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Abstract
Conventional urban stormwater management, which considers stormwater in isolation from the
urban water cycle, has resulted in highly efficient, linear stormwater systems which have
caused substantial degradation to the natural environment. In an effort to address these negative
environmental effects, as well as to protect and enhance the life span of their stormwater
infrastructure, the City of Cape Town (CoCT) implemented the ‘Management of Urban
Stormwater Impacts Policy’ (CoCT’s Stormwater Policy) in 2009. This policy focuses on
managing and improving both stormwater quality and quantity for new and existing
developments. This has resulted in a number of Sustainable Drainage Systems (SuDS) being
implemented at the MyCiti inner city bus depot (ICBD) in an attempt to meet the CoCT’s
Stormwater Policy criteria. One of the SuDS implemented was a filter drain, which was of
particular interest as it is a prototype design and hence its efficacy was unknown.
This study aimed to evaluate the water quality efficacy of the filter drain in order to
determine if it met the CoCT’s Stormwater Policy water quality criteria; namely: (1) an 80%
reduction in total suspended solids (TSS); and (2) a 40% reduction in total phosphorus (TP).
Initially, a desktop study of the filter drain was conducted, which was followed up by a site
inspection. The site inspection revealed that, due to a lack of pre-treatment of the stormwater
runoff and the fact that little or no maintenance had been performed on the filter drain,
corrective maintenance of the filter drain was required before it was possible to evaluate its
water quality efficacy. After the filter drain was rehabilitated it was tested by discharging
synthetic stormwater (municipal water dosed with TSS and phosphorus) into the filter drain
system. Both influent and effluent samples were acquired and then analysed in order to
determine their TSS and orthophosphate (Ortho-P) concentrations. These were then compared
in order to determine the water quality efficacy of the filter drain. This method was repeated for
three varying (low, medium and high) pollutant levels.
It was concluded that adequate pre-treatment of stormwater runoff and routine
maintenance is essential for the successful implementation and ongoing operation of SuDS. It
was found that that the filter drain meets the CoCT’s Stormwater Policy water quality criteria;
however the concentration of Ortho-P in the effluent was significantly higher than the South
African Water Quality Guidelines for Coastal Marine Waters (RSA Water Quality Guidelines)
criteria. This indicates that the percentage reduction performance metric is not always the most
appropriate performance indicator to use when evaluating the water quality efficacy of SuDS.
It is recommended that the filter drain be retrofitted so as to prevent further corrective
maintenance being required. Furthermore, another SuDS option should be used in conjunction
with the filter drain, thus creating a treatment train, in order to improve the phosphorus removal
efficacy of the system. Amendments should be made to the CoCT’s Stormwater Policy in order
to ensure that the routine maintenance of SuDS is more strongly enforced, as well as a review
be undertaken to determine if the percentage reduction performance metric is the most
appropriate water quality performance indicator to use for the CoCT’s Stormwater Policy.
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1. Introduction
1.1 Background to study
Erosion and siltation of natural channels, reduction in water quality through an increase in
pollution, an increase in flooding and adjustment of streams geomorphic properties due to
heightened discharge peaks and runoff volumes are all consequences of conventional urban
stormwater management practices (Armitage et al., 2012a; Wong, 2000).
Conventional stormwater management has a reductionist, linear design approach. This
has resulted in highly efficient drainage systems designed to rapidly collect and remove
stormwater runoff. Little value is given to how stormwater systems interact with the
surrounding environment, or stormwater runoff as a potential resource (Wong & Eadie, 2000).
This has led to an environmental imbalance, caused by the aforementioned consequences of
conventional urban stormwater management. Furthermore, the negative effects of conventional
urban stormwater management have been amplified due to rapid urbanisation and climate
change (Donofrio et al., 2009). Urbanisation results in a decrease in vegetation and an increase
in the amount of impervious surfaces. This alters the hydraulic properties of stormwater runoff
by increasing the volume and peak flows (Armitage et al., 2012a). Climate change results in
more frequent periods of intense rainfall, as well as extreme precipitation events (WoodsBallard et al., 2007; Milly et al., 2008).
The realisation of the negative environmental effects caused by conventional urban
stormwater management has led to a paradigm shift in the management of urban stormwater
(Wong & Eadie, 2000). One of the results of this paradigm shift is the development of (SuDS).
“SuDS aim to design for water quantity management, water quality treatment, enhanced
amenity, and the maintenance of biodiversity” (Armitage et al., 2012a). Therefore, stormwater
is managed in a more holistic, interdisciplinary manner with stormwater being considered as
part of the urban water cycle (Armitage et al., 2012a; Wong, 2006).
The overwhelming majority of South Africa’s (RSA) urban areas have aging,
conventional urban stormwater management systems. Consequently, natural water
environments continue to be negatively impacted by conventional urban stormwater
management. However, RSA is a developing country; therefore, as urban areas expand and
older areas are redeveloped, an opportunity for the broad uptake of SuDS in these areas is
presented.
The development and broad uptake of SuDS in RSA has been hindered due to a number
of unique problems the country faces; such as: equity issues, insufficient funding and high
levels of corruption (Armitage et al., 2012a). In spite of these aforementioned obstacles, the
CoCT through its CoCT’s Stormwater Policy (CoCT, 2009), is promoting the sustainable
management of stormwater. This policy focuses on the quality and quantity of stormwater
runoff and has resulted in the use of SuDS principles in new developments in the municipal
area – and specifically in the development of the ICBD in Cape Town. The ICBD has an
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integrated water management system which includes elements of water recycling, rainwater
harvesting and various different SuDS options (namely: permeable pavements, biofilters and a
filter drain). A well-established South African engineering consulting company (who, owing to
ethical reasons, cannot be named and is hereinafter ‘The Consultant’), who is responsible for
the design of the integrated water management system, has provided support in order to
undertake research and gather data on the efficacy of the filter drain. The filter drain is a
prototype design and can be described as a mix between an underground sand filter and a
permeable pavement.

1.2 Problem Statement
According to Armitage et al. (2012a), there is very little data available as to the efficacy of
SuDS in RSA; however, the development of the integrated water management system at the
ICBD provided an opportunity to undertake research and gather data on an installed filter drain
system.
This research project comprised of a preliminary study of the water quality performance
of the filter drain and provided some much needed data about the efficacy of filter drains in
RSA. The results of this study were used to determine if the design of the filter drain could be
utilised for future developments. Moreover, further information regarding SuDS, such as:
maintenance and construction, in a South African context, was gathered.

1.3 Goals and objectives of research project
The primary goal of this research project was to analyse the water quality efficacy of the filter
drain at the ICBD. The secondary goal of this research project was to analyse those factors
contributing to the water quality efficacy of the filter drain, such as the maintenance and design
of the filter drain. The objectives listed in Figure 1-1 formed a process which aimed to achieve
the primary and secondary goals of this research project.
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• Perform a desktop study of the filter drain in order to analyse the design
of the filter drain.

• Understand the drainage and treatment mechanisms of the filter drain.

• Understand the flow of stormwater runoff through the filter drain.

• Perform a site inspection of the filter drain as well as any further, more
detailed inspections of the filter drain as required.
• Perform the neccessary corrective maintenance in order to rehabilitate
the filter drain so that its water quality efficacy can be tested.
• Determine the most plausible method of testing the water qaulity
efficacy of the filter drain.
• Determine the most relevant pollutants to be analysed as well as their
average concentrations in stormwater runoff.
• Decide how best to add the selected pollutants to the municipal water in
order to create the synthetic stormwater.
• Resolve the rainfall regime that will be used during the testing of the
water quality efficacy of the filter drain.
• Decide the best method to gather the influent and effluent samples as
well as the time intervals at which they will be gathered.

• Resolve how the samples will be stored and then analysed.

• Determine the water quality efficacy of the filter drain.

Figure 1-1: Process to achieve primary and secondary goals of this research project
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1.4 Research project scope and limitations
This research project only investigated the filter drain present at the ICBD as it is an isolated
system. This investigation was limited to the evaluation of the water quality efficacy of the
filter drain, as well as factors which affect this water quality efficacy, such as the maintenance
and design of the filter drain.
Due to time, funding and apparatus limitations, this research project only evaluated the
removal efficacy of two pollutants; namely: (1) TSS and (2) Ortho-P. The same limitations
restricted the number of tests that could be performed as well as the number of influent and
effluent samples that could be analysed. Funding and apparatus limitations affected the testing
methodology of the water quality efficacy of the filter drain. This could have potentially
affected the accuracy and quality of the evaluation of the filter drains water quality efficacy.
Funding and apparatus limitations resulted in only the Ortho-P concentration, as opposed
to the TP concentration, of the samples being analysed. Although this is a large limitation, it
was considered adequate to analyse Ortho-P as opposed to TP for the following two reasons:
(1) Ortho-P concentrations generally give a rough indication of the total level of phosphates in
the water (North Carolina State University, n.d); and (2) Ortho-P is the only form of
phosphorus that is assimilated by bacteria, algae and plants, thereby causing eutrophication
(Correll, 1998). Therefore, for the purpose of this research project, it was assumed that Ortho-P
concentrations were representative of TP concentrations and that reductions in Ortho-P
concentrations were representative of reductions in TP concentrations.
Lastly, the climatic conditions that the filter drain is analysed under are location specific.
Therefore, similar results cannot be guaranteed for the same filter drain operating under
different climatic conditions.

1.5 Research project outline
This research project is comprised of a number of Chapters and sub-sections which include the
following information:


Chapter 1 explains the aims and purpose of this research project by outlining the
background, problem statement, objectives and scope and limitations of the research
project;



Chapter 2 is a literature review which aims to provide relevant contextual information
pertaining to conventional stormwater management, the CoCT’s Stormwater Policy,
stormwater runoff quality considerations and SuDS. This is to aid the understanding of
the concept of SuDS and to provide adequate knowledge of relevant topics, such as the
CoCT’s Stormwater Policy and stormwater runoff quality, for the preceding Chapters and
sub-sections;
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Chapter 3 provides an overview of the general research process that was carried out, as
well as the obstacles that were overcome in order to complete this research project;



Chapter 4 describes, in detail, the aforementioned research process. This includes, where
relevant, the methodology, limitations, results and discussion of each of the processes
carried out in order to evaluate the water quality efficacy of the filter drain. Furthermore,
a discussion on the interpretation and implementation of the CoCT’s Stormwater Policy
(CoCT, 2009) is given;



Chapter 5 suggests improvements to the filter drain system. This includes physical
improvements to the filter drain, as well as improvements to the maintenance and
treatment efficacy of the filter drain; and



Chapter 6 draws conclusions from the procedures, investigations and analysis completed
and suggests how the filter drain, CoCT’s Stormwater Policy (CoCT, 2009) and the
research project can be improved as well as puts forward some recommendations for
further research for the development of SuDS in RSA.
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2. Literature review
2.1 Overview of literature review
This section reviews relevant literature required for the primary goal of this research project.
This literature review will give an overview of conventional urban stormwater management,
the factors that amplify the negative effects of conventional urban stormwater systems and the
associated environmental consequences. This is followed by a review on the variability of the
quality of urban stormwater runoff. Furthermore, potential solutions to these negative
environmental consequences in the form of the CoCT’s Stormwater Policy (CoCT, 2009) and
SuDS are given and discussed. The integrated water management system at the ICBD makes
use of three SuDS options; namely: permeable pavements, biofilters and a filter drain.
Therefore these SuDS options are discussed in detail in the following sections. Lastly, a
number of case studies involving these SuDS options are reviewed.

2.2 Conventional urban stormwater management
Conventional urban stormwater management aims to minimise inconvenience through the
minor system, and minimise damage to property and potential loss of life through the major
system (Armitage et al., 2012a). Little value is placed on stormwater as a useful resource or on
the ability of stormwater to add to the amenity of the environment (Wong & Eadie, 2000). This
leads to stormwater being considered in isolation from the urban water cycle and no attempt is
made to integrate stormwater back into the urban water cycle (Armitage et al., 2012a). Hence,
conventional urban stormwater management aims to move stormwater from its point source
and into a receiving watercourse as quickly and efficiently as possible. This has resulted in
linear stormwater systems that focus largely on flow management by providing highly efficient
drainage systems to rapidly collect and remove stormwater. This is done using a mixture of
underground pipes and linear engineered overland flow paths (Armitage et al., 2012a; Wong &
Eadie, 2000).
A large number of pollutants arise in urban areas due to urban activities such as:
motorised transport, industrial processes and gardening. According to Woods-Ballard et al.
(2007), these pollutants are collectively termed ‘urban diffuse pollution’. This is because these
pollutants do not arise from a single source or activity, but are a result of the total land use and
human activity in the urban area (Woods-Ballard et al., 2007). Stormwater runoff has the
potential to mobilise these pollutants and deposit them in receiving watercourses (WoodsBallard et al., 2007). Conventional urban stormwater management gives no thought to this
degradation in stormwater quality as stormwater runoff is deposited directly into receiving
watercourses. Overland stormwater flow is generally more polluted than base or pipe flow due
to the fact that it is in contact with these pollutants for a longer period of time (Armitage et al.,
2012a).
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Urbanisation has a direct impact on the hydraulic properties of stormwater runoff. These
impacts can be seen in Figure 2-1 and Figure 2-2, which show pre- and post-development
conditions.

Figure 2-1: Typical pre- and post-development scenarios with the conventional approach
to stormwater management (Armitage et al., 2012a)

Figure 2-1 illustrates that urbanisation leads to a reduction in vegetation and an increase in the
impermeable surfaces present in a drainage basin. This results in decreased transpiration and
infiltration; which leads to a reduction in groundwater recharge and, hence, a lowering of the
water table. Consequently, there is an increase in the volume and rate of stormwater runoff,
which is shown graphically in Figure 2-2. The increase in volume of stormwater is a result of
the reduction in transpiration and infiltration, and leads to a higher peak discharge.
Furthermore, this reduction in infiltration does not only increase the peak discharge, it also
creates completely new peak runoff events. This occurs because small storm events, which
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would have produced no runoff in pre-development conditions, now result in the generation of
stormwater runoff (Booth, 1991). The highly effective drainage systems, due to conventional
urban stormwater management, result in a much more rapid peak discharge and much steeper
recession, which greatly increases the risk of flooding within the wider catchment (Armitage et
al., 2012a).

Figure 2-2: Typical hydrograph associated with pre- and post-development with the
conventional approach to stormwater management (Armitage et al., 2012a)

There is a growing body of evidence supporting the prospect of imminent major climate
change. Consequences of climate change, inter alia, are: more frequent periods of intense
rainfall, as well as extreme precipitation events (Woods-Ballard et al., 2007; Milly et al.,
2008). This has a significant impact on stormwater runoff. Due to more frequent periods of
intense rainfall, climate change exaggerates the effects of urbanisation (Semadeni-Davies et al.,
2008). This results in even higher stormwater runoff volumes and peak discharge rates. This,
coupled with an increase in extreme precipitation events, increases the risk of flooding.
Furthermore, because conventional urban stormwater management systems were never
designed with climate change in mind, there is an uncertainty about the future performance of
these systems (Rosenberg et al., 2010).
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2.3 The environmental imbalance
Conventional urban stormwater management has resulted in substantial degradation to the
natural environment (Wong & Eadie, 2000). These negative environmental effects have been
amplified by urbanisation, climate change and the heat island effect associated with many big
cities (Donofrio et al., 2009; Armitage et al., 2012a). The heat island effect is the phenomenon
where air temperatures in densely, built up urban areas is higher than in surrounding rural
areas; consequently resulting in an increased temperature of stormwater runoff (Santamouris &
Asimakopoulos, 2001; Armitage et al., 2012a).
Urbanisation does not only alter the hydraulic properties of stormwater runoff, it also
encroaches on the stream corridor and results in the clearing of vegetation. The stream corridor
is the zone around the watercourse that influences the hydrology and biology of the flow. This
results in the receiving watercourse becoming more susceptible to erosion due to the clearing of
the surrounding vegetation (Booth, 1991).
An increase in volume and rate of stormwater runoff into receiving watercourses, coupled
with the receiving watercourse’s increased susceptibility to erosion, results in an alteration to
the geomorphic properties of the receiving watercourse. Channel widths and channel depths are
both increased, as can be seen in Figure 2-3. Consequently, there is a loss of habitat and an
increase in the amount of eroded sediment present in the watercourse (Booth, 1991).

Figure 2-3: Measured cross-sections of a small urban channel showing the increase in
channel depth and channel width (Booth, 1991)
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These disturbances, which affect receiving watercourses, occur on a frequent basis thus giving
the watercourse no opportunity to repair the damages and rebuild. Thus, hydraulic and
biological diversity is eliminated (Booth, 1991).
Urban diffuse pollution, which is collected by stormwater runoff and deposited in
receiving water courses, results in waterborne pollution and severely decreases the water
quality of the receiving watercourses (Wong & Eadie, 2000). Due to the highly efficient nature
of conventional urban stormwater management systems, these pollutants are transported to
receiving watercourses rapidly and frequently (Woods-Ballard et al., 2007). The concentration
of pollutants is much higher during the first flush, i.e. at the beginning of the storm. This can be
attributed to the build-up of pollutants on urban surfaces in the preceding dry weather period,
greater erosion potential and higher initial rainfall intensities (Woods-Ballard et al., 2007).
In summary, erosion and siltation of natural channels, reduction in water quality through
an increase in pollution, an increase in flooding and adjustment of the geomorphic properties of
the streams are all a result of the environmental imbalance caused by conventional urban
stormwater management. This environmental imbalance is further exaggerated by urbanisation
and climate change. The realisation of these negative effects on the environment has led to a
paradigm shift, illustrated in Figure 2-4, in urban stormwater management (Wong & Eadie,
2000).

Figure 2-4: The paradigm shift in urban stormwater management (Whelans et al., 1994)

2.4 Stormwater runoff quality considerations
When attempting to determine the negative environmental impacts caused by urban stormwater
runoff it is important to note that urban stormwater runoff is highly complex and variable in
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nature. The quality of urban stormwater runoff can change between storms at the same site and
vary from site to site (Debo & Reese, 2003). This makes stormwater extremely difficult to
characterise. Debo & Reese (2003) suggest using the event mean concentration (EMC) as a
baseline. EMC is a measure of the concentration of urban stormwater runoff pollution and is
defined as the total mass load of a particular pollutant yielded from a site during a storm,
divided by the total runoff volume discharged during that storm (Kim et al., 2005).
Debo & Reese (2003), in Table 2-1, summarise the median EMC values for various land
uses, as acquired from various municipalities and design manuals.

Table 2-1: Median EMC pollutant loads for various land uses (Debo & Reese, 2003)
EMC median concentrations for different land uses
Contaminant

Units
Residential

Commercial/Industrial

BOD

mg/ℓ

10

9.3

COD

mg/ℓ

73

57

TSS

mg/ℓ

101

69

Total lead

µg/ℓ

144

104

Total copper

µg/ℓ

33

29

Total zinc

µg/ℓ

135

226

TKN

mg/ℓ

1.9

1.18

No2 + NO3

mg/ℓ

0.74

0.57

Total P

mg/ℓ

0.38

0.20

Soluble P

mg/ℓ

0.14

0.08

Research has also been carried out to determine the maximum and minimum pollutant loads of
stormwater runoff for various land uses. Modaresi et al. (2010) summarised data on average as
well as maximum and minimum pollutant loads for various land uses acquired from studies by
Lindgren (2001), Larm (1994) and Nordeidet et al. (2004). This can be seen in Table 2-2.
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Table 2-2: Average and minimum and maximum pollutant loads for various load cases
(Modaresi et al., 2010)
Pb

Zn

Cu

TN

TP

COD

TSS

Average

Average

Average

Average

Average

Average

Average

Min – Max

Min –
Max

Min –
Max

Min –
Max

Min –
Max

Min –
Max

Min –
Max

(mg/ℓ)

(mg/ℓ)

(mg/ℓ)

(mg/ℓ)

(mg/ℓ)

(mg/ℓ)

(mg/ℓ)
Low traffic

0.02

0.10

0.04

1.20

0.15

40.00

75.00

< 15000

0.01-0.05

0.05-0.28

0.02-0.07

0.60-1.80

0.10-0.25

20.0080.00

40.00150.00

High traffic

0.03

0.16

0.05

1.50

0.20

60.00

100.00

1500030000

0.02-0.06

0.08-0.35

0.03-0.09

0.80-2.10

0.10-0.35

30.00120.00

50.00200.00

General

0.15

0.20

0.03

1.90

0.30

80.00

100.00

-

-

-

-

-

-

-

-

-

-

-

-

-

20.00

0.01-0.10

0.05-0.10

0.01-1.00

-

-

10.0022.00

-

Parking
area

-

-

-

-

-

-

-

0.03-0.30

0.10-0.40

0.03-0.10

-

-

100.00200.00

20.00150.00

Green
area

0.01

0.03

0.01

2.00

0.40

40.00

40.00

-

-

-

-

-

-

-

Roads

Housing
area

Roofs

2.4.1 The impact of the size distribution of particulate matter in stormwater
runoff
The overall size distribution of particulate matter in urban stormwater runoff is an important
factor because it has a large influence on the magnitude of the negative environmental effects
on the receiving watercourses (Zhao et al., 2010). This is because the particle size distribution
determines the associated pollutant concentrations, the mobility of the particles and their ability
to be removed by conventional street sweeping (Zhao et al., 2010). For most pollutants, higher
concentrations are found on smaller particle sizes. In particular, approximately 80% of the
suspended solids in runoff consist of particles with diameters smaller than 50 µm (Zhao et al.,
2010). In addition, the efficiency of conventional street sweeping decreases with decreasing
particle size (Zhao et al., 2010).
The properties of urban runoff particles, including particle size distributions, are
heterogeneous and vary amongst urban source areas. This is due to urban runoff particles being
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affected by, inter alia: surficial materials, the properties of the rainfall event, topography,
rainfall seasonality and vegetation cover (Charters et al., 2015; Griffiths et al., 2005).
Table 2-3 summarises a study performed by Zhao et al. (2010) on the size distribution of
particulate matter within stormwater runoff from a road. These values correlate very closely
with another, similar, study carried out by Charters et al. (2015). Therefore, the values in Table
2-3 are deemed to be an accurate representation of the average size distribution of particulate
matter within stormwater runoff from roads.

