abstractions points (GAPs), such as boreholes or well-points, during
dry periods (when groundwater recharge is low), may lower water tables (Jacobs et al., 2011;
Wright, 2013). In order to sustainably manage groundwater and ensure that the rate of
groundwater recharge is higher than groundwater abstraction rates, levels in boreholes, volumes
abstracted and rainfall figures should be measured and monitored (Department of Water Affairs,
2015).

Figure 2-1: Groundwater is found below the water table (USGS, 2016)

2.1.1 Groundwater quality
Due to the salinity level of groundwater, most of the City of Cape Town area underlain by
aquifers is suitable for groundwater abstraction and is intended for outdoor use such as garden
irrigation (City of Cape Town, n.d.). Groundwater should be used where possible as water of
high quality should be conserved for drinking. However, should households want to use
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groundwater for drinking, regardless of the area that they are situated in, it should first be
chemically tested in a laboratory to ensure that the underlain aquifer is of good quality
(Department of Water Affairs, 2015).
Sloped areas influence groundwater quality. Groundwater flows from higher ground to
lower elevations. Therefore, groundwater close to the top of the slope has less time to dissolve
mineral matter from rocks, soils and artificial pollutants than groundwater found at the bottom;
the cause for lower quality groundwater in lower areas is a function of the topography (Higgins
and Coates, 1990). Groundwater quality in the City of Cape Town varies in certain areas; this
could be a result of external pollutants and the topography as some suburbs are situated higher
on the slopes of Table Mountain.
A large, low lying urban area is underlain by the Cape Flats Aquifer; this aquifer has a high
water table and is assumed to be of poor water quality. This is due to large areas of informal
settlements, lying above or around the Cape Flats Aquifer. Parts of these informal settlements do
not have access to waterborne sewage and hence affect the quality of the storm water runoff,
which in turn seeps into the aquifer (Seyler et al., 2016). However, this should not prevent
groundwater from being used for outdoor purposes in this area.
Iron is a metal that occurs naturally in soils and rocks. In an aquifer, groundwater comes
into contact with these materials and dissolves the iron. If the oxygen content is low, more iron
will dissolve; therefore, well oxygenated surface waters, usually have almost no iron content in
them whereas groundwater is not exposed to much oxygen and thus contains dissolved iron
(Oregon Health Authority, 2014; Wright, 2013). Groundwater containing dissolved iron will
cause a rust-brown staining of walls and plumbing, but it is perfectly safe for garden irrigation
and will not affect the soil quality (City of Cape Town, 2013).

2.1.2 Climate change influencing groundwater availability
The Western Cape has a Mediterranean climate (Mlisa, 2007). Most of the rainfall occurs during
the winter months. During the dry summer months – when rainfall is low and evaporation rates
are high - the demand for water is increased by a factor of 1.6 (Western Cape Government, n.d.,
Seyler et al., 2016). This increased demand is due to an increase in tourists during the holiday
season and other activities such as garden irrigation, refilling swimming pools and washing of
cars (Seyler et al., 2016). Droughts are periods of ‘drier-than-normal conditions’ (USGS, 2016);
therefore, areas with hot dry summers are more prone to droughts – but very dependent on the
amount of rainfall received during the winter months.
Droughts have a greater effect on surface waters as the surface waters have a higher
evaporation rate compared to groundwater, which is stored underground. This means that
groundwater will not be directly affected by droughts and the effect of climate change will be
seen over a longer period of time; this allows for groundwater to play a role in the climate change
adaption scheme. However, the actual impact that climate change has on groundwater and the
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ecosystems and communities that are dependent on groundwater needs to be further investigated
(Department of Water Affairs, 2010).
By using groundwater for garden irrigation during times of water shortage, this allows for
more treated, potable water to be used for drinking purposes instead of wasting it on uses that do
not require that level of water treatment.
During droughts, groundwater is still available and can be used; during the wet season these
groundwater systems are replenished by rainwater infiltrating through the ground surface. This
allows for the groundwater aquifer to act as a natural storage tank and is often used during periods
of water shortages (Wright, 2013). Therefore, the use of groundwater can be used in both the
summer and winter months in Cape Town. This means that groundwater can be used during the
wet season to reduce the demand of the municipal water supply, consequently increasing the
volume of water available for the dry summer months. This will allow for properties that do not
have access to groundwater to use piped water efficiently without restrictions.

2.1.3 Groundwater abstraction points
Wellpoints and boreholes are two methods of abstracting groundwater for surface use.
Wellpoints are shallow shafts which are usually around 8-15m in depth (City of Cape Town,
2014). The diameter of the plastic irrigation pipe is approximately 25mm to 32mm with a pump
mounted on the surface (Drillco, 2015). The pump has a non-return valve to prevent it from
losing pressure. The depth of the water table determines the amount of water that is able to be
extracted from the wellpoint. If the water table is 9 meters below atmospheric pressure, water
will not be able to be sucked up. However, a high water table will not result in a high yield of
groundwater if the geology of the ground is fine sands, such as clay. This is due to the yield being
determined by the seepage rate; therefore, wellpoints situated in course sands will give higher
yields than those places in fine sands (Drillco, 2015).
Boreholes are used in areas where there is a deep water table, solid rock and layers of
decomposed granite, shale or sandstone are present (Drillco, 2015). They reach depths of 18m to
100m, but can exceed 100m in some areas in Cape Town (City of Cape Town, 2014). A
borehole’s shaft is usually about 150mm in diameter, with a submersible pump at the base of the
borehole, this enables large flow rates to be pumped from greater depths (Armitage, 2016; De
Wet's, 2016).

2.1.4 Registering GAPs
Properties are advised to register their GAPs with the Municipality in order to protect
groundwater from over-use and to understand how much groundwater is being used; this is done
for the planning and development of the City. Households which use groundwater for reasonable
domestic activities, garden irrigation, or providing water for animals are not required to register
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their GAPs, provided that it is not used for commercial purposes (Department of Water Affairs,
2013).
However, this differs for each city. The City of Cape Town requires all properties to
register their GAPs with the city during water restrictions and display groundwater signage on
property borders, this must be visible from the street. These properties will not be charged for
their groundwater use, the information is only used for environmental research and monitoring
purposes of groundwater in the city (City of Cape Town, 2016).

2.1.5 Income influencing groundwater use
There is a high correlation between household water usage and its income level. This could be
due to the large property sizes which is generally associated with large irrigated gardens (Wright,
2013).
Boreholes are expensive as they reach great depths, but the cost of installing one can only
be confirmed once the exact requirements have been assessed; wellpoints are generally more cost
effective as they are shallower and are quicker to install (De Wet's, 2016). However, GAPs are
generally considered to be limited to medium to high income, low-density properties situated in
areas of coarser geologies. This was found from the GAP registration process in 2003-2004,
where approximately 15% of properties with areas greater than 1000m2 registered a GAP (Jacobs
et al., 2011).

2.2 Income groups in South Africa
As seen in Figure 2-2, there are 7 income groups. For simplicity, low income households will
consist of earnings from R0 to R363,930 per year. This is less than R30,000 per month. Middle
income include households earning between R363,930 and R 1300,000 per annum. And high
income households earn more than R1300,000 per annum (Coetzee et al., 2012).
The income groups were further simplified in order to better suit the 2011 Census income
brackets. There are three main income groups: low, middle and high. Table 2-1 shows the
distribution of household income in their respective income groups for 2011. It is assumed that
the average household size consists of three people (2011 Census Suburb, 2013).

Table 2-1: Income group brackets
Income Groups
Low

Household monthly income
R0 – R25,000

Middle

R25,000 – R100,000

High

R100,000 and above

Perin: UCT Research Project
Chapter 2: Literature review

2-5

Figure 2-2: Distribution of household income by income groups in 2011 (Coetzee et
al., 2012)

2.3 Cape Town’s water supply
The City of Cape Town mostly relies on surface water resources to supply piped water to the city
(Saayman and Adams, 2001). The Western Cape Water Supply System (WCWSS) supplies
water to the City of Cape Town. This water supply is imported, due to the low quality of water
in low lying catchments in Cape Town, and mostly comes from rainfall throughout the Western
Cape Province (Bejoy, 2016; Seyler et al., 2016). The Berg River Catchment is one of the main
water catchments for Cape Town (Seyler et al., 2016).
There are a total of 14 dams which supply Cape Town with water, these include those at
Theewaterskloof, Voelvlei and Steenbras (Bejoy, 2016; Wu, 2008). As the water travels from
the dams to Cape Town, it passes through pipelines and pumping stations and is then chemically
treated to a potable level by one of 12 treatments plants in Cape Town. It is then stored in a
reservoir ready for distribution (City of Cape Town, 2015). However, due to the continued
growth of the Cape Town urban area, new water resources will be needed within the next 5 years
(Seyler et al., 2016).
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2.3.1 Household water use
The City of Cape Town supplies approximately 350,000 mega litres of potable water per year to
its residents. With around four million people in the city, this works out to an average of 250
litres per person per day (Aquarista, 2016). It can be seen in Figure 2-3 that about a third of
household’s water is used for garden irrigation. This large portion of potable water used can
easily be substituted by groundwater, depending on availability of groundwater in the area.

Figure 2-3: Typical household water use in Cape Town (Aquarista, 2016)

2.3.2 Cape Town water restrictions
Cape Town’s water is supplied by 12 dams. By October of each year, these dams need to be close
to the full capacity in order to last until the next winter. In the past 5 years, the October water
supply has not reached below 88% (Bejoy, 2016). In June 2016, the dams were at 29% capacity
due to the lower volumes of rainfall; at the same time in 2012, the capacity of the dams was 52%
full (Bejoy, 2016). Therefore, Cape Town is experiencing a drought.
Level 2 water restrictions were implemented in Cape Town from the 1st January 2016 as
the dam levels were ‘lower than the norm’ (City of Cape Town, 2016). As of the 1st November
2016, the City imposed level 3 water restrictions due to the dam levels being critically low.
Higher tariffs will be accompanying the water restrictions as of the 1st of December (City of Cape
Town, 2016). This means that irrigation with potable water is only allowed if using a watering
can or bucket, groundwater can be used but should be registered with the City, refilling of
swimming pools is allowed if the swimming pool has a fitted cover, etc. The level 2 and level 3
water restriction posters can be found in Appendix B.
Due to the low levels of dams, potable water should be conserved; therefore, alternative
water sources such as groundwater should be used where and if possible. In addition, the total
urban water demand is anticipated to increase by approximately 2% per annum (Van Der Berg
et al., 2007). Therefore, “social norms with regards to water demand will need to change” (Winter
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2016, cited in Bejoy 2016) to reduce overall water usage, not just while water restrictions are in
place.

2.4 Water demand
Water demand is the total amount of water that is used by households for various activities such
as cooking, cleaning, drinking, irrigation, etc.

2.4.1 Factors influencing water demand
‘Property areas, property value and household income are considered to be the driving factors
of residential water demand’ (Jason and Schulz 2006, cited in Lloyd et al. 2013, pg. 239). There
are also many other factors which influence water demand, some of these are the implementation
of water restrictions and higher water tariffs; in addition to using less water due to water
restrictions, households try and conserve water to avoid paying higher water fees due to the
increase in price (Mukheibir and Ziervogel, 2006). Large gardens and large families require more
water per property and therefore have a higher water demand, however these two factors cannot
be controlled (Mukheibir and Ziervogel, 2006; Wright, 2013). Furthermore, outdoor water
demands increase during the drier seasons and decrease during the rainy seasons; and the
presence of swimming pools increases a household’s water demand by 2.1-2.3 kl/month
(approximately 6-8%) (Lloyd et al., 2013).
However, not all household activities such as garden irrigation or refilling of swimming
pools, require potable water. Therefore, available groundwater can be used for these activities
and any others which do not need a high quality of water, such as car washing. This could be
done to reduce a household’s piped water usage.

2.4.2 Comparative study – Cape Town and Perth (2001)
A comparative study between Cape Town and Perth, about the use of garden boreholes as an
alternative source of water, was conducted. This study evaluated the feasibility of private GAPs
in the Cape Town Metropolitan Area and gained knowledge of the methods that Perth had used
in order to apply them in Cape Town.
This comparative study could be done as these two cities have a lot in common and could
therefore learn from each other’s experiences and methods. They are located along a similar
latitude, have the same Mediterranean Climate and similar geology. However, the City of Cape
Town mostly relies on surface water resources to supply piped water to the City while in Perth,
boreholes are used to extract water from a shallow aquifer, as an alternative to potable water
supplied by the municipality, for garden irrigation. About 50% of Perth’s domestic water use is
supplied by groundwater. In the Cape Town Metropolitan Area, there is the Cape Flats Aquifer
that can be tapped into to extract groundwater.
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The authors of this study compared rainfall, hydrogeology, water supply status,
groundwater quality and management for Perth and Cape Town. It was found that the use of
private boreholes in Perth, mainly for garden irrigation, has reduced the demand from the
municipality’s water supply system. Therefore, an increase of garden boreholes in Cape Town,
for garden irrigation as the quality is highly suitable for outdoor needs, would have a similar
result (Saayman and Adams, 2001).
This study did not include information about the boreholes, such as the areas where they
are situated, when it was being used, a comparison between properties which used groundwater
and those that did not, or even an approximate figure on how it affected the demand of the
municipality’s treated water supply. However, from the study in Perth, it can be seen that
decentralised groundwater use can reduce the demand on the piped water supply. Although Cape
Town in known to have groundwater available for use, the similarities between the two cities
show that the effective use of this groundwater can positively influence potable water saving by
reducing the water demand from the City.

2.4.3 Decentralised groundwater use reducing water demand
There have been studies conducted which investigated whether the use of groundwater reduced
the demand on the City’s water supply. One of these were conducted in 2000, it was a case study
of the groundwater use in Hermanus, which is approximately 100 km away from Cape Town.
The AADD value of properties with private GAPs were compared to the average AADD value
of all the properties with a specific property size. It was found that properties with GAPs used
up to 44% less water from the municipality than those without GAPs (Jacobs et al., 2011)
In 2011, a study was conducted to determine the effect of household water sources, such
as groundwater abstractions, rainwater harvesting and greywater use, on the potable water supply
system. For the groundwater section of the study, large residential stands which would require
garden irrigation were focussed on. There was about a 50% water use reduction for some property
types (with respect to household density and property size) with GAPs than similar property
types without access to groundwater (Jacobs et al.,2011).
In 2013, a study conducted in the City of Cape Town, using the City’s data from 2000 to
2006, found that most households using GAPs were situated in areas which corresponded with
the Cape Flats Aquifer. A comparative analysis was done of the water usage between properties
which used groundwater as an alternative water source and those that did not. The study found
that serviced residential properties with access to private GAPs, had a 31.4% lower average
potable water demand than properties without access to groundwater. This is approximately a
reduction of 333 l/property/day (Wright, 2013).
In 2016, an estimate of the increase in future groundwater use for garden irrigation in
residential areas situated above the Cape Flats Aquifer was determined. It was found that the
increased use of groundwater for garden irrigation could reduce the potable water demand by 7.4
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million m3/annum. It was assumed that this rate will be achieved by 2022. Therefore, Water
Sensitive Design (WSD) policies promote reducing potable water demand by encouraging
groundwater use for garden irrigation (Seyler et al., 2016).
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3. Methodology
3.1 Overview of research process
Information about various aspects of this study such as the water supply in Cape Town,
groundwater use and the factors that affect both of these were gathered by means of a desktop
review. In addition, analysis of relevant data obtained from various sources was essential to
identify trends and relationships between datasets. This was done in order to determine the effect
that groundwater use has on the piped water demand from the City. The methodology includes
the following steps:


A desktop study



Questionnaire process



Study area identification



Suburb assessment



Refinement and analysis of datasets



Identifying trends, relationships, and concluding findings

3.2 Desktop study
3.2.1 Literature review
Literature was obtained on the water supply in Cape Town, groundwater use, factors that
influence it and how groundwater use influences the demand of the water supply system. This
information was filtered and only that which is relevant to this study was reported on. This was
done in order to get a better understanding of groundwater use in Cape Town and to take note of
previous research findings on similar topics.

3.2.2 Data obtained from the City of Cape Town
Water usage (AADD) values for the study area were obtained from the City of Cape Town’s
open data portal site (City of Cape Town, 2016). The data was sorted in order to obtain only the
AADD values of those suburbs which were assessed according to the results from the
questionnaires.
A list of properties with registered boreholes (up until August 2012) was indirectly
obtained from the City of Cape Town (Viljoen, n.d.). This was the only type of formal borehole
registration data that was available, and could be obtained for this study.
2011 Census GAP data was obtained from a program named SuperCROSS. This program
allows users to obtain, analyse, and tabulate various datasets from household surveys obtained
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during the 2011 Census. The data obtained for this study consisted of various suburbs in the City
of Cape Town and the corresponding GAPs that were identified in each area.