Table 2-3: Summary of mean particle mass percentages versus particle size fraction
Particle size fraction(µm )

Mean mass percentage (%)

< 44

2

44-62

5

62-105

40

105-149

10

149-250

20

250-450

15

450-1000

8

2.5 CoCT stormwater policy requirements
Over the past decade the CoCT has experienced an unprecedented increase in development in
both greenfield and brownfield areas. The CoCT has recognised that the aforementioned
paradigm shift is required in order prevent the environmental imbalance caused by this increase
in development and conventional stormwater management. One way in which the CoCT is
enforcing this paradigm shift is through the introduction of the CoCT’s Stormwater Policy
(CoCT, 2009). This policy consolidated a range of initiatives by the CoCT including, inter alia
(CoCT, 2009):


Stormwater Management Planning and Design Guidelines for New Developments
(CoCT, 2002a);



Roads and Stormwater Department: Catchment, Stormwater and River Management
Strategy (CoCT, 2002b); and



Integrated Development Plan for the City of Cape Town (2007/8 to 2011/12) (CoCT,
2007).

Prior to the introduction of the CoCT’s Stormwater Policy (CoCT, 2009), the aforementioned
guidelines and documents generally focused on managing water quantity, whereas the CoCT’s
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Stormwater Policy (CoCT, 2009) focuses on managing and improving both stormwater quality
and quantity. Therefore, the CoCT’s Stormwater Policy (CoCT, 2009) has a more holistic view
in attempting to minimise the negative environmental impacts of stormwater runoff from urban
areas. This is done through introducing Water Sensitive Urban Design (WSUD) principles to
urban planning and stormwater management in the Cape Town metropolitan area (CoCT,
2009). WSUD is a multi-disciplined, inclusive and holistic approach to urban water
management, where the management of the urban water cycle is undertaken in a water sensitive
manner (Armitage et al., 2014).
The CoCT’s Stormwater Policy (CoCT, 2009) is aimed at new developments as well as
retrofitting existing developed areas. The CoCT’s Stormwater Policy (CoCT, 2009) strengthens
the CoCT’s ability to introduce and implement measures to ensure that all stormwater
management systems are planned and designed in accordance with the guidelines and criteria
set by the CoCT (CoCT, 2009). This is supported by the CoCT’s ‘By-Law Relating to
Stormwater Management’ (CoCT, 2005). These criteria may, at the CoCT’s discretion, be
reviewed for local circumstances such as low income and informal areas. Furthermore, these
criteria shall be reviewed from time to time and adjusted according to changing local
circumstances as well as advancements in the field of WSUD and SuDS (CoCT, 2009).
The CoCT’s Stormwater Policy (CoCT, 2009) highlights the importance of non-structural
measures, such as: public awareness, education programmes and operating and maintenance
practices; in the development, implementation and operation of SuDS. Additionally it states
that the CoCT may introduce incentive schemes in order to promote and assist the adoption of
WSUD practices by private developers and individual households where appropriate (CoCT,
2009).
The CoCT’s Stormwater Policy (CoCT, 2009) is valid to all land uses, development or
activity proposals within the metropolitan area of Cape Town draining to any watercourse,
wetland or coastal area. Moreover, it is binding for businesses and private individuals (CoCT,
2009). It is the CoCT’s intention that the application of the CoCT’s Stormwater Policy (CoCT,
2009) in developing and existing areas will lead to the following outcomes (CoCT, 2009):


Minimisation of the impacts of stormwater from new developments on receiving waters
such as, inter alia: watercourses, wetlands and coastal waters;



Prevention of further degradation of receiving waters by stormwater draining from
existing developments; and



In the long term, the reversal of current undesirable stormwater impacts.

Table 2-4 and 2-5 show the interim criteria, with regard to stormwater runoff quality and
quantity, for achieving SuDS objectives in various development scenarios. The criteria, which
resulted in the implementation of the filter drain at the ICBD and therefore are relevant to this
research project, are the criteria for stormwater runoff quality. The ICBD is a brownfield
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development site located in the catchment of a sensitive receiving water system (CoCT, 2009).
Consequently, the following stormwater pollutant load criteria are relevant for the filter drain:


80% reduction in TSS; and



40% reduction in TP.

TSS is a target pollutant as it is considered a leading stressor in urban aquatic ecosystems
(Marshall et al., 2010). Excess sediment present in a waterway has a number of negative
environmental effects; including, inter alia: clogging of the waterway bed, reduced food
quality, smothering of biota, respiratory damage, light attenuation and the transportation of
other pollutants such as heavy metals (Clapcott et al., 2011; Ryan, 1991). TP is a target
pollutant because, even though it is an essential nutrient for aquatic plants and algae, excess TP
can lead to eutrophication. This is the over-enrichment of receiving waters with nutrients, such
as phosphorus, resulting in increased plant and algae growth. This algal growth leads to a
reduction in the oxygen levels of the affected waterway, as well as the amount of penetration of
sunlight, thus negatively affecting the aquatic life (Correll, 1998). An excessive concentration
of phosphorus is one of the most common causes of eutrophication (Correll, 1998).
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Table 2-4: CoCT’s Stormwater Policy criteria for stormwater runoff quality (CoCT, 2009)

SUDS OBJECTIVES

Greenfield Developments and
Brownfield and Existing
Brownfield and Existing
Brownfield and Existing
Brownfield and Existing
Development Sites 4000 m2 to 50 Development Sites < 4000 m2
Development Sites located in
Development Sites > 50 000 m2 000 m2 and Total impervious and Total impervious area(exist
catchments of sensitive receiving
area(exist & new) > 15% of site
and new) > 600m2
water systems

Design storm event for 1/2-year RI, water quality treatment: 24 storm

IMPROVE QUALITY OF
RUNOFF

Pollutant removal target:
Reduction of post-development
On-site stormwater treatment
Pollutant removal target: On-site
annual stormwater pollutant load
Pollutant removal target:
not
required but encouraged
reduction of post-development
discharged from dev. site: SS &
Combination of on-site and
where
practicable. Regional offRemove pollutants through
annual stormwater pollutant load
TP - reduce to undeveloped
regional off-site measures to
site treatment measures to
combination of reducing and/or
discharged from development site:
achieve target reductions: SS catchment levels, or SS - 80%
achieve target reductions: SS disconnecting impervious areas,
SS - 80% reduction TP - 45%
80% reduction TP - 45%
reduction TP - 45% reduction
80% reduction TP - 45% reduction
and the use of BMPs which infiltrate
reduction
reduction
whichever requires higher level of
or capture and treat stormwater
treatment
runoff

All developments are required to trap litter, oil, grease at source
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Table 2-5: Stormwater Policy criteria for stormwater runoff quantity (CoCT, 2009)

SUDS OBJECTIVES

Greenfield Developments and
Brownfield and Existing Development
Sites located in catchments of sensitive
receiving water systems

Brownfield and Existing Development
Sites > 50 000 m2

Protect the stability of
downstream channels

24 hour extended detention of the1-year
RI, 24h storm event

24 hour extended detention of the1-year
RI, 24h storm event

Protect downstream
properties from fairly
frequent nuisance floods

Up to 10-year RI peak flow reduced to
pre-development level

Up to 10-year RI peak flow reduced to
pre-development level

CONTROL
QUANTITY AND
RATE OF RUNOFF

Protect floodplain
developments and
floodplains from adverse
impacts of extreme floods

Up to 50-year RI peak flow reduced to
existing development levels. Evaluate the
effects of the 100-year RI storm event on the
stormwater management system, adjacent
property, and downstream facilities and
property. Manage the impacts through
detention controls and / or floodplain
management

Brownfield and Existing Development
Sites 4000 m2 – 50 000 m2 and Total
impervious area (exist & new) > 15% of site

Brownfield and Existing Development
Sites < 4000 m2 and Total impervious area
(exist and new) > 600m2

Combination of on-site and regional off-site
measures to achieve requirements as for
development sites >50 000m2

On-site runoff control measures not required
but encouraged where practicable. Regional
off-site runoff control measures to be provided
to achieve requirements as for development
sites > 50 000m2

Up to 50-year RI peak flow reduced to
existing development levels. Evaluate the
effects of the 100-year RI storm event on the
stormwater management system, adjacent
property, and downstream facilities and
property. Manage the impacts through
detention controls and / or floodplain
management

Developments adjacent to floodplains must adhere to the requirements of the Floodplain and River Corridor Management Policy

ENCOURAGE NATURAL GROUNDWATER
RECHARGE

Where appropriate, site specific requirements to be considered in consultation with Council
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2.6 Sustainable Drainage Systems (SuDS)
There are a number of alternative approaches to conventional urban stormwater management
that could be adopted as a way of meeting the CoCT’s Stormwater Policy (CoCT, 2009)
criteria for new and existing developments. One of these alternative approaches is SuDS, which
are surface water drainage systems that are developed in a holistic and interdisciplinary
manner. This results in stormwater being incorporated into the urban water cycle and therefore
used as a resource. This is achieved by simulating the natural hydrological cycle and therefore,
replicating, as closely as possible, pre-development drainage conditions (Armitage et al.,
2012a; Woods-Ballard et al., 2007). Furthermore, SuDS are designed to be robust and resilient
enough to deal with the uncertainties of future climatic conditions resulting from climate
change (Semadeni-Davies et al., 2008).
The key objectives of SuDS are to minimise the impacts from developments on the
quality and quantity of stormwater runoff and to maximise the associated amenity and
biodiversity (Woods-Ballard et al., 2007). This may be described in the form of the hierarchy,
shown in Figure 2-5, and representing the fact that there is no point in concentrating on
biodiversity if life and property have not been protected first (Armitage et al., 2012a). There
are a number of different SuDS options that can be used in order to achieve these key
objectives. The SuDS options that are the most relevant to this research project will be
discussed in detail in the following section.

Figure 2-5: The stormwater design hierarchy (Armitage et al., 2012a)

2.6.1 The SuDS treatment train
One single SuDS option, operating alone, cannot be expected to achieve the key objectives of
SuDS and therefore, a number of SuDS options are necessary in order to effectively manage
urban stormwater runoff (Wong & Eadie, 2000; Armitage et al., 2012a). This results in a
number of SuDS options being used together in the form of a treatment train; also known as a
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management train. The end result is that stormwater runoff is managed through a series of unit
processes (Armitage et al., 2012a). These unit processes are identified in Section 2.6.2.
It is highly improbable that every SuDS option will be effective, or even can be utilised,
on a single site. Therefore, it is important to understand the advantages and limitations of each
SuDS option in order to design the most effective and efficient stormwater management
system. Seven basic selection criteria were identified by Wilson et al. (2004) and WoodsBallard et al. (2007) and summarised by Armitage et al. (2012a):
i)

Current and future land use characteristics;

ii)

Site characteristics and utilisation requirement;

iii)

Catchment characteristics;

iv)

Stormwater runoff quantity requirements;

v)

Stormwater quality requirements;

vi)

Amenity requirements; and

vii) Biodiversity requirements.

According to Armitage et al. (2012a) there are four key intervention points, or ‘coaches’, in the
treatment train. These are illustrated in Figure 2-6 and are described below (after Armitage et
al., 2012a):
i)

Good housekeeping: this includes good site design and housekeeping measures to ensure
that stormwater runoff and the release of pollutants into the environment is minimised;

ii)

Source controls: these manage/control stormwater runoff at, or very near, its source;

iii)

Local controls: these manage stormwater runoff in a local area; and

iv)

Regional controls: these manage the combined stormwater runoff from several sites.

The key intervention points are arranged in a hierarchy of techniques, this indicates that source
controls should always be considered before local or regional controls (Woods-Ballard et al.,
2007). This leads to pre-development conditions being mimicked and stormwater runoff being
managed in much smaller quantities (Armitage et al., 2012a). This is more efficient and costeffective. Furthermore, natural systems should be used, whenever possible, for the conveyance
of water between individual SuDS options in the treatment train. This reduces the flow and
improves the quality of the stormwater runoff (Woods-Ballard et al., 2007; Armitage et al.,
2012a).
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Figure 2-6: The four key treatment train intervention points (Armitage et al., 2012a)

By monitoring ecosystem services, it is possible to determine whether a SuDS treatment train is
functioning as planned or not (Armitage et al., 2012a). Ecosystem services can be defined as all
the potential goods and services, produced by ecosystem processes involving the interaction of
living environmental elements, which benefit human livelihoods (American Society of
Landscape Architects, 2008). If the monitored ecosystem services are being protected, restored
and improved then the SuDS treatment train is functioning as planned (Armitage et al., 2012a).
According to Armitage et al. (2012a), this is due to the fact that “the link between the
philosophy of the SuDS approach and its practical application is related to the promotion of
ecosystem services”. The following eight ecosystem services, identified by the American
Society of Landscape Architects (2008) and summarised by Armitage et al. (2012a), are the
ones most likely to be promoted through the use of SuDS:
i)

Regulating the climate;

ii)

Water and air purification;

iii)

Regulating water supply;

iv)

Erosion and sediment control;

v)

Hazard mitigation;

vi)

Habitat functions;

vii) Waste treatment; and
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viii) Human health, well-being and cultural benefits.

2.6.2 SuDS processes
SuDS use a number of unit processes in order to meet their key objectives (Armitage et al.,
2012a). These processes, identified by Wilson et al. (2004) and Woods-Ballard et al. (2007)
and summarised by Armitage et al. (2012a), are briefly described below:

2.6.2.1 Stormwater runoff quantity control processes


Infiltration: this is the soaking of stormwater runoff into the ground thus physically
reducing the volume of stormwater runoff;



Attenuation: this is the slowing down of surface flows before their transfer downstream,
thus reducing the runoff peak flow rate;



Stormwater harvesting: this is the direct capture and use of stormwater runoff on site; and



Conveyance: this is the transfer of surface runoff from one place to another. In order to
be sustainable, the conveyance must be controlled.

2.6.2.2

Stormwater runoff quality control processes



Sedimentation: a reduction in flow velocity results in sediment particles, which are
attached to pollution in stormwater runoff, being removed by falling out of suspension;



Filtration and biofiltration: geotextiles, vegetation and soil trap pollutants that are
conveyed in association with sediment. This results in the filtering of stormwater runoff
pollutants;



Adsorption: stormwater runoff pollutants bind to the surface of aggregate particles;



Biodegradation: this is biological treatment which results in the degradation of organic
pollutants in stormwater runoff;



Volatilisation: this is the transfer of an organic compound in stormwater runoff to the
atmosphere. The compound must be converted to a gas or vapour in order for this to
occur;



Precipitation: this involves the transformation of dissolved constituents to insoluble
precipitates. This occurs due to chemical reactions between the pollutants and the
aggregate;



Plant uptake: this is the removal of metals and nutrients in stormwater runoff by the
uptake of plants;
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Nitrification: this is the oxidisation of ammonia and ammonium ions in stormwater runoff
to form nitrate. Nitrate is a commonly used nutrient by plants; and



Photosynthesis: this is the breakdown of organic pollutants in stormwater runoff due to
exposure to ultraviolet light.

2.6.2.3

Amenity management



Health and safety: this is the development and application of control measures in order to
protect the health and safety of people;



Environmental risk assessment and management: this is the assessment and continual
management of environmental components that are affected due to the development of
SuDS. This ensures the protection and longevity of the environmental components;



Recreation and aesthetics: this is the provision of open spaces and interactive, visibly
attractive structures in order to enhance the visual appearance and acceptance of SuDS;
and



Education and awareness: this is the distribution of knowledge to the public in order to
educate them on, and create awareness of, sustainable stormwater management. This can
be achieved through proactive campaigns, advertisements, field trips, etc.

2.6.2.4 Biodiversity management


Maintenance of habitat: this is the removal of invasive species and prevention of the
removal of indigenous vegetation;



Protection: this is the preservation of indigenous flora and fauna; and



Monitoring: this is the monitoring of flora and fauna in order for early interventions to
occur if unintended problems arise.

2.7 Overview of selected SuDS options
The following detailed discussion of SuDS options has been limited to those that have been
implemented at the ICBD. The ICBD uses a number of SuDS options in order to improve both
the quality and quantity of the stormwater runoff and therefore meet the CoCT’s Stormwater
Policy (CoCT, 2009) criteria. These SuDS options are: biofilters, permeable pavements and a
filter drain. The filter drain, as mentioned in Section 1.1, can be described as a mix between an
underground sand filter and a permeable pavement. Therefore biofilters, sand filters and
permeable pavements are discussed in detail in the following sub-sections.
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2.7.1 Biofilters
Biofilters, also known as biofiltrations or rain gardens, have become one of the most frequently
and widely used SuDS option. Through the incorporation of both filtration and infiltration,
biofilters can act as either source or local controls for stormwater management (Davis et al.,
2009). Biofilters are most appropriately used in relatively small catchments as they are
extremely effective in managing stormwater runoff from minor and more frequent rainfall
events (Armitage et al., 2012a).
According to Davis et al. (2009) the general features of biofilters include: various forms
of vegetation, orientation to allow runoff pooling, a surface mulch layer, sand/soil/organic
media and associated appurtenances for inlet, outlet and overflow. This is illustrated in Figure
2-7.

Figure 2-7: Typical biofilter (Davis et al., 2009)

Siting of the biofilters requires consideration of the soil type and the geology of the site. To
maximise performance, the biofilter should be located in a position that enables it to capture
runoff directly from impermeable areas (Davis et al., 2009). Biofilters should be designed to
drain over a period of 48 – 72 hours. This allows effective pollutant removal while ensuring
that the system is able to receive subsequent rainfall events. Selected vegetation should
preferably be indigenous, as well as being able to withstand the quality and quantity of
expected stormwater runoff. Routine inspection and maintenance needs to be performed in
order to ensure that biofilters operate effectively. The efficacy and design life of biofilters is
related to the frequency and quality of their maintenance (Armitage et al., 2012a).
The main objectives of biofilters are to effectively manage the quality and quantity of the
stormwater runoff, while providing amenity value. However, as mentioned in Section 2.6.1,
this cannot be achieved individually by biofilters alone and a treatment train process is
necessary. In greater detail, the objectives of biofilters are as follows (after Davis et al., 2009):
i)

Base flow, groundwater recharge;
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ii)

Erosion control;

iii)

Peak flow reduction; and

iv)

Pollution prevention and removal.

Objectives i) – iii) involve stormwater quantity, and objective iv) involves stormwater quality.
These objectives show that there is a strong link between the volumes of stormwater runoff
captured and outflow quality (Davis et al., 2009). These objectives are achieved by stormwater
runoff passing through several natural processes, which include, inter alia: (after Armitage et
al., 2012a and Davis et al., 2009).


Retention;



Adsorption;



Infiltration;



Filtration;



Evapotranspiration; and



Biodegradation.

Biofilters can effectively reduce the hydrological impacts of urban developments. Studies have
shown that biofilters can be highly successful in reducing peak flows, increasing times of
concentration and decreasing direct discharge through infiltration and evapotranspiration
(Davis et al., 2009; Roy-Poirier et al., 2010). Trowsdale & Simcock (2010) described
bioretention systems as being able to smooth out the post development hydrograph by reducing
the peak flow and volume of stormwater runoff. However, the effectiveness of biofilters is
highly dependent on soil infiltration rates, capture volumes, seasonal temperatures and water
content. Davis et al., (2009) concluded that, “hydrologic improvements are smallest for large
events, high antecedent water contents and colder months.”
Biofilters are also extremely effective in improving stormwater quality through the
removal of pollutants (Armitage et al., 2012a). One of the main reasons that pollutant removal
is highly effective is that biofilters employ several (aforementioned) pollutant removal
processes (Davis et al., 2009). Biofilters are also highly effective in treating the ‘first flush’
runoff from urban areas (Roy-Poirier et al., 2010). Table 2-6 summarises the pollutant removal
efficacy of biofilters, for the pollutants which are relevant to this research project.
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Table 2-6: Pollutant removal of biofilters
Name of pollutant

Percentage removal *(%)

TSS

91

TP

Highly variable

* Percentage removal values obtained from Hsieh & Davis (2005).

2.7.2 Sand filters
Sand filters are a common, local control component of a treatment train used to manage urban
stormwater, as they are highly effective in removing stormwater pollutants (Kandasamy et al.,
2008). Sand filters have the added advantage of being able to be implemented in impervious
areas which have limited space. Due to the fact that sand filters are generally ineffective in
limiting the hydrological impact of urban developments, they are mainly used for water quality
improvement (Armitage et al., 2012a). Sand filters are mainly used in small catchment areas of
up to 8000 m2 (Armitage et al., 2012a). Figure 2-8 shows that they generally consist of a
sedimentation basin linked to a filtration basin. The sedimentation basin is typically sized to
capture the entire water quality volume and facilitates the removal of suspended particles and
heavy metals. The filtration basin is usually comprised of sand or other filtration media and
removes the smaller particulate pollutants that pass through the sedimentation chamber (Debo
& Reese, 2003; Armitage et al., 2012a; Barrett, 2003).

Figure 2-8: Typical sand filter (Woods-Ballard et al., 2007)

The most common filter media used is sand, while other filter media include peat, limestone
and topsoil. The “pollutant removal mechanism is partly through filtration by the sand bed and
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partly through microbial action within the media” (Armitage et al., 2012a). A pollutant trap
can be used to provide pre-screening of the stormwater in order to remove gross pollutants and
gravel. This helps to prevent clogging of the sand filter (Kandasamy et al., 2008). The sand
filter should be designed to drain within 72 hours. This allows effective pollutant removal
while ensuring that the system is able to receive subsequent rainfall events (Armitage et al.,
2012a). For optimal efficiency, sand filters generally require a hydraulic head of 1-1.5 meters
(Armitage et al., 2012a).
In general, sand filters require a higher level of maintenance than other common SuDS
options. However, if the sand filter is designed correctly and regular, effective maintenance
occurs, then the sand filter can operate for an indefinite period (Armitage et al., 2012a). Thus,
regular and effective maintenance should be made a priority, especially during the wet season
(Armitage et al., 2012a). The maintenance of underground sand filters, which are extremely
effective in areas where space is highly limited and very similar in design, operation,
performance and maintenance to surface sand filters, is more difficult due to their limited
accessibility (Armitage et al., 2012a).
If effective maintenance is not carried out on a regular basis, the following three
maintenance issues are most likely to occur (after Armitage et al., 2012a; Barrett, 2003 and
Kandasamy et al., 2008):
i)

Clogging: sediment runoff is the main cause of clogging, with silty or clayey filtration
media increasing the probability of clogging occurring. Clogging, which reduces
permeability, is the biggest threat to the long term successful operation of the sand filter.
Hence, the largest maintenance activity in a filter system is the replacement/rejuvenation
of the filtration media once it has become clogged;

ii)

Encrustation: this occurs when a crust-like layer of finer material forms on the filtration
surface and results in a reduction in infiltration and increase in drainage times.
Encrustation can be avoided by regular raking or removal of the top 150 mm layer; and

iii)

Sitting water: sitting water generally occurs in the filtration basin and has the potential to
attract mosquitoes and midges. It can also provide a breeding site for vectors. Therefore,
sitting water can potentially become a health hazard. Dewatering and de-clogging can
eliminate sitting water.