3.3 Questionnaire Process
Households in the City of Cape Town with boreholes and/or wellpoints on their property were
requested to complete a one-page questionnaire in order to gather data based on current
groundwater usage. This questionnaire was circulated amongst the UCT Civil Engineering
Academic staff and various other individuals that the author could come in contact with outside
of UCT. The questionnaire was recreated on SurveyMonkey (an online survey development
company which provides customisable surveys) and shared across 5 different Facebook profiles
of people known to the author, all of whom reside in Cape Town. This was a quick and easy
method for respondents to complete the surveys and it allowed for various other people around
Cape Town to participate in the questionnaire.
The questionnaire’s purpose was to determine how often groundwater is used and the yield
of groundwater, in litres per day and litres per second, for suburbs in Cape Town. For the purpose
of this study, in order to differentiate between yield in litres per second and litres per day, the
yield abstracted per second will be henceforth be referred to as flowrate (Ɩ/s), and the yield
abstracted per day will remain as the yield (Ɩ/day). The questionnaire which was distributed via
email can be seen in Appendix A.

3.4 Study area
The study area of this investigation can be seen in Figure 3-1, a more defined locality map can
be found in Appendix C). These suburbs were assessed based on GAP data from questionnaire
responses that corresponded with borehole registration data for effective assessment of datasets.
The suburbs had to vary within income levels and groundwater yield values obtained from the
City of Cape Town. Only eight suburbs were assessed due to time constraints of this study. The
eight suburbs assessed (henceforth termed as the study area) were:


Bergvliet



Bishopscourt



Constantia



Grassy Park



Meadowridge



Pinelands



Plumstead



Rondebosch
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Figure 3-1: Locality map of the study area (ArcGIS)

3.4.1 Sub places in Constantia
Constantia consists of many sub places as seen in Figure 3-2 (2011 Census Suburb, 2013). For
the purpose of this study, the sub places which consist of wine farms were not included.
Therefore, according to Figure 3-2 and Google Earth, only those sub places which appear to be
populated were considered for this study.

3.4.2 Sub places in Grassy Park
According to Google Maps, the Grassy Park suburb includes Parkwood, Lotus River, Grassy
Park SP, Pelikan Park, Pelikan Heights and Zeekoei Vlei. This is shown clearly in the ArcGIS
Map in Appendix B, Figure 7-2. According to the 2011 Census, the Grassy Park area is defined
as ‘Grassy Park SP’ as seen Figure 7-2. Therefore, only ‘Grassy Park SP’ was assessed for this
study.
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Figure 3-2: Sub places in Constantia (ArcGIS)
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3.4.3 Elevations of suburbs above sea level
Since water flows from higher ground to lower ground (Seyler et al., 2016), the average
elevations of suburbs above sea level can be seen in Table 3-1.

Table 3-1: Elevations of suburbs above sea level (Citipedia, 2016)
Suburb

Elevation above sea level (m)

Pinelands

9

Grassy Park

11

Plumstead

27

Bergvliet

27

Rondebosch

28

Meadowridge

42

Constantia

86

Bishopscourt

103

3.4.4 Income levels
The income groups of the suburbs in the study area were arranged in levels according to the 2011
Census.

Table 3-2: Income levels of the study area (2011 Census, 2013)
Suburb

Income range

Income area

Grassy Park

R6,000 – R25,000

Low

Plumstead

R12,000 – R50,000

Low to middle

Pinelands

R25,000 – R50,000

Middle

Rondebosch

R25,000 – R50,000

Middle

Meadowridge

R25,000 – R50,000

Middle

Bergvliet

R25,000 – R50,000

Middle

Constantia

R25,000 – R100,000

Middle to high

R100,000 <

High

Bishopscourt

3.5 Suburb assessment
Suburbs from the study area were visited in order to determine how many properties in each area
made use of groundwater. A sample area in each suburb, with a minimum of 150 houses, was
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assessed by walking the streets and recording the number of properties that made use of visual
groundwater signage (as seen in Figure 3-3) to indicate whether groundwater was being used on
the property. The number of properties which did not make use of groundwater signage were
also recorded.

Figure 3-3: Example of groundwater and additional signage found on most property
boundaries (Perin, 2016)

3.6 Assumptions
The following assumptions were made when collecting data:


The average yield obtained from the questionnaires is assumed for all properties making
use of groundwater within the respective suburb



All properties with the required groundwater signage are assumed to currently use
groundwater from their borehole and/or wellpoint
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All properties that have boreholes and/or wellpoints have the required signage visible on
their property



Groundwater is used for outdoor use only

3.7 Analysis of data
3.7.1 Generating maps
Using topographic maps of the City of Cape Town, the study area and the groundwater flowrates
(Ɩ/s) were mapped in ArcGIS. Polygon tools were used to outline each suburb assessed. This was
done in order to develop a locality plan of the study area. The groundwater flowrates were defined
based on the values provided from the City of Cape Town. This was overlaid by the assessed
suburbs in order to identify the respective flowrate values, as seen in Figure 7-3, Appendix C.
These flowrates were extracted to Microsoft Excel in order to compare them to the flowrates
obtained from the questionnaire responses.

3.7.2 Data refining
This study aims to determine the current decentralised groundwater usage from different suburbs
in the City of Cape Town and the impact that it would have on the demand of the City’s piped
water supply. A filtering process of the AADD (Ɩ/day) values for all suburbs in the City of Cape
Town was required in order to eliminate any data that was not necessary for this study. The first
step in refining the AADD data was to eliminate the suburbs not included in the study area. This
was done for the years 2013 to 2015; these were the only years that AADD data was made
available on the City of Cape Town’s open data portal site. For the year 2016, data was only
available from January to May; therefore, data from 2016 was excluded from this study as
insufficient data was available for adequate assessment. The average AADD, in litres per day,
for each suburb assessed was tabulated in Excel.
A total of 30 questionnaires were completed successfully. This includes data from
respondents via email and SurveyMonkey who reside in various suburbs around the City of Cape
Town. The questionnaire answers were converted into Microsoft Excel format in order to
summarise the findings per suburb. Some properties had more than one GAP on the property. To
simplify results only one GAP per property was considered for this study.
Many of the respondents make use of boreholes and/or wellpoints but were unaware of
their depth. This is due to the individual that knows the depth of the GAP not being present when
the questionnaire was completed, or the property was purchased with the borehole and/or
wellpoint already installed and the GAP depth was not passed on to the new owners. Due to the
number of respondents who were unaware of the depth of their borehole/wellpoint, GAP depths
were not considered for this study. The main headings were the months that groundwater is used,
the number of hours per day that it is used and the flowrate of the groundwater extracted. Average
values were obtained for each suburb and tabulated in Microsoft Excel.
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Data collected from the suburb assessment was tabulated as percentages of houses in each
suburb that did and did not make use of groundwater based on property signage. This was done
in percentages as the number of houses assessed in each suburb differed slightly.
Borehole registration data from the City of Cape Town in 2012 was sorted; this was done
to obtain the number of properties that made use of groundwater and had registered it with the
City. In doing so only the study area was evaluated. From this, all properties which made use of
greywater or rainwater were eliminated from the data set. Those properties which had ‘nonpotable water’ as a description were included in the data set. This was done due to the name of
the document being labelled as ‘borehole registrations’; therefore, it was assumed that the nonpotable water that was being used was groundwater. Lastly, no differentiation was made between
the wellpoint and borehole count, both were categorised under groundwater. This was due to the
type of GAP being unknown during the suburb assessment, and many had the description of only
‘groundwater’.
Census 2011 borehole data was obtained through the program SuperCROSS. The
geography of the study area was defined as Western Cape, and then only the study area in Cape
Town was selected. The GAPs were plotted against it. This information was exported to
Microsoft Excel in a tabular format. Grassy Park and Constantia sub places had to be filtered and
formatted in order to obtain only the assessed sub places of each suburb.
All the datasets were tabulated in order of income levels of the suburbs. The information
about household income was obtained from the 2011 Census. Rondebosch had the highest
percentage of residents stating that they had no income. It was assumed that this was due to the
large number of students residing in the area as it is very close to UCT. Students do not earn an
income, but it is assumed that their parents fund their accommodation and spending; therefore,
the students have sufficient funds to run a household.
As a result, the unemployed bracket was removed and the income brackets recalculated.
The majority income level remained in the same bracket. However, the majority income bracket
for each suburb was calculated with the unemployed percentage included. This was done as the
reasons for ‘no income’ was unknown and a reasonable assumption could not be made for all
households. It was to be determined if there was any relationship with the groundwater datasets
and suburb income levels. In order from lowest to highest income, the assessed suburbs are:


Grassy Park



Plumstead



Pinelands



Rondebosch



Meadowridge



Bergvliet



Constantia
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Bishopscourt

3.7.3 Groundwater yield
AADD values were obtained for the year 2013 to 2015. Since there is not sufficient GAP data
for all three years, only the 2015 AADD values were used to make comparisons with the
groundwater data obtained from the questionnaire responses and suburb assessments. The 2015
data was used as the 2016 water usage data is not complete; therefore, the 2015 data is the most
recent AADD data that can be used. The average AADD values for each suburb was plotted
against the average groundwater abstracted per day (Ɩ/day) – a result from the questionnaire
responses.
The measured groundwater abstracted per day (yield), for each questionnaire respondent,
was multiplied by the number of times groundwater was used per week in order to calculate a
weekly abstracted rate. This was done in order to divide the weekly abstraction by 7 in order to
get the average groundwater yield per day based on the weekly groundwater usage. This was
done as groundwater was not used on a daily basis by most properties, but large volumes may be
used a few times a week. In addition to calculating the average yield, it was assumed that only
groundwater was used for outdoor use, and no municipal water was used to supplement the
groundwater use. This comparison was made in order to identify if high groundwater abstraction
values result in lower AADD values for each suburb. However, this is also highly dependent on
property sizes, rainfall and the groundwater flowrate (Ɩ/s) in each suburb.
The flowrates obtained from the City of Cape Town was compared to the average measured
flowrates based on responses from the questionnaires; and presented graph. This was displayed
with the suburbs on the x-axis being placed in order of increasing elevations above sea level as
well as increasing distances from Table Mountain. The height above sea level for each suburb
was determined from an online geographic website ‘Citipedia’. The distance of each suburb to
the closest point on Table Mountain was roughly calculated through the use of Google Map’s
distance tool. This was done as in order to determine if sloped areas would affect the yield of
groundwater available.

3.7.4 Groundwater usage during rainfall months
Questionnaire respondents were requested to identify during what periods groundwater was used
on their properties. Seven of the 30 properties evaluated are able to make use of groundwater
throughout the year, and only two properties had GAPs that run dry: a wellpoint in Bergvliet and
another in Parklands. All other properties were found to use groundwater mainly from September
to May. Average rainfall data, from 2000 to 2012, was obtained from World Weather Online (as
this rainfall data was the most effectively displayed) in order to determine if the groundwater
usage depends on the winter rainfall. This can be seen in Figure 3-4. The average annual rainfall
pattern for Cape Town was assumed to follow similar patterns throughout all years, with the most
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rainfall occurring during the winter months. The results from the questionnaires were
accumulated and plotted against the average annual rainfall in a combined bar and line chart.

Figure 3-4: Average monthly rainfall data from 2000 to 2012 for Cape Town (World
Weather Online, 2016)

3.7.5 Income influencing groundwater usage
Once the suburbs were arranged in ascending household income levels, the percentage of
properties making use of groundwater were plotted on a bar chart against those that did not make
use of groundwater. This information was obtained from the suburb assessments. Percentages
were used as the number of properties assessed differed per suburb, but at least 150 properties
were assessed per suburb.
A graph displaying how many properties used boreholes or wellpoints in each suburb can
be seen in Figure 4-8. This information could not be gathered from the suburb assessment as
general groundwater signage was used. Therefore, based on responses from questionnaires, the
graph showing the different GAPs was generated. Percentages were used to show the different
GAPs that were used since the number of responses received from each suburb differed greatly.
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Also displayed on this graph is the flowrate (Ɩ/s). This is to determine if lower flowrates require
deeper GAPs such as boreholes.

3.7.6 Comparison of borehole data available
The term ‘borehole data’ refers to any GAP data. Three sets of GAP data were obtained. The
first was the 2011 Census; this was collected by the census workforce who walked the streets
collecting information about various things, one being whether groundwater was being used on
the property. This data is not very accurate due to the limitations mentioned in Section 3.8.
The number of registered GAPs in the year 2012 was obtained from the City of Cape Town.
By 2013 no new GAPs were registered (Viljoen, n.d.). This could be due to the data not entered
onto the City’s system or no new GAPs were registered within that year; the reason for no new
data being captured between 2012 and 2013 is unknown. As a result of the gap in registered GAP
data, and the current number of registered GAPs being unknown due, the 2012 registered GAP
data was used. This data was compared to the suburb assessment which was conducted for this
study. Although the suburb assessment does not include the entire suburb like the above two
datasets, it was plotted on a combined bar and line graph for comparison and differentiation of
datasets.

3.8 Limitations of methodology
The investigation is limited to the study area. These suburbs were chosen based on results from
the sample of people that completed the questionnaires; these suburbs are areas close to UCT as
most participants are those that work at UCT and will therefore reside close by. In addition, some
of the suburbs assessed have less than 5 responses from questionnaires; this could result in
skewed and inaccurate results for that suburb as averages will be based on smaller samples, which
leaves more room for error.
This study is limited to the data obtained. The suburb assessment only assesses a sample
area of each suburb; the 2011 Census data rounds all values off to the base of 3, it accounts for
the entire suburb but was dependent on whether the owner was home on the day of data
collection; the borehole registration data is limited to only those properties that have registered
their GAPs, and, based on comments from questionnaire responses, it is known that most
households did not register their boreholes.
In addition, respondents of questionnaires are required to physically measure the
groundwater yield. However, estimating the amount of water that is used from a GAP is
challenging, the only way to accurately measure the amount of water being extracted from a GAP
is by inserting an in-line water meter on the pipe at the point of abstraction (Jacobs et al., 2011).
Therefore, the flowrates collected from questionnaires may not be very accurate.
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The methodology of this study is limited to the data obtained from the City of Cape Town.
If all the data required has not been recorded correctly or there are errors in the data entries or
water meter readings, this will result in the average AADD values per suburb being skewed.
In addition, the data was assessed to the best of the author’s ability, but due to time
constraints, in depth analysis may not be possible. The limited time also makes it impossible for
door to door surveys to be conducted to verify GAPs on properties with groundwater signage.
The areas investigated were only a few from the many suburbs of the City of Cape Town
that have available groundwater. It does not represent the diversity in income of these areas or
the different yields of groundwater. In addition, only sample areas of approximately 150 houses
from each suburb were assessed.
Most homeowners do not want to advertise that groundwater is being used on their property
as they are afraid that they will be charged for the groundwater used. This results in the
groundwater signage not being put up on their property boundary, or being placed strategically
and not easily visible from the road. Therefore, some groundwater signs may be missed during
the suburb assessment, but a thorough assessment was conducted in an attempt to avoid this
issue.
Additionally, there are many home owners who do not have any signage on their property,
not even security company signs such as those seen in Figure 3-3. Therefore, if absolutely no
signage on a property was displayed, the property was excluded from the suburb assessment; no
signage is not an accurate representation of no groundwater used as all other required signage
(such as security company signs) have not been displayed on property boundaries either.
Each suburb is categorised into a low, middle or high income area based on the majority
household monthly earnings from the 2011 Census. This results in suburbs being categorised into
an income category with many household income brackets being either above or below that.
However, for uniformity, all suburbs were categorised into the income group for the majority of
households in that suburb.
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4. Results and discussion
4.1 Critical information from questionnaire responses
A total of 30 questionnaires were completed successfully. These include data from various
suburbs around the City of Cape Town. From these, there were 13 properties with wellpoints and
17 properties which had boreholes installed.
Each property uses groundwater for garden irrigation and only 9 properties use it for
refilling their swimming pool. Other uses for groundwater were refilling toilet cisterns, koi ponds
and paddocks for horses. There are 7 respondents who make use of groundwater all year through.
Only two households with wellpoints, one in Bergvliet and another in Parklands, runs dry; all
other properties use groundwater mainly during the drier season, September to May, and rely on
winter rainfall to assist with garden irrigation and refilling of swimming pools.