The main role of sand filters is improving the water quality of urban stormwater runoff. In
addition, sand filters are also highly effective in treating the ‘first flush’ runoff from urban
areas (Armitage et al., 2012a). Table 2-7 summarises the pollutant removal efficacy, for the
pollutants which are relevant to this research project, of sand filters.
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Table 2-7: Pollutant removal efficacy of sand filters
Name of pollutant

Percentage removal *(%)

TSS

90

TP

39

* Percentage removal values obtained from Barrett (2003).

2.7.3 Permeable pavements
One result of increasing urbanisation is the increase in the number of impermeable surfaces.
One solution to this increase is the use of permeable pavements (PP) (Mukherjee, 2014). There
are a number of different types of PP, however the general principle of PP is to collect, treat
and store, or infiltrate freely, any stormwater runoff in order to reduce stormwater flows and
pollution loads, as well as to support groundwater recharge (Hunt & Collins, 2008; Scholz &
Grabowiecki, 2006).
Figure 2-9 shows a cross-section of a typical permeable pavement system (PPS). The
surface layer of PPS generally is either monolithic and consists of porous asphalt or concrete;
or it is modular and consists of clay or concrete blocks (Aryal & Beecham, 2014). The layer
which retains the stormwater runoff, before filtration into the underlying soil or discharge into a
drainage system, generally consists of crushed stone or coarse gravel aggregate, with very little
fine aggregate being used. Sand and geotextiles may also be used. Thus, PPS are similar to
standard asphalt or concrete pavements except that void spaces are created through the
omission of fine aggregate (Aryal & Beecham, 2014; Mukherjee, 2014). These void spaces
result in infiltration and evaporation of the stormwater runoff and provide volumetric storage
(Sansalone et al., 2008). One consequence of the void spaces within the PPS is that the PPS has
to be thicker than traditional concrete in order to support the same loads (Mukherjee, 2014).
This can lead to increased excavation costs as well as increased construction time and costs. If
there is concern about the possible migration of the pollutants into the groundwater,
impermeable membranes and sub-drains can be used in order to prevent infiltration (Scholz &
Grabowiecki, 2006; Mukherjee, 2014).
It is recommended that PPS drain within 72 hours in order to be able to accept
stormwater runoff from subsequent rainfall events. PPS are most appropriately used in parking
lots, greenways, sidewalks and driveways due to the gentle gradient and light applied loads
(Mukherjee, 2014).
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Figure 2-9: Typical schematic layout of a permeable pavement system (Scholz &
Grabowiecki, 2006)

There are a number of benefits associated with the use of PP. These benefits, inter alia, are
summarised below and discussed in more detail further on (after Mukherjee, 2014 and Yong et
al.; 2008):
i)

Hydraulic benefits;

ii)

Water quality benefits;

iii)

Results in groundwater recharge;

iv)

Can be retrofitted in urban environments;

v)

Allow for reduction in stormwater infrastructure; and

vi)

Result in a reduction in thermal pollution

The hydraulic benefits of PPS, illustrated in Figure 2-10, are achieved through infiltration and
drainage as well as evaporation and retention within the permeable structure. This results in
reduced runoff volumes, longer discharge times and reduced peak runoff rates. These hydraulic
benefits are influenced by the particle size distribution of the bedding material, the storage
depth of the PPS and the underlying soil composition (Scholz & Grabowiecki 2006). Moreover,
the properties of the rainfall event (intensity and duration) influence the hydraulic performance
of the PPS (Hunt & Collins, 2008).
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Figure 2-10: Illustration of negative effects of conventional pavements in comparison to
permeable pavements (Sansalone et al., 2008)

The water quality benefits of PPS are achieved through its primary treatment mechanisms,
which include: filtration, sedimentation and adsorption (Smolek et al., 2014). Therefore
contaminants are captured within the different layers of the PPS and results in the PPS being
highly efficient in removing TSS (Aryal & Beecham, 2014). Theoretically, PPS have the ability
to have high TP, total Kjeldahl nitrogen (TKN) and heavy metals removal rates, as these
pollutants tend to be particulate bound (Smolek et al., 2014). However, it must be noted that
some studies have shown nutrient removal in PPS, whereas other studies have shown little or
no nutrient removal (Hunt & Collins, 2008).This leads to the conclusion that nutrient removal
efficacy of PPS is highly variable. Furthermore, due to the majority of the total nitrogen (TN)
species in stormwater runoff being in the dissolved form, PPS generally have low TN removal
rates (Yong et al., 2008). In fact, several studies have shown that, due to the leaching of
nitrogen, PPS are actually nitrate exporters (Smolek et al., 2014; Hatt et al., 2007).
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PPS with one or more geotextile layers, although being more susceptible to clogging;
tend to have higher pollutant removal rates (Tota-Maharaj et al., 2012). This is due to the
geotextile membrane having the ability to support the growth of microorganisms which have
the potential to biodegrade hydrocarbon pollutants as well as nutrients (Tota-Maharaj et al.,
2012). According to Tota-Maharaj (2012) “the geotextile functions as a bio-filter, which
physically intercepts and digests organic matter present in urban runoff by biochemical
reactions”. Moreover, the geotextile layer increases the filtration, sedimentation and adsorption
potential of the PPS, which further increases its water quality efficacy. Therefore, for PPS with
one or more geotextile layers, the primary treatment mechanisms include: filtration,
sedimentation, adsorption and biological treatment.
Table 2-8 summarises the pollutant removal efficacy, for the pollutants which are
relevant to this research project, of permeable pavements.
Table 2-8: Pollutant removal efficacy of permeable pavements
Name of pollutant

Percentage removal *
(%)

TSS

94

TP

50

* Percentage removal values obtained from Smolek et al. (2012).

PPS require regular maintenance due to the high probability of the voids within the PPS
becoming clogged by particulate matter (Sansalone et al., 2008). There is an inverse
relationship between the infiltration rate of PPS and the amount of voids that have become
clogged with particulate matter (Aryal & Beecham, 2014). Once the PPS has become fully
clogged the system will function as an impermeable surface and therefore has to be entirely
removed and replaced (Scholz & Grabowiecki 2006). This significantly raises the overall cost
of PPS and is the chief obstacle in the widespread application of PPS (Aryal & Beecham,
2014). Maintenance is typically carried out by industrial vacuums that remove all the unwanted
sediment (Mukherjee, 2014). The main causes of clogging are as follow (after Scholz &
Grabowiecki, 2006):
i)

Sediment being ground into the PP by vehicles prior to being removed by, for example,
sweet sweeping;

ii)

Waterborne sediment, which drains into and clogs the PPS before being washed off; and

iii)

Collapsing pores due to shear stress caused by numerous braking actions of vehicles at
the same spot.
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2.8 Review of SuDS case studies
The implementation of SuDS is crucial as it helps to address the environmental imbalance
resulting from conventional urban stormwater management. Consequently, a large number of
SuDS have been implemented in urban areas around the world. This section reviews a number
of international and local SuDS case studies.

2.8.1 International case studies
2.8.1.1 Case studies on the use of permeable pavements
Three permeable pavement projects have been implemented within the City of Portland,
Oregon. This is due to an initiative by the city in order to evaluate the efficacy, maintenance
requirements and cost of PPS. The permeable paving projects were implemented at the
following sites:
i)

East Holladay Park (City of Portland, 2006);

ii)

Westmoreland (City of Portland, 2004); and

iii)

North Gay Avenue (City of Portland, 2005).

All of the permeable pavement projects are retrofits and arose due to either street or parking lot
reconstruction. A number of different types of PPS were utilised at each of the sites in order to
determine their efficacy. At all of the sites, outside information/specialists proved to be very
helpful in assisting with the more detailed specifications of the projects. At two out of the three
sites street trees were planted in conjunction with the PPS in order to capture overflow
stormwater not managed by the PPS, thereby creating a treatment train. Furthermore, the trees
that were planted were chosen due to their ability to tolerate both standing water and seasonal
drought.
At each of the sites a maintenance and monitoring programme was implemented in order
to prevent clogging and maintain permeability of the PPS, as well as monitor the efficacy of the
PPS. It was discovered that, at the Westmoreland site, street sweeping three times a year was an
insufficient form of maintenance; hence a more powerful vacuum cleaner was utilised four to
six times a year. Public involvement was incorporated at all of sites. This was achieved through
mailings, open houses and local press coverage. Moreover, a permanent educational sign,
describing the project, has been placed outside each of the sites.
No information is available as to the efficacy of the PPS at each of the sites; however it is
important to note the design and implementation process of each of the PPS. In particular, the
public involvement, maintenance and monitoring of the PPS, as well as the use of specialists
should be noted.
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2.8.1.2 Case study on the use of a biofilter
This case study was performed by Alderete & Scharff (2005). The Californian Department of
Transportation (Caltrans) has initiated a number of projects in order to evaluate the
performance and applicability of various ‘green’ SuDS options. Green SuDS are SuDS which
include vegetation as part of their stormwater runoff treatment process. This has resulted in a
biofilter, shown in Figure 2-11, being implemented along State Route 73 in southern
California. The biofilter is designed to remove pollutants through biological and physical
processes.
The biofilter is an off-line treatment system, which means that stormwater runoff flows,
in excess of the design storm, are routed around the bioretention area through a diversion
structure fitted with a debris rack/litter cage. There are two pre-treatment components, each
with a different purpose, for the biofilter: a bioswale and a litter removal device (LRD). The
purpose of the bioswale is to reduce the amount of sediment that enters the biofilter. The
purpose of the LDR is twofold: (1) to concentrate the gross solids to a single point for ease of
cleaning; and (2) provide energy dissipation.

Figure 2-11: Cross-section of biofilter (Alderete & Scahrff, 2005)

Within the biofilter, the organic layer, planting material and soil was designed to adsorb heavy
metals, nutrients and hydrocarbons. Microorganisms then remove these pollutants by
assimilating the nutrients and metals and degrading the hydrocarbons. The planting material
was selected due to its ability to withstand periods of saturation and drought as well as being
able to adapt to the highway environment. Furthermore, where possible, vegetation native to
the area of the project site was selected for use. The biofilter was fitted with an underdrain
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collection system, which consisted of 150 mm perforated PVC pipes spaced at a maximum of
three meters in the gravel layer.
External advisors and specialists were consulted during the design of the biofilter. These
outside sources included: the U.S Fish and Wildlife Service, California Department of Fish and
Game, California Department of Health Services and a Native American Tribal Council.
No data is available on the efficacy of the biofilter however it is important to note the
design and implementation process of the biofilter. In particular, the use of pre-treatment, the
selection criteria for planting material and the use of specialists should be noted.

2.8.2 South African case studies
2.8.2.1 Case studies on the use of permeable pavements
Permeable paving is one of the most commonly implemented SuDS options in RSA (Armitage
et al. (2012b). Armitage et al (2012b) briefly evaluated PPS implementations at the following
sites:
i)

CoCT Grand Parade;

ii)

University of Witwatersrand northern parking lot;

iii)

Anglican Cathedral parking lot; and

iv)

Bishops Court Business Park parking area.

At the CoCT Grand Parade, Aquaflow permeable concrete block paving (PCBP), shown in
Figure 2-12, was used. These pavers have sufficient compressive strength to support light
vehicle traffic and have been designed to have sufficient impact resistance to prevent their
cracking during the handling and laying stages. Moreover, these pavers were manufactured
from C40 concrete in order to resist the corrosive effects of chemicals, oils and flammable
fluids that might spill on them during their lifespan. In addition, they are resistant to most
common forms of weathering such as excessive heat or freeze thawing. The pavers are
designed to absorb nine mm of rainwater over a storm duration of 30 minutes. This rainwater is
subsequently released via evaporation and exfiltration into the underlying layers. Tests have
indicated that stormwater can drain through the pavement surface and into the base course at a
rate of up to 4500 mm/h, thus greatly reducing the likelihood of surface ponding. Figures 12-13
and 12-14 illustrate the difference in performance between the PCBP and standard paving after
being exposed to wet weather conditions.
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Figure 2-12: Cross section of the Aquaflow PCBP (Iliso Consulting Engineers, 2009)

Figure 2-13: The PCBP on the
Grand Parade after wet weather
conditions (Armitage et al., 2012b)

Figure 2-14: Standard paving on the
Grand Parade after wet weather
conditions (Armitage et al., 2012b)

A general inspection of the paving is scheduled to take place, if possible, once a month but no
longer than once every three months. A standardised inspection form is used to document
important aspects. If properly maintained, PCBP has a nominal design life of 20 years. This
highlights the fact that proper maintenance is essential for the long term success of permeable
pavements. However, as was the case with the permeable pavements located in University of
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Witwatersrand northern parking lot, a considerable degree of clogging is required before they
eventually fail to cope with stormwater runoff flow.
Table 2-9 compares the capital costs as designed, of the Anglican Cathedral parking lot
PPS (in Pietermaritzburg), to those of a similarly sized conventional system. It can be seen that
the PPS has a higher capital cost than the conventional system, which can be attributed mainly
to the higher cost of the paving surface materials. However, the costing for the conventional
system does not take into account the potential heightened cost due to a possible increase in
municipal stormwater piping due to larger stormwater flows and the negative impact of poorer
quality water downstream.

Table 2-9: Capital costs comparison for the Anglican Cathedral parking lot (Partners in
Development, 2009)
Capital costs
Preliminary and general

Conventional (R)

Permeable paving (R)
44 500.00

54 500.00

Parking area

208 837.50

255 865.00

Outfall drain

12 050.00

12 050.00

Contingencies (5%)

13 269.88

16 120.75

278 656.88

338 535.75

39 011.96

47 395.01

317 668.84

385 930.76

Subtotal
VAT (14%)
Total Cost (R)

An alternative to the PCBP is to use clean stone aggregate. As seen in Figure 2-15, this was
done at the Bishops Court Business Park parking area. According to Armitage et al. (2012b),
“the stone surface potentially allows rapid infiltration of stormwater into the underlying
material while still being reasonably attractive.” However, these systems require on-going
maintenance as the surface is highly susceptible to disturbance.
No data is available on the efficacy of these PPS however it is important to note certain
aspects of each case study. In particular, the type of permeable pavement used, the capital cost
of a PPS, the maintenance requirements of a PPS and alternatives to PPS should be noted.
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Figure 2-15: Alternative to permeable pavements (Armitage et al., 2012b)

2.8.2.2 Observations from permeable paving case studies in South Africa
Armitage at el. (2012b) made a number of observations resulting from permeable paving case
studies in South Africa. These are as follows:
i)

Even when underdrains are present, PPS significantly reduce peak discharge from the
site;

ii)

There is no need to install catchpits and stormwater pipes in order for PPS to manage
stormwater. Furthermore, urban litter cannot easily enter the stormwater drainage system
due to the absence of catchpits;

iii)

Sand, silt and other fine material have a negative effect on the detention volume and
drainage capacity of PPS. Therefore the performance of PPS relies on adequate
maintenance to reduce/remove this sand, silt and other fine material; and

iv)

PPS are best constructed with small or flat gradients. This ensures that the majority of the
stormwater runoff sinks into the surface. However, the base excavation should be graded
to promote the stormwater flow towards the outlet to ensure that the PPS empties during
rainfall events.

2.9 Summary of literature review
The review of literature has shown that conventional urban stormwater management has
resulted in an environmental imbalance of our water ways. This is due to the highly efficient
linear nature of conventional stormwater systems considering stormwater in isolation from the
urban water system (Armitage et al., 2012a). Erosion and siltation of natural channels,
reduction in water quality through an increase in pollution, an increase in flooding and
adjustment of streams geomorphic properties are, inter alia, all consequences of this
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environmental imbalance (Booth, 1991). Furthermore, the negative effects of urban stormwater
management are further amplified by urbanisation and climate change (Donofrio et al., 2009).
The quality of urban stormwater runoff is highly variable and can change between storms
at the same site and vary from site to site (Debo & Reese, 2003). This quality is largely
influenced by the size distribution of particulate matter in urban stormwater runoff, with higher
pollutant concentrations being found on smaller particle sizes (Zhao et al., 2010).
In an effort to address these negative environmental effects, as well as protect and
enhance the life span of their stormwater infrastructure, the CoCT has introduced a number of
guidelines, policies and documents. One of these policies is the ‘CoCT’s Stormwater Policy
(CoCT, 2009), which focuses on managing and improving both stormwater quality and
quantity for new and existing developments. There are a number of alternative approaches to
conventional urban stormwater management that could be adopted as a way of meeting the
CoCT’s Stormwater Policy (CoCT, 2009) criteria. One of these alternative approaches is SuDS,
which aim to simulate the natural hydrological cycle and, therefore, replicate, as closely as
possible, pre-development drainage conditions (Armitage et al., 2012a). This results in
stormwater being incorporated into the urban water cycle and therefore used as a resource.
Thus, SuDS are surface water drainage systems that are developed in a holistic and
interdisciplinary manner (Armitage et al., 2012a; Woods-Ballard et al., 2007).
A number of reviewed case studies have shown that SuDS have been successfully
implemented worldwide. It is important to note that both reviewed literature and case studies
indicate that SuDS are most effective when a number of SuDS options are used together in the
form of a treatment train. Furthermore, the maintenance of SuDS is critical for their successful
operation and performance.
The CoCT’s Stormwater Policy has resulted in a number of SuDS being implemented at
the ICBD; namely: biofilters, PPS and a filter drain. Reviewed literature has shown that
biofilters and PPS have both water quality and water quantity benefits. However, in order to
sustain these benefits, proper maintenance must occur. Owing to the fact that the filter drain is
a prototype design by The Consultant, there is no literature available regarding its efficacy.
The review of literature has ultimately exposed the need for the further study of SuDS in
a South African context. This increase in research will go a long way towards informing and
minimising the uncertainty that acts as a barrier to the wider use of SuDS locally.
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3. Research process
This chapter provides an overview of the general research process, illustrated in Figure 3-1,
that was carried out in order to complete this research project. Each step of the research process
is discussed in detail in the following Chapter.
Initially a desktop study on the filter drain was performed. This was done in order to
acquire more knowledge about, and analyse the design of, the filter drain. The desktop study
resulted in the identification of a number of design flaws and therefore resulted in a more indepth analysis on certain design aspects of the filter drain. Following the desktop study, a site
inspection of the filter drain was carried out. This was done in order to become more familiar
with the site and to determine the following: whether the filter drain had been constructed in
accordance with The Consultant’s drawings; the condition of the filter drain; and the most
feasible method of testing the filter drain. From the site inspection it was clear that little or no
maintenance had been performed on the filter drain. This resulted in a more thorough
inspection of the filter drain inlet pipes being necessary in order to determine if the filter drain
was functioning as intended. In addition, it presented the opportunity to perform an analysis on
the sediment that was collected from the filter drain system. From this further inspection it was
concluded that the filter drain was not functioning as intended and therefore needed to be
rehabilitated. Once the filter drain was rehabilitated it was possible to evaluate the water quality
efficacy of the filter drain.

Desktop
study of
the filter
drain

Site inspection
of the filter
drain and more
thorough
inspection of
the filter drain
inlet pipes

Rehabilitati
on of the
filter drain

Analysis of
sediment
collected from
the filter drain
system

Evaluation of
the water
quality
efficacy of
the filter
drain

Figure 3-1: Research process
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It must be noted that this research process was not originally planned. It was initially believed
that the filter drain was functioning as intended and therefore it would only be necessary to
evaluate its water quality efficacy. However, there were a number of obstacles that needed to
be overcome before this was possible. These obstacles included: the poor condition of the filter
drain (resulting from the design, maintenance and construction of the filter drain) and the filter
drain not functioning as intended. These obstacles were overcome by: (1) cleaning out the filter
drain; (2) performing a more thorough inspection of the filter drain inlet pipes; and (3) fixing
the construction error and unclogging the inlet pipes of the filter drain, thereby rehabilitating
the filter drain.
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4. Evaluation of the ICBD filter drain
The filter drain was evaluated in order to determine its water quality efficacy. This provided an
indication if the filter drain improved the quality of the stormwater runoff to a standard
required by the CoCT’s Stormwater Policy (CoCT, 2009) water quality criteria. The following
sections describe, in detail, the processes that were carried out in order to perform this
evaluation, as well as provide the results of the evaluation.

4.1 Desktop study of the filter drain
The ‘Phase 2 – Preliminary Report: Napier Street Depot Local Stormwater Management Plan’
(ICBD Stormwater Management Plan) (The Consultant, 2012) was used in order to complete
the desktop study. In particular, the detailed drawings from the ICBD Stormwater Management
Plan (The Consultant, 2012), in Appendix A, were used.
The analysis of the design of the filter drain resulted in the identification of the sizing of
the filter drain as one of the main design flaws; therefore this was analysed in greater detail.

4.1.1 Analysis of the sizing of the filter drain
The analysis of the sizing of the filter drain entailed estimating the volume of stormwater
runoff required to produce effluent from the filter drain and then determining the corresponding
rainfall event required to produce this required volume. It was assumed that the filter drain was
dry (i.e. there is no stormwater present within the filter drain) during the analysis of the sizing
of the filter drain.
The following volumes of stormwater were estimated in order to determine the volume of
stormwater required to produce effluent from the filter drain:
i)

The volume of stormwater required to break through the Inbitex® geotextile membrane
within the filter drain. This refers to the 50 mm breakthrough head required above the
membrane before the membrane allows stormwater to pass through it; and

ii)

The dead storage volume of stormwater required to produce effluent from the outflow
pipes. This is the volume of stormwater required in order for the stormwater to rise to a
height above the filter drain outlet pipes.

The volume of stormwater required to break through the Inbitex® geotextile membrane was
estimated using Equation 4-1. Due to single-sized aggregate being used within the filter drain,
the void ratio (air space around the particles) varies between 20% - 40%. Therefore, it was
assumed that a void ratio of 30% was present (Armitage, 2015).
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VI = A𝐈 × 0.05 × 0.30

(4-1)

where: VI = volume of stormwater required to break through the Inbitex® geotextile membrane
(m3); AI= area of the Inbitex® geotextile membrane (m2); 0.05 = 50 mm to account for the
breakthrough head (m); 0.30 = void ratio.