Table 4-1: Main results from questionnaire responses

GAP
type

Months that
groundwater
is used

Groundwater
usage:

Number of
times
groundwater
is used per
week
(days)

Bergvliet*

Wellpoint

Oct-Feb

Irrigation

2

2

0.19

Bergvliet

Borehole

All

Irrigation,
refill pool

Summer: 2
Winter: 1

2

0.48

Bergvliet

Wellpoint

Sept-May

Irrigation,
refill pool

5

1.5

0.04

Bishopscourt

Borehole

Sept-May

Irrigation,
refill pool

7

1

0.15

Bishopscourt

Borehole

Oct-March

Irrigation

7

2

0.32

Bishopscourt

Borehole

Sept-May

Irrigation

7

1.5

0.56

Bishopscourt

Borehole

Sept-March

Irrigation

7

1

0.48

Bishopscourt

Borehole

Nov-May

Irrigation,
refill pool

7

3

0.35

Bishopscourt

Borehole

Nov-March

Irrigation

5

2

0.34

Bishopscourt

Borehole

Oct-May

Irrigation,
refill pool

7

1.5

0.36

Constantia

Borehole

Nov-June

Irrigation

2

2

0.16

Constantia

Borehole

All

Irrigation

7

0.5

0.40

Suburb
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GAP
type

Months that
groundwater
is used

Groundwater
usage:

Number of
times
groundwater
is used per
week
(days)

Crawford

Wellpoint

Nov-March

Irrigation

3

2

0.11

Diep River

Borehole

Sept-April

Irrigation

3

1

0.38

Grassy Park

Borehole

All

Irrigation,
toilet cistern

7

2

0.16

Kenwyn

Wellpoint

All

Irrigation

Summer: 3
Winter: 1

3.5

0.08

Lansdowne

Borehole

Oct-Jan

Irrigation

4

4

0.16

Meadowridge

Wellpoint

Oct-March

Irrigation,
refill pool, fill
koi pond

2

3.5

0.37

Noordhoek

Borehole

Oct-May

Irrigation

5

1

0.42

Noordhoek

Borehole

All

Irrigation

7

2

0.17

Noordhoek

Borehole

Nov-March

Irrigation

4

6

0.30

Noordhoek

Wellpoint

Oct-March

Irrigation,
paddocks for
horses

4

3

0.23

Parklands*

Wellpoint

Sept-March

Irrigation

4

2.5

0.18

Irrigation
Pinelands

Wellpoint

Oct-April

Hot week: 3
Warm week:
2

3
3

0.50

Pinelands

Wellpoint

Oct-Jan

Irrigation,
refill pool

2

1

0.66

Plumstead

Wellpoint

All

Irrigation,
refill pool

3

3

0.06

Rondebosch

Wellpoint

Nov-April

Irrigation

3

4.5

0.17

Table View

Borehole

Oct-April

Irrigation

3

0.5

Unknown

Tokai

Borehole

Nov-Feb

Irrigation

3

2

Unknown

Tokai

Wellpoint

All

Irrigation,
refill pool

4

4

0.08

Suburb

Number of
hours’
groundwater
is used per
day
(hrs)

Measured
groundwater
yield
(l/s)

* Wellpoint running dry is the reason for discontinued groundwater use throughout the rest of the year
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4.2 Groundwater use dependent on rainfall
According to the information obtained from the questionnaires, all respondents based their
groundwater usage around the rainfall periods – including those who did not ultimately form part
of the study area. However, there were some respondents who continued to use groundwater for
outdoor irrigation throughout the whole year. Figure 4-1 shows the correlation between
groundwater usage in 2016 and average rainfall from 2000 to 2012.

Figure 4-1: Rainfall in Cape Town (2000 to 2012) vs the number of properties using
groundwater each month in 2016
From Figure 4-1, it can be seen that the wettest months in Cape Town are mostly from April to
August. The rainfall decreases substantially by September, and continues decreasing thereafter.
Groundwater usage starts increasing from September, remains high until January and then starts
decreasing from February again when the rainfall is about to increase.
Although there seems to be a sufficient amount of water for garden irrigation during winter
(based on questionnaire responses from similar areas) there are still properties which make use
of groundwater during these winter months. Some of these properties use groundwater for
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activities such as refilling toilet cisterns and swimming pools. Therefore, in addition to using
groundwater for garden irrigation when rainfall is low, groundwater has other uses in these
properties which may not be sufficiently fulfilled by the winter rainfall – this could be why
groundwater is used throughout the year.

4.3 Groundwater yield
This section details the groundwater yield per suburb of the study area. Groundwater flowrate
(Ɩ/s) is greatly influenced by the slope of the water table, which is generally proportional to the
slope of the overlying ground; therefore, the steeper the slope, the faster the water flows
(Buddemeier and Schloss, 2000; Cliffs Notes, 2016). Water flows from higher ground to low
points and accumulates on the flatter areas (Seyler et al., 2016). Therefore, areas on the slopes
of Table Mountain should theoretically have a lower yield than flatter areas at the bottom of
Table Mountain as water moves swiftly down the slopes to discharge points on lower land
(Higgins and Coates, 1990).
Participants of questionnaires were expected to conduct a bucket test and physically
measure the flowrate of groundwater on their property. It was assumed that all respondents did
this correctly, however some values were far lower than others which could have resulted from
inaccurate timing, bucket size or the time period (before or after rainfall) of the test conducted.
This was seen by the varied flowrates from questionnaire responses within each suburb.
Questionnaires were completed over a four-week period starting from the 7th September.
During this time there was rainfall over the City of Cape Town (Time and Date, 2016). Therefore,
the flowrate of groundwater in similar suburbs with similar GAP depths may vary depending on
when the flowrate was measured, before or after the rainfall. The averages for each suburb were
calculated based on these readings due to the time constraint of this study, and further tests during
the same rainfall time period could not be conducted to obtain more accurate results.
The flowrates obtained from the questionnaires were compared to the flowrates determined
by the City of Cape Town (as seen in the Appendix C, Figure 7-3). The comparison is shown in
Figure 4-2. The City’s values seem to have a relatively gradual decrease in flowrate values of
suburbs in order of increasing elevation above sea level with an outlier at Grassy Park. The
measured flowrates from questionnaires seem to have no visible pattern.
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Figure 4-2: City of Cape Town’s flowrate (l/s) vs measured groundwater abstraction rate
(l/s)

The depth that the City determined the flowrates at are unknown; the questionnaire GAP depths
varied with some boreholes reaching depths of up to 200 meters below ground level. Therefore,
it is assumed that the City measured flowrates of groundwater, in different suburbs, at a constant
depth. This assumption is made as suburbs at a higher elevation above sea level may have the
same flowrate as those at a lower elevation provided that the GAP depth is deep enough to reach
the groundwater aquifer. Therefore, a low flowrate from the City does not imply that groundwater
cannot be abstracted, it is just more costly as deeper boreholes need to be drilled to reach the
aquifer for sufficient groundwater abstraction.
The measured yield (Ɩ/day) of groundwater extracted per day, in each suburb, is compared
to the AADD values from the City. Figure 4-3 shows this relationship between the two datasets
by means of a line graph.

Perin: UCT Research Project
Chapter 4: Results and discussion

4-6

Figure 4-3: AADD (l/day) vs measured yield (l/day) with suburbs placed in order of
increasing number of abstraction days per week

According to Figure 4-3, there does not seem to be any correlation between the AADD values or
groundwater usage in each suburb with the number of groundwater abstraction days per week.
However, it seems that as the average AADD value of the suburb increases or decreases, so does
the amount of groundwater usage per day. There is no exact pattern being followed or constant
difference between groundwater usage and AADD values. A possible reason for this pattern is
property and garden size and possibly number of people living on the property. The bigger the
property (and the more people living there), the more municipal water is used; the bigger the
garden, the more groundwater is required for irrigation (assuming only groundwater is used for
irrigation).
For the purposes of this study, property size was only estimated by visual inspection during
the suburb assessment, and therefore, this factor could not be displayed in a graph. The number
of people living on each property is unknown. According to the 2011 Census, an average of 3
people lives on a property in each of the suburbs assessed, therefore the number of people could
have no influence of water usage values if it remains constant between suburbs. Groundwater
usage is dependent on other factors such as the flowrate of groundwater in the area, the income
level of the suburb, the price of potable piped water, water restrictions level, garden size, local
climate and the presence of swimming pools.
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Further graphs, Figure 4-4, Figure 4-5 and Figure 4-6, were generated in order to see if
there was a correlation with groundwater abstraction yield (Ɩ/day) and the AADD values of each
suburb with the increasing income levels of suburbs, the number of hours that groundwater is
used per day, as well as the abstraction rate (Ɩ/s) of groundwater. This was done by arranging the
suburbs in the respective orders. No correlation with groundwater usage or potable water usage
was found from these graphs.

Figure 4-4: AADD (l/day) vs measured yield (l/day) in order of suburbs in
increasing income levels
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Figure 4-5: AADD (l/day) vs measured yield (l/day) in order of suburbs in the
number of hours’ groundwater is used per day

Figure 4-6: AADD (l/day) vs measured yield (l/day) in order of increasing flowrate values
(l/s)
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4.4 Income influencing groundwater usage
4.4.1 Groundwater usage per suburb
After the suburb assessment, the income levels of suburbs were obtained from the 2011 Census
data and the responses from each were analysed. The suburbs were analysed and recorded in
order of assessment.
Pinelands was the first suburb assessed. It is a middle income area, the largest portion of
people earn approximately R25,000 to R50,000 monthly (2011 Census Suburb Pinelands, 2013).
181 houses were assessed in Pinelands. The sample area assessed is close to a primary school;
all houses in the sample area have gardens, some bigger than others; the gardens are well-kept,
which can therefore be assumed that they are watered regularly. From this sample, 167 houses
did not make use of groundwater as there was no visible signage on the fences or walls of these
houses. 14 houses had visible signage that indicated that groundwater is being used on the
property. The sample included 10 apartment blocks, none of which made use of groundwater; as
well as 9 houses which made use of alternative water systems such as rainwater harvesting or the
reuse of greywater. This was indicated by the appropriate signage.
Bishopscourt is a high income area which houses some of the wealthiest people in Cape
Town. Over 20% of residents in Bishopscourt earn more than R100,000 per month (2011 Census
Suburb Bishopscourt, 2013). This suburb was assessed by the author being driven at a pace
slightly faster than walking in order to conduct the assessment to the best of her ability. This was
done as the minimum size of a property in Bishopscourt is 4000m2, therefore it would have taken
a lot longer to walk as the signage is usually only by the entrance into the property. Due to the
size, and the visual through property fences, at least one third of the property is garden area. 168
houses were assessed in this suburb. From this sample 104 houses did not display that
groundwater was being used. 64 houses had visible signage on the property indicating that
groundwater is being used on the property.
Constantia is a middle income residential area. The majority of residents earn between
R25,000 and R100,000 monthly (2011 Census Suburb Constantia, 2013). 169 houses were
assessed in Constantia. There were 111 houses which did not make use of groundwater signage
while 58 houses had the required groundwater signs. One of these properties that made use of
groundwater was a housing complex, where more than one house was situated in an enclosed
property boundary. For the purposes of this study, it was taken as one household which made use
of groundwater as the number of GAPs within the complex and the number of households that
made use of it was unknown. In addition, properties which did not make use of any signage on
the property were excluded from the assessment.
Bergvliet is a middle income area with approximately 27% of residents earning between
R25,000 and R50,000 monthly (2011 Census Suburb Bergvliet, 2013). The property sizes are
very similar to those in Pinelands. It was the first suburb that made use of many signs which
specified that wellpoints were being used. From this and results from the questionnaires, it can
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be assumed that the water table is less than 15m below ground level in most areas of Bergvliet.
A total of 175 houses were assessed. 109 properties did not make use of groundwater while 66
properties did.
Meadowridge is situated right next to Bergvliet. It is a middle income area with households
earning between R25,000 and R50,000 per month (2011 Census Suburb Meadowridge, 2013).
Property sizes are similar to those of Bergvliet. From a total of 181 properties assessed, 59
properties made use of groundwater and 122 did not have the groundwater signage.
Plumstead is a low to middle income area. The largest portion of households earn
approximately R12,000 to R50,000 on a monthly basis (2011 Census Suburb Plumstead, 2013).
Properties were smaller than those of Pinelands, much smaller gardens, and from the sample
assessed during the suburb assessment, most gardens are not well kept. However, it was still
assumed that the properties which had the required signage, made use of groundwater. 157
Properties were assessed. Only 18 properties displayed the groundwater signage, the other 139
properties did not make use of groundwater signage.
Grassy Park is a low income area. Approximately 40% of the residents earn between
R6,000 and R25,000 monthly (2011 Census Suburb Grassy Park, 2013). This suburb was also
assessed by being driven around instead of walking the suburbs. The reason for this was due to
the author not being comfortable walking around the area as she was unfamiliar with it. The
property sizes varied greatly. Most houses did not have well-kept gardens despite having
groundwater signage visible. A total of 165 houses were assessed. 11 properties displayed that
groundwater was being used, and 154 properties did not make use of groundwater signage.
Rondebosch is a middle income suburb. The sample assessed was situated around Sandown
Road. A large portion of households earn between R25,000 and R50,000 per month (2011 Census
Suburb Rondebosch, 2013). A total of 182 houses were assessed. 158 Properties did not make
use of groundwater, 24 properties did display groundwater signage and 2 properties made use of
rain and greywater for garden irrigation.

4.4.2 Income influence
The installation of boreholes and wellpoints is relatively expensive (approximately R10,000 to
R50,000). Although money is being saved by using groundwater for outdoor use, in order to
install a GAP, a large portion of money needs to be readily available. Figure 4-7 summarizes the
findings from the suburb assessment with their respective income levels, this is more visually
represented in Figure 4-8.
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Figure 4-7: Suburb comparison w.r.t. income levels and groundwater usage
Income area

Total
properties
assessed

Properties
using
groundwater

Low

165

7%

Plumstead

Low to middle

157

12 %

Pinelands

Middle

181

8%

Rondebosch

Middle

182

13 %

Meadowridge

Middle

181

33 %

Bergvliet

Middle

175

38 %

Constantia

Middle to high

169

34%

High

168

38 %

Suburb
Grassy Park

Bishopscourt

Figure 4-8: Income levels influencing groundwater usage
Referring to Figure 4-8, it can be seen that there is almost a direct relationship between the
average income of a household and groundwater usage. However, this is very dependent on the
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type of GAP as installing wellpoints is much cheaper than installing a borehole, especially at
great depths.
Referring to Figure 4-9 it can be seen that many of the lower income suburbs (Plumstead,
Pinelands, Rondebosch and Meadowridge) mostly have wellpoints installed; Bergvliet has
wellpoints and boreholes and as the income level increases in suburbs like Constantia and
Bishopscourt, boreholes are installed instead of wellpoints. This could be why many of the lower
income suburbs have just as many groundwater usage signs on their properties as those from
higher income areas like Bishopscourt.

Figure 4-9: Percentage of properties which have boreholes or wellpoints
It can be seen in Figure 4-9 that the groundwater flowrate, measured by the City, decreases as
the income level of suburbs increase. There seems to be a correlation between the income level
of the suburb. However, the installation of boreholes does not necessarily relate to the income
level of the suburb, it is dependent on the depth of the water table. It is just a coincidence that of
the suburbs assessed, the wealthier suburbs are situated higher above sea level and therefore
require boreholes due to the higher water table.
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The study area therefore has higher income areas lying in areas of low groundwater
flowrate, which is ideal as that would mean that deeper boreholes need to be drilled in order to
reach a higher flowrate for a higher groundwater yield; drilling deeper into the ground is more
costly, and the higher income areas can afford to do so. Therefore, the relationship between the
percentage of properties which have boreholes and wellpoints do not relate to the income level,
but to the flowrate of the groundwater. Even if a household has a lot of money readily available,
they will not drill an expensive borehole when a wellpoint could have been installed. Therefore,
there is a correlation between the boreholes drilled and the flowrate of the groundwater. The
lower the flowrate of the groundwater, the deeper boreholes need to be drilled into the ground in
order to reach a higher flowrate.