The following assumptions were made in order to estimate the dead storage volume of
stormwater required to cause effluent from the filter drain:


It was assumed that the stormwater would have to ‘dam up’ to a height equal to the
height of the outlet pipes within the filter drain in order for effluent to be produced; and



Due to the filter drain having an impermeable top layer, it was assumed that all of the
material within the filter drain was already ‘wetted’ as evaporation could not occur.
Therefore no additional stormwater volume was needed in order to ‘wet’ the material
within the filter drain.

The dead storage volume of stormwater was estimated using Equation 4-2.
VD = AD × 0.30

(4-2)

where: VD = dead storage volume (m3); AD= the volume between the base of the filter drain
and the outlet pipes of the filter drain (m3); 0.30 = void ratio.

The point rainfall required to produce the estimated required volume of stormwater was
calculated using Equation 4-3. Once the required point rainfall required had been calculated, a
corresponding rainfall event was selected using data provided in the ICBD Stormwater
Management Plan (The Consultant, 2012).

P = V ÷ A × 1000

(4-3)

where P = point rainfall required (mm); V = volume of stormwater required to break through
Inbitex® geotextile membrane (m3); A = area of sub-catchment 19 (m2); 1000 = conversion
from m to mm.
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4.1.2 Results and discussion from the desktop study of the filter drain
The desktop study of the filter drain provided comprehensive details about the functioning of
the system, as well as the identification of the following design flaws:
i)

The sizing of the filter drain;

ii)

The design of the filter drain with regards to maintenance; and

iii)

The absence of end caps on the inlet pipes.

4.1.2.1 Overview of the filter drain
The filter drain was designed in 2013 by The Consultant for the CoCT (The Client). The filter
drain was constructed in 2013 by Civils 2000 (Pty) Ltd, the contractors for the construction of
the ICBD, and has been operational since then. The main objective of the filter drain, which
can be described as a combination of an underground sand filter and a permeable pavement, is
to improve the water quality of the stormwater runoff from sub-catchment 19.
ICBD main
entrance and
exit

The filter drain
collects stormwater
runoff from subcatchment 19 (77m2
in size)

Filter drain
located
underground,
south of the
ICBD main
entrance and exit

Figure 4-1: Segment of the ICBD site and catchment map (The Consultant, 2012)

The location of the filter drain can be seen in Figure 4-1, with Figure A-2, in Appendix A,
providing a more detailed drawing of the filter drain in relation to the ICBD. The filter drain is
located underground and outside of the ICDB perimeter (The Consultant, 2012). The location
of the filter drain has resulted in the filter drain being the property and responsibility of the
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CoCT and not MyCiti, despite MyCiti operating under the CoCT (The Consultant, 2015a). The
consequences of the filter drain being owned by the CoCT are as follows:
i)

The CoCT’s stormwater department is responsible for the maintenance and upkeep of the
filter drain; and

ii)

The CoCT is liable for any costs associated with the filter drain during it useful life span.

Owing to the fact that filter drain is located on municipal owned land with a history of vagrants
being present in the area, The Client requested that a vagrant deterrent be incorporated into the
design of the filter drain. Figure 4-2 shows that this resulted in The Consultant placing sharp
rocks fixed into a concrete base above the filter drain.

Figure 4-2: Anti-vagrant design of filter drain (vd Byl, 2015)

The filter drain consists of a number of layers, with each layer situated below the compacted
material having the ability to improve the quality of the water passing through the filter drain.
As seen in Figure 4-3 and 4-4, the layers within the filter drain are as follows:
i)

One 150 mm layer of sharp rocks embedded into concrete as a vagrant deterrent;

ii)

One 450 mm layer of compacted material;

iii)

Three 160 diameter perforated inlet and pipes wrapped in Bidim®;

iv)

Three separate layers of 13 mm single sized stone wrapped in Bidim®;

v)

One layer of Inbitex® geotextile membrane;

vi)

150 mm transition clean sand;

vii) One layer of Bidim®; and
viii) Three 160 diameter perforated outlet pipes wrapped in Bidim®.
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Figure 4-3: Segment of detailed cross-section of filter drain (The
Consultant, 2012)

Figure 4-4 Segment of detailed crosssection of filter drain (The Consultant,
2012)
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The treatment mechanisms of the filter drain are determined by the different layers. The
transition clean sand and 13 mm single sized stone layers provide filtration, adsorption and
sedimentation treatment mechanisms. Moreover, the geotextile layers (in the form of Bidim®
and Inbitex®), in addition to providing the aforementioned treatment mechanisms, also provide
an opportunity for micro-organism growth to be supported (Tota-Maharaj et al., 2012).
Therefore an additional treatment mechanism, bio-degradation, is possible. In conclusion, the
possible treatment mechanisms of the filter drain are as follows:
i)

Filtration;

ii)

Adsorption

iii)

Sedimentation; and

iv)

Bio-degradation.

The length of the filter drain is approximately 33 m and the approximate depth of the filter
drain is 2.2 m. Figure 4-5, along with providing additional information regarding the layers
within the filter drain, illustrates that the width of the filter drain is not constant. The top width
of the filter drain is 3.8 m and the bottom width is 1.6 m.

Figure 4-5: Detailed cross-section of filter drain (The Consultant, 2012)
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The flow of stormwater runoff through the filter drain system can be seen in Figure 4-6 and is
summarised in Figure 4-7. The stormwater flow diagram for the whole ICBD can be seen in
Figure A-3 in Appendix A.

ICBD main
entrance and
exit

Legend:
Sub-catchment 19

Flow of stormwater
Inlet or manhole

Figure 4-6: Flow of stormwater runoff through the filter drain system (The Consultant,
2012)

Stormwater runoff from
sub-catchment 19 flows
into the roadside inlet
SW73 (roadside inlet)

From SW47 the stormwater
runoff joins the greater
stormwater network and
eventually discharges into
Table Bay Harbour

The stormwater runoff is
then directed into
manhole SW48 (inlet
manhole)

The stormwater then
discahrges into manhole
SW47 (outlet manhole) via
one of three perforated
outlet pipes

From SW48 the
stormwater runoff enters
into the filter drain via
one of three perforated
inlet pipes

The stormwater then
filters down through the
layers within the filter
drain and is collected by
one of three perforated
outlet pipes

Figure 4-7: Summary of flow of stormwater runoff through the filter drain system
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4.1.2.2 Sizing of the filter drain
From the desktop study of the filter drain it is appears that the filter drain was sized for a
catchment area larger than sub-catchment 19 and is therefore over-designed. This section
provides an indication of the magnitude of this over-design.
The results of the estimation of the required volume of stormwater to produce effluent
from the filter drain can be seen in Table 4-1. The dead storage volume of stormwater, due to it
requiring a greater volume than the volume of stormwater required to break through the
Inbitex® geotextile membrane, is the limiting factor in producing effluent from the filter drain.

Table 4-1: Estimation of the volume of stormwater required in order to produce effluent
from the filter drain
Reason for required volume of stormwater

Volume of stormwater required (m3)

To break through Inbitex® geotextile
membrane

1.39

Dead storage volume of stormwater required to
produce effluent

4.54

From Equation 4-3, approximately a 60 mm rainfall event is required in order to generate 4.54
m3 of stormwater from a 77m2 catchment area, and subsequently produce effluent from the dry
filter drain. This is 13 mm more rainfall than a 1 in 10 year rainfall event at the ICBD (shown
in Table 4-2).

Table 4-2: 24 hour rainfall depth (The Consultant, 2012)
Return period

Design rainfall for ICBD (mm)

1 in 2 year

1 in 10 year

1 in 50 year

1 in 100 year

44

47

97

110

Figure 4-8 shows that the filter drain is situated underneath the incomplete overpass and does
not appear to receive runoff from any vertical rainfall events. Hence, the filter drain was
designed to collect runoff from only windswept (horizontal) rainfall events (The Consultant,
2015b). This is a further indication that the filter drain was over-designed. This is highlighted
in Figure 4-9 which shows that, despite nine mm of vertical rainfall falling between the hours
of 07:00 and 10:00 on the 10/09/2015 (AccuWeather, 2015), sub-catchment 19, and in
particular the flow path towards the filter drain, was relatively dry.
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Figure 4-8: Filter drain situated underneath the incomplete overpass (vd Byl, 2015)

Figure 4-9: Sub-catchment 19 post a nine mm rainfall event (vd Byl, 2015)

The CoCT’s Stormwater Policy (CoCT. 2009) requires water quality treatment for a 1 in ½
year rainfall event. The fact that the filter drain, when dry, will only produce effluent from a 1
in 10 year rainfall event is an indication that it is vastly over-designed. When asked why the
filter drain was sized as such, The Consultant responded that it was simply sized to fit between
the two columns of the incomplete overpass located above the filter drain (The Consultant,
2015b). This shows a lack of thought regarding the sizing of the filter drain.
The sizing of the filter drain does not affect the functioning of the filter drain or affect the
quality of the effluent. In fact, it can be suggested that, due to the size of the filter drain, the
stormwater runoff remains in the system for a long period of time. This results in the
stormwater runoff receiving prolonged contact time with the system which could possibly lead
to water quality benefits. However, the sizing of the filter drain has resulted in large and
unnecessary costs for The Client.
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4.1.2.3 The design of the filter drain with regards to maintenance
It appears that the filter drain has not been designed with maintenance in mind. This can be
attributed to a number of design aspects of the filter drain, which can be split into the following
two sections:
i)

Design aspects resulting in the filter drain requiring frequent maintenance; and

ii)

Design aspects resulting in an increased level of difficulty in performing maintenance on
the filter drain.

Two main design aspects have resulted in the filter drain requiring frequent maintenance: (1)
the location of the filter drain inlet pipes; and (2) the lack of pre-treatment of the stormwater
runoff before it enters the filter drain.
Figure 4-10 shows that the filter drain inlet pipes are located approximately 60 cm above
the base of the inlet manhole. Therefore the stormwater runoff has to ‘dam up’ within the inlet
manhole before it reaches the height of the inlet pipes resulting in some of the suspended
sediment in the stormwater runoff settling out within the inlet manhole. Figure 4-11 shows that,
if no maintenance is performed, the sediment build up within the inlet manhole will eventually
reach a height equal to that of the inlet pipes. Consequently, frequent maintenance is required
in order to remove this sediment. Furthermore, there is an increased probability of the
stormwater runoff ‘picking up’ this excess sediment, litter and debris before entering into the
filter drain. This increases the likelihood of the filter drain becoming clogged with sediment.

Inlet pipes located 60 cm above base of
the inlet manhole. This results in
suspended sediment settling into, and
building up within, the inlet manhole

Outlet pipes have been
designed for maintenance due
to the ends being fitted with a
rodding eye

60 cm

Figure 4-10: Inlet pipes located above the base of the inlet manhole (The Consultant, 2012)

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 4: Evaluation of the ICBD filter drain

4-11

Figure 4-11: Sediment within the inlet manhole having built up to the same level as the
inlet pipes (vd Byl, 2015)

There is no form of pre-treatment present in the roadside inlet, the connecting pipe or the inlet
manhole; therefore there is no pre-treatment of the stormwater runoff before it enters into the
filter drain. Figure 4-12 and 4-13 illustrate the amount of sediment, litter and debris that enters
into the filter drain system due to the absence of pre-treatment; thus increasing the frequency of
the required maintenance on the filter drain.

Figure 4-12: Accumulated sediment within the connecting pipe between the roadside inlet
and inlet manhole (vd Byl, 2015)
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Figure 4-13: Collection of litter and debris in the roadside inlet (vd Byl, 2015)

There were three main design aspects that resulted in an increased level of difficulty in
performing maintenance on the filter drain: (1) the inlet pipes having no rodding eye section;
(2) the inlet and outlet pipes designed to be wrapped in Bidim®; and (3) the anti-vagrant design
with a ‘concrete cap’ above the filter drain.
Figure 4-15 shows that the outlet pipes have been designed for maintenance, as evidenced
by the end of the outlet pipes having a rodding eye section in order to increase ease of
performing maintenance on the pipe. However, as seen in Figure 4-14 and 4-15, the end of the
inlet pipes do not have a rodding eye section and consequently there is an increased level of
difficulty in performing maintenance on these inlet pipes. The reason for the inlet pipes having
no rodding eye section is unclear.
Both the inlet and outlet pipes of the filter drain have been wrapped in Bidim® in order to
increase the filtration, sedimentation and adsorption mechanisms of the filter drain.
Subsequently, if the pipe perforations become clogged with sediment, it will be difficult to
completely clear out the sediment, because the Bidim® will capture this sediment and keep it in
contact with the pipes, thus preventing it from being cleared away.
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No rodding eye section at
either end of inlet pipes
present

Figure 4-15: Cross section of the outlet
manhole (The Consultant, 2012)

Rodding eye section
present at end of outlet
pipes

Figure 4-14: Cross section of the inlet
manhole (The Consultant, 2012)

If one of the layers within the filter drain requires maintenance, it will be both difficult and
expensive to perform this maintenance because the filter drain is located underground with a
‘concrete cap’ (in the form of the ‘anti-vagrant’ design) on the surface. Moreover, the antivagrant design, seen in Figure 4-2, is not fulfilling its intended purpose as vagrants are able to
place boards or planks on-top of the sharp rocks, as seen in Figure 4-16, which actually
provides additional benefits in terms of preventing them from getting wet during rainfall
events.

Figure 4-16: Vagrant present at the ICBD despite the anti-vagrant design (vd Byl, 2015)

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 4: Evaluation of the ICBD filter drain

4-14
4.1.2.4 The absence of end caps on the inlet pipes
Figure 4-17 shows that the ends of the inlet pipes of the filter drain were not designed with end
caps. Although the inlet pipes were not designed to extend into the outlet manhole, the inlet
pipes still extend beyond the edge of the filter drain. Therefore the inlet pipes should have been
designed with end caps in order to ensure that the stormwater runoff does not go into and out of
the inlet pipes, thus bypassing the filter drain and receiving no water quality treatment.
Furthermore, it is very difficult to construct a manhole wall flush against a polyvinyl chloride
(PVC) pipe. If the inlet pipes were designed with end caps it would not have been necessary to
design the inlet pipes flush against the manhole wall, thus increasing the ease of construction.

Inlet pipes extending beyond
edge of filter drain and no end
caps specified for the outlet
pipes

Figure 4-17: No end caps present on inlet pipes (The Consultant, 2012)

4.2 Site inspection of the filter drain
The site inspection of the filter drain was carried out on 10/09/2015 and resulted in two main
problems being identified: (1) a construction error; and (2) a lack of maintenance of the filter
drain.

4.2.1 Identification of the construction error
There was one visible construction error upon inspection of the filter drain. Figure 4-18 shows
that the end of the inlet pipes extended approximately 10 cm beyond the end of the filter drain
and into the outlet manhole. This construction error, coupled with the fact that the inlet pipes
were not designed with end caps, resulted in the stormwater entering into and discharging out
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of the inlet pipes; thus bypassing the treatment process of the filter drain. Therefore, the filter
drain was conveying stormwater rather than treating it.

Figure 4-18: The inlet (top) pipes extending into the outlet manhole without any end caps
present (vd Byl, 2015)

This problem was easily fixed by placing end caps on the inlet caps. However, as shown in
Figure 4-19, it was discovered that some of the stormwater was still able to flow through the
perforations of the inlet pipes and into the outlet manhole. Figure 4-20 shows insulation tape
was used to block the perforations of the inlet pipes and provide a ‘quick-fix’ to this problem.

Figure 4-19: Stormwater entering into the outlet manhole through the inlet (top) pipes
perforations (vd Byl, 2015)
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Figure 4-20: End caps and insulation tape present on the inlet pipes (vd Byl, 2015)

4.2.2 The maintenance of the filter drain
Figure 4-21 and 4-22 indicate that little or no maintenance had been performed on the filter
drain since its implementation. This may be due to the filter drain being property of the CoCT.
As is the case with the majority of South Africa municipality departments, the CoCT
stormwater department lacks the resources to perform routine maintenance on their entire
stormwater infrastructure. Furthermore, there was no maintenance plan assembled for the filter
drain, therefore it is probable that the CoCT stormwater department is not aware that they are
the party required to perform maintenance on the filter drain or even aware of the existence of
the filter drain.

Figure 4-21: Litter within the inlet
manhole covering the inlet pipes (vd Byl,
2015)
Figure 4-22: Litter within SW48
covering the inlet pipes (vd Byl, 2015)

Figure 4-22: Litter within the roadside
inlet (vd Byl, 2015)

Figure 4-23: Litter within SW48
covering the inlet pipes (vd Byl, 2015)
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A consequence of the lack of maintenance was the large amount of sediment and litter build-up
within the roadside inlet and inlet manhole. Figure 4-23 shows the total amount of sediment
that was removed from the roadside inlet and inlet manhole. In comparison, the outlet manhole
had negligible sediment and litter build up. This is due to the majority of the sediment and litter
settling out and getting trapped within the roadside inlet and inlet manhole.

Figure 4-23: Sediment that had accumulated within the filter drain system (vd Byl, 2015)

4.2.3 Discussion on the maintenance and construction of the filter drain
The lack of maintenance performed on the filter drain is illustrated by the large build-up of
sediment, litter and debris within the roadside inlet and inlet manhole. This illustrates the fact
that the maintenance of stormwater systems is an issue in RSA and indicates the need to design
stormwater systems to be as robust and self-sufficient as possible in order to overcome the
issue of maintenance. The increased frequency of maintenance required by the filter drain,
coupled with the lack of maintenance on stormwater systems in RSA, is unsustainable.
The construction error of the filter drain, although possibly being considered a small
construction error, resulted in rendering the filter drain ineffective. This highlighted the fact
that the construction of SuDS is just as important as their design. It is important to note that, in
a South African context, the design of SuDS should take into account the relevant construction
standards.

4.3 Inspection of the filter drain inlet pipes
An inspection of the inside of the filter drain inlet pipes was performed on the 14/09/2015. This
was necessary because, due to the large sediment build-up within roadside inlet and inlet
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manhole, there was a possibility that the perforations of the inlet pipes had become clogged
with sediment; thus preventing the filter drain from functioning as intended.

4.3.1 Method of inspection of the filter drain inlet pipes
A pipe inspection apparatus, which consisted of a GoPro camera and a small aluminium torch
attached to a section of a rodding pipe, was constructed in order to inspect the inside of each of
the inlet pipes. Figures 4-24, 4-25 and 4-26 show the top, side and front view of the pipe
inspection apparatus respectively. The GoPro App was downloaded in order to control the
GoPro camera remotely via a cellular phone and live stream the images that the GoPro was
taking to that cellular phone.

Figure 4-24: Top view of pipe inspection apparatus (vd Byl, 2015)

Figure 4-25: Side view of pipe inspection apparatus (Blair, 2015)
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Figure 4-26: Front view of pipe inspection apparatus (Blair, 2015)

Figure 4-27 illustrates how the pipe inspection apparatus was inserted into each of the inlet
pipes so that photographs could be taken.

Figure 4-27: Pipe inspection apparatus inserted into the left inlet pipe (vd Byl, 2015)

In order to comprehensively determine whether the pipe perforations had become clogged with
sediment, water was siphoned into each of the pipes and a video was taken to see if the water
level within the pipe decreased or remained constant. As seen in Figures 4-28 and 4-29, the
water was siphoned out of a container and into each of the inlet pipes via a hose.

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 4: Evaluation of the ICBD filter drain

4-20

Figure 4-28: Siphoning water into inlet pipes (Blair, 2015)

Figure 4-29: Water entering into inlet pipe while a video is being taken by the pipe
inspection apparatus (vd Byl, 2015)

4.3.1.1 Limitations to the method for inspection of the filter drain inlet pipes
The main limitation associated with the inlet pipe inspection apparatus was that it could only be
inserted a maximum of four meters into the inlet pipes. This limited the length of inlet pipe that
could be analysed and resulted in the assumption that the initial four meters of the inlet pipe
represented the entire length of pipe.

4.3.2 Results of the inspection of the filter drain inlet pipes
The pictures that were taken by the pipe inspection apparatus can be seen in Figures 4-30 – 435.
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Large amount of sediment
present inside the pipe

Pipe perforations
clogged with sediment

Figure 4-30: Inside of left inlet pipe
(vd Byl, 2015)

Figure 4-31: Inside of left inlet pipe
(vd Byl, 2015)

Pipe perforations clogged
with sediment

Pipe perforations
clogged with sediment

Figure 4-32: Inside of middle inlet
pipe (Blair, 2015)

Litter, in the form of a plastic
packet, inside the pipe

Figure 4-34: Inside of right inlet
pipe (vd Byl, 2015)

Figure 4-33: Inside of middle inlet
pipe (Blair, 2015)

A large amount of sediment
present inside the pipe

Figure 4-35: Inside of right inlet
pipe (vd Byl, 2015)
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The videos that were taken while water was being siphoned into each of the inlet pipes do not
comprehensively show whether or not the pipe perforations had become clogged with
sediment. This was due to the following reasons:
i)

The majority of the water that siphoned into the pipe, due to the small volume, was
absorbed by the sediment and therefore it was inconclusive as to whether the water had
infiltrated into the filter drain or not; and

ii)

When water was siphoned into the right hand pipe, the water that was not absorbed by the
sediment ended up flowing backwards out of the pipe and into the inlet manhole.
Consequently, the water level was not able to be determined. However, it did indicate
that water was not able to infiltrate through the right hand pipe.

In spite of the aforementioned videos not providing enough evidence to conclude that the
perforations of the inlet pipes had become clogged with sediment; Figures 4-30 – 4-35
comprehensively indicate that the inlet pipes perforations were clogged with sediment.
Consequently, it was necessary to rehabilitate the filter drain.

4.4 Rehabilitation of the filter drain
The rehabilitation of the filter drain involved unclogging the perforations of the inlet pipes. On
the 30/09/2015, Aquapowerjet were sub-contracted by Civils 2000 (Pty) Ltd to jet clean, and
therefore unclog, the inlet pipes.
The inlet pipes were jet cleaned by dragging a heavy duty hose, with a perforated nozzle
connected (seen in Figure 4-36) to the end of it, backwards through the full length of the inlet
pipe whilst high pressured water was propelled through the hose. This was repeated twice for
each inlet pipe. The high pressure was created through the use of a diesel engine, seen in Figure
4-37, which was connected to the heavy duty hose. A 5000 ℓ bowser water tank (bowser),
supplied by Civils 2000 (Pty) Ltd, was used as the water source. Figure 4-38 shows the high
pressured water being propelled through the heavy duty hose and perforated nozzle. It is this
high pressured water, propelled through the perforated nozzle, which was intended to remove
the sediment from the perforations and therefore unclog the inlet pipes.