4.5 Comparison of GAP datasets
Groundwater use data of the study area, from three different years, were compared. This data
was taken from the 2011 Census borehole data, 2012 registered GAP data and the 2016
groundwater suburb assessment data. This comparison can be seen in Figure 4-10.
Although the 2016 suburb assessment only covers a sample of each suburb and is based on
assumptions regarding groundwater sign usage, it is similar to the other datasets as not all
households register their GAP stands, and there are many that do not participate in the Census
for various reasons.
The 2011 Census data has a gradual increase of GAPs (no differentiation is made between
boreholes and wellpoints) as the income level of suburbs increase. There appear to be two outliers
however: Plumstead and Constantia. The registered GAPs seem to have the opposite result with
Meadowridge and Grassy Park being outliers. In the third dataset, the 2016 suburb assessment
has a similar result to the 2011 Census data with a logarithmic pattern; this could be due to higher
income areas being able to install boreholes or wellpoints as they require, therefore the number
of properties making use of groundwater in higher income areas is dependent on groundwater
availability and not affordability.
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Figure 4-10: Comparison of groundwater datasets

Therefore, according to the results from the three data sets, the registered GAP dataset differs to
the other two. Due to time constraints and limitation of data availablity, based on these three
datasets, there appears to be an overall direct relationship between the usage of groundwater and
income level of households.
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5. Conclusions and Recommendations
5.1 Conclusions
The Western Cape is currently experiencing a drought and a rapidly growing population, and as
a result, level 3 water restrictions are currently in place in the City of Cape Town. This means
that potable water should be conserved and alternative water sources such as groundwater should
be used where and if possible. This study set out to determine the current use of decentralised
groundwater in various suburbs in the City of Cape Town, in order to investigate its impact on
the potable water demand.
This was achieved by analysing data obtained from the City, the 2011 Census data and the
GAP registration data from 2012, as well as conducting suburb assessments and receiving
groundwater use information through the distribution of questionnaires. The study area only
considered eight suburbs in Cape Town. The data was analysed using programs such as ArcGIS
and Microsoft Excel.
It was found that groundwater usage increases as the winter rainfall season ends around
September, with very few properties continuing to use groundwater during the wettest months of
the year. This is owing to the fact that groundwater is being used mainly for garden irrigation
due to the uncertainty of the quality of groundwater for drinking purposes. By using groundwater
for garden irrigation, especially during times of water shortages, allows for more treated, potable
water to be conserved for drinking purposes instead of wasting it on uses that do not require high
levels of water treatment.
Groundwater flowrate (Ɩ/s) is greatly influenced by the slope of the overlying ground. With
the study area being situated close to Table Mountain, there is a gradual change in elevation of
the suburbs with Bishopscourt situated at 103m above sea level and Pinelands at 9m above sea
level. Upon assessment, the flowrate (Ɩ/s) of groundwater obtained from the City of Cape Town
displayed a gradual decrease in flowrate values of suburbs in order of increasing elevation above
sea level, the flowrate data obtained from questionnaires had no visible pattern. The flowrate of
groundwater affects the yield abstracted per day, especially for properties with large gardens
which require more water for irrigation. Property size was not investigated in this study and could
therefore not be compared.
According to the past studies, there was a reduction in AADD levels of households that use
groundwater for outdoor use by up to 50%. However, this current study shows a very slight
correlation between the average municipal water usage (AADD values) of suburbs and the
amount of groundwater abstracted per day; it appears that as the AADD value increased, so did
the groundwater usage. However, this is not a constant figure and further investigations on
groundwater use needs to be conducted in order to make a more educated evaluation.
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The study area consists of suburbs with a wide range of income brackets, ranging from
suburbs with the majority of households earning over R100,000 per month to suburbs with most
households earning under R25,000 per month. After the suburb assessment, according to the data
collected, it was found that there is a direct relationship between the average income level of the
suburbs and groundwater usage. The suburb in the highest income bracket, Bishopscourt, has
just over 30% more properties using groundwater than the suburb in the lowest income bracket,
Grassy Park. This result did not differentiate between the use of boreholes and wellpoints,
especially considering that the cost of installing a wellpoint is much cheaper than installing a
borehole.
The installation of boreholes does not necessarily relate to the income level of the suburb,
it is dependent on the depth of the water table and the flowrate (Ɩ/s) of groundwater abstracted. It
is a coincidence that of the study area, the wealthier suburbs are situated higher above sea level
and therefore require boreholes due to the higher water table. The study area therefore has higher
income areas lying in areas of high elevations above sea level and low groundwater flowrates.
Provided that groundwater is available for abstraction, households in the higher income bracket
are generally able to drill to the required depth in order to abstract groundwater.
In addition, from the suburb assessments, it was found that high income areas generally
have 30% of the property consisting or garden area. Therefore, the use of groundwater in water
large gardens will reduce the amount of potable water used, and as a result decrease the potable
water demand. Therefore, households in the suburbs with easily extractable groundwater should
be requested by the City of Cape Town to install a GAP, if financially possible, in order to
decrease the amount of potable water consumed from the Western Cape Water Supply System
for non-potable water activities such as garden irrigation in order to alleviate the stress on the
water supply system.

5.2 Recommendations
The following is recommended for future work:


The study should include a larger study area which consists of more suburbs across the
City of Cape Town with a wide range of groundwater flowrates and income brackets in
order for better comparison and development of trends



The most recent borehole registration data should be obtained and households should be
encouraged to register their boreholes, while being made aware that they will not be
charged for the groundwater used



Thorough suburb assessment of the entire suburb should be conducted; if possible, a few
property owners should be interviewed about their groundwater usage for more accurate
results.
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The public should be made aware that iron content in groundwater will not affect gardens
as many questionnaire respondents assume



Water levels in boreholes and wellpoints should be monitored to prevent over abstraction
of groundwater



Although in-line water meters are the only device that can accurately measure the amount
of water being abstracted, there are many property owners that are afraid of doing so as
they believe that the City of Cape Town will eventually charge the for using groundwater.
Therefore, the public should be made aware that registering a GAP is only for the planning
and development of the City
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Appendix A: Questionnaire
Questionnaire cover letter
Dear Sir/Madam
My name is Raadhiya Perin. I am working on my final year Civil Engineering research project
under the supervision of Dr Kirsty Carden and Prof Neil Armitage. The research is aimed at
determining the impact that decentralised groundwater use is likely to have on the City of Cape
Town’s water demand in the future.
As part of this project, I am collecting information about borehole and/or well-point usage in the
City of Cape Town. Should you make use of groundwater at your place of residence, please could
I ask you to complete the attached one-page questionnaire, which should not take longer than 5
minutes of your time. Please also feel free to pass on this email to anyone else you may know
who has a borehole and/or well-point.
Thank you in advance for your help with this.
Kind Regards,
Raadhiya Perin
PRNRAA001
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Questionnaire
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Appendix B: Water restriction poster
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Appendix C: Maps

Figure 7-1: Locality map
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Figure 7-2: Sub places in Grassy Park
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Figure 7-3: Groundwater flowrate from the City of Cape Town (Ɩ/s)
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Appendix D: Summary of results in tabular format
Table 7-1: Correlation between rainfall and groundwater use

Months

No. of properties
using groundwater

Precipitation
(mm)

January

30

9.1

February

28

14.8

March

26

14.5

April

18

62.6

May

14

64

June

8

79.3

July

7

94.3

August

7

68.3

September

13

43.8

October

23

37.3

November

30

24.2

December

30

17.4

Table 7-2: Groundwater usage based on signage from the suburb assessment
Total no. of
properties
assessed

No. of properties
using
groundwater

No. of properties
not using
groundwater

Grassy Park

165

11

154

Plumstead

157

18

139

Pinelands

181

14

167

Rondebosch

182

24

158

Meadowridge

181

59

122

Bergvliet

175

66

109

Constantia

169

58

111

Bishopscourt

168

64

104

Suburb
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Table 7-3: Comparison of flowrates (Ɩ/s) from the City of Cape Town and
questionnaire responses

Measured flowrate
from questionnaires
(l/s)

Average
Groundwater
flowrate from CoCT
(l/s)

Grassy Park

0.2

3.5

Plumstead

0.1

0.3

Pinelands

0.6

0.3

Rondebosch

0.2

0.3

Meadowridge

0.4

0.3

Bergvliet

0.2

0.3

Constantia

0.3

0.1

Bishopscourt

0.4

0.1

Suburb

Table 7-4: AADD (Ɩ/day) for three years
AADD (l/d)

Suburb
2013

2014

2015

Grassy Park

1211

1222

1224

Plumstead

1261

1220

1289

Pinelands

1586

1669

1795

Rondebosch

2357

2164

2373

Meadowridge

1089

1013

1093

Bergvliet

1146

1188

1252

Constantia

2978

2023

2137

Bishopscourt

2311

2236

2395
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Table 7-5: Groundwater usage per day (hours), week (days) and yield per day
(Ɩ/day)
Max
groundwater
used per day
(hours)

Average no. of
days’ groundwater
used per week
(days)

Average
groundwater
extracted daily
(l/day)

Grassy Park

2

7

278

Plumstead

3

3

1180

Pinelands

3

2

536

Rondebosch

4.5

3

1152

Meadowridge

3.5

2

540

Bergvliet

2

3

1332

Constantia

2

5

2161

Bishopscourt

2

7

1687

Suburb

Table 7-6: Boreholes and wellpoints used per suburb
Suburb

Wellpoints

Boreholes

% Wellpoints

% Boreholes

Grassy Park

0

1

0

100

Plumstead

1

0

100

0

Pinelands

2

0

100

0

Rondebosch

1

0

100

0

Meadowridge

1

0

100

0

Bergvliet

2

1

67

33

Constantia

0

2

0

100

Bishopscourt

0

7

0

100
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Table 7-7: Comparison of GAP datasets from 3 years
No. of properties using groundwater from:
Suburb

2012 Registered
GAPs

2011 Census
borehole data

2016 Suburb
assessment

Grassy Park

10

3

11

Plumstead

21

21

18

Pinelands

22

3

14

Rondebosch

17

6

24

Meadowridge

2

3

59

Bergvliet

7

12

66

Constantia

10

99

58

Bishopscourt

3

12

64

Table 7-8: 2011 Census Constantia breakdown of boreholes
No. of properties
using groundwater

Sub places
Constantia Heights

6

Alphen

15

Bel Ombre

-

Witteboomen

24

Constantia

33

Silverhurst

-

Rust-En-Vrede

-

Barbarossa

-

Deurdrif

3

Belle Constantia

-

Graylands

-

Constantia Village

-

Constantia Vale

-

Sillery

-

Huis-In-Bos

-

Hope of Constantia

3
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No. of properties
using groundwater

Sub places
Nova Constantia

-

Airlie

3

Fir Grove

9

Sweet Valley

3

Constantia Total

99

Table 7-9: 2012 individual borehole registrations
No.

Suburb

Type

1

Bergvliet

Borehole

2

Bergvliet

Borehole

4

Bergvliet

Well

3

Bergvliet

Wellpoint

5

Bergvliet

Wellpoint

6

Bergvliet

Wellpoint

7

Bergvliet

Wellpoint

8

Bishops Court

Borehole

9

Bishops Court

Borehole

10

Bishopscourt

Borehole

95

Constantia

Wellpoint

87

Constantia-Barbarossa

Borehole

86

Constantia-Barbarossa

Wellpoint

88

Constantia-Hohenort

Borehole

89

Constantia-Hohenort

Borehole

90

Constantia-Hohenort

Borehole

91

Constantia-Nova Constantia

Wellpoint

92

Constantia-Silverhurst

Borehole

93

Constantia-Silverhurst

Borehole

94

Constantia-Silverhurst

Borehole

58

Grassy Park

Wellpoint

57

Grassy Park

Borehole
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No.

Suburb

Type

59

Grassy Park

borehole/well/wellpoint

60

Grassy Park

Wellpoint

61

Grassy Park

Wellpoint

62

Grassy Park

Wellpoint

63

Grassy Park

Wellpoint

64

Grassy Park

Wellpoint

65

Grassy Park

Wellpoint

66

Grassy Park

Wellpoint

32

Meadow Ridge

Wellpoint

33

Meadowridge

non-potable water

34

Pinelands

Borehole

35

Pinelands

Borehole

36

Pinelands

Borehole

37

Pinelands

Borehole

38

Pinelands

Borehole

39

Pinelands

Borehole

40

Pinelands

Borehole

41

Pinelands

Borehole

42

Pinelands

Borehole

43

Pinelands

Borehole

44

Pinelands

Borehole

45

Pinelands

Borehole

46

Pinelands

Borehole

47

Pinelands

Borehole

48

Pinelands

Borehole

49

Pinelands

Borehole

50

Pinelands

Borehole

51

Pinelands

Borehole

53

Pinelands

Borehole

54

Pinelands

Groundwater

55

Pinelands

non-potable water

56

Pinelands

Wellpoint

11

Plumstead

Borehole

23

Plumstead

Borehole
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No.

Suburb

Type

28

Plumstead

Borehole

12

Plumstead

non-potable water

13

Plumstead

Wellpoint

14

Plumstead

Wellpoint

15

Plumstead

Wellpoint

16

Plumstead

Wellpoint

17

Plumstead

Wellpoint

18

Plumstead

Wellpoint

19

Plumstead

Wellpoint

20

Plumstead

Wellpoint

21

Plumstead

Wellpoint

22

Plumstead

Wellpoint

24

Plumstead

Wellpoint

25

Plumstead

Wellpoint

26

Plumstead

Wellpoint

27

Plumstead

Wellpoint

29

Plumstead

Wellpoint

30

Plumstead

Wellpoint

31

Plumstead-Flintdale Estate

Wellpoint

96

Rondebosch

Borehole

112

Rondebosch

Borehole

97

Rondebosch

Borehole

98

Rondebosch

Borehole

99

Rondebosch

Borehole

100

Rondebosch

Borehole

101

Rondebosch

Borehole

102

Rondebosch

Borehole

103

Rondebosch

Borehole

104

Rondebosch

Borehole

105

Rondebosch

Borehole

106

Rondebosch

Borehole

107

Rondebosch

Borehole

108

Rondebosch

Borehole

109

Rondebosch

Borehole
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No.

Suburb

Type

110

Rondebosch

Borehole

111

Rondebosch

Borehole

Table 7-10: Summary of questionnaire responses

Suburb

No. of
responses

Average no.
of time
groundwater
used per
week (days)

Average
hours’
groundwater
is used per
day (hrs)

Average
groundwater
yield per
suburb (l/s)

Bergvliet

3

3

2

0.24

Bishopscourt

7

7

2

0.37

Constantia

2

5

1

0.28

Crawford

1

3

2

0.11

Diep River

1

3

1

0.38

Grassy Park

1

7

2

0.16

Kenwyn

1

2

4

0.08

Lansdowne

1

4

4

0.16

Meadowridge

1

2

4

0.37

Noordhoek

4

5

3

0.28

Parklands

1

4

3

0.18

Pinelands

2

2

2

0.58

Plumstead

1

3

3

0.06

Rondebosch

1

3

5

0.17

Table View

1

3

1

Unknown

Tokai

2

4

3

Unknown
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Appendix E: Ethics form
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Appendix F: ECSA Level Outcomes
Problem solving
The problem statement of this study was to determine the impact that groundwater has on the
demand from the City of Cape Town’s water supply and the influence that it will have on potable
water demand.
A systematic research approach was taken to address the problem. In order to effectively
analyse and formulate trends within the data, reasonable assumptions were made. After critical
evaluation of findings, the effect that groundwater use, and factors that influence it, has on the
demand of piped water supply was identified.

Investigation, experiments and data analysis
An understanding of the topic was gained from a literature review. Past studies were assessed
and the method to approaching the topic was planned. A field study was conducted, along with
the distribution of questionnaires in order to obtain the relevant data. The latest data available by
the City of Cape Town was used for this study.
All data obtained was then assessed and analysed using ArcGIS and Microsoft Excel.
Reasonable assumptions were made and findings were evaluated and concluded.

Professional and technical communication
Outcomes of this study was displayed in a technical report. All information obtained from other
sources were referenced using the Harvard style and graphs were presented graphically with the
detailed tables in the appendices should specific information be needed.
The investigation was reported on in third person, in a formal manner. In addition, a word
limit count of less than 20,000 was achieved.

Individual, team and multidisciplinary working
The author of this report, and researcher of this investigation, worked individually and effectively
in her own time, successfully managing her time and meeting all deadlines. The author did
everything that was asked of her to the best of her ability, with guidance from her supervisors.

Independent learning ability
The research topic was understood after conducting a literature review and learning about all
aspects of the topic. Information on the topic was gathered from a desktop study; the author
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distributed questionnaires and conducted a field study individually. The obtained data was
analysed and evaluated by forming graphs in order for better interpretation.
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