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 4: Evaluation of the ICBD filter drain

4-23

Figure 4-36: The perforated nozzle (vd Byl, 2015)

Figure 4-37: The diesel pump used to create the high pressure (vd Byl, 2015)

Figure 4-38: Water propelled, under high pressure, through the heavy-duty hose and
perforated nozzle (vd Byl, 2015)
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4.4.1 Results from the rehabilitation of the filter drain
Figures 4-39 – 4-41, taken using the pipe inspection apparatus, show the inside of the inlet
pipes after they had been jet cleaned.

Figure 4-39: Left hand inlet pipe post unclogging (vd Byl, 2015)

Figure 4-40: Middle inlet pipe post unclogging (vd Byl, 2015)
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Figure 4-41: Right inlet pipe post unclogging (vd Byl, 2015)

Figures 4-39 – 4-41 show that the inlet pipes of the filter drain were successfully unclogged by
Aquapowerjet. Although not all of the sediment was removed; it was deemed that a sufficient
amount was removed during the jet cleaning process in order for the filter drain to function as
intended. Furthermore, Figure 4-42 provides evidence that there was discharge from the filter
drain outlet (bottom) pipes. It was assumed that this discharge occurred due to a combination of
stormwater runoff that had built up over time in the filter drain and water that was used to jet
clean the inlet pipes and subsequently infiltrated into the filter drain. This proved that water
was able to infiltrate into the filter drain and was further confirmation that the inlet pipes of the
filter drain were, if not fully, at least partially, unclogged. Hence, it was possible to proceed
with the evaluation of the water quality efficacy of the filter drain.

Figure 4-42: Discharge from outlet (bottom) pipes (vd Byl, 2015)
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4.5 Analysis of the sediment obtained from the roadside inlet and
inlet manhole
The sediment that was obtained from the roadside inlet and inlet manhole on 10/09/2015 was
analysed in order to determine the size distribution of the particulate matter within the
stormwater runoff. This was done because the size distribution of the particulate matter within
the stormwater runoff has an impact on the pollutant concentrations of the stormwater runoff
(Zhao et al., 2010). Furthermore, the analysis of sediment was necessary in order to determine
the particle size distribution of the TSS that the municipal water was dosed with for the testing
of the filter drain; as well as allowing for the comparison of this particle size distribution
against reviewed literature.

4.5.1 Methodology for the analysis of the sediment obtained from the
roadside and inlet manhole
The obtained sediment was initially moist, and therefore had to be dried before analysis could
commence. The drying of the sediment occurred in the Oven Room of the University of Cape
Town (UCT) Civil Engineering Laboratory. Figure 4-43 shows that the sediment was placed in
oven trays and then dried in the oven at 80 °C for 48 hours in order to remove the moisture.
This was performed for all sediment collected from the roadside inlet and inlet manhole. The
dry sediment was then weighed in order to obtain the total dry mass.

Figure 4-43: Drying of sediment in oven (vd Byl, 2015)

After the sediment was dried, the particle size distribution of the sediment was determined by
sieving the sediment within the UCT Geotechnical Engineering Department laboratory. Three
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sets of one kg samples of the sediment were sieved. A sediment sample of one kg was used
based on recommendations from the UCT Geotechnical Engineering Department. It was
believed that three sediment samples would be a sufficiently accurate representation of the total
sediment that was obtained from the roadside inlet and inlet manhole. The following sieve sizes
(in µm) were used: 45, 63, 150, 250, 425, 850 and 1180. Any sediment that was greater than
2000 µm was not considered as TSS (Charters et al., 2015; Zhao et al., 2010). The process used
to sieve the sediment samples was guided by the British Standard (BS) 1377methods for
classification tests (British Standard 1377, 1990), with the Mettler PE 6000 6 kg x 0.1 g
balance being used.
Two kg of raw sediment were broken down as much as possible in order to remove the
sediment ‘clumps’ and then sieved through a single 2000 µm aperture sized sieve. This was
done in order to remove any large litter, debris and particles too large to be considered TSS.
The sieved out material can be seen in Figure 4-44.

Figure 4-44: Litter, debris and large sediment particles (vd Byl, 2015)

One kg of sediment from the pan of the 2000 µm aperture sized sieve was weighed and poured
into the pre-assembled and pre-weighed sieves. As seen in Figure 4-45, the sieves were then
placed on a mechanical vibrator and vibrated for ten minutes. The sieves, with the sediment,
were then separated, individually weighed and their masses recorded. The mass of each
sediment size range was then calculated using Equation 4-4. This was repeated for all three
sediment samples. Only a very small percentage of sediment passed through the 45 µm
aperture sized sieve and therefore it was judged unnecessary to perform a hydrometer analysis
on the sediment.

MSE = MT − MSI

(4-4)
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where: MSE = mass of sediment (g); MT= total mass (g); MSI = mass of sieve (g).

Figure 4-45: Sieves placed on mechanical vibrator (vd Byl, 2015)

4.5.1.1 Limitations to the methodology for the analysis of the sediment
During the process of sieving, vibrating and weighing the sediment, it was unavoidable to not
lose some of the finer sediment particles which became airborne. However, this was a
negligible amount of sediment and therefore not considered to have altered the results.

4.5.2 Results from the analysis of sediment obtained from the roadside inlet
and inlet manhole
The mean particle size distribution of the three sediment samples can be seen in Figure 4-46.
Refer to Table C-1, in Appendix C, for the detailed data which accompanies Figure 4-46.
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Figure 4-46: Particle size distribution of obtained sediment

4.5.3 Discussion on the analysis of sediment obtained from the roadside inlet
and inlet manhole
The particle size distribution of the sediment is comparable to similar studies performed by
Zhao et al. (2010) and Charters et al. (2015). However, the analysed sediment appears to have
a higher percentage of larger sized particles than the sediment analysed by Zhao et al. (2010)
and Charters et al. (2015). The particle size peak of the sediment analysed by Zhao et al.
(2010), which accounted for 50% of the mean mass percentage, occurs within the 63 – 149 µm
particle size fraction (refer to Table 2-3). Conversely, the particle size peak in this study, which
accounted for 30% of the mean mass percentage, occurs within the 150 – 250 µm particle size
fraction; with the 63 – 150 µm particle size fraction accounting for only 15% of the mean mass
percentage (refer to Table C-1). Furthermore, the particle size distribution of the sediment
analysed by Charters et al. (2015) consisted of a fines (particles smaller than 63 µm)
percentage of 39%. On the contrary, the particle size distribution in this study consisted of a
fines percentage of only 4%.
According to Charters et al. (2015), road surfaces have additional small particle sediment
inputs from wash off of car bodies and vehicle component wear, such as degradation of vehicle
tyres and brake linings. Therefore, the reason for the difference in particle sizes between the
studies may be due to the type of roads from which the sediment present in stormwater runoff
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was obtained. The sediment obtained by Zhao et al. (2010) and Charters et al. (2015) was
collected from busy urban roads; whereas the sediment obtained in this study was collected
from the ICBD entrance and exit road. It is believed that the busy urban roads would have had
a much larger traffic load than the ICBD entrance and exit road. Consequently the busy urban
roads would have a larger amount of additional sediment input from vehicle component wear
and wash off from car bodies; hence, increasing the mean mass percentage of the finer
particles.
The fact that the particulate matter within the stormwater runoff into the filter drain
appears to have a higher percentage of larger particles is a positive aspect with regards to its
water quality. This is because the particle size distribution has a large influence of the
stormwater runoff pollutant concentrations, with higher concentrations (particularly heavy
metals) being found on smaller particle sizes (Aryal & Beecham, 2014; Zhao et al., 2010).

4.6 Evaluation of the water quality efficacy of the filter drain
The filter drain was evaluated in order to determine its water quality efficacy and therefore
determine if the CoCT’s Stormwater Policy (CoCT, 2009) water quality criteria was being met.
The holding and analysis of the water samples was guided by United States
Environmental Protection Agency (US EPA) method 160.2 (ALS Environmental, 2014) and
Hach method 490 (Hach, 2014). A detailed description of these methods can be found in
Appendix B.

4.6.1 Methodology for evaluating the water quality efficacy of the filter
drain
The testing of the filter drains water quality efficacy involved dosing a set volume of municipal
water, stored in a bowser, with pre-determined concentrations of selected pollutants to create
synthetic stormwater. This synthetic stormwater was then discharged into the filter drain
system and influent and effluent grab samples were taken at pre-determined time intervals. This
was repeated for three varying levels of pollutant concentrations. These samples were analysed
in order to determine their pollutant concentrations and then the influent and effluent
concentrations were compared. This method is discussed in detail in the following sub-sections.
One of the main issues related to the testing of the filter drains water quality efficacy was
determining whether the effluent exiting from the filter drain was the same water that had been
discharged into the filter drain; and not water that had been stored in the filter drain from actual
stormwater runoff or synthetic stormwater from previous tests. It was deemed that the water
stored in the filter drain would have a different temperature to the water that was discharging
from the bowser. Therefore, this issue was solved in the following way:
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A potential hydrogen (pH) probe, which has an imbedded thermometer and is shown in
Figure 4-47, was used to measure the temperature of the check samples (samples not
analysed in the laboratory) taken from the inlet and outlet manholes; and



When the temperatures converged to within 0.1°C, it was deemed that the effluent exiting
from the filter drain was the same water that had been discharged into the filter drain.

Figure 4-47: pH probe (vd Byl, 2015)

4.6.1.1 ‘Flushing out’ of filter drain
In order to determine what pollutants, if any, were leaching from the layers within the filter
drain, the filter drain was initially ‘flushed out’ with 5000 ℓ of clean municipal water (one
complete discharge from the bowser) on the 01/10/2015. This also allowed one to estimate the
discharge rate from the bowser and the filter drain. The method of ‘flushing out’ the filter drain
is as follows:


The roadside inlet and inlet manhole were cleaned out in order to ensure that the water
entering the filter drain was as unpolluted as possible. Following this, the bowser hose
was placed directly inside the roadside inlet and the municipal water was discharged from
the bowser;



In order to determine the time intervals at which to take influent check samples, the total
time taken to fully discharge the bowser was estimated using Equation 4-5.

T = Tc ÷ VC × VB ÷ 60

(4-5)

where: T = time taken to discharge bowser (minutes); TC= time taken to fill up 10 ℓ container
(s); VC = volume of container (ℓ); VB = volume of bowser (ℓ); 60 = conversion from seconds to
minutes.
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From Equation 4-5, it was calculated that it would take approximately 58 minutes to fully
discharge the bowser. Therefore it was deemed reasonable to take influent check samples
every five minutes in order to measure and record the temperature, electrical conductivity
(EC) and pH. A pH probe and EC probe, similar to the pH probe seen in Figure 4-47,
were used to measure these values;



Effluent check samples were taken every five minutes from the start of the bowser
discharge in order to determine the effluent temperature;



When the temperature of the influent and effluent check samples converged to within
0.1°C, the time taken for the filter drain to empty was estimated using Equation 4-6.

T = TC ÷ VC × VB ÷ 3600 ÷ 3

(4-6)

where: T = time taken to for the filter drain to empty (hours); TC = time taken to fill up 10 ℓ
container (s); VC = volume of container (ℓ); VB = volume of bowser (ℓ); 3600 = conversion
from seconds to hours; 3 = number of outlet pipes.


From Equation 4-6, it was calculated that it would take just under 4.5 hours for the filter
drain to empty. This, coupled with the fact that the discharge rate from the pipes is
continually decreasing, resulted in it being deemed impractical to space the acquisition of
effluent samples over the entire filter drain discharge time. Therefore it was deemed
reasonable to take effluent samples at ten minute intervals. Ten effluent samples, split as
evenly as possible between the three outlet pipes, were acquired. In addition, the
temperature, EC and pH of the samples were measured and recorded;



Once the ten effluent samples were acquired they were stored in the Environmental and
Geographical Science (EGS) water analysis lab until analysis on them was performed;
and



The time intervals at which to collect influent and effluent samples for the testing of the
water quality efficacy of the filter drain were determined.

4.6.1.2 Discharging synthetic stormwater into the filter drain system
Limitations caused by the volume of water required to produce effluent from the filter drain as
well as the available apparatus resulted in it being both impractical and not possible to simulate
a rainfall regime for the testing of the efficacy of the filter drain. However, due to the following
reasons, this was not considered an issue:
i) The stormwater runoff has to enter into the roadside inlet, pass through the connecting pipe
and then ‘dam up’ inside the inlet manhole before it enters into the filter drain. Therefore
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the manner in which the stormwater enters the roadside inlet does not affect the way the
stormwater enters into the filter drain; and
ii) It was acknowledged that the inflow rate of synthetic stormwater influences the water
quality efficacy of the filter drain; and that the flow rate through the filter drain is an
important aspect in the particulate removal process (Yong et al., 2008). Despite this, it was
believed that the inflow rate of synthetic stormwater would not influence the water quality
efficacy of the filter drain enough to significantly affect the results (The Consultant, 2015c).

Based on the above two reasons it was deemed adequate to place the bowser hose inside the
roadside inlet and discharge the synthetic stormwater directly from the bowser into the filter
drain system. 5000 ℓ of synthetic stormwater was discharged into the filter drain system.

4.6.1.3 Pollutants added to the municipal water
The following two pollutants were added to the municipal water in order to create synthetic
stormwater:
i)

TSS; and

ii)

Ortho-P.

These two pollutants were chosen due to funding limitations and because they are the target
pollutants identified in the CoCT’s Stormwater Policy (CoCT, 2009) (refer to Section 2.5). If
additional funding were available, the following three additional pollutants would have been
added:
i)

TN;

ii)

Heavy metals; and

iii)

Oil and grease.

This is due to the amount of literature available on the efficacy of PPS in removing the
aforementioned pollutants as well the probability of the stormwater runoff from sub-catchment
19, due to its location, containing the aforementioned pollutants.
The Ortho-P pollutant was obtained from Agrimart. The product is Dr Fisher’s Multifeed
fertilizer (Multifeed) and contains 83 g of soluble phosphate per 1000 g of Multifeed. This
product was chosen for the following reasons:
i)

Multifeed, in comparison to other fertilizers, has a very high phosphorus content; and

ii)

Multifeed is designed to be water soluble. Therefore it could be added directly to the
municipal water in the bowser.
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After the correct dosage of Multifeed had been added to the municipal water within the bowser,
the bowser hose, with water discharging, was placed within the bowser in order to ensure
adequate mixing and complete dissolving of the Multifeed. This can be seen in Figure 4-48.

Figure 4-48: Mixing of the Multifeed into the municipal water (vd Byl, 2015)

The sediment that was found and collected from within the roadside inlet and inlet manhole
during the first site visit was used as the TSS pollutant. The actual sediment found on site was
used as it was deemed to give the best representation of the TSS that would be present in the
stormwater runoff. The particle size distribution of the TSS can be seen in Figure 4.46. The
TSS was placed directly in the roadside inlet and the water from the bowser was discharged
directly into the roadside inlet in order to ‘pick up’ the TSS. It would have been preferable to
add the TSS directly to the municipal water within the bowser. However, the TSS was applied
in this manner because it was not possible to keep the TSS suspended whilst inside the bowser.

4.6.1.4 Water quality sampling
15 grab samples were collected, at four minute intervals, of the influent entering the inlet
manhole. Four minute intervals were chosen because it allowed samples to be collected over
the entire bowser discharge period (refer to Equation 4-5) and therefore give an accurate
representation of the influent TSS and Ortho-P concentrations. Furthermore, it was assumed
that this would be an accurate representation of the synthetic stormwater entering the filter
drain as the Ortho-P is soluble and the TSS particles, due to the high discharge rate from the
bowser, will still be in suspension upon entering the inlet manhole. The temperature, EC and
pH of each of the samples were measured and recorded.
Once the bowser had fully discharged, check samples from the effluent exiting into the
outlet manhole were taken. When the temperatures from the influent samples and effluent
check samples converged to within 0.1°C, 15 grab samples, split evenly between the three
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outlet pipes, were collected at 15 minute intervals. 15 minute intervals were chosen as it was
deemed a long enough sampling period to provide an accurate representation of the effluent
TSS and Ortho-P concentrations. The temperature, EC and pH of each of the samples were
measured and recorded. Furthermore, the amount of time taken to fill up each of the sample
jars was recorded in order to calculate the discharge rate of the filter drain (refer to Equation 46 for details of this calculation). An example of an influent and effluent sample can be seen in
Figures 4-49 and 4-50 respectively.
These samples were collected in 375 mℓ glass screw cap jars obtained from Bonpak (Pty)
Ltd and appropriately labelled. A 375mℓ size was chosen as this meets the specifications
required in order to perform an analysis of the sample. Once all the influent and effluent
samples were collected they were stored in the EGS water analysis lab.

TSS present in sample

Figure 4-49: Example of an
influent sample (vd Byl, 2015)

Figure 4-50: Example of an
effluent sample (vd Byl, 2015)

4.6.1.5 Repetition for varying pollutant levels
The process described in Section 4.6.1.2 – Section 4.6.1.4 was repeated for three varying (low,
medium and high) pollutant concentration levels. The medium pollutant concentrations were
based on values from Table 2-1. Due to the fact that the ICBD falls under industrial land use, it
was proposed that the pollutant concentration values for industrial land use be used. The high
and low pollutant concentrations were based on values from Table 2-2. Due to the fact that the
stormwater runoff enters into the filter drain from a road, it was proposed that the pollutant
concentration values for roads be used. Furthermore, due to only MyCiTi buses using the road,
the values for low traffic (< 15000 vehicles per day) were used.
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The filter drain was dosed with synthetic stormwater of low, medium and high pollutant
concentrations on the 04/10/2015, 05/10/2015 and 15/10/2015 respectively.

4.6.1.6 Analysis of samples
The collected samples were analysed in order to determine their TSS and Ortho-P
concentrations and as soon after acquisition as possible. The samples were analysed over the
period dating from 19/10/2015 – 04/11/2015. In total 100 samples were analysed.
The Ortho-P concentration of the samples was analysed in the EGS water analysis
laboratory. All samples were analysed in accordance with the Hach method 490 (Hach, 2014),
powder pillow procedure. The following alterations were made to the method:
i)

Prior to any analysis, all the apparatus used in the analysis was rinsed out with distilled
water, seen in Figure 4-51. This was done in order to ensure that the samples were not
affected by any impurities accumulated by the apparatus;

ii)

The sample chamber was then rinsed with 5 ml of sample before testing; and

iii)

The same sub-sample and sample chamber was used for both the zero reading and the
final reading. Method 490 implies the use of a different sub-sample and sample chamber
for zeroing. However, since different sample chambers have slightly different optical
properties which may affect absorbance values, this method uses the same sample
chamber throughout.

Merit W4000 water still

Distilled water
container

Figure 4-51: Distilled water set
up (vd Byl, 2015)

Figure 4-52: The Hach DR
Spectrophotometer™ (vd Byl, 2015)
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Figure 4-52 shows the Hach DR Spectrophotometer™, which was used to measure the Ortho-P
concentration of the samples. Figures 4-53 and 4-54 illustrate how the phosphate reagent, used
during the analysis, reacts differently with different Ortho-P concentrations.

Figure 4-53: A sample with a
high Ortho-P concentration
(vd Byl, 2015)

Figure 4-54: A sample with a
low Ortho-P concentration
(vd Byl, 2015)

The TSS concentration of the samples was analysed, via filtration, in the UCT Department of
Chemistry laboratory. The following method of analysis was guided by US EPA method 160.2
(ALS Environmental, 2014). Merck Millipore 4.7 cm glass fibre filter paper with a 2.0 micron
pore size and the Sartorius M-Power 210 g x 0.1 mg analytical balance was used for the
analysis:


All apparatus used was rinsed with deionised water in order to prevent contamination of
the samples;



Each filter paper was marked with its corresponding sample number, soaked in deionised
water and then placed on tinfoil;



The tinfoil was placed inside the drying oven at 105°C for 60 minutes in order to dry the
filter paper;



The dried filter paper was weighed and its mass recorded;



Figure 4-55 shows the filter paper was placed in the Millipore Sterifil® Aseptic System.
200 mℓ of sample was then filtered through the filter paper with a vacuum hose being
used to apply suction;



The filter paper was placed on tinfoil, as seen in Figure 4-56, and then put inside the oven
at 105°C for 60 minutes for drying; and
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The dried filter paper was weighed and it’s mass recorded. The TSS concentration (in
mg/ℓ) of the sample was then calculated using Equation 4-7;

C = (A − B) × 1000 ÷ V

(4-7)

where: C = TSS concentration of sample (mg/ℓ); A = mass of filter paper and sediment (mg); B
= mass of filter paper (mg); 1000 = conversion from mℓ to ℓ; V = volume of sample filtered
(mℓ).

One blank sample was taken for every 30 samples in order to determine if the analysis was
being performed correctly. This was done by following the above method but filtering
deionised water, as opposed to sample water, through the filter paper.

Sample

Aspirator bench vacuum

Millipore Sterifil®
Aseptic System

Vacuum hose

Position of filter paper

Figure 4-55: Millipore Sterifil® Aseptic System and vacuum hose used to filter the sample
(vd Byl, 2015)
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Figure 4-56: Dried filter paper with collected sediment placed on tinfoil (vd Byl, 2015)

4.6.1.7 Comparison of results
In order to be able to compare the results from the analysis of the samples, the EMC of the
influent and effluent TSS and Ortho-P samples were calculated using Equation 4-8.
A = ƩB ÷ ƩC

(4-8)

where: A = EMC of pollutant (mg/ℓ); B = total pollutant load for sample time interval (mg); C
= total volume of stormwater for sample time interval (ℓ).

The percentage reduction of the overall TSS and Ortho-P EMCs were then calculated and
compared against the water quality criteria set by the CoCT’s Stormwater Policy (CoCT,
2009). Furthermore, due to the treated stormwater from the filter drain eventually discharging
into Table Bay Harbour (The Consultant, 2012); the effluent TSS and Ortho-P EMC’s were
also compared against the relevant water quality criteria set by the RSA Water Quality
Guidelines (DWAF, 1995).
4.6.1.8 Limitations to testing water quality efficacy of the filter drain
The design and location of the filter drain as well as the available testing equipment resulted in
the following limitations to the testing of the efficacy of the filter drain:


Figure A-2 in Appendix A shows that the filter drain is located on the left hand side of
the main ICBD entrance and exit route. This resulted in a limited amount of space being
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available to accommodate both the testing equipment and adequate access to the ICBD
for the MyCiti buses. Therefore, testing could only be performed between 09:00 – 15:00
in order to avoid conflict with the peak MyCiti bus traffic;


The volume of water required to produce effluent from the filter drain as well as
apparatus limitations resulted in it being both impractical and not possible to simulate a
rainfall regime that is representative of the area;



Funding limitations resulted in flow rate measuring apparatus not being available,
therefore the bowser and filter drain discharge rate was hand measured and calculated;



The dosing of municipal water with TSS was a complicated procedure and therefore it
was not possible to achieve a consistent influent TSS concentration. This was due to the
nature of TSS dosing and the testing equipment that was available;



It was not possible to completely remove all the sediment from within the roadside inlet,
connecting pipe and inlet manhole. This resulted in a high possibility that the synthetic
stormwater ‘picked up’ excess sediment from these aforementioned areas, thus increasing
the pollutant dosage;



The sediment that was used for the TSS pollutant was contaminated with other pollutants,
in particular Ortho-P. Consequently increasing the influent Ortho-P concentration;



Due to the number of people that were available to test the water quality efficacy of the
filter drain, it was not possible to acquire effluent samples until the bowser had fully
discharged the synthetic stormwater. Therefore, it was likely that synthetic stormwater
had already begun discharging into the outlet manhole before the first effluent sample
was acquired. Furthermore, this prevented one from being able to directly cross-correlate
the samples during the analysis;



Due to time constraints, effluent samples were not able to be collected over the entire
filter drain discharge time;



Due to unavoidable circumstances, the acquired samples were stored for a longer time
before analysis than the maximum storage time specified in Hach method 490 (Hach,
2014) and US EPA method number 160.2 (ALS Environmental, 2014). The reason for
the samples having a specified maximum storage time is to attempt to limit microbial
action affecting the sample pollutant concentrations. However, it was assumed that there
is not likely to be much microbial behaviour within the influent synthetic stormwater or
the filter drain, as well as the sediment being unlikely to be affected by microbial action.
Hence, despite this being a limitation, it was believed that the sample TSS and Ortho-P
concentrations were not impacted by the extended storage time of the samples and
therefore this limitation did not affect the results; and



The Hach method 490 (Hach, 2014) is only reliable for Ortho-P concentrations up to 2.50
mg/ℓ. Therefore readings above this threshold were reported as 2.50mg/ℓ.

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 4: Evaluation of the ICBD filter drain

4-41

4.6.2 Results from the evaluation of the water quality efficacy of the filter
drain
The following figures represent the results obtained from the evaluation of the water quality
efficacy of the filter drain. Refer to Appendix C for the detailed tables which accompany these
figures. No figures representing the EC and pH values of the samples are presented and the
varying EC and pH values are not discussed as they are unrelated to the CoCT’s Stormwater
Policy (CoCT, 2009) water quality criteria. However, these EC and pH values are included in
the detailed tables for interest’s sake.
It must be noted that, due to the influent and effluent samples being taken at different
time intervals and because there was an hour offset between the first influent and effluent
sample being taken, the influent and effluent sample numbers do not correlate and cannot be
directly compared.
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Figure 4-57: TSS and Ortho-P concentrations of the ‘flushing out’ samples

Figure 4-58 illustrates how the temperatures of the influent and effluent samples converge. This
occurred for all varying pollutant levels and is thus only shown in Figure 4-58.

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 4: Evaluation of the ICBD filter drain

4-42

19.5

Temperature (°C)

19.0
18.5

Influent
samples

18.0

Effluent
samples

17.5
17.0
16.5
16.0
15.5
0

2

4

6

8

10
12
Sample number

14

16

18

20

Figure 4-58: Converging temperatures of the ‘flushing out’ samples
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Figure 4-59: TSS concentration of the low pollutant samples
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Figure 4-60: Ortho-P concentration of the low pollutant samples
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Figure 4-61: TSS concentrations of the medium pollutant samples
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Figure 4-62: Ortho-P concentration of the medium pollutant samples
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Figure 4-63: TSS concentration of the high pollutant samples
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Figure 4-64: Ortho-P concentration of the high pollutant samples

Figure 4-65: Box plots of the effluent TSS concentrations of the varying pollutant levels
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Figure 4-66: Box plots of the effluent Ortho-P concentrations of the varying pollutant
levels

The following tables summarise the results obtained from the analysis of the EMCs of the
acquired samples. These summarised results are compared against the relevant water quality
criteria in order to determine the water quality efficacy of the filter drain. Refer to Appendix C
for detailed tables of these results.

Table 4-3: Comparison of results against CoCT’s Stormwater Policy (CoCT, 2009) water
quality criteria
Pollutant type

EMC (mg/ℓ)

Influent TSS

72.90

Effluent TSS

10.27

Influent Ortho-P

1.00

Effluent Ortho-P

0.48

Percent reduction (%)

Water quality criteria met

86

Yes

52

Yes
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Table 4-4: Comparison of results against the RSA Water Quality Guidelines (DWAF,
1995) criteria
Pollutant

Effluent EMC (mg/ℓ)

Maximum allowable concentration
(mg/ℓ)

Water quality criteria
met

TSS

10.27

14

Yes

Ortho-P

0.48

0.05

No

4.6.3 Discussion on the water quality efficacy of the filter drain
From the results it is evident that both the TSS and Ortho-P influent concentrations have
significantly enhanced first flush characteristics. It is believed that this is because of the
municipal water having to ‘pick up’ the sediment from within the roadside inlet in order to be
dosed with TSS. As with actual stormwater runoff and pollutants, the majority of the sediment
was ‘picked up’ by the initial flow of water into the roadside inlet, with the amount of sediment
being ‘picked up’ reducing with time. The reason for the Ortho-P influent concentrations
displaying first flush characteristics may be because it is likely that the sediment used for the
TSS (which was obtained from site) contained Ortho-P enmeshed within the sediment particles
(Yong et al., 2008).
It is not appropriate to provide a statistical analysis of the TSS and Ortho-P removal
efficacy of the filter drain because the influent and effluent samples cannot be directly
compared (this is discussed in Section 4.6.2). However, it can be seen that the filter drain does
remove both TSS and Ortho-P. It is believed that the TSS and Ortho-P were removed due to the
filtration, sedimentation and adsorption abilities of the filter drain (Smolek et al., 2014).
Furthermore, it is thought that no pollutants were removed due to biodegradation. This is due to
two reasons: (1) the filter drain had only been functioning as intended for a short period of time
and therefore there has been no opportunity for the growth of micro-organisms within the
layers of the filter drain; and (2) due to the relatively high flow rate of the synthetic stormwater
through the filter drain, there was insufficient time for the micro-organisms (if they existed) to
biodegrade the pollutants present in the synthetic stormwater.
As expected, the filter drain was highly effective in removing TSS and removed a higher
percentage of TSS than Ortho-P (Pezzaniti et al. 2009; Aryal & Beecham, 2014). Due to TSS
being physically removed by the filter drain, the only TSS not removed would be the TSS
particles that were too small to be removed by the layers within the filter drain. Figure 4-65
illustrates that the effluent samples from the ‘flushing out’ of the filter drain resulted in the
highest effluent TSS concentrations and that the effluent samples from the high pollutant
dosing resulted in the lowest TSS concentrations. This may be because the filter had sediment
that had accumulated within its layers which was continually being ‘flushed out’ during the
testing of the efficacy of the filter drain. As expected, the amount of ‘flushed out’ sediment
continually decreased.
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It is believed that the majority of the Ortho-P that was removed was Ortho-P enmeshed
within the sediment particles and therefore the removal of TSS is also responsible for the
removal of Ortho-P (Yong et al., 2008). Furthermore, it is theorised that a high percentage of
the dissolved Ortho-P was not removed by the filter drain. This is because there is no obvious
mechanism within the filter drain for the removal of dissolved Ortho-P (Beecham et al., 2012).
However, it is noted that adsorption is effective in removing small, dissolved particles (Minton,
2002) and that it is possible that some of the dissolved Ortho-P was removed by the filter drain
in this manner. It is important to mention that the ‘flushing out’ effluent samples showed
considerable concentrations of Ortho-P, highlighting the possibility that the filter drain is
leaching phosphorus. It is interesting to note that in all of the varying pollutant scenarios, the
effluent Ortho-P concentration was around 0.50 mg/ℓ. This may be a result of one, or a
combination, of the following: the dissolved Ortho-P that the municipal water was dosed with,
the Ortho-P that is enmeshed in particles too small to be physically removed; and the Ortho-P
that is being leached by the filter drain.
The results of the effluent Ortho-P concentrations indicate a slight increase in Ortho-P
concentration with an increase in time. This is particularly evident with the ‘flushing out’ and
‘high Ortho-P pollutant dosage’ effluent concentrations. This may be due to, inter alia, the
following reasons:


The filter drain systems was dosed with a large amount of Ortho-P consequently reducing
its ability to remove Ortho-P over time;



Due to the filter drain using physical mechanisms to remove the Ortho-P, the Ortho-P
was being stored within the layers of the filter drain without being degraded. This
resulted in the subsequent flows of stormwater ‘picking up’ the Ortho-P as it moved
through the filter drain system. Furthermore, the subsequent flow of stormwater had a
slower flow rate through the filter drain, resulting in an increased contact time with the
filter drain and therefore an increased the ability of the stormwater to ‘pick up’ the OrthoP;



The Ortho-P that was present within the layers of the filter drain was displaced by the
initial flow of stormwater through the filter drain. This Ortho-P was then ‘picked up’ by
the subsequent flow of stormwater; and



A combination of all of the above reasons.

It is interesting to note that the water quality efficacy of the filter drain appears to meet the
CoCT’s Stormwater Policy (CoCT, 2009) water quality criteria (Table 4-3); however, the
effluent Ortho-P EMC does not meet, and is in fact is significantly higher than, the RSA Water
Quality Guidelines (DWAF, 1995) criteria (Table 4-4). It is believed that this is because, in all
varying pollutant scenarios, both the TSS and Ortho-P influent and effluent concentrations
appear to be decoupled as there is no definite relationship between them. Actually, with regards
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to the TSS concentrations, the higher the influent concentration the lower the effluent
concentration. This indicates that, in this specific case, the percentage reduction parameter is
not a useful performance metric. This supports studies performed by Roy-Poirier et al. (2010),
Davis et al. (2009) and Barrett (2003), which suggest that the percentage reduction can be a
misleading performance indicator.
Based on the aforementioned reasons, it was deemed inappropriate to evaluate the water
quality efficacy of the filter drain based on its percentage reduction values. Consequently, the
water quality efficacy of the filter drain was based on the comparisons of the effluent TSS and
Ortho-P EMCs against the RSA Water Quality Guidelines (DWAF, 1995) criteria. Therefore it
can be concluded that the effluent TSS EMC meets the water quality criteria, however the
effluent Ortho-P EMC does not. This is an expected result because the TSS removal efficacy of
filters drains is known to be high, whereas the nutrient removal efficacy of filter drains can be
highly variable (Pezzaniti et al. 2009; Aryal & Beecham, 2014; Hunt & Collins, 2008).

4.7 Interpretation and implementation of the CoCT’s
Management of Urban Stormwater Impacts Policy
The analysis of the design of the filter drain has provided insight into the interpretation and
implementation of the CoCT’s Stormwater Policy (CoCT, 2009).
The interpretation of the CoCT’s Stormwater Policy (CoCT, 2009) has resulted in
consulting engineers being required to move away from conventional stormwater practices and
implement alternative stormwater management approaches, such as SuDS. This is a positive
outcome resulting from the CoCT’s Stormwater Policy (CoCT, 2009). The ICBD is an example
of a development that has made use of various SuDS options, namely: permeable pavements,
biofilters and a filter drain. These have been implemented in accordance with the CoCT’s ‘ByLaw Relating to Stormwater Management’ (CoCT, 2005) and the CoCT’s Stormwater Policy.
The ICBD Stormwater Management Plan (The Consultant, 2012), shows that, due to the
CoCT’s Stormwater Policy (CoCT, 2009), catchment hydrological and stormwater drainage
system hydraulic modelling was used to estimate the peak flow rates and volumes for both preand post-development scenarios. This enabled the consultants to design stormwater
infrastructure in order to comply with the CoCT’s Stormwater Policy (CoCT, 2009).
Despite these alternatives to conventional stormwater management usually resulting in
higher costs, the consultants are legally bound to design stormwater systems that comply with
the CoCT’s Stormwater Policy (CoCT, 2009). However, it appears that these systems may be
designed to drain in a conventional manner if the system fails. This occurs in order to prevent
flooding but has the unintentional consequence that it is possible for system failure to go
undetected (Fisher-Jeffes, 2015). With respect to the ICBD this is evident in Figure 4-67, which
shows a section of a detailed drawing of the filter drain system. The system has been designed
in such a way that if the filter drain fails (e.g. the inlet pipes become clogged with sediment),

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 4: Evaluation of the ICBD filter drain

4-50
the stormwater runoff simply bypasses the filter drain system. This takes place by the
stormwater runoff entering the greater stormwater network through SW66-EX as opposed to
entering the filter drain through the inlet manhole. The failure of the filter drain system would
go undetected as the filter drain system is a buried/underground system, therefore showing no
signs of failure, and the stormwater runoff would still be efficiently removed from site without
any flood risk occurring.
The design of stormwater systems has the consequence that even if system failure is
detected, it is not a certainty that corrective maintenance will occur. This is due to the potential
costs involved as well as the fact that the system is still operating in a conventional manner
with stormwater runoff being conveyed away from the site as intended.
The initial poor state of the filter drain, which resulted in the stormwater runoff receiving
no water quality benefits, indicates that there are no mechanisms within the CoCT to follow up
the implementation of these alternative stormwater management systems. Consequently, it is
not known if these alternative stormwater management systems, that have been implemented
due to the CoCT’s Stormwater Policy (CoCT, 2009), are meeting the required water quality
and quantity criteria. This can be viewed as a hindrance to the successful implementation of the
CoCT’s Stormwater Policy (CoCT, 2009).
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Stormwater runoff, from
sub-catchment 19, is
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the inlet manhole
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joins the greater stormwater
network

Part of the greater
stormwater network.

Figure 4-67: Flow of stormwater if filter drain system fails (The Consultant, 2012)
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5. Suggested improvements to the filter drain system
The two main factors hindering the water quality efficacy of the filter drain are: (1) the lack of
pre-treatment of the stormwater runoff; and (2) the maintenance of the filter drain system.
Improvements to the filter drain system that address these two factors, and subsequently result
in an increase in water quality efficacy, are discussed in the following sub-sections.

5.1 Improvements to address the lack of pre-treatment of the
stormwater runoff
It is possible to retrofit the filter drain in order to provide pre-treatment of the stormwater
runoff before it enters into the filter drain. The underground location of the filter drain
increases the likelihood of the filter drain receiving inadequate maintenance and results in
costly corrective maintenance. Therefore the filter drain should be designed to require as little
maintenance as possible, making the pre-treatment of the stormwater runoff very important.
Due to the over-sizing of the filter drain, it is proposed that the filter drain be altered to
incorporate a form of pre-treatment and therefore more effectively utilise its size. It is proposed
that the first section of the filter drain be modified into appropriately sized energy dissipaters
and an extended sedimentation chamber section; with the second section of the filter drain
being left as is. This would result in the filter drain functioning in a similar manner to an Austin
first flush filtration basin, as seen in Figure 5-1 (Debo & Reese, 2003).

Figure 5-1: Austin first flush filtration basin (Storm-Tex Services, n.d.)
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The underground location of the filter drain, coupled with the anti-vagrant design (which
results in a concrete cap above the filter drain), would result in a large cost associated with
implementing the aforementioned alterations to the filter drain. Consequently, it is not feasible
for these alterations to be implemented. However, some form of stormwater runoff pretreatment is required.
A cheaper alternative is for the pre-treatment of the stormwater runoff to occur within the
roadside inlet and inlet manhole, as no alterations to the actual filter drain will need to occur. It
is proposed that a sediment forebay, sediment screen and litter screen be implemented in order
to pre-treat the stormwater runoff.
As shown in Figure 5-2, the sediment forebay should be implemented by constructing a
‘wall’ within the roadside inlet. In accordance with Debo & Reese (2003) the sediment forebay
should be designed to drain over 24 hours and therefore an adequately sized outlet pipe should
be placed at the base of the sediment forebay ‘wall’. Section 5.1.1 details how the sediment
forebay was correctly sized. Sediment will settle out within the sediment forebay therefore
reducing the amount of sediment that enters the inlet manhole. The sediment screen, shown in
Figure 5-3, should be placed on the outlet end of the pipe connecting the roadside inlet and
inlet manhole in order to prevent any sediment that does not settle out in the sediment forebay
from migrating into the inlet manhole and subsequently into the filter drain. It is proposed that
a litter screen, shown in Figure 5-4, be placed on the inlet end of the pipe connecting the
roadside inlet and inlet manhole in order to prevent any litter/debris from entering into the inlet
manhole and consequently into the filter drain.
Sediment forebay
Position of sediment
forebay ‘wall’. The
‘wall’ has a height of
0.65 m and an
adequately sized outlet
pipe is positioned at the
base of the ‘wall’

Direction that
stormwater runoff
enters the roadside inlet

Figure 5-2: Suggestion for retrofitting a sediment forebay into the filter drain system
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Figure 5-4: Position of litter screen at
inlet of pipe connecting the roadside
inlet and inlet manhole

5.1.1 Sizing of the sediment forebay
The sediment forebay was sized using guidelines provided by Debo & Reese (2003) as well as
taking into account the space constraints of the roadside inlet. The space constraints of the
roadside inlet resulted in only a partial-sedimentation design (the volume of the sediment
forebay being equal to 20% of the runoff volume) being able to be achieved. This design will
result in the larger sediment particles settling out into the sediment forebay (Debo & Reese,
2003).
Data from Table 4-2 was used in order to graph the point rainfall values for the 1 in 2 and
1 in 10 year rainfall events (refer to Figure 5-5). The point rainfall value for a 1 in ½ year
rainfall event was then extrapolated from this graph and Equation 5-1 was used to calculate the
total stormwater runoff from sub-catchment 19 for a 1 in ½ year rainfall event. Due to the
length and width of the sediment forebay being pre-determined, it was possible to calculate the
height of the sediment forebay ‘wall’ using Equation 5-2.

R = P ÷ 1000 × A

(5-1)

where R = total stormwater runoff (m3); P = point rainfall for a 1 in ½ year rainfall event (mm);
1000 = conversion from mm to m; A = area of sub-catchment 19 (m2).
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H = R × 0.20 ÷ L ÷ W

(5-2)

where H = height of sediment forebay wall (m); R = total stormwater runoff (m 3); 0.20 = 20%
for partial sedimentation design; L = length of sediment forebay (m); W = width of sediment
forebay (m).
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Figure 5-5: Point rainfall at the ICBD for different return intervals

The results from Equations 5-1 and 5-2, and therefore the dimensions of the sediment forebay,
can be seen in Table 5-1.

Table 5-1: Dimensions of sediment forebay
Total stormwater runoff (m3)

1.54

Volume of sediment forebay (m3)

0.31

Length of sediment forebay (m)

0.80

Width of sediment forebay (m)

0.60

Height of sediment forebay (m)

0.65

van der Byl, W.H. (2015): Evaluation of the Filter Drain at the MyCiti Bus Depot
Chapter 5: Suggested improvements to the filter drain system

5-5

5.2 Improvements to address maintenance of the filter drain
system
Effective, routine maintenance is required if the filter drain (and any other SuDS option) is to
function as intended. Site inspections have shown that little or no maintenance has been
performed on the filter drain system. One of the reasons for this occurring may be that the
CoCT, who is in charge of the maintenance of the filter drain system, may not be aware of the
filter drain. Therefore, it is proposed that the CoCT should be notified of this fact and made
aware of their responsibilities. If the filter drain is retrofitted as suggested in Section 5.1 then
the following maintenance should occur:
i)

Rodding eyes should be fitted to the end of the outlet pipes of the filter drain (at the outlet
manhole) in order to make it possible for these pipes to be cleaned. Furthermore, these
rodding eyes should not be perforated;

ii)

Regular maintenance of the roadside inlet in order to remove the sediment and
litter/debris build up that has been prevented from entering the inlet manhole. In
accordance with Debo & Reese (2003), it is proposed that this occurs once a month;

iii)

Periodic maintenance of the inlet and outlet manholes in order to remove any sediment
and litter/debris build up that has occurred. In accordance with Debo and Reese (2003), it
is proposed that this occurs once every 12 months;

iv)

Periodic maintenance of the inlet and outlet filter drain pipes. This should include
cleaning the pipes in order to remove any litter/debris that has entered into the pipes. In
accordance with Debo & Reese (2003), it is proposed that this occurs once every 12
months;

v)

Despite the insulation tape that was placed on the ends of the outlet pipes working
unexpectedly well, a long-term solution to this construction error should occur; and

vi)

A standardised inspection form should be used in order to ensure that the regular
maintenance is occurring and that the correct maintenance is being performed.

5.3 Improvements to the treatment efficacy of the filter drain
system
It appears that the filter drain is highly effective in removing TSS and Ortho-P enmeshed in
sediment particles, but less effective in removing non-enmeshed Ortho-P, which is generally
only removed through bio-degradation (Tota-Maharaj et al., 2012). Currently, there does not
appear to be any opportunity for bio-degradation to occur within the filter drain itself.
However, it is assumed that, over time, microorganism growth will be supported by the
Inbitex® geotextile membrane and Bidim® layers within the filter drain (Tota-Maharaj et al.,
2012). Consequently, there may be an opportunity for bio-degradation, and consequently for
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the removal of non-enmeshed Ortho-P, to occur. Furthermore, research performed by Pratt et
al. (1995) and Bayon et al. (2005) indicate that geotextile membranes are effective in retaining
oil and related hydrocarbons (Tota-Maharaj et al., 2012). This is important because, due to the
location of the filter drain, these pollutants can be expected to be present in the stormwater
runoff.
There is, nonetheless, a possibility that stormwater will pass through the filter drain too
quickly too allow biodegradation to occur and that the hot, dry summer seasons experienced by
Cape Town may act as a barrier to the continual growth of microorganisms. Therefore, it is
recommended that other SuDS options be used in conjunction with the filter drain in order to
improve the Ortho-P removal efficacy. The SuDS options adopted should have known nutrient
removal capabilities, such as a biofilter (Davis et al., 2006). This will result in a treatment train
approach being used to treat the stormwater runoff, as recommended in The South African
Guidelines for Sustainable Drainage Systems (Armitage et al., 2012a). It is recognised that, due
to space limitations, the implementation of another SuDS option on site is impractical. Hence,
it is recommended that the stormwater be directed to a regional control SuDS option with
nutrient removal capabilities, such as a wetland (Fisher & Acreman, 2004), in order to be
further treated. This will result in the treatment train, shown in Figure 5-6, being used to treat
the stormwater runoff, thus increasing the probability that a sufficient amount of TSS and TP is
removed.

Stormwater
runoff from
subcatchment 19

Filter drain

Wetland

Table Bay
harbour

Figure 5-6: Flow of stormwater through the proposed treatment train
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6. Conclusions and recommendations
The following conclusions highlight the critical outcomes that were obtained from the study:


The filter drain was sized for a much larger catchment than sub-catchment 19.
Consequently, the filter drain was over-designed;



The filter drain was designed without including any form of pre-treatment of the
stormwater runoff. This is contrary to recommendations given in The South African
Guidelines for Sustainable Drainage Systems (Armitage et al., 2012a);



The filter drain was not constructed according to the provided drawings;



The filter drain has been inadequately maintained. This indicates that there appears to be
a disconnect between the construction and the ongoing operation, maintenance and
monitoring of municipal owned SuDS with the CoCT. This could be due to a number of
reasons, such as: a lack of resources; a lack of knowledge of all existing SuDS
infrastructure within the CoCT and consultants not including maintenance programmes as
part of their design;



The consequences of the lack of pre-treatment, coupled with inadequate maintenance,
inhibited the filter drain from functioning as intended. This indicates that effective and
frequent maintenance is required in order for SuDS to function as intended. Furthermore,
in a South African context, SuDS should be designed to be robust enough in order to
account for the potential lack of maintenance;



The effluent exiting the filter drain currently meets the CoCT’s Stormwater Policy
(CoCT, 2009) water quality criteria. Furthermore, the effluent TSS EMC, but not the
effluent Ortho-P EMC, from the filter drain meets the RSA Water Quality Guidelines
(DWAF, 1995) criteria. Consequently, the phosphorus removal of the filter drain system
needs to be improved;



The results of the water quality efficacy of the filter drain indicate that the filter drain is
highly efficient in removing TSS from polluted stormwater, but not as efficient in
removing Ortho-P. This is in accordance with literature regarding the treatment
mechanisms of the filter drain; and



Percentage removal is not always the appropriate performance indicator to use when
evaluating the water quality efficacy of a SuDS option.

The following recommendations have been made:


In order to improve the robustness and water quality efficacy of the filter drain system,
the following physical alterations to the filter drain system should be implemented: (1)
the inclusion of a sediment forebay; and (2) the installation of both a sediment screen and
litter screen;
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The maintenance programme discussed in Section 5.2 should be implemented, as well as
the above recommendation. If these recommendations are not implemented it is highly
likely that the inlet pipes of the filter drain will clog again, thereby preventing the filter
drain from functioning as intended;



The improvements to the treatment process of the filter drain system (creation of a
treatment train) should be implemented in order to improve the phosphorus removal
efficacy of the filter drain system. This will improve the likelihood that the effluent
Ortho-P EMC meets the RSA Water Quality Guidelines (DWAF, 1995) criteria;



Amendments should be made to the CoCT’s Stormwater Policy (CoCT, 2009) in order to
ensure the following: (1) routine maintenance of SuDS is more strongly enforced; (2)
there is regular monitoring of the efficacy of the alternative stormwater management
systems implemented due to the CoCT’s Stormwater Policy (CoCT, 2009); and (3) The
South African Guidelines for Sustainable Drainage Systems (Armitage et al., 2012a) are
followed more strictly;



A review be undertaken to determine if the percentage reduction performance parameter
is the most appropriate water quality performance indicator to use for the CoCT’s
Stormwater Policy (CoCT, 2009);



If this research project is carried out again the following recommendations would
increase the authenticity of the results: (1) a typical rainfall regime of the area should be
simulated; (2) a more representative method of dosing the municipal water with TSS
should be used; and (3) TSS that is not polluted should be utilised;



In order to improve this research project, it is recommended that automated water
samplers be used. This will enable one to acquire influent and effluent samples at the
same time, thereby allowing the samples to be directly compared;



Further research into the nutrient removal process and efficacy of the filter drain is
required before a complete conclusion on the water quality efficacy of the filter drain can
be made; and



It is recommended that additional SuDS sites be identified and research on them
performed in order to help advance the understanding of SuDS in a South African context
and further understand how best to implement SuDS in South Africa. This will reduce the
uncertainty that negatively acts as a barrier to the wider use of SuDS locally (Armitage et
al., 2012b).
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Appendix A
Detailed drawings

Figure 7-1

A-1
Please refer to the hard copy version of this research project in order to view Figure A-1.
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Figure A-2: ICBD site and catchment map (The Consultant, 2012)
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Figure A-3: ICBD stormwater flow diagram (The Consultant, 2012)
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Appendix B
US EPA method 160.2 and Hach method 490
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US EPA METHOD #: 160.2

Approved for NPDES (Issued 1971)

TITLE:

Residue, Non-Filterable (Gravimetric, Dried at 103105°C)

ANALYTE:

Residue, Non-Filterable

INSTRUMENTATION:

Drying Oven

STORET No.

00530

1.0

2.0

3.0

Scope and Application
1.1

This method is applicable to drinking, surface and saline waters, domestic and
industrial wastes.

1.2

The practical range of the determination is 4 mg/ℓ to 20,000 mg/ℓ.

Summary of Method
2.1

A well-mixed sample is filtered through a glass fibre filter, and the residue
retained on the filter is dried to constant weight at 103-105°C.

2.2

The filtrate from this method may be used for Residue, Filterable.

Definitions
3.1

4.0

5.0

Residue, non-filterable, is defined as those solids which are retained by the glass
fibre filter and dried to a constant weight at 103-105°C.

Sample Handling and Preservation
4.1

Non-representative particulates such as leaves, sticks, fish, and lumps of faecal
matter should be excluded from the sample if it is determined that their
inclusion is not desired in the final result.

4.2

Preservation of the sample is not practical; analysis should begin as soon as
possible. Refrigeration or icing to 4°C, to minimize microbiological
decomposition of solids, is recommended.

Interferences
5.1

Filtration apparatus, filter material, pre-washing, post-washing, and drying
temperature are specified because those variables have been shown to affect the
results.

5.2

Samples high in Filterable Residue (dissolved solids), such as saline waters,
brines and some wastes, may be subject to a positive interference. Care must be
taken in selecting the filtering apparatus so that washing of the filter and any
dissolved solids in the filter (7.5) minimizes this potential interference.
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6.0

Apparatus
6.1

Glass fibre filter discs, without organic binder, such as Millipore AP-40, Reeves
Angel 934-AH, Gelman type A/E, or equivalent.
NOTE: Because of the physical nature of glass fibre filters, the absolute pore
size cannot be controlled or measured. Terms such as “pore size”, collection
efficiencies and effective retention are used to define this property in glass fibre
filters. Values for these parameters vary for the filters listed above.

6.2

Filter support: filtering apparatus with reservoir and a coarse (40-60 microns)
fritted disc as a filter support.
NOTE: Many funnel designs are available in glass or porcelain. Some of the
most common are Hirsh or Buchner funnels, membrane filter holders and Gooch
crucibles. All are available with coarse fritted disc.

7.0

6.3

Suction flask.

6.4

Drying oven, 103-105°C.

6.5

Desiccator.

6.6

Analytical balance, capable of weighing to 0.1 mg.

Procedure
7.1

Preparation of glass fibre filter disc: Place the glass fibre filter on the membrane
filter apparatus or insert into bottom of a suitable Gooch crucible with wrinkled
surface up. While vacuum is applied, wash the disc with three successive 20 mℓ
volumes of distilled water. Remove all traces of water by continuing to apply
vacuum after water has passed through. Remove filter from membrane filter
apparatus or both crucible and filter if Gooch crucible is used, and dry in an
oven at 103-105°C for one hour. Remove to desiccator and store until needed.
Repeat the dying cycle until a constant weight is obtained (weight loss less than
0.5 mg). Weight immediately before use. After weighing, handle the filter or
crucible/filter with forceps or tongs only.

7.2

Selection of Sample Volume
For a 4.7 cm diameter filter, filter 100 mℓ of sample. If weight of captures
residue is less than 1.0 mg, the sample volume must be increased to provide at
least 1.0 mg of residue. If other filter diameters are used, start with a sample
volume equal to 7mℓ/cm2 of filter area and collect at least a weight of residue
proportional to the 1.0 mg stated above.
NOTE: If during filtration of this initial volume the filtration rate drops rapidly,
or if filtration time exceeds 5 to 10 minutes, the following scheme is
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recommended: Use an unweighed glass fibre filter of choice affixed in the filter
assembly. Add a known volume of sample to the filter funnel and record the
time elapsed after selected volumes have passed through the filter. Twenty-five
mℓ increments for timing are suggested. Continue to record the time and
volume increments until filtration rate drops rapidly. Add additional sample if
the filter funnel volume is inadequate to reach a reduced rate. Plot the
observed time versus volume filtered. Select the proper filtration volume as that
just short of the time a significant change in filtration rate occurred.
7.3

Assemble the filtering apparatus and begin suction. Wet the filter with a small
volume of distilled water to seat it against the fritted support.

7.4

Shake the sample vigorously and quantitatively transfer the predetermined
sample volume selected in 7.2 to the filter using a graduated cylinder. Remove
all traces of water by continuing to apply vacuum after sample has passed
through.

7.5

With suction on, wash the graduated cylinder, filter, non-filterable residue and
filter funnel wall with three portions of distilled water allowing complete
drainage between washing. Remove all traces of water by continuing to apply
vacuum after water has passed through.
NOTE: Total volume of wash water should be equal to approximately 2 mℓ per
cm2. For a 4.7 cm filter the total volume is 30 mℓ.

7.6

8.0

Carefully remove the filter from the filter support. Alternatively, remove
crucible and filter from crucible adapter. Dry at least one hour at 103-105°C.
Cool in a desiccator and weigh. Repeat the drying cycle until a constant
weight is obtained (weight loss is less than 0.5 mg).

Calculations
8.1

Calculate non-filterable residue as follows:

Non − filterable residue,

mg
= ((A − B) × 1000) ÷ 𝐶
ℓ

where: A = weight of filter (or filter and crucible) + residue in mg; B = weight
of filter (or filter and crucible) in mg; 1000 = conversion from mℓ to ℓ; C = mℓ
of sample filtered).
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9.0

Precision and Accuracy
9.1

Precision data are not available at this time.

9.2

Accuracy data on actual samples cannot be obtained.

Bibliography
1.0

NCASI Technical Bulletin No. 291, March 1977. National Council of the Paper
Industry for Air and Stream Improvement, Inc., 260 Madison Ave., NY.
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Hach method 490
Phosphorus, Reactive (Orthophosphate)

DOC316.53.01119

1
2
USEPA PhosVer 3® (Ascorbic Acid) Method

0.02 to 2.50 mg/ℓ PO43

Powder Pillows or AccuVac Ampuls

Scope and application: For water, wastewater and seawater.
1 USEPA Accepted for reporting for wastewater analyses. Procedure is equivalent to USEPA and Standard
Method 4500-P-E for wastewater.
2 Adapted from Standard Methods for the Examination of Water and Wastewater.

Test preparation
Instrument-specific information
Table 1 shows sample cell and orientation requirements for reagent addition tests, such as
powder pillow or bulk reagent tests. Table 2 shows sample cell and adapter requirements for
AccuVac Ampul tests. The tables also show all of the instruments that have the program for
this test.
To use the table, select an instrument, then read across to find the applicable information for
this test.

Table B-1: Instrument-specific information for reagent addition
Instrument

Sample cell orientation

DR 6000

The fill line is to the right.

Sample cell
2495402

DR 3800
DR 2800
DR 2700
DR 1900
DR 5000

The fill line is toward the user.

DR 3900
DR 900

The orientation mark is toward the user.
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Table B-2: Instrument-specific information for AccuVac Ampuls
Instrument

Adapter

DR 6000

—

Sample cell
2427606

DR 5000
DR 900
DR 3900

LZV846 (A)

DR 1900

9609900 or 9609800 (C)

DR 3800

LZV584 (C)

2122800

DR 2800
DR 2700

Before starting


Install the instrument cap on the DR 900 cell holder before ZERO or READ is pushed;



For the best results, measure the reagent blank value for each new lot of reagent. Replace
the sample with deionized water in the test procedure to determine the reagent blank
value. Subtract the reagent blank value from the sample results automatically with the
reagent blank adjust option;



Review the Safety Data Sheets (MSDS/SDS) for the chemicals that are used. Use the
recommended personal protective equipment; and



Dispose of reacted solutions according to local, state and federal regulations. Refer to the
Safety Data Sheets for disposal information for unused reagents. Refer to the
environmental, health and safety staff for your facility and/or local regulatory agencies
for further disposal information.

Items to collect
Powder pillows

Description
®

Quantity

PhosVer 3 Phosphate Reagent powder pillow, 10
mℓ

1

Sample cells. (For information about sample cells,
adapters or light shields, refer to Instrument-specific
information on page 1)

2
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Refer to Consumables and replacement items on page 6 for order information.
AccuVac Ampuls

Description
®

Quantity
®

PhosVer 3 Phosphate Reagent AccuVac Ampul

1

Beaker, 50 mℓ

1

Sample cells (For information about sample cells,
adapters or light shields, refer to Instrument specific
information on page 1.)

1

Stopper for 18-mm tubes and AccuVac Ampuls

1

Refer to Consumables and replacement items on page 6 for order information.

Sample collection and storage


Collect samples in clean glass or plastic bottles that have been cleaned with 6 N (1:1)
hydrochloric acid and rinsed with deionized water;



Do not use a detergent that contains phosphate to clean the sample bottles. The phosphate
in the detergent will contaminate the sample;



Analyze the samples as soon as possible for best results;



If immediate analysis is not possible, immediately filter and keep the samples at or below
6 °C (43 °F) for a maximum of 48 hours; and



Let the sample temperature increase to room temperature before analysis.

Powder pillow procedure


Start program 490 P React. PP. For information about sample cells, adapters or light
shields, refer to Instrument-specific information on page 1. Note: Although the program
name can be different between instruments, the program number does not change;



Prepare the sample: Fill a sample cell with 10 mℓ of sample;



Add the contents of one PhosVer 3 Phosphate Reagent Powder Pillow to the cell. A blue
color develops if phosphorus is in the sample;



Immediately close the sample cell. Shake vigorously for 20–30 seconds;
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Start the instrument timer. A 2-minute reaction time starts. If the sample was digested
using the Acid Persulfate digestion, a 10-minute reaction period is necessary;



Prepare the blank: Fill a second sample cell with 10 mℓ of sample;



When the timer expires, clean the blank sample cell;



Insert the blank into the cell holder;



Push ZERO. The display shows 0.00 mg/ℓ PO3 ;



Clean the prepared sample cell;



Insert the prepared sample into the cell holder; and



Push READ. Results show in mg/ℓ PO3-.

AccuVac Ampul procedure


Start program 492 P React. PV AV. For information about sample cells, adapters or light
shields, refer to Instrument- specific information on page 1.Note: Although the program
name can be different between instruments, the program number does not change;



Prepare the blank: Fill the sample cell with 10 mℓ of sample;



Prepare the sample: Collect at least 40 mℓ of sample in a 50 mℓ beaker. Fill the
AccuVac Ampul with sample. Keep the tip immersed while the AccuVac Ampul fills
completely;



Close the AccuVac Ampul. Shake for approximately 30 seconds. Accuracy is not
affected by undissolved powder;



Start the instrument timer. A 2-minute reaction time starts. If the sample was digested
using the Acid Persulfate digestion, a 10-minute reaction period is necessary;



When the timer expires, clean the blank sample cell;



Insert the blank into the cell holder;



Push ZERO. The display shows 0.00 mg/ℓ PO3-;



Clean the AccuVac Ampul;



Insert the prepared sample AccuVac Ampul into the cell holder; and



Push READ. Results show in mg/ℓ PO4.
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Interferences
Interfering substance

Interference level

Aluminium

More than 200 mg/ℓ

Arsenate

Interferes at any level

Chromium

More than 100 mg/ℓ

Copper

More than 10 mg/ℓ

Hydrogen Sulphide

Interferes at any level

Iron

More than 100 mg/ℓ

Highly buffered samples or extreme sample pH

More than 300 mg/ℓ

Silica

Can prevent the correct pH adjustment of the sample by the
reagents. Sample pre- treatment may be necessary. A pH
range of 2–10 is recommended.

Silicate

More than 10 mg/ℓ

Turbidity or colour

Samples with a high amount of turbidity can give inconsistent
results. The acid in the reagents can dissolve some of the
suspended particles and variable desorption of
orthophosphate from the particles can occur.

Zinc

More than 80 mg/ℓ

Accuracy check
Standard additions method (sample spike)
Use the standard additions method (for applicable instruments) to validate the test procedure,
reagents and instrument and to find if there is an interference in the sample.
Items to collect:


Phosphate standard solution, 50 mg/ℓ PO43– ampule;



Ampule breaker;



Pipet, TenSette®, 0.1–1.0 mℓ and tips;



Mixing cylinders, 25 mℓ (3);

i)

Use the test procedure to measure the concentration of the sample, then keep the
(unspiked) sample in the instrument;

ii)

Go to the Standard Additions option in the instrument menu;
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iii)

Select the values for standard concentration, sample volume and spike volumes;

iv)

Open the standard solution;

v)

Prepare three spiked samples: use the TenSette pipet to add 0.1 mℓ, 0.2 mℓ and 0.3 mℓ of
the standard solution, respectively, to three 10 mℓ portions of fresh sample. Mix well.

Note: For AccuVac
fresh sample.

vi)

®

Ampuls, add 0.2 mℓ, 0.4 mℓ and 0.6 mℓ of the standard solution to three 50 mℓ portions of

Use the test procedure to measure the concentration of each of the spiked samples. Start
with the smallest sample spike. Measure each of the spiked samples in the instrument.

vii) Select Graph to compare the expected results to the actual results.
Note: If the actual results are significantly different from the expected results, make sure that the sample volumes
and sample spikes are measured accurately. The sample volumes and sample spikes that are used should agree
with the selections in the standard additions menu. If the results are not within acceptable limits, the sample may
contain an interference.

Standard solution method
Use the standard solution method to validate the test procedure, the reagents and the
instrument. Items to collect:


50 mg/ℓ phosphate standard solution;



100 mℓ volumetric flask, Class A;



4 mℓ volumetric pipet, Class A and pipet filler safety bulb; and



Deionized water

i)

Prepare a 2.00 mg/ℓ phosphate standard solution as follows:


Use a pipet to add 4.00 mℓ of a 50 mg/ℓ phosphate standard solution into the
volumetric flask. (Alternately, use one of the available mixed parameter standards.
These standards contain 2.0 mg/ℓ phosphate.); and



Dilute to the mark with deionized water. Mix well. Prepare this solution daily.

ii)

Use the test procedure to measure the concentration of the prepared standard solution.

iii)

Compare the expected result to the actual result.

Note: The factory calibration can be adjusted slightly with the standard adjust option so that the instrument shows
the expected value of the standard solution. The adjusted calibration is then used for all test results. This
adjustment can increase the test accuracy when there are slight variations in the reagents or instruments.
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Method performance
The method performance data that follows was derived from laboratory tests that were
measured on a spectrophotometer during ideal test conditions. Users can get different results
under different test conditions.

Program

Standard

Precision (95%
Confidence Interval)

Sensitivity
Concentration change
per 0.010 Abs change

490

2.00 mg/ℓ PO

3–

1.98–2.02 mg/ℓ PO43–

0.02 mg/ℓ PO

3–

492

2.00 mg/ℓ PO

3–

1.98–2.02 mg/ℓ PO43–

0.02 mg/ℓ PO

3–

Summary of method
Orthophosphate reacts with molybdate in an acid medium to produce a mixed
phosphate/molybdate complex. Ascorbic acid then reduces the complex, which gives an intense
molybdenum blue colour. The measurement wavelength is 880 nm (DR 1900: 710 nm) for
spectrophotometers or 610 nm for colorimeters.

Consumables and replacement items
Required reagents

Description

Quantity/Test

Unit

Item no.

®
PhosVer 3 Phosphate Reagent Powder
Pillow1, 10 mℓ

1

100/pkg

2106069

1

25/pkg

2508025

OR
PhosVer
Ampul

®

3 Phosphate Reagent AccuVac

®

1 PhosVer is a registered trademark of Hach Company.
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Required apparatus

Description

Quantity/Test

Unit

Item no.

Beaker, 50 mℓ

1

each

50041H

Stoppers for 18-mm tubes and AccuVac Ampuls

2

6/pkg

173106

Recommended standards

Description

Unit

Item no.

16/pkg

17110

Phosphate Standard Solution, 50 mg/ℓ as PO43–

500 mℓ

17149

Phosphate Standard Solution, 1 mg/ℓ as PO43–

500 mℓ

256949

Drinking Water Standard, Mixed Parameter, Inorganic for F -, NO3–N,
PO 3–, SO 2–

500 mℓ

2833049

Wastewater Effluent Standard Solution, Mixed Parameter, for NH 3-N,
NO3-N, PO 3–,COD, SO 2–, TOC

500 mℓ

2833249

Water, deionized

4ℓ

27256

Phosphate Standard Solution, 10 mℓ Voluette
PO

®

Ampule, 50 mg/ℓ as

Optional reagents and apparatus
Description

Unit

Item no.

Drainer

each

4103600

Ampul Snapper

each

2405200

Ampul vials for sample blanks

25/pkg

2677925

Bottle, sampling, with cap, low density polyethylene, 250 mℓ

12/pkg

2087076

Mixing cylinder, graduated, 50 mℓ

each

189641

Flask, volumetric, Class A, 100 mℓ glass

each

1457442

Hydrochloric Acid Solution, 6.0 N (1:1)

500 mℓ

88449

Paper, pH, 0–14 pH range

100/pkg

2601300

Phosphate Treatment Powder Pillows

100/pkg

1450199

AccuVac
AccuVac
AccuVac

®
®
®
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Description

Unit

Item no.

Phosphate Standard Solution, 10 mg/ℓ as PO4

946 mℓ

1420416

Phosphate Standard Solution, 15 mg/ℓ as PO43–

100 mℓ

1424342

Phosphate Standard Solution, 100 mg/ℓ as PO4

100 mℓ

1436832

Phosphate Standard Solution, 10 mℓ ampule, 500 mg/ℓ as PO4

16/pkg

1424210

Phosphate Standard Solution, 500 mg/ℓ as PO4

100 mℓ

1424232

®
Pipet, TenSette , 0.1–1.0 mℓ

each

1970001

®
Pipet, TenSette , 1.0–10.0 mℓ

each

1970010

Pipet tips for TenSette
Pipet tips for TenSette
Pipet tips for TenSette
Pipet tips for TenSette

®

Pipet, 0.1–1.0 mℓ

50/pkg

2185696

®

Pipet, 0.1–1.0 mℓ

1000/pkg

2185628

®

Pipet, 1.0–10.0 mℓ

50/pkg

2199796

®

Pipet, 1.0–10.0 mℓ

250/pkg

2199725

each

1451504

Pipet, volumetric, Class A, 4.00 mℓ
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Appendix C
Detailed tables
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Table C-1: Mean particle size distribution of the three sediment samples
Particle size fraction (µm)

Mean mass of TSS (g)

Mean mass percentage (%)

1180-2000

41.7

4

850-1180

52.0

5

425-850

178.1

18

250-425

234.6

24

150-250

297.5

30

63-150

146.0

15

45-63

15.4

2

<45

26.6

3

Table C-2: Results of the TSS and Ortho-P concentrations of the ‘flushing out’ samples
Sample
number

OP concentration
(mg/ℓ)

TSS concentration
(mg/ℓ)

Temperature
(°C)

pH

EC
(μS/cm)

1

0.28

19.00

17.10

7.20

81

2

0.10

8.50

17.10

7.20

79

3

0.20

17.00

17.20

7.20

80

4

0.300

20.00

17.10

7.20

85

5

0.36

23.00

17.00

7.20

86

6

0.34

18.50

17.00

7.20

85

7

0.37

18.00

17.00

7.20

88

8

0.44

25.00

17.00

7.20

95

9

0.42

19.50

17.10

7.20

98

10

0.42

18.00

17.20

7.20

100

Table C-3: Results of the analysis of the low influent pollutant samples
Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

Sample number

TSS concentration
(mg/ℓ)

EC
(μS/cm)

1

368.00

2.48

17.60

7.90

9

2

104.50

1.06

17.10

7.80

25

3

28.00

0.90

17.30

7.80

33

4

52.50

0.83

17.20

7.90

40
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TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

EC (μS)

Sample number
5

17.00

0.66

17.20

7.90

50

6

19.00

0.42

17.20

7.90

56

7

11.50

0.43

17.40

7.90

57

8

14.50

0.49

17.30

7.80

58

9

9.50

0.41

17.50

7.80

56

10

12.00

0.48

17.50

7.80

59

11

18.00

0.53

17.50

7.80

56

12

10.00

0.40

17.40

7.80

57

13

11.50

0.32

17.50

7.80

56

14

9.50

0.39

17.30

7.70

56

15

6.50

0.30

17.40

7.70

56

Table C-4: Results of the analysis of the low effluent pollutant samples
TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

Sample number

EC
(μS/cm)

1

16.00

0.46

17.40

7.70

68

2

12.00

0.44

17.50

7.80

71

3

8.50

0.43

17.50

7.80

70

4

12.00

0.44

17.50

7.70

76

5

15.00

0.47

17.60

7.70

77

6

15.50

0.49

17.50

7.60

83

7

16.00

0.50

17.50

7.60

88

8

8.50

0.70

17.60

7.60

92

9

12.50

0.52

17.50

7.30

97

10

13.50

0.51

17.60

7.30

97

11

15.50

0.54

17.60

7.60

104

12

13.00

0.56

17.60

7.60

110

13

5.50

0.42

17.80

7.60

106

14

8.50

0.53

17.70

7.60

114

15

6.00

0.52

17.80

7.70

112
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Table C-5: Results of the analysis of the medium influent pollutant samples
Sample
number

TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

EC
(μS/cm)

1

444.00

2.50

18.00

5.80

74

2

43.50

1.32

17.60

5.60

68

3

19.00

1.33

17.70

5.80

66

4

35.50

1.25

17.80

5.80

67

5

105.00

1.09

18.00

5.90

66

6

49.50

1.00

17.90

6.00

66

7

104.00

1.31

17.90

6.10

65

8

74.50

1.08

18.10

6.30

66

9

54.50

1.11

18.20

6.30

65

10

41.50

0.97

18.00

6.30

65

11

82.50

0.94

18.10

6.40

65

12

26.00

0.70

18.10

6.50

65

13

37.50

0.64

18.10

6.40

65

14

23.50

0.67

18.20

6.50

66

15

12.00

0.59

18.30

6.50

66

Table C-6: Results of the analysis of the medium effluent pollutant samples
Sample
number

TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

EC
(μS/cm)

1

12.50

0.47

18.10

6.70

76

2

9.00

0.47

18.20

6.70

79

3

10.50

0.48

18.00

6.90

78

4

8.00

0.48

18.00

7.10

84

5

9.50

0.45

18.00

7.10

88

6

9.00

0.50

18.00

7.20

93

7

6.50

0.51

18.10

7.30

97

8

12.00

0.51

18.10

7.30

102

9

7.50

0.43

18.20

7.30

107

10

6.00

0.58

18.20

7.30

107
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Sample
number

TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

EC
(μS/cm)

11

4.00

0.57

18.10

7.30

112

12

5.00

0.56

18.10

7.30

114

13

8.00

0.59

18.10

7.30

115

14

4.00

0.59

18.10

7.40

115

15

4.50

0.58

18.00

7.40

116

Table C-7: Results of the analysis of the high influent pollutant samples
Sample
number

TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

EC
(μS/cm)

1

825.00

2.50

17.40

6.00

10

2

137.50

1.00

17.50

7.10

31

3

87.50

1.02

17.30

7.40

70

4

60.00

1.02

17.40

7.50

69

5

30.00

1.63

17.30

7.70

71

6

34.00

1.12

17.30

7.70

71

7

66.00

1.71

17.40

7.70

70

8

35.50

0.51

17.30

7.70

71

9

72.50

1.24

17.30

7.80

71

10

23.00

1.10

17.30

7.80

70

11

35.00

1.64

17.30

7.80

69

12

14.00

0.86

17.30

7.80

70

13

7.50

1.25

17.30

7.90

70

14

5.00

0.97

17.30

7.90

70

15

3.50

0.77

17.30

8.00

71

Table C-8: Results of the analysis of the high effluent pollutant samples
Sample
number

TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

EC
(μS/cm)

1

2.50

0.53

17.50

8.30

91

2

1.00

0.44

17.50

8.30

93
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Sample
number

TSS concentration
(mg/ℓ)

Ortho-P
concentration (mg/ℓ)

Temperature
(°C)

pH

EC
(μS/cm)

3

1.02

0.52

17.50

8.30

95

4

1.02

0.51

17.60

8.20

99

5

1.63

0.43

17.50

8.40

103

6

1.12

0.54

17.60

8.40

108

7

1.71

0.54

17.70

8.30

116

8

0.51

0.61

17.40

8.30

120

9

1.24

0.60

17.40

8.30

122

10

1.10

0.63

17.30

8.30

123

11

1.64

0.63

17.40

8.30

123

12

0.86

0.63

17.40

8.40

123

13

1.25

0.63

17.30

8.30

122

14

0.97

0.64

17.30

8.40

122

15

0.77

0.64

17.30

8.40

119

Table C-9: TSS EMC analysis of low influent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

1

368.00

1.43

342.86

126171.43

368.00

2

104.50

1.43

342.86

35828.57

104.50

3

28.00

1.43

342.86

9600.00

28.00

4

52.50

1.43

342.86

18000.00

52.50

5

17.00

1.43

342.86

5828.57

17.00

6

19.00

1.43

342.86

6514.29

19.00

7

11.50

1.43

342.86

3942.86

11.50

8

14.50

1.43

342.86

4971.43

14.50

9

9.50

1.43

342.86

3257.14

9.50

10

12.00

1.43

342.86

4114.29

12.00

11

18.00

1.43

342.86

6171.43

18.00

12

10.00

1.43

342.86

3428.57

10.00

13

11.50

1.43

342.86

3942.86

11.50

14

9.50

1.43

342.86

3257.14

9.50
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Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

15

6.50

1.43

342.86

2228.57

6.50

Total

5142.86

237257.14

46.13

Table C-10: TSS EMC analysis of low effluent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

0

14.59

0.46

411.30

6001.69

14.59

1

16.00

0.35

314.44

5031.05

16.00

2

12.00

0.28

253.76

3045.11

12.00

3

8.50

0.20

176.39

1499.34

8.50

4

12.00

0.14

128.49

1541.88

12.00

5

15.00

0.10

91.55

1373.19

15.00

6

15.50

0.08

73.00

1131.49

15.50

7

16.00

0.06

51.55

824.85

16.00

8

8.50

0.04

38.04

323.30

8.50

9

12.50

0.03

30.77

384.57

12.50

10

13.50

0.03

24.83

335.18

13.50

11

15.50

0.02

17.51

271.42

15.50

12

13.00

0.02

13.65

177.46

13.00

13

5.50

0.01

10.47

57.60

5.50

14

8.50

0.01

7.06

59.99

8.50

15

6.00

0.01

5.65

33.89

6.00

Total

1648.45

22092.01

13.40

Table C-11: TSS EMC analysis of medium influent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

1

444.00

1.43

342.86

152228.57

444.00

2

43.50

1.43

342.86

14914.29

43.50

3

19.00

1.43

342.86

6514.29

19.00

4

35.50

1.43

342.86

12171.43

35.50

5

105.00

1.43

342.86

36000.00

105.00
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C-7
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

6

49.50

1.43

342.86

16971.43

49.50

7

104.00

1.43

342.86

35657.14

104.00

8

74.50

1.43

342.86

25542.86

74.50

9

54.50

1.43

342.86

18685.71

54.50

10

41.50

1.43

342.86

14228.57

41.50

11

82.50

1.43

342.86

28285.71

82.50

12

26.00

1.43

342.86

8914.29

26.00

13

37.50

1.43

342.86

12857.14

37.50

14

23.50

1.43

342.86

8057.14

23.50

15

12.00

1.43

342.86

4114.29

12.00

Total

5142.86

395142.86

76.83

Table C-12: TSS EMC analysis of medium effluent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

0

11.51

0.46

411.30

4732.01

11.51

1

12.50

0.35

314.44

3930.51

12.50

2

9.00

0.28

253.76

2283.83

9.00

3

10.50

0.20

176.39

1852.13

10.50

4

8.00

0.14

128.49

1027.92

8.00

5

9.50

0.10

91.55

869.69

9.50

6

9.00

0.08

73.00

656.99

9.00

7

6.50

0.06

51.55

335.09

6.50

8

12.00

0.04

38.04

456.42

12.00

9

7.50

0.03

30.77

230.74

7.50

10

6.00

0.03

24.83

148.97

6.00

11

4.00

0.02

17.51

70.04

4.00

12

5.00

0.02

13.65

68.26

5.00

13

8.00

0.01

10.47

83.78

8.00

14

4.00

0.01

7.06

28.23

4.00

15

4.50

0.01

5.65

25.42

4.50

Total

1648.45

16800.03

10.19
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C-8
Table C-13: TSS EMC analysis of high influent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

1

825.00

1.43

342.86

282857.14

825.00

2

137.50

1.43

342.86

47142.86

137.50

3

87.50

1.43

342.86

30000.00

87.50

4

60.00

1.43

342.86

20571.43

60.00

5

30.00

1.43

342.86

10285.71

30.00

6

34.00

1.43

342.86

11657.14

34.00

7

66.00

1.43

342.86

22628.57

66.00

8

35.50

1.43

342.86

12171.43

35.50

9

72.50

1.43

342.86

24857.14

72.50

10

23.00

1.43

342.86

7885.71

23.00

11

35.00

1.43

342.86

12000.00

35.00

12

14.00

1.43

342.86

4800.00

14.00

13

7.50

1.43

342.86

2571.43

7.50

14

5.00

1.43

342.86

1714.29

5.00

15

3.50

1.43

342.86

1200.00

3.50

Total

5142.86

492342.86

95.73

Table C-14: TSS EMC analysis of high effluent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

0

7.68

0.46

411.30

3159.20

7.68

1

8.00

0.35

314.44

2515.52

8.00

2

9.00

0.28

253.76

2283.83

9.00

3

9.00

0.20

176.39

1587.54

9.00

4

5.50

0.14

128.49

706.69

5.50

5

4.50

0.10

91.55

411.96

4.50

6

5.50

0.08

73.00

401.50

5.50

7

5.00

0.06

51.55

257.76

5.00

8

3.50

0.04

38.04

133.12

3.50

9

4.00

0.03

30.77

123.06

4.00

10

3.50

0.03

24.83

86.90

3.50
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C-9
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

11

5.00

0.02

17.51

87.56

5.00

12

4.00

0.02

13.65

54.60

4.00

13

5.50

0.01

10.47

57.60

5.50

14

3.50

0.01

7.06

24.70

3.50

15

5.00

0.01

5.65

28.24

5.00

Total

1648.45

11919.79

7.23

Table C-15: Ortho-P EMC analysis of low influent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

1

2.48

1.43

342.86

850.29

2.48

2

1.06

1.43

342.86

363.43

1.06

3

0.90

1.43

342.86

308.57

0.90

4

0.83

1.43

342.86

284.57

0.83

5

0.66

1.43

342.86

226.29

0.66

6

0.42

1.43

342.86

144.00

0.42

7

0.43

1.43

342.86

147.43

0.43

8

0.49

1.43

342.86

168.00

0.49

9

0.41

1.43

342.86

140.57

0.41

10

0.48

1.43

342.86

164.57

0.48

11

0.53

1.43

342.86

181.71

0.53

12

0.40

1.43

342.86

137.14

0.40

13

0.32

1.43

342.86

109.71

0.32

14

0.39

1.43

342.86

133.71

0.39

15

0.30

1.43

342.86

102.86

0.30

Total

5142.86

3462.86

0.67

Table C-16: Ortho-P EMC analysis of low effluent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

0

0.45

0.46

411.30

186.98

0.45

1

0.46

0.35

314.44

144.64

0.46
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C-10
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

2

0.44

0.28

253.76

111.65

0.44

3

0.43

0.20

176.39

75.85

0.43

4

0.44

0.14

128.49

56.54

0.44

5

0.47

0.10

91.55

43.03

0.47

6

0.49

0.08

73.00

35.77

0.49

7

0.50

0.06

51.55

25.78

0.50

8

0.70

0.04

38.04

26.62

0.70

9

0.52

0.03

30.77

16.00

0.52

10

0.51

0.03

24.83

12.66

0.51

11

0.54

0.02

17.51

9.46

0.54

12

0.56

0.02

13.65

7.64

0.56

13

0.42

0.01

10.47

4.40

0.42

14

0.53

0.01

7.06

3.74

0.53

15

0.52

0.01

5.65

2.94

0.52

Total

1648.45

763.69

0.46

Table C-17: Ortho-P EMC analysis of medium influent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

1

2.50

1.43

342.86

857.14

2.50

2

1.32

1.43

342.86

452.57

1.32

3

1.33

1.43

342.86

456.00

1.33

4

1.25

1.43

342.86

428.57

1.25

5

1.09

1.43

342.86

373.71

1.09

6

1.00

1.43

342.86

342.86

1.00

7

1.31

1.43

342.86

449.14

1.31

8

1.08

1.43

342.86

370.29

1.08

9

1.11

1.43

342.86

380.57

1.11

10

0.97

1.43

342.86

332.57

0.97

11

0.94

1.43

342.86

322.29

0.94

12

0.70

1.43

342.86

240.00

0.70

13

0.64

1.43

342.86

219.43

0.64
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C-11
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

14

0.67

1.43

342.86

229.71

0.67

15

0.59

1.43

342.86

202.29

0.59

Total

5142.86

5657.14

1.10

Table C-18: Ortho-P EMC analysis of medium effluent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

0

0.44

0.46

411.30

180.15

0.44

1

0.47

0.35

314.44

147.79

0.47

2

0.47

0.28

253.76

119.27

0.47

3

0.48

0.20

176.39

84.67

0.48

4

0.48

0.14

128.49

61.68

0.48

5

0.45

0.10

91.55

41.20

0.45

6

0.50

0.08

73.00

36.50

0.50

7

0.51

0.06

51.55

26.29

0.51

8

0.51

0.04

38.04

19.40

0.51

9

0.43

0.03

30.77

13.23

0.43

10

0.58

0.03

24.83

14.40

0.58

11

0.57

0.02

17.51

9.98

0.57

12

0.56

0.02

13.65

7.64

0.56

13

0.59

0.01

10.47

6.18

0.59

14

0.59

0.01

7.06

4.16

0.59

15

0.58

0.01

5.65

3.28

0.58

Total

1648.45

775.81

0.47

Table C-19: Ortho-P EMC analysis of high influent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

1

2.50

1.43

342.86

857.14

2.50

2

1.00

1.43

342.86

342.86

1.00

3

1.02

1.43

342.86

349.71

1.02

4

1.02

1.43

342.86

349.71

1.02
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C-12
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

5

1.63

1.43

342.86

558.86

1.63

6

1.12

1.43

342.86

384.00

1.12

7

1.71

1.43

342.86

586.29

1.71

8

0.51

1.43

342.86

174.86

0.51

9

1.24

1.43

342.86

425.14

1.24

10

1.10

1.43

342.86

377.14

1.10

11

1.64

1.43

342.86

562.29

1.64

12

0.86

1.43

342.86

294.86

0.86

13

1.25

1.43

342.86

428.57

1.25

14

0.97

1.43

342.86

332.57

0.97

15

0.77

1.43

342.86

264.00

0.77

Total

5142.86

6288.00

1.22

Table C-20: Ortho-P EMC analysis of high effluent pollutant samples
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

0

0.46

0.46

411.30

188.50

0.46

1

0.53

0.35

314.44

166.65

0.53

2

0.44

0.28

253.76

111.65

0.44

3

0.52

0.20

176.39

91.72

0.52

4

0.51

0.14

128.49

65.53

0.51

5

0.43

0.10

91.55

39.36

0.43

6

0.54

0.08

73.00

39.42

0.54

7

0.54

0.06

51.55

27.84

0.54

8

0.61

0.04

38.04

23.20

0.61

9

0.60

0.03

30.77

18.46

0.60

10

0.63

0.03

24.83

15.64

0.63

11

0.63

0.02

17.51

11.03

0.63

12

0.63

0.02

13.65

8.60

0.63

13

0.63

0.01

10.47

6.60

0.63

14

0.64

0.01

7.06

4.52

0.64

15

0.64

0.01

5.65

3.61

0.64
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C-13
Sample number

Concentration (mg/ℓ)

Flow rate (ℓ/s)

Litres (ℓ)

Load (mg)

EMC (mg/ℓ)

Total

1648.45

822.35

0.50
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Appendix D
ECSA outcomes compliance

D-1

ECSA outcome 1: Problem solving
Problem solving was required in order to determine how to test the water quality efficacy of the
filter drain. Due to the size, poor initial condition of the filter drain and nature of the testing, a
number of problems had to be overcome in order to test the filter drain. This included:
determining how best to test the filter drain given its size as well as the nature of the testing;
solving how to inspect the inside of the filter drain pipes in order to determine if the
perforations were clogged with sediment or not and figuring out how to unclog the perforations
so that the filter drain could be tested.

ECSA outcome 2: Application of scientific and engineering
knowledge
This research project required extensive engineering knowledge regarding the implementation
and operation of SuDS, in particular permeable pavements, as well as hydrological knowledge
regarding the flow of stormwater in order in order to evaluate the water quality efficacy of the
filter drain. Furthermore, scientific knowledge was required in order to analyse the pollutant
concentration of the acquired stormwater samples from the filter drain system so that the water
quality efficacy of the filter drain could be evaluated.

ECSA outcome 4: Investigations, experiments and data analysis
A number of investigations, in the form of a literature review, desktop study, site visits and
evaluating the water quality efficacy of the filter drain, were performed. Numerous experiments
were performed when the testing water quality efficacy of the filter drain. The stormwater
samples that were acquired from the filter drain were analysed; moreover the data received
from these analyses was further analysed in order to determine the water quality efficacy of the
filter drain. Furthermore, the sediment obtained from the filter drain system was analysed in
order to determine its particle size distribution; the data received from this analysis was further
analysed.

ECSA outcome 5: Engineering methods, skills and tools including
IT
Engineering methods, skills and tools were used in order to conceive and design the
experiments that were performed, overcome the obstacles presented by the initial condition of
the filter drain and analyse the data that was gathered. Engineering tools were mostly utilised
during the acquisition of the EC and pH levels of the stormwater samples as well as during the
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D-2
analysis of the sediment acquired from site and analysis of the stormwater samples acquired
from the filter drain system. IT was used in order to source the relevant literature from the
internet and analyse and organise the data acquired from the analysis of the sediment and
stormwater samples. In addition, a website was designed in order to effectively illustrate and
communicate the primary concepts of this study.

ECSA outcome 6: Professional and technical communication
This research document required a certain level of professional and technical communication in
order to be of an acceptable standard. The general report format provided by Prof Neil
Armitage was followed in order to ensure a professional and technical layout of the document.
A large number of figures and tables were used to summarise and communicate data and
information. In addition, a website was designed in order to effectively illustrate and
communicate the primary concepts of this study to non-technical individuals.

ECSA outcome 8: Individual, team and multi-disciplinary working
This research project was an individual assignment and therefore most of the work was
performed on an individual basis. This research project involved a number of external parties
(The Consultant and Civils 2000 (Pty) Ltd) and the testing of the filter drain required the
assistance of Civils 2000 (Pty) Ltd, therefore a large amount of team work was achieved
throughout this research project. This research project required the investigations into various
disciplines such as: sustainable development, environmental sciences, economics and
geotechnical engineering.

ECSA outcome 9: Independent learning ability
Independent learning was achieved through a comprehensive review of literature regarding
SuDS, stormwater policies and case studies. Furthermore, independent learning was achieved
through a desktop study of the filter drain being performed. The creation of the website also
required independent learning.

ECSA outcome 10: Engineering professionalism
Engineering professionalism was demonstrated through the numerous meetings that were had
with The Consultant as well as the research project supervisors. Furthermore, communication
with the relevant engineering professionals was conducted in a professional and ethical
manner. All deadlines required by this research project were met.
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